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Fleld of the Invention

The present invention concerns methods for treating multiple sclerosis (MS) in a sbject
uhgwﬂwmmﬁmmdmh.mdmuﬁdedmﬁcmmﬁmimuwmfwmh
use.

Baskground of thg Jnvention
Maultiple Sclerosis

Multiple Sclerosis (MS) is an’‘inflammatory and demyelinating degencrative disease of the
human central nervous gystem (CNS). It is a worldwide disease that aflects approximately 300,000
persons in the United States; it is a disease of young adults, with 70%-80% having anset between
20 and 40 years old (Anderson ef al. Ann Neurology 31(3):333-6 (1992); Noonan et al. Neurology
58:136-8 (2002)). MS is a heterogeneous disorder based on clinical course, magnetic resonance
et al. Ann Newrol 47:707-17 (2000)). The disease manifests jtself in a large number of possible
combinations of deficits, including spinal cord, breinstem, cranial nerve, cercbellar, cerchral, and
cognitive syndromes. Progressive disability is the fate of most patients with MS, especially when &
25-year perspective is included. Half of MS peticnts require a cane to walk within 15 years of discase
onset. MS is a major cause of neurologic disebility in young and middle-aged adults and, until the
past decade, has had no kmown beneficial treatments. MS is difficult to diagnose because of the
non-specific clinical findings, which led to the development of highly structured diagnostic criteria
that include several technological advances, consisting of MRI scans, evoked potentials, and
cerebrospinal fluid (CSF) studies. All diagnostic criteria rely upon tho goneral principles of scattered
lesions in the central white matter occurring at different times and not expisined by other etiologies
such as infection, vascular disorder, or autoimmmme disorder (McDonald et al. Ann Neurol 50:121-7
(2001)). MS hag four patterns of disease: relapsing-remitting MS (RRMS; 80%—85% of cases at
onsct), primary progressive MS (PPMS; 10%—15% at onset), progressive relapsing MS (PRMS; 5% at
onset); and secondary progressive MS (SPMS) (Kremenchutzky ef el Brain 122 (Pt 10):)941-50
{1999); Confavreux et al. N Engl J Med 343(20):1430-8 (2000)). An cstimated 50% of patients with
RRMS will develop SPMS in 10 years, and up to 90% of RRMS paticnts will eventually develop
SPMS (Weinshenker ez al. Brain 112(Pt 1):133-46 (1989)).

Currently, six drugs in four classes are approved in the United States for the treatment of
RRMS, wheress no drugs have been approved for PPMS. The RRMS ireatments include the
following:  interferon class, IFN-beta-la (REBIF® and AVONEX®) and IFN-bete-1b
(BETASERON®); glatiramer acetate (COPAXONE®), a polypeptide; natalizumab (TYSABRI®); and

mitoxantrone (NOVANTRONE®), a cytotoxic agent. Other drugs have been used with varying
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degrees of success, iSIadiNg toMichstroids, methotrexate, cyclophosphamide, azathioprine, and
intravenous (IV) immunoglobulin. Tho benefits of currently approved treatments are relatively
modest (~30%) for rclapse rate and prevention of disability in RRMS as suggested by two recent
meta-analyses (Filippini et al. Lances 361:545-52 (2003)).

Other clinical studies evaluated other immunomodulatory agents in MS, including tumor
necrosis factor-a inhibitors and altered peptide ligands, which aggrevated rather than improved MS
(Lenercept Multiple Sclerosis Study Group and the University of British Columbia MS/MRI
Neurology 53:457-65 (1999); Biclckova et al. Nat Med 2000;6:1167-75 (2000), erratumn appears in
Nat Med 6:1412 (2000)).

The predominant view of MS pathophysiology has held that inflammation is principally
mediated by CD4" Thl T cells. Therapeutic approaches based on this theory such as IFN-beta and
glatiramer acetate decrease, but do not fully prevent, occurrence of exacerbations or accumulation of

The existence of a humoral component in human MS has been implicitly recognized for
decades, as evidenced by inclusion of CSF oligoclonal bands and increased intrathecal IgG synthesis
in diagnostic criteria for MS (Siden A J Newrol 221:39-51(1979); McDonald et al. Ann Neurol
50:121-7 (2001); Andersson et al. Eur J Neurol 9:243-51 (2002); O"Connor, P. Neurology 59:51-33

*(2002)). The presence of oligoclonal bands, increased free light chains, and increased intrathecal IgM

synthegis correlates with MS disease activity and may be a predictor of more severe outcomes
(Rudick et al. Mult Scler 1:150-5 (1995); Zeman et al. Acta Cytol 45:51-9 (2001); Izquierdo et ol
Acta Neurol Scand 105:158-63 (2002); Wolinsky J. J Neurol Sci 206:145-52 (2003); Villar et al. Ann
Neurol 53:222-6 (2003)).

Anti-myelin entibodies (myelin basic protein (MBP) and myelin oligodendrocyte
glycoprotein (MOG)) have been detected in the serum of patients with progressive and relapsing
forms of MS (Reindl ef al. Brain 122:2047-56 (1999); Egg et al. Mult Scler 7(5):285-9 (2001)).
Anti-myelin antibodies have also been detected in the CSF of MS patients (Reindl e al. Brain
122:2047-56 (1999); Egg et al. Mult Scler 7(5):285-9 (2001); Andersson et al. Ewr J Neurol 9:243—
51 (2002)). Additional types of antibodics such as anti-ganglioside antibodies or anti-neurofilament
antibodies have been observed in paticnts with MS (Mata er ol Mult Scler 5:379-88 (1999);
Sadatipour et al. Ann Neurol 44:980-3 (1998)). A recent report indicated that the presence of serum
anti-MOG and anti-MBP antibodies was a strong predictor of progression from a clinically isolated
demyelinating event to definite RRMS (Berger et al. N Engl J Med 349:139-45 (2003)). The adjusted
hazard ratio for experiencing an exacerbation was 76.5 for patients who were seropositive for both
antibodies and 31.6 for patients who were seropositive only for anti-MOG.

An international pathology consortium found that antibodies bound to myelin are present in
the majority of patients with MS, with plasma cells and B cells also found in MS lesions, providing
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additidtal cvidedit® Y52 nutboriold BhMS (Prineas and Wright, Lab fnvest 38:409-21 (1978); Esiri
M. Neuropathol Appl Neurobiol 6:9-21 (1980); Genain et al. Nat Med 5:170-5 (1999); Lucchinetti et
al. Ann Neurol 47:707-17 (2000); Wingerchuk e al. Lab Invest 81:263-81 (2001)). B cells are
detectable in the CSF of patients with MS, and the presence of a relatively high proportion of B cells
may be predictive of more scvere disability progression (Cepok et al. Brais 124(Pt 11):2169-76
(2001)).

In subjects with RRMS or opsoclonms-myoclonus syndrome, Rituximab reportedly depleted
peripheral B cells in all subjects and decreased the number of CSF B cells in some patients
(Pranzatelli et al. Neurology 60(Suppll) POS5.128:A395 (2003); Cross ef al. “Preliminary Results
from a Phase II Trial of Rituximab in MS" (abstract) Kighth Annual Meeting of the Americas
Committees for Research and Treatment in Multiple Sclerosis ACTRIMS 20-1 (October, 2003)). Sec
also Cree et al. “Tolerability and Effects of Rituximab “Anti-CD20 Antibody” in Neuromyelitis
Optica and Rapidly Worsening Multiple Sclerosis” Meeting of the Am. Acad. Neurol, (April, 2004).

CD20 Antibodies and Therapy Therewith

Lymphocytes are onc of many types of white blood cells produced in the bone marrow during
the process of hemstopoiesis. There are two major populations of lymphocytes: B lymphocytes (B
cells) and T lymphocytes (T cells). The lymphocytes of particular interest herein are B cells.

B cells mature within the bone marrow and leave the marrow expressing an antigen-binding
antibody on their cell surface. When a naive B cell first encounters the antigen for which its
membrane-bound antibody is specific, the cell begins to divide rapidly and its progeny differentiate
into memory B cells and cffector cells called “plasma cells”. Memory B cells have a longer life spen
Mmﬂhuebmmbmo—bmmdmﬁbodywith&emspedﬁdWalﬂ;emiﬁndm
cell. Plasma cells do not produce membrane-bound antibody but instead produce the antibody in a
form that can be sccreted. Sccreted antibodies are the major effector molecule of humoral immunity.

The CD20 antigen (also called human B-lymphocyte-restricted differentiation antigen, Bp35)
is a hydrophobic transmembrane protein with a molecular weight of approximately 35 kD located on
pre-B and mature B lymphocytes (Valentine ez al. J. Biol. Chem. 264(19):11282-11287 (1989); and
Binfeld et al EMBO J. 7(3):711-717 (1988)). The antigen is also expressed on greater than 90% of
B-cell non-Hodgkin's jymphomas (NHL) (Anderson ef al. Blood 63(6):1424-1433 (1984)), but is not
found on hematopoictic stem cells, pro-B cells, normal plasma cells or other normal tissues (Tedder et
al. J. Immunol. 135(2):973-979 (1985)). CD20 regulates an early step(s) in the activation process for
cell cycle initiation and differentistion (Tedder et al., supra) and possibly functions as a calcium ion
channel (Tedder et al. J. Cell. Biochem. 14D:195 (1990)).

Given the expression of CD20 in B-cell lymphomas, this antigen can serve as a candidate for
“targeting” of such lymphomas, In essence, such targeting can be gencralized as follows: antibodies
specific to the CD20 surface antigen of B cells are administered to a patient. These anti-CD20

3
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antibodies specifically Birid it CD20ntigen of (ostensibly) both normal and malignant B cells;
the antibody bound to the CD20 surface antigen may lead to the destruction and depletion of
ncoplastic B cells. Additionally, chemical agents or radioactive labels having the potential 1o destroy
the tumor can be conjugated to the anti-CD20 antibody such that the agent is specifically “delivered™
to the neoplastic B cells. Irrespective of the approach, a primary goal is.to destroy the tumor; the
specific approsch can be determined by the particular anti-CD2( antibody that is utilized snd, thus,
the available approaches to targeting the CD20 antigen can vary considerably.

The Rituximab (RITUXAN®) antibody is a genetically engineered chimeric murine/human
monoclonal antibody directed against the CD20 antigen. Rituximab is the antibody called “C2B8" in
US Patent No. 5,736,137 issued April 7, 1998 (Anderson et al.). RITUXAN® is indicated for the
treatment of petients with relapsed ar refractory low-grade or follicular, CD20-positive, B-cell non-
Hodgkin's lymphoma, fn vitro mechanism of action studies have demonstrated that RITUXAN®
binds human complement and lyses lymphoid B-cell lines through complement-dependent
cytotoxicity (CDC) (Reff et al. Blood 83(2):435-445 (1994)). Additicmally, it has significant activity
in assays for antibody-dependent cellular cytotoxicity (ADCC). More recently, RITUXAN® bas
been shown to bave anti-proliferative cffects in tritiated thymidine incorporation assays and to induce
apoptosis directly, while other anti-CD19 and CD20 antibodies 'do nat (Maloney et al. Blood
88(10):637a (1956)). Synergy betwren RITUXAN® and chemnotherapies and toxins has also been
observed experimentaily. In particular, RITUXAN® scnsitizes drug-resistant human B-cell
lymphoma cell lines to the cytotoxic effects of doxorubicin, CDDP, VP-16, diphtheria toxin and ricin
(Demidem et al. Cancer Chemotherapy & Radiopharmaceuticaly 12(3):177-186 (1997)). In vivo
preclinical studies have shown that RITUXAN® depletes B cells from the peripheral blood, lymph
nodes, and bane marrow of cynomolgus monkeys, presumably through complement and cell-
mediated processes (Reff et al. Blood 83(2):435-445 (1994)).

Rituximab was approved in the United States in November 1997 for the treatment of patients
with relapsed or refractory low-grade or follicular CD20" B-cell non-Hodgkin"s lymphoma (NHL) at
a dosc of 375 mg/m? weekly for four doses. In April 2001, the Food and Drug Administration (FDA)
approved additional claims for the treatment of low-gmde NHL: retrestment (weekly for four doses)
and an additional dosing regimen (weekly for cight doscs). There have been more than 300,000
paticot exposures to Rituximab either as monotherapy or in combination with immunosuppressant or
chemotherupeutic drugs. Patients have also been treated with Rituximab as maintenance therapy for
up to 2 years (Huinsworth et al. J Clin Oncol 21:1746-51 (2003); Hainsworth e al. J Clin Oncol
20:4261-7 (2002)).

Rituximab has also been studied in a variety of non-malignant sutoimmune disorders, in
which B cells and autoantibodies appear to play a role in disease pathophysiology (Edwards ¢ al.
Biochem Soc Trans 30:824-8 (2002)). Rituximab has been reported to potentiafly relieve signs and
symptoms of rheumatoid arthritis (RA) (Leandro ef al. Ann Rheum Dis. 61:883-8 (2002); Emery et
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ol. Mriwnits REE ¥8(9):$439 2N upus (Eisenberg R Arthritis Res Ther 5:157-9 (2003);
Leandro et al. Arthritis Rheum 46:2673-7 (2002)), immune thrombocytopenia (D’ Arena et al. Leuk
Lymphoma 44:561-2 (2003)), autoimmune (Zaja et al. Haematologica 87:189-95 (2002)
(crratum appears in Haematologica 87:336 (2002)), autoimmme neuropathy (Pestronk et al. J Neurol
Neurosurg Psychiatry 74:485-9 (2003)), parancoplastic opsoclonus-myocionus syndrome (Pranzatelli
et al, Newrology 60(Suppll) PO5.128:A395 (2003)), and relapsing-remitting multiple sclerosis
(RRMS) (Cross ef al. (abstract) Eighth Annual Meeting of the Americas Committees for Research
and Treatment in Multiple Sclerosis 20-1 (2003)).

A Phase 11 study (WA16291) has been conducted in patients with rheumatoid arthritis (RA),
providing 48-week follow-up data on safety and efficacy of Rituximab (Emery ez al. Arthritis Rheum
43(9):5439 (2003); Szczepanski et al. Arthritis Rheum 48(9):S121 (2003)). A total of 161 paticnts
were evenly randomized to four treatment arma: methotrexate, Rituximab alone, Rituximab plus
methotrexate, Rituximab plus cyclophosphamide (CTX). The treatment regimen of Rituximab was 1
g administered intravenously on Days 1 and 15. Infusions of Rituximab in most patients with RA
were well tolerated by most patients, with 36% of patients experiencing at least one adverse event
during their first infusion (compared with 30% of patients receiving placebo). Overall, the majority
of adverse events were considered to be mild to moderste in severity and were well balanced across
all treatment groups. There were a total of 19 scrious adverse events across the four arms over the 48
weeks, which were slightly more frequent in the Rituximab/CTX group. The incidence of infections
was well balanced across all groups. The mean rate of serious infection in this RA patient population
was 4.6 6 per 100 patient-years, which is lower than the rate of infections requiring hospital
admission in RA patients (9.57 per 100 patient-years) reported in a community-based epidemiologic
study (Doran et al. Arthritis Rheum 46:2287-93 (2002)).

The reported safety profile of Rituximab in a small number of patients with neurclogic

disarders, including autoimmune neuropathy (Pestronk et al. J Neurol Neurosurg Psychiatry 74:485~

9 (2003)), opsaclonus/myoclonus syndrome (Pranzatelli et al. Neurvlogy 60(Suppll) PO5.128:A395
(2003)), and RRMS (Cross et al. Preliminary results from a phase Il trial of Rituximab in MS
(abstract) Eighth Annual Mecting of the Americas Committees for Research and Treatment in
Multiple Sclerosis 201 (2003)), was similar to that reposted in oncology or RA. In an ongoing
investigator-sponsored trial (IST) of Rituximab in combination with interferon-beta (IFN-beta) or
glatirumer acetate in subjects with RRMS (Cross ef al,, supra), 1 of 10 treated subjects was admitted
to the hospital for overnight observation after experiencing moderate fever and rigors following the
first infusion of Rituximab, while the other 9 subjects completed the four-infusion regimen without
any reported adverse eveats.

Patents and patent publications concerning CD20 antibodies include US Patent Nos.
5,776,456, 5,736,137, 5,843,439, 6,399,061, and 6,682,734, as well as US 2002/0197255, US
2003/0021781, US 2003/0082172, US 2003/0095963, US 2003/0147885 (Anderson et al.); US Patent

5
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No'6 585,043, 05" 1003062350450 WO 2000/09160 (Grillo-Lopez, A.); WO 2000/27428 (Grillo-
Lopez and White); WO 2000/27433 and US 2004/0213784 (Grillo-Lopez and Leonard); WO
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White); WO 2001/10460 (White and Grillo-Lopez); US 2001/0018041, US 2003/0180292, WO
2001/34194 (Hanna and Hariharan); US 2002/0006404 and WO 2002/04021 (Hanna and Hariharen);
US 2002/0012665 and WO 2001/74388 (Hanna, N.); US 2002/0058029 (Hanna, N.); US
2003/0103971 (Haribaran and Hanna); US 2002/0009444 and WO 2001/80884 (Grillo-Lopez, A.);
WO 2001/97858 (White, C.); US 2002/0128488 and WO 2002/34790 (Reff, M.); WO 2002/060955
(Braslawsky ef al.);WO 2002/096948 (Braslawsky ef al);WO 2002/079255 (Reff and Davies); US
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2003/0219433 and WO 2003/68821 (Hasen et al.); WO2004/058298 (Goldenberg and Hansen); WO
2000/76542 (Golay et al.); WO 2001/72333 (Wolin and Rosenblats); US Patent No. 6,368,596 (Ghetie
et al.); US Putext No. 6,306,393 and US 2002/0041847 (Goldenberg, D.); US 2003/0026801 (Weiner
and Hartmann); WO 2002/102312 (Engleman, E.); US 20030068664 (Albitar ef al.); WO
2003/002607 (Leung, S.); WO 20037049694, US2002/0009427, and US 2003/0185796 (Wolin er.al);
WO 2003/061694 (Sing and Sicgall); US 2003/0219818 (Bohen ef aL); US 2003/0219433 and WO
2003/068821 (Hansen et al.); US 2003/0219818 (Bohen et al.); US2002/0136719 (Shenoy ef al.);
WO 2004/032828 (Wahl et al.); and WO 2002/56910 (Hayden-Lodbetter). Sec also US Patent No.
5,849,898 and EP 330,191 (Seed et al.); EP332,865A2 (Mcyer and Weiss); US Patent No. 4,861,579
(Moyer et al.); US2001/0056066 (Bugelski ef al.); WO 1995/03770 (Bhat et al.); US 200300219433
Al (Hansen et al,); WO 2004/035607 (Tceling et al.); US 20040093621 (Shitara et al.); WO
2004/103404 (Watkins et al.); WO 2005/000901 (Tedder ez al.); US 2005/0025764 (Watkins ef al.);
WO02005/016969 and US 20050069545 Al (Carr ef al); WO 2005/014618 (Chang et al.). Certain of
these inchude, inter alia, treatment of multiple sclerosis.

Publications concerning therapy with Rituximab include: Perotta and Abucl “Response of
chronic relapsing ITP of 10 years duration to Rituximab™ Abstract # 3360 Blood 10(1)(part 1-2): p. -

6



15

35

\

_

WO 2008/117978 PCT/US2005/019641

s88 (19od)? st &'ar “Rifuxdhlit fifmeric anti-CD20 monoclonal antibody treatment for adults
with chronic idopathic thrombocytopenic purpura™ Blood 98(4):952-957 (2001); Matthews, R.
“Medical Heretics™ New Sclentist (7 April, 2001); Leandro et al. “Clinical cutcome in 22 patients
with rheumstoid arthritis treated with B lymphocyte depletion” Ann Rheum Dis 61:833-888 (2002);
Leandro ef al, “Lymphocyte depletion in sheumatoid arthritis: early evidence for safety, efficacy and
dose respoase. Arthritis and Rheumatism 44(9): 5370 (2001); Leandro ef al, “An open study of B
lymphocyte depletion in systemic lupus erythematosus™, Arthritis & Rheumatism 46(1):2673-2677
(2002); Edwards and Cambridge “Sustained improvement in rheumatoid arthritis following a protocol
designed to deplete B lymphocytes” Rhematology 40:205-211 (2001); Edwards ef al. “B-lymphocyte
depiction therapy in rheumatoid arthritis and other autoimmune disorders™ Biochem. Soc. Trans.
30(4):824-828 (2002); Edwards et al. “Efficacy and safety of Rituximab, a B-cell targeted chimeric
monoclonal antibody: A randomized, placebo controlled trial in patients with rheumatoid arthritis.
Arthritis and Rheumatism 46(9): S197 (2002); Levine and Pestronk “IgM antibody-related
polyneuropathies: B-cell depletion chemotherapy using Rituximab™ Neurology 52: 1701-1704 (1999);
DeVita et al. “Efficacy of selective B cell blockade in the treatment of rheumatoid erthritis™ Arthritls
& Rheum 46:2029-2033 (2002); Hidashida ef al. “Treatment of DMARD-Refractory rhenmatoid
arthritis with Rituximab.” Presented at the Anwnual Scientific Meeting of the American College of
Rheumatology, Oct 24-29; New Orleans, LA 2002; Tuscano, J. “Successful treatment of Infliximab-
refractory rheumatoid arthritis with Rituximab” Presented at the Annual Scientific Meeting of the
American College of Rheumatology; Oct 24-29; New Orleans, LA 2002; Specks ef al. “Responss of
Wegener’'s granulomatosis to anti-CD20 chimeric monoclonal antibody therapy” Arthritis &
Rheumatism 44(12):2836-2840 (2001); Anolik et ol "B lympocyte Depletion in the Treatment of
Systemic Lupus (SLE): Phase VI Trial of Rituximsb (RITUXAN®) in SLE” Arthritis And
Rheumatism, 46(9), $289-8289 Abstract 717 (October, 2002), and Albert et al, “A Phase I Trial of
Rituximab (Anti-CD20) for Treatment of Systemic Lupus Erythematosus™ Arthritis And Rheumatism,
48(12): 3659-3659, Abstract LB9 (December, 2003); Martin and Chan “Pathogenic Roles of B cells
in Human Autoimmunity: Insights from the Clinic” Immunity 20:517-527 (2004).

Summary of the Invention

The present invention involves, at least in part, the selection of a dose for a CD20 antibody
that provides a safe and active treatment regimen in subjects with multiple sclerosis, such as PPMS or
RRMS.

Accordingly, the invention concerns a method of treating multiple sclerosis in a subject
comprising administering an effective amount of a CD20 antibody to the subject to provide an initial
antibody exposure of about 0.5 to 4 grams followed by a second antibody exposure of about 0.5 to 4
grams, the second exposure not being provided until from about 16 to 60 weeks from the initial
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exposie, and cach of the’anBbody txpdbures is provided to the subject as one or two doses of
antibody.

In addition, the invention concerns an article of manufacture comprising: (8) container
comprising & CD20 antibody; and (b) a package insert with instructions for treating multiple sclerosis
in a subject, wherein the instructions indicate that an amount of the antibody is administered to the
subject that is effective to provide an initial antibody exposure of about 0.5 to 4 grams followed by a
second antibody exposure of about 0.5 to 4 grams, the second exposure not being administered until
from about 16 to 60 weeks from the initia] exposure, and each of the antibody exposures is provided
to the subject as one or two doses of antibody.

Brief ion of the D

FIG. 1A is a sequence alignment comparing the amino acid sequences of the light chain
variable domain (V) of each of murine 2H7 (SEQ ID NO:1), humanized 2H7.v16 variant (SEQ ID
NO:2), and the human kappa light chain subgroup I (SEQ ID NO:3). The CDRs of V,, of 2H7 and
bu2H7.v16 are as follows: CDR1 (SEQ ID NO:4), CDR2 (SEQ ID NO:5 ), and CDR3 (SEQ ID
NO:6).

FIG. 1B is a sequence alignmerit comparing the amino acid scquences of the heavy chain
variable domain (Vi) of cach of murine 2H7 (SEQ ID NO:7), humanized 2H7.v16 variant (SEQ ID
NO:8), and the human consensus sequence of the heavy chain subgroup II (SEQ ID NO:9). The

. CDRs of Vy; of 2H7 and hu2H7.v16 are as follows: CDR1 (SEQ ID NO:10), CDR2 (SEQ ID NO:11),

and CDR3 (SEQ ID NO:12).

In FIG. 1A and FIG. 1B, the CDR1, CDR2 and CDR3 in each chein are enclosed within
brackets, flanked by the framework regions, FR1-FR4, as indicated. 2H7 refers to the murine 2H?7
entibody. The asterisks in between two rows of sequences indicate the positions that are different
between the two sequences. Residue numbering is according to Kabat et al. Seguences of
Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda, Md.
(1991), with insertions shown as a, b, ¢, d, and e.

FIG. 2 shows the amino acid sequence of the maturc 2H7.v16 light chain (SEQ ID NO:13)

FIG. 3 shows the amino acid sequence of the mature 2H7.v16 heavy chain (SEQ ID NO:14).

FIG. 4 shows the amino acid sequence of the mature 2H7.v31 heavy chain (SEQ ID NO:15).
The L chain of 2H7.v31 is the same as for 2H7.v16.

FIG. 5 shows an alignment of the mature 2H7.v16 and 2H7.v511 light chains (SEQ ID NOS.
13 and 16, respectively), with Kabat variable domain residue numbering and Eu constant domein
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P Y“Hq 6w i dlighmdPattik mature 2H7.v16 and 2H7.v511 heavy chains (SEQ ID
NOS. 14 and 17, respectively), with Kabat variable domain residue numbering and Eu constant
domain residue numbering.

Detuiled Description of the Preferred Embodiments

L Deflnitious .

A “B-cell” is a lymphocyte that matures within the bone marrow, and includes a naive B cell,
memory B cell, or effector B cell (plasma cells). The B-cell herein may be a normal or non-malignant
B cell.

A “B-cell surface marker™ or “B-cell surface antigen” herein is an antigen expressed on the
surface of a B cell that can be targeted with an antibody that binds thereto. Exemplary B-cell surface
markers include the CD10, CD18, CD20, CD21, CD22, CD23, CD24, CD37, CD40, CD53, CD72,
CD73, CD74, CDw75, CDW76, CDT7, CDw78, CD79s, CD79b, CD80, CD8!, CD82, CD83,
CDw84, CD8S and CD86 leukocyte surface markers (for descriptions, see The Leukocyte Antigen
Facts Book, 2* Edition. 1997, ed. Barclay et al. Academic Press, Harcourt Brace & Co., New York).
Other B-cell surface markers include RP105, FcRH2, B-cell CR2, CCRS, P2X5, HLA-DOB, CXCRS,
FCER2, BR3, Btig, NAG14, SLGC16270, FcRH1, IRTA2, A'IWDS'IB,' FcRH3, IRTA1, FcRH6,
BCMA, and 239287. The B-cell surface marker of particular interest herein is preferentially
expresscd on B cells compared to other non-B-cell tissues of a mammal and may be expressed on
both precursor B cells and mature B cells.  The preferred B-cell surface marker herein is CD20.

The "CD20" antigen, or "CD20," is an about 35-kDa, non-glycosylated phosphoprotein
found on the surface of greater than 90% of B cells from peripheral blood or lymphoid organs. CD20
is present on both normal B cells as well as malignant B cells, bug is not expressed on stem cells.
Other names for CD20 in the literature include "B-lymphocyte-restricted antigen® and “Bp35". The
CD20 antigen is described in Clark ef al. Proc. Natl. Acad. Sci. (USA) 82:1766 (1985), for example.

An “antibody antagonist™ herein is a antibody that, upon binding to a B cell surface marker on
B cells, destroys or depletes B cells in a mammal and/or interferes with one or more B-cell functions,
¢.g. by reducing or preventing a humoral response elicited by the B cell. The antibody antagonist
preferably is able to deplete B cells (i.e. reduce circulating B-cell levels) in & mammal treated
therewith. Such depletion may be achieved via various mechanisms such antibody-dependent cell-
mediated cytotoxicity (ADCC) and/or complement dependent eytotoxicity (CDDC), inhibition of B-cell
proliferation and/or induction of B-cell death (e.g. via apoptosis).

“Antibody-dependent cell-medisted cytotoxicity” and “ADCC™ refer to a cell-mediated
reaction in which nonspecific cytotoxic cells that express Fe receptors (FcRs) (e.g. Natural Killer
{NK) cells, neutrophils, and macrophages) recognize bound antibody on a target cell and subsequently
cause lysis of the target cell. The primary cells for mediating ADCC, NK cells, express FcyRIII only,
whereas monocytes express FeyRI, FoyRII and FoyRIIL. FeR expression on hematopoietic cells in

9
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summarized is TebIE 3 on pfe H6¥ of Rivetch and Kinet, Annu. Rev. Immunol 9:457-92 (1991). To
assess ADCC aitivity of a molecule of interest, an in vitro ADCC assay, such as that described in US
Patent No. 5,500,362 or 5,821,337 may be performed. Useful effector cells for such assays include
peripheral blood mononuclear cells (FBMC) and Natural Killer (NK) cells. Alternatively, or
additionally, ADCC activity of the molecule of interest may be asscased in v, e.g., in & animal
model such as that disclosed in Clynes et al. PNAS (USA4) 95:652-656 (1998).

“Human effector cells™ are leukocytes that express one or more FcRs and perform effector
functions. Preferably, the cells express at [east FoyRIII and carry out ADCC effector function.
Examples of buman leukocytes that mediate ADCC include peripheral blood mononuclear cells
(PBMC), natural killer (NK) cells, monocytes, cytotoxic T cells and ncutrophils; with PBMCs and
NK cells being preferred.

The terms “Fc receptor” or “FcR” are used (o describe a receptor that binds to the Fc region of
an antibody. The preferred FcR is a native sequence human FcR. Moreover, a preferred FcR is one
that binds an IgG antibody (a gamma receptor) and includes receptors of the FcyRI, FeyRIl, and
Fey RIII subclasses, including allelic variants and alternatively spliced forms of these receptors.
FcyRII receptors include FeyRILA (an "sactivating receptor™) and FeyRIIB (an "inhibiting receptor”),
which have similar amino acid sequences that differ primarily in the cytoplasmic domains thereof.
Activating receptor FcyRIIA contains an immunoreceptor tyrosinc-based activation motif (ITAM) in
its cytoplasmic domain. Inhibiting receptor FcyRIIB contains an immunoreceptor tyrosine-based
inhibition motif (ITIM) in its cytoplasmic domain. (see Dadron, Anwu. Rev. Immunol. 15:203-234
(1997)). FcRs are reviewed in Ravetch and Kinet, Annu. Rev. Immunol 9:457-92 (1991); Capel et al.,
Immunomethods 4:25-34 (1994); and de Haas et al., J. Lab. Clin. Med. 126:330-41 (199S). Other
FcRs, including those to be identified in the future, are encompassed by the term "FcR" herein. The
term also includes the neonatal receptor, FcRa, which is responsible for the transfer of maternal IgGs
to the fetus (Guyer ef al., J. Immunol. 117:587 (1976) and Kim et al., J. Immunol. 24:249 (1994)).

“Complement dependent cytotoxicity” or “CDC™ refer to the ability of a molecule to lyse a
target in the presence of complement. The complement activation pathway is initiated by the binding
of the first component of the complement system (C1q) to 2 molecule (e.g. an antibody) complexed
with & cognate antigen. To assess complement activation, 8 CDC assay, e.g as described in Gazzano-
Santoro ef al., J. Immunol. Methods 202:163 (1996), may be performed.

“Growth inhibitory” antibodies are those that prevent or reduce proliferation of a cell
expressing an antigen to which the antibody binds. For example, the antibody may prevent or reduce
proliferation of B cells in vitro and/or in vivo.

Antibodies that “induce apoptosis” are those that induce programmed cell death, e.g. of a B
cell, as determined by standard apaptosie assays, such as binding of annexin V, fragmentation of
DNA, cell shrinkage, dilation of endoplasmic reticulum, cell fragmentation, and/or formation of
membrane vesicles (called apoptotic bodies).

10
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antibodies, polyclonal antibodies, mulitispecific antibodies (e.g. bispecific antibodies) formed from at
least two intact antibodies, and antibody fragments 80 long as they exhibit the desired biological
activity,

"Antibody fragments" comprise a portion of an intact antibody, preferably comprising the
antigen binding region thereof. Examples of antibody fragments include Fab, Fab', F(ab),, and Fv
fragments; diabodics; linear antibodies; single-chain antibody molecules; and multispecific antibodies
formed from antibody fragments.

For the purposes herein, an “intact antibody” is one comprising heavy and light variable
domains as well as an Fc region.

"Native antibodies” are usually heterotetrameric glycoproteins of about 150,000 daltons,
composed of two identical light (L) chains and two ideutical heavy (H) chains. Each light chain is
linked to a heavy chain by one covalent disulfide bond, while the number of disulfide linkages varies
among the heavy chains of different immunoglobulin isotypes. Each heavy and light chain also has
regularly spaced intrachain disulfide bridges. Each heavy chain has at one end a variable domain
(V) followed by a number of constant domains. Each light chain hag a variable domein at one end
(V1) and a constant domain at its other end; the constant domain of the light chain is aligned with the
first constant domain of the heavy chain, and the light chain variable domain is aligned with the
variable domain of the heavy chain. Particular amino acid residues are believed to form an interface
between the light chain end heavy chain variable domains.

The term "variable” refers to the fact that certain portions of the variable domaina differ
extensively in sequence among antibodies and are used in the binding and specificity of esch
particular antibody for its particular antigen. However, the variability is not evenly distributed
throughout the variable domains of antibodies. It ia concentrated in three segments called
hypervariable regions both in the light chain and the heavy chain variable domains. The more highly
conserved portions of variable domains are called the framework regions (FRs). The variable
domains of native heavy and light chains each comprise four FRs, largely adopting a 8-sheet
configuration, connected by three hypervariable regions, which form loops connecting, and in some
cases forming part of, the f-sheet structure. The hypervariable regions in each chain are held together
in close proximity by the FRs and, with the hypervariable regions from the other chain, cantribute to
the formation of the antigen-binding site of antibodies (sce Kabat et al,, Sequences of Proteins of
Immunological Interest, 5th Ed. Public Health Service, National Institutos of Health, Bethesda, MD.
(1991)). The constunt domains are not involved directly in binding an antibody to an antigen, but
uhiﬁtuﬁmleﬁecmﬁmﬁm;mhupmﬁpﬁmofthfmbdyhmﬁhdydq:mdﬂncdm
cytotoxicity (ADCC).

Papain digestion of antibodies produces two identical antigen-binding fragments, called "Fab"
fragments, each with a single antigen-binding site, and a residual "Fc" fragment, whose name reflects

11
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its abilify to crystaliize readity. PEpak doatment yiclds an F(ab'); fragment that has two antigen-
binding sites and is still capable of cross-linking antigen.

"Fv" is the minimum antibody fragment that contains a complete antigen-recognition and
antigen-binding site. This region consists of a dimer of one heavy chain and one light chain variable
domain in tight, non-covalent association. It is in this configuration that the three hypervariable
regions of each variable domain interact to define an antigen-binding site on the surface of the Vy-V,,
dimer. Collectively, the six hypervarisble regions confer antigen-binding specificity to the antibody.
Howgver, even a single variable domain (or half of an Fv comprising only three hypervariable regions
specific for an antigen) has the ability to recognize and bind antigen, although at a lower affinity than
the entire binding site.

The Fab fragment also contains the constant domain of the light chain end the first constant
domain (CH1) of the heavy chain. Fab® fragments differ from Fab fragments by the addition of & few
residucs at the carboxy terminus of the heavy chain CH1 domain imcluding one or more cysteines
from the entibody hinge region. Fab'-SH is the designation herein for Fab' in which the cysteine
residue(s) of the constent domains bear at least one free thiol group. F(ab’); antibody fragments
originally were produced as pairs of Fab' fragments that have hinge cysteines between them. Otber
chemical couplings of antibody fragments are also known.

The "light chains® of antibodies (immunoglobulins) from any vertebrate species can be
assigned to one of two clearly distinct types, called kappa (x) and lambda (3), based on the amino acid
sequences of their constant domains.

Depending on the amino acid sequence of the constant domain of their heavy chains,
antibodies can be assigned to different classes. There are five major classes of intact antibodies: IgA,
IgD, IgE, IgG, and IgM, and several of thege may be further divided into subclasses (isotypes), e.g.,
IgGl, IgG2, 1gG3, IgG4, IgA, and IgA2. The heavy chain constant domains that carrespond to the
different classes of antibodies are catled g, §, 8, v, and p, respectively. The subunit structures and
three-dimensional configurations of different classes of immunoglobulins are well known.

"Single-chain Fv" or "scFv" antibody fragments comprise the V; and V; domains of
antibody, wherein these domains are present in a single polypeptide chain. Preferably, the Fv
polypeptide further comprisea a polypeptide linker between the Vi, and V;, domains that enables the
scFv to form the desired structure for antigen binding. For a review of scFv see Pliickthun in The

. Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and Moore eds., Springer-Veorlag, New

York, pp. 269-315 (1994).

The term "diabodies" refers to small antibody fragments with two antigen-binding sites,
which fragments comprise a heavy chain variable domain (Vy) connected to a light chain variable
domain (V) in the same polypeptide chain (Vy - V). By using a linker that is too short to allow
pairing between the two domains on the same chain, the domains are forced to pair with the
complementary domains of another chain and create two antigen-binding sites. Diabodies are
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destribed miors iy, ¥or dkaritt, 7-404,097; WO 93/11161; and Hollinger e al., Proc. Na.
Acad. Sci. USA, 90:6444-6448 (1993).

The term "monoclonal antibody™ as used herein refers to an antibody obtained from a
populetion of substantially homogeneous antibodics, i.e., the individual antibodies comprising the
population are identical apd/or bind the same epitope, except for possible variants that may arise
during production of the monoclonal antibody, such variants generally being present in minor
emounts. In contrast to polycional antibody preparations that typically include different antibodies
directed against diffeyent determinants (epitopes), each monoclonal antibody is directed against a
single determinant on the antigen. In addition to their specificity, the monoclonal sntibodics are
advantageous in that they are uncontsminated by other immunoglobulins. The modifier "monoclonal®
indicates the character of the antibody as being obtained from a substantially homogeneous
population of antibodies, and is not to be construed as requiring production of the antibody by any
particular method. For example, the monocional antibodies to be used in accordance with the present
invention may be made by the hybridoma method first described by Kohler et al., Nature, 256:495
(1975), or may be made by recombinant DNA methods (see, e.g., U.S. Patent No. 4,816,567). The
"monoclonal antibodies” may also be isolated from phage antibody libraries using the techniques
described in Clackson ef al., Nature, 352:624-628 (1991) and Marks et al., J. Mol. Biol., 222:581-597
(1991), for example.

The monoclonal antibodics herein specifically include "chimeric™ antibodies
(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or homologous
to corresponding sequences in antibodies derived fram a particular species or belonging to a
particular antibody class or subclass, while the remainder of the chain(s) is identical with or
homologous to corresponding sequences in antibodies derived from another species or belonging to
another satibody class or subclass, as well as fragments of such antibodies, 80 long an they exhibit the
desired biological activity (U.S. Patent No. 4,816,567; Morrison et al., Proc. Natl. Acad. Sci. USA,
81:6851-6855 (1984)). Chimeric antibodies of interest herein include “primatized” antibodies
comprising variable domain antigen-binding sequences derived from a non-human primate (e.g. Old
World Monkey, such 23 baboon, rhesus or cynomolgus monkey) and human constant region
sequences (US Pat No. 5,693,780).

"Humanized" forms of non-human (e.g., murine) antibodies are chimeric antibodies that
contain minimal sequence derived from non-human immunoglobulin. For the most part, humanized
antibodies are human immunogiobuling (recipient antibody) in which residues from a hypervariable
region of the recipient are replaced by residues from s hypervariable region of a non-human species
{donor entibody) such as mouse, rat, rabbit or nonhuman primate having the desired specificity,
affinity, and capacity. In some instances, framework region (FR) residues of the human
immunoglobulin are replaced by comresponding non-human residues. Furthermore, humanized
antibodies may comprise residucs that are not found in the recipient antibody or in the donor
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antby.! Thei B katiohs #¥idatho further refine antibody performance. In general, the
humanized antibody will comprise substantially all of at least one, and typically two, variable
domains, in which all or substantially all of the hypervarisble loops correspond to those of a non-
human immumnoglobulin and all or substantially all of the FRs are those of a human immunoglobulin
sequence, except for FR substitution(s) as noted above. The humanized antibody optionally also will
comprise at least a portion of an immunoglobulin constant region, typically that of a human
immunoglobulin. For further details, see Joncs ez al., Nature 321:522-525 (1986); Riechmann ef al.,
Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992).

The term “hypervariable region™ when used herein refers to the amine acid residues of an
antibody that are responsible for entigen binding. The hypervariable region comprises amino acid
residues from a “‘complementarity determining region” or “CDR"” (e.g. residues 24-34 (L1), 50-56
(12) and 89-97 (L3) in the light chain variable domain and 31-35 (H1), 50-65 (H2) and 95-102 (H3)
in the heavy chain varisble domain; Kabat ef al., Segquences of Proteins of immunological Interest, 5th
Ed. Public Health Service, National Institutes of Heslth, Bethesda, MD. (1991)) and/ar those residues
from a *‘hypervariable loop” (e.g- regidues 26-32 (L.1), 50-52 {(L2) and 91-96 (L3) in the light chain
variable domain and 26-32 (H1), 53-55 (H2) and 56-101 (H3) in the heavy chain variable domain;
Chothia and Lesk J. Mol. Biol. 196:901-917 (1987)). "Frimework" or "FR" residues are those
variable domain residues other than the hypervariable region residues as herein defined.

A “naked antibody” is an antibody (as herein defined) that is not conjugated to a heterologous
molecule, such as a cytotoxic moiety or radiolabel.

Examples of antibodies that bind the CD20 antigen include: “C2B8," which is now called
“Rituximab™ (“RITUXAN®") (US Patent No. 5,736,137); the yttrium-[90]-labeled 2B8 murine
antibody designated “Y2B8" or “Tbritumomab Tiuxetan™ (ZEVALIN®) commercially available from
IDEC Pharmaceuticals, Inc. (US Patent No. 5,736,137; 2B8 deposited with ATCC 1umder accegsion
no. HB11388 on June 22, 1993); murine IgG2a “B1." also called “Tositumomab,” optionally labeled
with '] to generate the “/*'I-B1" or “iodine I131 tositumomab” antibody (BEXXART™)
commercially available from Corixa (see, also, US Patent No. 5,595,721); murine monoclonal
antibody “1F5" (Preas et al. Blood 69(2):584-591 (1987) and variants thereof inchuding “framework
petched™ or humanized 1FS (WO030002607, Leung, S.; ATCC deposit HB-96450); murine 2H7 and
chimeric 2H7 antibody (US Patent No. 5,677,180); humanized 2H7; huMax-CD20 (Genmab,
Denmark, W02004/035607); AME-133 (Applied Molecular Evolution); A20 antibody or variants
thereof such as chimeric or humsnized A20 antibody (cA20, hA20, respectively) or IMMU-106 (US
2003/0219433, Immunomedics); CD20-binding antibodies, including epitope-depleted Leu-16, 1H4,
or 2BB, optionally conjugated with IL-2, as in US 2005/0069545A1 and WO 2005/16969 (Carr et
al); bispecific antibody that binds CD22 and CD20, for example, hLL2xhA20 (WO2005/14618,
Chang & al.); monoclonal antibodies 1.27, G28-2, 93-1B3, B-C1 or NU-B2 available from the
Internstional Leukocyte Typing Workshop (Valentine ef al., In: Leukocyte Typing 111 (McMichael,
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BdTpla4d, Ot biiletaity PHRA 9% 7)); 114 (Haisma et ol. Blood 92:184 (1998)); anti-CD20
auristatin E conjugate (Seattle Genetics); anti-CD20-IL.2 (EMD/Biovation/City of Hope); anti-CD20
MAD therapy (EpiCyte); and anti-CD20 antibody TRU 015 (Trubion).

The terms “Rituximab” or m&mmbwmﬂywm
nrine/human monoclonal antibody directed against the CD20 antigen and designated “C2B8" in US
Patent No. 5,736,137, including fragments thereof that retain the ability 1o bind CD20. Rituximab is
commercially available from Genentech.

Purely for the purposes herein and unless indicated otherwise, “humanized 2H7" refers to a
bumeanized antibody that binds human CD20, or an antigen-binding fragment thereof, wherein the
antibody is effective to deplete primate B cells in whvo, the antibody comprising in the H chain
variable region (V),) thereof at leagt a CDR H3 sequence of SEQ ID NO:12 (Fig. 1B) from an anti-
luman CD20 antibody and substantiaily the human consensus frnmework (FR) residues of the human
heavy- chain subgroup Il (VgIlI). In a prefemred embodiment, this antibody further comprises the H
chain CDR H1 sequence of SEQ ID NO:10 and CDR H2 sequence of SEQ ID NO:11, and more
preferably further comprises the L chain CDR L1 sequence of SEQ ID NO:4, CDR L2 sequence of
SEQ ID NO:5, CDR L3 sequence of SEQ ID NO:6 and substantially the humnan consensus framework
(FR) residues of the human light chain subgroup I (Y1), wherein the Vy region may be joined to a
human IgG chain constant region, wherein the region may be, for example, IpG1 or IgG3. Ina
preferred embodiment, such antibody comprises the Vi, sequence of SEQ ID NO:8 (v16, as shown in
Fig. 1B), optionally also comprising the V| sequence of SEQ ID NO:2 (v16, as shown in Fig. 1A),
which may have the amino acid substitutions of DS6A and N100A in the H chain and S92A inthe L
chain (v96). Preferably the antibody is an intact antibody comprising the light and lieavy chain amino
acid sequences of SEQ ID NOS:13 and 14, respectively, as shown in Figs. 2 and 3. Another prefemred
embodiment is where the antibody is 2H7.v31 comprising the light and heavy chain amino acid
sequences of SEQ ID NOS:13 and 15, respectively, as shown in Figs. 2 and 4. The antibody herein
may farther comprise at least one amino acid substitution in the Fe region that improves ADCC
and/or CDC activity, such as one wherein the amino acid substitutions aro S298A/E333A/K334A,
more preferably 2H7.v31 having the heavy chain amino acid sequence of SEQ ID NO:15 (as shown
in Fig. 4). Any of these antibodies may further comprise at least one amino acid substitution in the Fe
region that decreases CDC activity, for example, comprising at least the substitution K322A. See
U.S. Patent No. 6,528,624B1 (Idusogie et al ).

A preferred lumanized 2H7 is an intact antibody or antibody fragment comprising the
variable light chain sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIYAPSNLASGVPSRFSG
SGSGTDFTLTISSLQPEDFATYYCQQWSFNPPTFGQGTKVEIKR (SEQ ID NO:2);
and the varigble heavy chain sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
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NAKIRSRFITSVISKSKTE PO LRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTV
SS (SEQ ID NO:8).

Where the humanized 2H7 antibody is an intact antibody, preferably it comprises the light
chain amino acid sequence: .
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIYAPSNLASGVPSRFSG
SGSGTDFTLTISSLQPEDFATYYCQQWSFNPPTFGQGTKVEIKRTVAAPSVFIFFPSDEQLKSG
TASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKH
KVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:13);
and the heavy chain amino acid sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSG
LYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRV
VSVLTVLHQDWLNGKEYKCKVSNKALPAPIFKTISKAKGQPREPQVYTLPPSREEMTKNQVS
_LTCLVKGFYPSDIAVEWESNGQPENNYKTI?PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGK (SEQ ID NO:14)
or the heavy chain emino acid sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSG
LYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNATYRV
VSVLTVLHQDWLNGKEYKCKVSNKALPAPIAATISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGK (SEQ ID NOC:15).

In the preferred embodiment of the invention, the variable region of variants based on 2H7
version 16 will have the amino acid sequences of vi6 except at the positions of amino acid
substitutions that arc indicated in the table below. Unless otherwise indicated, the 2H? variants will
have the same light chain as that of v16.

Heavy chain [Light chain [Fc changes

-

(Vi) changes [V)) changes

Pl : . B298A, E333A, K334A

Pﬁ D56A, N100A F92A
14 D56A, N10 roﬂzl.. S92A B298A, E313A, K334A

lllS DS6A, N100A PBZL S92A FIQSA. E333A, K334A, E356D, M358L
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An "isolated” antibody is one thet has been identified and separated and/or recovered from a
component of its natural environment. Contaminant components of its natural environmeat are
materials that would interfere with diagnostic or therapeutic uses for the antibody, and may include
enzymes, hormones, and other proteinaceous or non-proteinaceous solutes. In preferred
embodiments, the antibody will be purified (1) to greater than 95% by weight of antibody as
determined by the Lowry method, and most preferably more than 99% by weight, (2) to a degree
sufficient to obtain at least 15 residues of N-terminal or internal amino acid sequence by use of a
spinning cup sequenator, or (3) to homogeneity by SDS-PAGE under reducing or nonreducing
conditions using Coomassie blue or, preferably, silver stain. Isolated antibody includes the antibody
in situ within recombinant cells since at lcast one compaonent of the antibody’s natural environment
will not be present. Ordinarily, however, isolated antibody will be prepared by at least one
purification step.

A "subject” berein is a buman subject. Generally, the subject is cligible for treatment for
multiple sclerosis. For the purposes berein, such eligible subject is one who is experiencing, has
experienced, or is likely to experience, one or more signs, symptoms or other indicators of multiple
sclerogis; has been diagnosed with multiple sclerosis, whether, for example, newly diagnosed (with
“new onset” MS), previously diagnosed with a new relapse or exacerbation, previously diagnosed and
in remission, etc; and/or is at risk for developing multiple sclerosis. One suffering from or at risk for
suffering from multiple sclerosis may optionally be identified as one who has been screened for
elevated levels of CD20-positive B cells in serum, cerebrospinal fluid (CSF) and/or MS lesion(s)
and/or is screened for using an assay to detect autoantibodies, assessed qualitatively, and preferably
quantitatively. Exemplary such autoantibudies associated with multiple scleroais include anti-myelin
basic protein (MBP), anti-myelin oligodendrocytic glycoprotein (MOG), anti-ganglioside and/or
anti-neurofilement antibodies. Such autoantibodies may be detected in the subject’s serum,
cercbrospinal fluid (CSF) and/or MS lesion. By “clevated” autoantibody or B cell level(s) herein is
moant level(s) of such autoantibodies or B cells which significantly exceed the level(s) in an
individual without MS.

"Treatment” of a subject herein refers to both therapeutic treatment and prophylsctic or
preventative measures. Those in need of trestment include those already with the multiple aclerosis
as well as those in which the multiple sclerosis is to be prevented. Hence, the subject may have been
diagnosed as having the multiple sclerosis or may be predisposed or susceptible to the multiple
sclerosis.

A “symptom” of MS is any morbid phenomenon or departure from the normal in structure,
function, or sensation, experienced by the subject and indicative of MS.

“Multiple sclerosis” refers to the chronic and often disabling disease of the central nervous
system characterized by the progressive destruction of the myelin. There are four intemnationally
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rechgitinell Yorils Sf S, hamteill, Bridialy progressive multiple sclerosis (PPMS), relapsing-remitting
multiple sclerosis (RRMS), secondary progressive multiple sclerosis (SPMS), and progressive
relapsing multiple sclerosis (PRMS).

“Primary progressive multiple sclerosis™ or “PPMS" is characterized by a'gradual progression
of the disease from its onset with no superimposed relapses and remissions at all. There may be
periods of a leveling off of disease activity and there may be good and bad days or weeks. PPMS
differs from RRMS and SPMS in that onset is typically in the lste thirties or carly forties, men are as
likety women to develop it, and initial disease activity is often in the spinal cord and not in the brain.
PPMS often migrates into the brain, but is less likely to damage brain areas than RRMS or SPMS; for
example, people with PPMS are less likely to develop cognitive problems. PPMS is the sub-type of
MS that is least likely to show inflammatory (gadolinium enhancing) lesions an MRI scans. The
Primary Progressive form of the diseasc affects between 10 and 15% of all people with multiple
sclerosis. PFMS may be defined according to the criteria in McDonald et al. Ann Neurol 50:121-7
(2001). The subject with PPMS treated herein is usually one with probable or definitive diagnosis of
PPMS,

“Relspsing-remitting multiple sclerosis” or “RRMS” is characterized by relapses (also known
us exacerbations) during which time new symptoms can appear and old ones resurface or worsen. The
relapses are followed by periods of remission, during which time the person fully or partially recovers
from the deficits acquired during the relapse. Relapscs can last for days, weeks or months and
recovery can be slow and gradual or almost instantaneous. The vast majority of people presenting
with M8 are first diagnosed with RRMS, This is typically when they are in their twentics or thirties,
though diagnoses much carlier or later are known. Twice as many women as men present with this
sub-type of MS, During relapscs, myelin, 2 protective insulating sheath around the nerve fibers
(neurons) in the white matter regions of the central nervous system
(CNS), may be damaged in an inflammatory response by the body's own immune system. This causes
a wide variety of neurological symptomas that vary considerably depending on which areas of the CNS
are damaged. Immediately after a relapae, the inflammatory response dies down and a special type of
glial cell in the CNS (called an oligodendrocyte) sponsors remyelination - a process whereby the
myelin sheath around the axon may be repaired. It is this remyelination that may be responsible for
the remission. Approximately 50% of paticnts with RRMS convert to SPMS within 10 years of
diseasc onset. After 30 years, this figure rises to 90%. At any one time, the relapaing-remitting form
of the disease accounts around 55% of all people with MS.

“Secondary progressive multiple sclcrosis” or “SPMS™ is characterized by a steady
progression of clinical neurological damage with or without superimposed relapses and minor
remissions and plateaux. People who develop SPMS will have previously experienced a period of
RRMS which may have lasted anything from two to forty years or more. Any superimposed relapses
and remissions there are, tend to tail off over time. From the onset of the secondary progressive phase
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of the Hiscaso, Bavinfy fiartk slVBhchig much quicker than it did during RRMS though the progress
can still be quite slow in some individuals. After 10 yoars, 50% of people with RRMS will have _
developed SPMS. By 25 to 30 years, that figure will have risen to 90%. SPMS tends to be agsociated
with lower levels of inflammatory lesion formation than in RRMS but the total burden of discase
continues to progress. At any one time, SPMS accounts arcund 30% of all people with multiple

“Progressive relapeing multiple sclerosis™ refers to “PRMS™ is characterized by a steady
progression of clinical neurological damage with superimposed relapses and remigsions. There is
significant recovery immediately following a relapee but between relapsas there is a gradual
warsening of symptoms. PRMS affects around 5% of all people with multiple sclerosis. Some
neurologists believe PRMS is a variant of PPMS.

The expression “cffective amount™ mfultnmamonntofthemubody(orotha'drug)thun
effective for preventing, ameliorating or treating the multiple sclerosis. Such an effective amount will
geuerally result in an improvement in the signs, symptoma or other indicators of MS, such as reducing
rclapse rate, preventing disability, reducing number and/or volume of brain MRI lesions, improving
timed 25-foot walk, extending the time to disease progression (e g. using Expanded Disability Stans
Scale, EDSS), etc.

" Antibody exposure”™ refers to contact with or exposure to the antibody herein in one or more
doses administered over a period of time of about 1-20 days. The doses may be given at onc time or
at fixed or irregular time intervals over this period of exposure. Initial and later (e.g. second or third)
antibody exposures are separmated in time from each other as described in detail herein,

The term "immunosuppressive agent” as used hercin for adjunct therapy refers to substances

that act to suppress or mask the immune system of the mammal being treated herein. This would

include substances that suppress cytokine production, down-regulate or suppress self-antigen
expression, or mask the MHC antigens. Examples of such agents include 2-amino-6-aryl-5-
substituted pyrimidines (see U.S. Pat. No. 4,665,077); nonsteroidal anti-inflammatory drugs
(NSAIDs); ganciclovir, tacrolimus, glucocorticoids such as cartisol or aldosterone, anti-inflammatory
agents such as a cyclooxygenase inhibitor, & 5-lipoxygenase inhibitor, or 2 leukotriene receptor
amagonist; purine antagonists such as azathioprine or mycophenolate mofetil (MMF); alkylating
agents such as cyclophosphamide; bromocryptine; danazol; dapsone; glutaraldehyde (which masks
the MHC antigens, as described in U.S. Pat. No. 4,120,649); anti-idiotypic antibodies for MHC
antigens and MHC fragments; cyclosporin A; steroids such as corticosteroids or glucocorticosteroids
or ghicocorticoid analogs, e.g., prednisone, methylprednisolone, and dexamethasone; dihydrofolate
reductase inhibitors such as methotrexate (oral or subcutaneous); hydroxycloroquine; sulfasalazine;
leflunomide; cytokine or cytokine receptor antagonists including anti-interferon-alpha, -beta, or -
gamma antibodies, anti-tumor necrosis factor-alpha antibodies (infliximab or adalimumab), anti-TNF-
alpha immunoshesin (etanercept), anti-tumor necrosis factor-beta antibodies, anti-interleukin-2
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entbdtficl sndilit ¥ 2 echich Eftbollies; anti-LPA-1 antibodies, mcluding anti-CD11a and arti-
CD18 antibodies; anti-L3T4 antibodies; heterologous anti-lymphocyte globulin; pan-T antibodies,
preferably anti-CD3 or anti-CD4/CD4a antibodies; soluble peptide containing a LFA-J binding
domain (WO 90/08187 published 7/26/90); streptokinase; TGF-beta; streptodornase; RNA or DNA
from the host; FK506; RS-61443; deoxysperguslin; rapamycin; T-cell receptor (Coben et al., U.S.
Pat. No. 5,114,721); T-cell receptor fragments (Offner et al., Science, 251: 430-432 (1991); WO
90/11294; Inneway, Nature, 341: 482 (1989); and WO 91/01133); and T cell receptor antibodies (EP
340,109) such as T10B9. )

The term “cytotoxic agent” as used berein refers to a substance that inhibits or prevents the
function of cells and/or causes destruction of cells. The term is intended to include radioactive
isotopes (e.g. AP, I, I'8, Y% Re'%, Re'™, Sm'®, Bi*?, P and radioactive isotopes of Lu),
chemotherapeutic agents, and toxins such as small molecule toxins or enzymatically active toxins of
bacterial, fungal, plant or animal origin, or fragmenty thereof.

A "chemotherapeutic agent" is a chemical compound useful in the treatment of cancer.
Examples of chemotherapeutic agents include alkylating agents such as thiotepa and CYTOXAN®
cyclosphosphamide; alkyl sulfonates such as busulfin, improsulfan and piposulfan; aziridines such as
benzodopa, carboquone, meturedopa, and uredopas, cthylenimines and methylamelamines including
altretamine, tricthylenemelamine, trietylenephosphoramide, triethiylensthiophosphoramide and
trimethylolomelamine; acetogenins (especially bullatacin and bullatacinone); a camptothecin
(including the synihetic analogue topotecan); bryostatin; callystatin; CC-1065 (including its
adozelesin, carzelcain and bizelesin synthetic snslogues); cryptophycins (perticularly cryptophycin 1
and cryptophycin 8); dolastatin; duocarmycin (including the synthetic analogues, KW-2189 and CB1-
‘TM1); eleatherobin; pancratistatin; a sarcodictyin; spongistating nitrogen mustards such as
chlorambucil, chlornaphazine, cholophosphamide, estramustine, ifosfamide, mochlorethamine,
trofosfamide, uracil mustard; nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine,
nimustine, and ranimmustine; antibiotics such as the enediyne antibiotics (e. g, calichesmicin,
especially calichesmicin gammal] and calichcamicin omegall (see, £.g., Agnew, Chem Intl. Ed.
Engl., 33: 183-186 (1994)); dynemicin, including dynemicin A; bisphosphonates, such as clodronate;
an esperamicin; as well as neocarzinostatin chromophore and related chromoprotein enediyne
antiobiotic chromophores), aclacinomysins, actinomycin, authramyein, azaserine, bleamyeins,
cactinomycin, carabicin, carminomycin, carzinophilin, chromomycinis, dactinomycin, deunorubicin,
detorubicin, 6-diazo-S-oxo-L-norleucine, ADRIAMYCIN® doxorubicin (including morpholino-
doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorubicin),
epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such as mitomycin C, mycophenolic
acid, nogalamyecin, olivomycins, peplomycin, potfiramycin, puromycin, quelamycin, rodorubicin,
streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites such as
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melBoelité i S- Wit # 3y Folic acid analogues such as denopterin, methotrexate,
pteropterin, trimetrexate; purine snalogs such as fludarabine, 6-mercaptopurine, thismiprine,
thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-azzuridine, carmofur, cytarabine,
dideoxyuridine, doxifluridine, enocitabine, floxuridine; androgens such as calusterone,
dromostanolone propionate, epitiostanol, mepitiostane, testolactone; anti- adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid replenisher such ag frolinic acid; aceglatone;
aldophosphamide glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bigantrene;
edatraxste; defofamine; demecolcineg; dinziquone; elfornithine; elliptinium acetate; an epothilone;
ctoglucid; gallium nitrate; hydroxyures; lentinan; lonideinine; maytansinoids such 22 maytansine and
ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin; phenamet;
pirerubicin; losoxantrone; podophyllinic acid; 2- ethylhydrazide; procarbazine; PSK® polysaccharide
complex (JHS Natural Products, Eugene, OR); razoxane; rhizoxin; sizofiran; spirogermanium;
tenuazonic acid; trisziquone; 2,2",2"trichlorotriethylamine; trichothecenes (especially T-2 toxin,
verracurin A, roridin A and anguidine); urcthan; vindesine; dacarbazine; mennomustine; mitobronitol;
mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C"); cyclophosphamide; thiotepa; taxoids, e.g.,
TAXOL® paclitaxe] (Bristol- Myers Squibb Oncology, Princeton, N.J.), ABRAXANE™ Cremophor-
free, albumin-engincered nanoparticle formulation of paclitaxel (American Pharmaceutical Partners,
Schaumberg, lllinois), and TAXOTERE® doxctaxel (Rhdne- Poulenc Rorer, Antony, France);
chloranbucil; GEMZAR® gemcitabine; §-thioguanine; mercaptopurine; methotrexate; platinom
analogs such as cisplatin and carboplatin; vinblastine; platinum; ctopogide (VP-16); ifosfamide;
mitoxantrone; vincristine; NAVELBINE® vinorelbine; novantrone; teniposide; edatrexate;
daunomycin; aminopterin; xelods; ibandronate; CPT-11; topoisomersse inhibitor RFS 2000;
difluorometlhylomithine (DMFO); retinoids such as retinoic acid; capecitabine; and pharmaceutically
acceptable salts, acids or derivatives of any of the above.

Also included in this definition are anti-hormonal agents that act to regulate or inhibit
hormone action on tumors such as enti-estrogens and selective estrogen receptor modulators
(SERM3), inchuding, for example, tamoxifien (including NOLVADEX® tamoxifen), raloxifene,
droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene, L'Y117018, onapristone, and FARESTON
toremifene; aromatase inhibitors that inhibit the enzyme aromatase, which regulaics estrogen
prodaction in the adrenal glands, such as, for example, 4(5)-imidazoles, sminoglutethimide,
MEGASE® megestrol acetate, AROMASIN® exemestane, formestapie, fadrozole, RIVISOR®
vorozole, FEMARA® letrozole, and ARIMIDEX® anastrozole; and anti-androgens such as
flutamide, nilutamide, bicalutamide, leuprolide, and goserelin; as well as troxacitabine (a 1,3-
dioxolane nucleoside cytosine analog); antisense oligonmcleotides, particularly those that inhibit
expression of genes in signaling pathways implicated in abherant cell proliferation, such as, for
example, PKC-alpha, Ralf and H-Ras; vaccines such as gene therapy vaccines, for example,
ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and VAXID® vaccine; PROLEUKIN® rlL-2;
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LURTOTECARS b ofksmeadt P (& thitor; ABARELIX® rmRH; and pharmaceutically scceptable
salts, acids or derivatives of any of the above.

The term "cytokine"” is a generic term for proteins released by one cell population that act on
another cell as intercellular mediators. Examples of such cytokines are lymphokines, monokines;
interleukins (ILs) such as IL-1, IL-1a, 1L-2, IL-3, IL4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-11, IL-12, IL-
15; a tumor necroais factor such as TNF-a or TNF-; and other polypeptide factors including LIF and
kit ligand (KL). As used herein, tha term cytokine includes proteins from natural sources or from
recombinant cell culture and biologically active equivalents of the native sequence cytokines,
including synthetically produced small-molecule entities and pharmaceutically acceptable derivatives
and salts thereof.

The term “hormone™ refers to polypeptide hormones, which are generally scereted by
glandular organs with ducts. Included among the hormones are, for example, growth hormmone such
as human growth hormone, N-methionyl humen growth hormone, and bovine growth honmone;
parathyroid hormone; thyroxine; insulin; proinsulin; relaxin; prorelaxin; glycoprotein hormones such
as follicle stimulating hormone (FSH), thyroid stimulating hormone (TSH), and luteinizing hormone
(LH); prolactin, placental lactogen, mouse gonadotropin-associsted peptide, inhibin, activin;
mullerian-inhibiting substance; and thrombopoictin. As used herein, the term hormone includes
proteins from natural sources or from recombinant cell cutture and biologically active equivalents of
the native sequence hormone, including synthetically produced small-molecule entities and
pharmaceutically acceptable derivatives and salts thereof.

The term "growth factor” refers to proteins that promote growth, and include, for example,
bepatic growth factor; fibroblast growth factor; vascular endothelial growth factor; narve growth
factors such as NGF-§; platelet-derived growth factor; transforming growth factors (TGFs) such as
TGF-a and TGF-§; insulin-like growth factor-1 and -II; erythropoietin (EPO); osteoinductive factors;
interferons such as interferon-a, B, and -y; and colony stimulating factors (CSFs) such as
macrophage-CSF (M-CSF); granulocyte-macrophage-CSF (GM-CSF); and granulocyte-CSF (G-
CSF). As used hersein, the term growth factor includes proteins from natural sources or from
recombinant cell culture and biologically active equivalents of the native sequence growth factor,
including synthetically produced small-molecule entitics and pharmaceutically acceptable derivatives
and salts thereof.

The term "integrin" refers to a receptor protein that allows cells both to bind to and to respond
to the extracellular matyix and is involved in a variety of cellular functions such as wound healing,
cell differentiation, homing of tumor cells and apoptosis. They are pert of 8 large family of cell
adhesion recepiors that are involved in cell-extracellular matrix and cell-cell interactions. Functional
integrins consist of two transmembrane glycoprotein subunits, called alpha and beta, that are non-
covalently bound. The alpha subunits all share some homology to each other, as do the beta subunits.
The receptors always contain one alpha chain and one beta chain, Examples include AlphaSbetal,
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Alfiatetst, XipRdrbetd, BFR P itk 4 integrin etc. As used herein, the term integrin inchudes
prateins from natural sources or from recombinant eell cutture and biologically active equivalents of
the native sequence integrin, including synthetically produced small-molecule entities and
pharmaceutically acceptable derivatives and salts thereof.

Examples of “integrin antagonists or antibadics” herein include an LFA-1 antibody such as
Efalizumab (RAPTIVA®) commercially available from Genentech; an alpha 4 integrin antibody such
a8 natalizamab (TYSABRI®) available from Biogen; diazacyclic phenylalanine derivatives (WO
2003/39410); phenylalanine derivatives (WO 2003/70709, WO 2002/28830, WO 2002/16329 and
WO 2003/53926); phenylpropionic acid derivatives (WO 2003/10135); derivatives (WO
2001/79173); propanoic acid derivatives (WO 2000/37444); alkanoic acid derivatives (WO
2000/32575); substituted phenyl derivatives (US Pat. Nos. 6,677,339 and 6,348,463); aromatic amine
derivatives (US Pat. No. 6,369,229); and ADAM disintegrin domain polypeptide (US2002/0042368),
antibodies to alphavbeia3 integrin (EP 633945); az-bridged bicyclic amino acid derivatives (WO
2002/02556) etc.

For the purposes herein, “tumor necrosis factor alpha (TNF-alpha)” refers to a ruman TNF-
alpha molecule comprising the amino scid sequence as described in Pennica et al., Natwre, 312:721
(1984) or Aggarwal et al., JBC, 260:2345 (1985).

A “TNF-alpha inhibitor” herein is an agent that inhibits, to some extent, a biclogical function
of TNF-alpha, generally through binding to TNF-alpha and neutralizing ite activity, Examples of
TNF inhibitors specifically contemplated herein are Etancreept (ENBREL®), Inflixirab
(REMICADE®) and Adalimumab (HUMIRAT),

Examples of “disease-modifying anti-rhenmatic drugs” or “DMARDs" include
hydroxyclaroquine, sulfesalazine, methotrexats, leflumomide, etanercept, infliximab (plus aral and
suhcutaneous methrotrexate), azathioprine, D-penicillamine, Gold (oral), Gold (intrarmuscular),
minocycline, cyclosporins, Staphylococcal protein A immunoadsorption, including salts and
dexivatives thereof, etc.

Examples of “nonsteroidal anti-inflammatory drugs”™ or “NSAIDs™ arc acetylsalicylic acid,
ibuprofen, naproxen, indomethacin, sulindac, tolmetin, including salts and derivatives thereof, etc.

“Corticosteroid™ refers to any one of several synthetic or naturally occwring substances with
the general chemical structure of stervids that mimic or sugment the cffects of the naturally occurring
corticosteroids. Examples of synthetic corticosteroids include predmsmc. prednisolone (including
methylprednisolons), dexamethasone, glucocorticoid and betamethasone.

A “package ingert” is used to refer to instructions customarily included in commercial
packages of therupeutic products, thet contain information about the indications, usage, dosage,
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acelinsiration, commamdicatitril, Bbdr-Therapeutic products to be combined with the packaged
product, and/or wannings concerning the usc of such thempeutic products, etc.

M.  Therapy )

The present invention provides a method of treating multiple sclerosis in a subject suffering
therefrom, comprising administering an effective amount of an antibody that binds to a B-cell surface
marker (preferably a CD20 antibody) to the subject. The MS to be treated herein includes primary
progressive multiple sclerosis (PPMS), relapsing-remitting multiple sclerosis (RRMS), secondary
progressive multiple sclerosis (SPMS), and progresalve relapsing multiple sclerosis (PRMS), but
therapy of either PPMS or RRMS are the preferred embodiments herein,

According to a preferred dosing protocol, the method comprises administering an effective
ampunt of a CD20 antibody to the MS subject to provide an initial antibody exposure of about 0.5 to
4 grams (prefembly about 1.5 to 2.5 grams) followed by a second antibody exposure of about 0.5 1o 4
grams (preferably about 1.5 to 2.5 grams), the second antibody exposure not being provided until
from about 16 to 60 weeks from the initial antibody exposure. For purposes of this invention, the
second antibody exposure is the next time the subject is treated with the CD20 antibody after the
initia] antibody exposure, there being no intervening CD20 antibody treatment or exposure between
the initial and second exposures.

The interval between the initial and second or subsequent antibody exposures can be
measured from cither the first or second dose of the initial antibody exposure, but preferably from the
first dose of the initial antibody exposure.

In the preferred embodiments herein, the antibody exposures are approximately 24 weeks or 6
months apart; or spproximately 48 wecks or 12 months apart.

In one embodiment, the second antibody exposure is not provided until about 20 to 30 weeks
from the initial exposure, optionslly followed by a third entibody exposure of about 0.5 to 4 grams
(preferably about 1.5 to 2.5 grams), the third exposure not being administered until from sbout 46 to
60 woeks (preferably from about 46 to 54 weeks) from the initial exposure, and then, preferably no
further antibody exposure is provided until at least about 70-75 weeks from the initial exposure.

In an alternative embodiment, the second antibody exposure is not provided until about 46 to
60 weeks from the initial exposure, and subsequent antibody exposures, if any, are nat provided until
about 46 to 60 weeks from the previous antibody exposure.

Any one or more of the antibody exposures herein may be provided to the subject as a single
dose of antibody, or as two separate doses of the antibody (i.e., conatituting a first and second dose).
The particular number of doses (whether one or two) employed for each antibody exposure is
dependent, for example, en the type of MS treated, the type of antibody employed, whether and what
type of sccond medicament is employed, and the method and frequency of administration. Where
two separate doses are administered, the second dose is preferably administered from about 3 to 17

days, more preferably from about 6 to 16 days, and most preferably from about 13 to 16 days from the
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tinie the first dose was adminiisfirl. "Where two scparate doses are administered, the first and second
dose of the antibody is preferably about 0.5 to 1.5 grama, more preferably about 0.75 to 1.3 grams.

In one embodiment, the subject is provided at least about three, or at least four exposures of
the antibody, for example, from about 3 to 60 exposures, and more particularly about 3 to 40
exposures, most particularly, about 3 to 20 exposures. Preferably, such exposures are administered at
intervals each of approximately 24 weeks or 6 months, or 48 weeks or 12 months. In one
embodiment, each antibody exposure is provided as a singlc dose of the antibody. In an alternative
embodiment, each antibody exposure is provided as two separate doses of the antibody. Hbwever,
not every antibody exposure need be provided us s single dose or as two separate doses.

The antibody may be a naked antibody or may be conjugated with another molecule such as a
cytotoxic agent such as a radioactive compound. The preferred antibody herein is Rituximab,
bumanized 2H7 (e.g. comprising the variable domain sequences in SEQ ID NOS. 2 and 8) or
humanized 2H7 comprising the variable domain sequences in SEQ ID NOS. 23 and 24, or buMax-
CD20 (Genmasb).

In one embodiment, the subject has never been previously treated with drug(s), such as
immunosuppressive agent(s), to treat the multiple sclerosis and/or has never been previously treated
with an antibody to a B-cell surface marker (e.g. never previously treated with a8 CD20 antibody).

The antibody is administered by eny suitable means, including parcuteral, ‘topical,
subcutanecus, intraperitoneal, intrapolmonary, intranesal, end/or intralesional sdministration
Parenteral infusions include intramuscular, intravenous, intraarterial, intraperitonesl, or subcutaneous
administration. Intrathecal administration is also contemplated (see, e.g., US Patent Appin No.
2002/0009444, Grillo-Lopez, A concerning intrathecal delivery of a CD20 antibody). In addition, the
aptibody may suitably be administered by pulse infusion, e.g., with declining doses of the antibody.
Preferably, the dosing is given intravenously, subcutsncously or intrathecally, most preferably by
intravenous infusion(s).

While the CD20 antibody may be the only drug administered to the subject to treat the
multiple sclerosis, one may optionally administer @ second medicament, such as a cytotoxic agent,
chemotherapeutic agent, immunosuppressive agent, cytokine, cytokine antagonist or antibody, growth
factor, hormone, integrin, integrin antagonist or antibody (e.2. an LFA-] antibody such as ¢falizumab
(RAFPTIVA®) commercially available from Genentech, or an alphs 4 integrin antibody such as
natalimmmab (TYSABRIP) available from Biogen) etc, with the antibody that binds a B cell surface
marker (e.g. with the CD20 antibody).

In the preferred embodiment of combination therapy, the antibody is combined with an
interferon class drug such as IFN-beta-1a (REBIF® and AVONEX®) or IFN-beta-1b
(BETASERON®); an cligopeptide such a glatiramer acetatc (COPAXONE®); a cytotoxic agent such
as mitoxantrone (NOVANTRONE®), methotrexate, cyclophosphamide, chlorambucil, azathioprine;
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intfaveniold inthibgiobalis g ghbulin); lymphocyte-depleting therapy (e.g., mitoxantrone,
cyclophosphamide, Campath, anti-CD4, cladribine, total body irradistion, bone marrow
transplantation); corticosteroid (e.g. methylprednisolone, prednisone, dexamethasone, or
glucorticoid), including systemic carticosteroid therapy; non—lymphocyte-depleting
immunosuppressive therapy (e.g., mycophenolate mofetil (MMF) or cyclosporine);
cholesterol-lowering drug of the “statin™ class, which includes cerivastatin (BAYCOL®), fluvastatin
(LESCOL®), storvastatin (LIPITOR®), lovastatin (MEVACOR®), pravastatin (FRAVACHOL®),
Simvastatin (ZOCOR®); estradiol; testosterone (optionally at elevated dosages; Stuve ef al.
Neurviogy 8:290-301 (2002)); hormone replacement therapy; treatment for symptoms secondary or
related to MS (e.g., spasticity, incontinenca, pain, fatigue); a TNF inhibitor; disease-modifying anti-
rheumatic drug (DMARD); non-steroidal anti-inflammatory drug (NSAID); plasmapheresis;
levothyroxine; cyclosporin A; somatastatin analogue; cytokine or cytokine receptor antagonist; auti-
metabolite; immunosuppressive agent; rehabilitative surgery; radiciodine; thyroidectomy; another B-
cell surface antagonist/antibody; etc.

The second medicament is administered with the initial exposure and/or later exposures of the
CD20 antibody, such combined administration includes co-administration, nsing sepamate
formulations or a single pharmaceutical formulation, and consecutive administration in either order,
whercin preferably there is a time period while both (or all) active agents simultancously exert their

Aside from administration of antibodics to the subject the present application contemplates
administration of antibodies by gene therapy. Such administration of nucleic acid encoding the
antibody is encompassed by the expression administering an “effective amount” of an antibody. See,
for exampie, W(Q96/07321 published March 14, 1996 concerning the use of gene therspy to generate
intracellular antibodies.

There are two major approaches to getting the nucleic acid (optionally contained in a vector)
imto the subject's cells; in vivo and ex wivo. For in vivo delivery the nucleic acid is injected directly
into the subject, usually at the sitc where the antibody is required. For ex wvo treatment, the subject's
cells are removed, the nucleic acid is introduced into these isolated cells and the modified cells are
administered to the subject either directly or, for example, encapsulated within porous membranes
that are implanted into the subject (scs, e.g. U.S. Patent Nos. 4,892,538 and 5,283,187). Therearca
varicty of techniques available for introducing mucleic acids into viable cells. The techniques vary
depending upon whether the nucleic acid is transferred into cultured cells iz vitro, or in vivo in the
cells of the intended host. Techniques sujtable for the transfer of nucleic acid into mammalian cells in
vitro include the use of liposomes, electroporation, microinjection, cell fusion, DEAE-dextran, the
calcium phosphate precipitation method, etc. A commonly used vector for ex vivo delivery of the
geoe is a retrovirus,
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L he Ry pufeth R Vb Fucteic acid transfer techniques include transfection with viral
vectors (such as adenovirus, Herpes simplex I virus, or adeno-associated virus) and lipid-based
systems (useful lipids for lipid-mediated tranafer of the gene are DOTMA, DOPE and DC-Chol, for
cxample). In some situations it is desimble to provide the nucleic acid source with an agent that

“tarpets the target cells, such as an antibody specific for a cell surface membrane protein or the target

cell, a ligand for s receptor on the target cell, etc. Where liposomes are employed, proteins that bind
10 a cell surface membmane protein associated with endocytosis may be used for targeting and/or to
facilitate uptake, e.g. capsid protcing or fragments thereof tropic for a particular cell type, antibodics
for proteins that undergo internalization in cycling, and proteins that target intracellular localization
and enhance intracellular haif-life. The technique of receptor-mediated endocytosis is described, for
example, by Wu et al., J. Biol. Chem. 262:4429-4432 (1987); and Wagner et al, Proc. Natl, Acad,
Sci. USA 87:3410-3414 (1990). For review of the currently known gene marking and gene therapy
protocols see Anderson ef al., Science 256:808-813 (1992). See also WO 93/25673 and the references
HL Production of Antibodies

The methods and articles of manufiscture of the present invention use, or incorporate, an
antibody that binds to a B-cell surface marker, eapecially one that binds to CD20. Accordingly,
methods for generating such antibodies will be described here.

The B ccll surfiace marker to be used for production of, or screening for, antibodies may be,
e.g., a soluble form of the marker or a partion thereof, containing the desired epitope. Alternatively,
or additionally, cells expressing the marier at their cell surface can be used to generate, or screen for,
antibodics. Other forms of the B cell surface marker useful for generating antibodies will be apparent
to those skilled in the art.

A description follows as to exemplary techniques for the production of the antibodies used in
accordance with the present invention.

) Polyclonal antibodies

Polyclonal antibodies are prefernbly raised in animals by multiple subcutaneous {sc) or
intraperitoneal (ip) injections of the relevant antigen and an adjuvant. &t may be useful to conjugate
the relevant antigen to a protein that is immunogenic in the species to be immunized, .g., keyhole
limpet hemocyanin, serum albumin, bovine thyroglobulin, or soybean trypsin inhibitor using a
bifunctional or derivatizing agent, for exaemple, maleimidobenzoyl sulfosuccinimide ester
(conjugation through cysteine rexidues), N-hydroxysuccinimide (through lysine residues),
glutaraldehyde, succinic anhydride, SOCl, or R'N=C=NR, where R and R' are different alky] groups.

Animals are immunized against the antigen, immunogenic conjugates, or derivatives by
combining, e.g., 100 pg or 5§ ug of the protein or conjugate (for mbbits or mice, respectively) with 3
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volumes of Frend's-complett afliiatind injecting the solution intradermally st multiple sites. One
month Iater the animals are boosted with 1/5 to 1/10 the original amount of peptide or conjugate in
Freund's complete adjuvant by subcutancous injection at multiple sites. Seven to 14 days later the
animals are bled and the serum is assayed for antibody titer. Animals are boosted until the titer
plateaus. Preferably, the animal is boosted with the conjugate of the same antigen, but conjugated to
a different protein and/or through a different cross-linking reagent. Conjugates also can be made in
recombinant cell culture as protein fusions. Also, aggregating agents such as alum are suitsbly used
to enhance the immune response.

an Monoclonal antibodies

Monoclona]l antibodies are obtained from a population of substantially homogeneous
antibodies, i.e., the individual antibodies comprising the population are identical and/or bind the same
cpitope except for possible varients thet arise during production of the monoclonal aatibody, such
variants generally being present in minor emnounts. Thus, the modifier "monoclonal” indicates the
character of the antibody as not being a mixture of discrete or polyclonal antibodies.

For example, the monoclonal antibodies may be made using the hybridoma method first
described by Kohler ef al., Nature, 256:495 (1975), or may bo made by recombinant DNA methods
(U.S. Patent No. 4,816,567).

In the hybridoma method, a mouse or other appropriate host animal, such as a hamster, is
immunized as hereinabove described to elicit lymphocytes that produce or arc capable of producing
antibodies that will specifically bind to the protein used for immunization. Alternatively,
lymphocytes may be immunized ir vitro. Lymphocytes then are fused with myeloma cells using a
suitable fusing agent, such as polycthylene glycol, to form a hybridoma cell (Goding, Monoclonal
Antibodies: Principles and Practice, pp.59-103 (Academic Press, 1986)).

The hybridoma cells thus prepared are seeded and grown in a suitable culture medium that
prefierebly contains one or more substances that inhibit the growth or survival of the unfused, parental
myeloma cells. For example, if the parenial myeloma cells lack the enzyms hypoxanthine guanine
phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will
include hypoxanthine, aminopterin, and thymidine (HAT medium), which substances prevent the
growth of HGPRT-deficient cells.

Preferred myelama cells are those that fuse efficiently, support stable high-level production of
antibody by the selected antibody-producing cells, and are sensitive to a medium such as HAT
medium. Among these, preferred myeloma cell lines are murine myeloma lines, such as those
derived from MOPC-21 and MPC-11 mouse tumors available from the Salk Institute Cell Distribution
Center, San Dicgo, California USA, and SP-2 or X63-Ag8-653 cells available from the American
Type Culture Collection, Rockville, Maryland USA. Human myeloma and mouse-human
heteromyeloma cell lines also have been described for the production of human monoclonal
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anfibdtict (ko) Trirutto? Pa¥1801 (1984); Brodeur at al., Monoclonal Antibody Production
Techniques and Applications, pp. 51-63 (Marcel Dekker, Inc., New York, 1987)). '

Culture medium in which hybridoma cells are growing is assayed for production of
monoclonal antibodies directed against the antigen. Preferably, the binding specificity of monoclonal
entibodies produced by hybridoma cells is determined by immunoprecipitation or by an in vitro
binding assay, such as radioimmunosssay (RIA) or enzyme-linked immunosbsorbent assay (ELISA).

The binding affinity of the monoclonal antibody can, for example, be determined by the
Scatchard analysis of Munson et al., Anal. Biockem., 107:220 (1980),

After hybridoma cells are identified that produce antibodies of the desired specificity,
affinity, and/or activity, the clones mary be subcloned by limiting dilution procedures and grown by
standard methods (Goding, Monoclonal Antibodies: Principles and Praciice, pp.59-103 (Academic
Preas, 1986)). Suitable culture media for this purpose include, for example, D-MEM or RPMI-1640
medium. In addition, the kybridoma cells may be grown in vivo as ascites tumors in an animal,

The manocional antibodies secreted by the subclones are suitably scparated from the culture
medium, ascites fluid, or serum by conventional immunoglobulin purification procedurcs such as, for
example, protein A-Sepharose, hydroxylapetite chromatography, gel electrophorcsis, dialysis, or
affinity chromatography.

DNA encoding the monoclonal entibodics is readily isolated and sequenced using
conventional procedurcs (e.g., by using oligonucleotide probes that are capable of binding specifically
to genes encoding the heavy and light chains of murine antibodies). The hybridoma cells serve as a
preferred source of such DNA. Once isolated, the DNA may be placed into expression vectors, which
are then transfected into host cells such as E. coli cells, simian COS cells, Chincse Hamster Ovary
(CHO) cells, or myeloma cells that do nat otherwise produce imamunoglobulin protein, to obtain the
synthesis of monoclonal antibodies in the recombinant host cells. Review articles on recombinant
expression in bacteria of DNA encoding the antibody include Skerra ef al., Curr. Opinion in
Immunol., 5:256-262 (1993) and Pliickthun, /Immunol. Revs., 130:151-188 (1992).

In a further embodiment, antibodies or sntibody fragments can be isolated from sntibody
phage libraries generated using the techniques described in McCafferty et al., Nature, 348:552-554
(1990). Clackson e! al., Nature, 352:624-628 (1991) and Marks et al., J. Mol. Biol., 222:581-597
(1991) describe the isolation of murine and human antibodies, respectively, using phage libraries.
Subsequent publications describe the production of high affinity (nM range) human antibodies by
chain shuffling (Marks et al., Bio/Technology, 10:779-783 (1992)), as well as combinatorial infection
and in vivo recombination as a sirategy for constructing very large phage libraries (Waterhouse ef al.,
Nuc. Acids. Res., 21:2265-2266 (1993)). Thus, these techniques are viable alternstives to traditional
monoclonal antibody hybridoma techniques for isolation of monoclonal antibodies.
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F b N sy S SR Hed: for example, by substituting the coding sequence for uman
heavy- and light chain constant domains in place of the homologous murine sequences (U.S. Patent
No. 4,816,567; Morrison, et al., Proc. Natl Acad. Sci. USA, 81:6851 (1984)), or by covalently joining
to the immunoglobulin coding sequence all or part of the coding sequence for a non-immunoglobulin
polypeptide.

Typically suich non-immunoglobulin polypeptides are substituted for the constant domaing of
an antibody, or they are substituted for the variable domains of onc antigen-combining site of an
antibody to creste a chimeric bivalent antibody comprising one sutigen-combining site having
specificity for an antigen and another antigen-combining site having specificity for a different
antigen,

(li))  Hiomanized antibodies

Methods for humanizing non-hnman antibodies have been described in the art. Preferably, a
humanized antibody bas one or more amino acid residues introduced into it from a source that is non-
human. These non-human amino acid residues are often referred to as "import® residues, which are
typically taken from an “import” variable domain. Humanization can be essentially performed
following the method of Winter and co-workers (Jones ef al., Nature, 321:522-525 (1986);
Riechmann et al, Nature, 332:323-327 (1988); Verhoeyen # al., Science, 239:1534-1536 (1988)), by
substituting hypervariable region sequences for the corresponding sequences of a human antibody.
Accordingly, such "humanized” antibodies are chimeric antibodies (U.S. Patent No. 4,816,567)
wherein substantially less than an intact humean variable domain has been substituted by the
corresponding sequence from a non-human species. In practice, bumanized antibodies are typically
human antibodies in which some hypervariable region residues and possibly some FR residues arc
substituted by residucs from analogous sites in rodent antibodies.

The choice of human varisble domains, both light and heavy, 1o be used in making the
humeanized antibodies is very important to reduce entigenicity. According to the so-called "best-fit"
method, the sequence of the variable domain of a rodent antibody is screened against the entire library
of known human variable-domain sequences. The human sequence that is closest to that of the rodent
is then accepted as the human framework region (FR) for the humanized antibody (Sims ez al, J.
Immunol., 151:2296 (1993); Chothia e¢ al., J. Mol. Biol., 196:901 (1987)). Another method uses a
particular framework region derived from the consensus sequence of all human antibodies of a
particular subgroup of light or heavy chain variable regions. The same framework may be used for
several different humanized antibodies (Carter e al., Proc. Natl. Acad. Sci. USA, 89:4285 (1992);
Presta et al., J. Immunol., 151:2623 (1993)).

It is further important that antibodies be humanized with retention of high affinity for the
antigen and other favorable biological properties. To achieve this goal, according to a preferred
method, humanized antibodies arc prepared by a process of analysis of the parental sequonces and
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vafious concopine] umanizgi frodudirtsing three-dimensional models of the parcntal and
humanized sequences. Three-dimensional immunoglobulin models are commonly available and arc
familiar to those skilled in the art. Computer programs are available that illustrate and display
probable three-dimensgional conformational structures of selected candidate immunoglobulin
sequences. Inspection of these displays permits analysis of the likely role of the residues in the
functioning of the candidate immunoglobulin sequence, i e., the analysis of residues that influence the
ability of the candidate immmunoglobulin to bind its antipen. In this way, FR residues can be selected
and combined from the recipient and import sequences so that the desired antibody characteristic,
such as increased affinity for the target antigen(s), is achieved. In general, the hypervariable region
residues are directly and most substantially mvolved in influencing antigen binding.

(iv)  Human antibodies

As sn alternative to humanization, humsn sntibodies can be generated. For example, it is
now possible to produce transgenic animals {e.g., micc) that arc capable, upon immunization, of
producing a full repertoire of human antibodies in the absence of endogenous immunoglobulin
production. For example, it has been described that the homozygous deletion of the antibody heavy
chain joining region (J) gene in chimeric and germ-line mutant mice results in complete inhibition of
endogenous antibody production. Transfer of the human germ-line immunoglobulin gene array in
such germ-line mutant mice will result in the production of human antibodies upon antigen challenge.
Sec, e.g., Jakobovits ez al., Proc. Natl. Acad. Sei. USA, 90:2551 (1993); Jakobovits ez al.,, Nature,
362:255-258 (1993); Bruggermann et al., Year in Immuno,, 7:33 (1993); and US Pateat Nos.
5,591,669, 5,589,369 and 5,545,807.

Altemnatively, phage display technology (McCafferty et al., Nature 348:552-553 (1990)) can
be used to produce human antibodies and antibody fragments in vitro, from immunoglobulin variable
(V) damain gene repertoires from unimmunized donors. According to this technique, antibody V
domain genes are cloned in-frame into either a mejor or minor coat protein gene of a filamentous
bacteriophage, such as M13 or fd, and displayed as functional antibody fragments on the surfuce of
the phage particle. Because the filamentous particle contains a single-stranded DNA copy of the
phage genome, sclestions based on the functional properties of the anitibody also result in selection of
the gene encoding the antibody exhibiting those properties. Thus, the phage mimics some of the
properties of the B cell. Phage display can be performed in a variety of formats; for their review see,
«.g., Johnson, Kevin S. and Chiswell, David J., Current Opinion in Structural Biology 3:564-571
(1993). Several sources of V-gene segments cam be used for phage display. Clackson et al., Nanure,
352:624-628 (1991) isolated a diverse array of anti-oxazolone antibodies from a small random
combinatorial library of V genes derived from the spleens of immunized mice. A repertoire of V
genes from unimmunized human donors can be coastrucied and antibodies to a diverse array of
antigens (including self-antigens) can be isolated essentinlly following the techniques described by

31



15

35

?)b

WO 2008117978 PCT/US2005/019641

Mada br, AR IR 22%- WY1 1991), or Griffith ef al, EMBO J. 12:725-734 (1993). Ses,
also, US Patent Nos. 5,565,332 and 5,573,905.

Human antibodies may also be generated by in vitro activated B cells (see US Patents
5,567,610 and 5,229,275).

()  Antibody fragments

Various techniques have been developed for the production of antibody fragments.
Traditionally, these fragments were derived via proteolytic digestion of intact antibodies (see, e.g.,
Morimoto et al., Journal of Biochemical and Biophysical Methody 24:107-117 (1992) and Brennan et
al., Science, 229:81 (1985)). However, these fragments can now be produced directly by recombinant
host cells. For example, the antibody fragments can be isolated from the antibody phage libraries
discussed above. Alternatively, Fab'-SH fragments can be directly recovered from E. coli and
chemically coupled to form F(ab'); fragments (Carter ef al., Bio/Techmology 10:163-167 (1992)).
According to another approach, F(ab'): fragments can be isolated directly from recombinant host cell
culture. Other techniques for the production of antibody fragments will be apparent to the skilled
practitioner. In other embodiments, the axtibody of choice is  single chain Fv fragment (scFv). See
WO 93/16185; US Patent No. 5,571,894; and US Patent No. 5,587,458, The antibody fragment may
also be a “linear entibody”, e.2., as described in US Puatent 5,641,870 for example. Such linear
antibody fragments may be monospecific or bispecific.

(vi)  Bispecific antibodies

Bispecific antibodics are antibodics that have binding specificities for at least two different
epitopes. Exemplary bispecific antibodies may bind to two different epitopes of the B cell surface
marker. Other such antibodies may bind the B cell surface marker and further bind a second different
B-cell surface marker. Altematively, an anti-B cell surface marker binding arm may be combined
with an arm that binds to a triggering molecule on a leukocyte such ss a T-cell receptor molecule (e.g.
CD2 or CD3), or Fc receptors for IgG (FcyR), such as FoyRI (CD64), FoyRII (CD32) and FeyRIIL
(CD16) so as 1o focus cellular defense mechanisms to the B cell. Bispecific antibodies may also be
used to localize cytotoxic agents to the B cell, These antibodies possess a B cell surface marker-
binding arm and an arm that binds the cytotoxic agent (¢.g. saporin, snti-interferon-a, vinca alkaloid,
ricin A chain, methotrexate or radioactive isotope hapten). Bispecific antibodies can be prepared as
full length antibodies or antibody fragments (e.g. F(ab"); bispecific antibodics).

Methods for making bispecific antibodics are known in the art. Traditional production of full
length bispecific antibodies is based on the coexpression of two immunogiobulin heavy chain-light
chain peirs, whero the two chains have different specificitics (Millstein ef al, Nature, 305:537-539
(1983)). Because of the random assortment of immunoglobulin heavy and light chains, these
hybridomas (quadromas) produce a poteutial mixture of 10 different antibody molecules, of which

only one has the correct bispecific structure. Purification of the correct molecule, which is usually
32



25

30

35

27
f/\

WO 2005/117978 PCT/US2005/019641

dofe 85 drrinily Stdod6gdbld Stk rather cumbersome, and the product yields sre low. Similar
procedures arc disclosed in WO 93/08829, and in Traunecker ot al.,, EMBO J,, 10:3655-3659 (1991).

According to a different approach, antibody veriable domains with the desired binding
specificities (antibody-antigen combining sites) are fused to immunoglobulin constant domain
sequences. The fusion preferably is with an immunoglobulin heavy chain constant domain,
comprising at least pert of the hinge, CH2, and CH3 regions. It is preferred to have the first beavy
chain constant region (CH1) containing the site necessary for light chain binding, present in at least
one of the fusions. DNAs encoding the immunoglobulin heavy chain fusions and, if desired, the
immumoglobulin light chain, are inserted into separate expression vectors, and are co-transfected into
a suitable host organism. This provides for great flexibility in adjusting the mutual proportions of the
three polypeptide fragments in embodiments when unequal ratios of the three polypeptide chains used
in the construction provide the optimum yiclds. It is, however, poasible to insert the coding sequences
for two or all three polypeptide chains in one expression vector when the expression of at least two
polypeptide chains in equal ratios results in high yields or when the ratios are of no particular
significance.

In a preferred embodiment of this approach, the bispecific antibodies are composed of a
hybrid immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid

- immunoglobulin heavy chain-light chain pair (providing a second binding specificity) in the other

arm, It was found that this asymmetric structure facilitates the separation of the desired bispecific
compound from unwanted immunoglobulin chein combinations, as the presence of an
immunoglobulin light chain in only one half of the bispecific molecule provides for a facile way of
separation. This approach is disclosed in WO 94/04690. For further details of genersting bispecific
antibodies see, for example, Suresh et al, Methods in Enzymology, 121:210 (1986).

According to another approach described in US Patent No. 5,731,168, the interface between a
pair of antibody molecules can be engineered to maximize the percentage of heterodimern that are
recovered from recombinant cell culture. The preferred interface comprises at loast a part of the Cy3
domain of an antibody constant domain. In this method, one or more amall amino acid side chains
from the interface of the first antibody molecule are replaced with larger side chains (e.g. tyrosine or
tryptophan). Compeasatory "cavities” of identical or similar size to the large side chain(s) are created
on the interface of the second antibody molecule by replacing large amino acid side chains with
smaller ones (e 2. alanine or threonine). This provides a mechanigm for increasing the yield of the
heterodimer over other unwanted end-products such as homodimers.

Bispecific antibodics include cross-linked or "heteroconjugate” antibodies. For example, one
of the antibodies in the heteroconjugate can be coupled to avidin, the other to biotin. Such antibodies
have, for example, been proposed to target immume system cells to unwanted cells (US Patent No.
4,676,980), and for treatment of HIV infection (WO 91/00360, WO 92/200373, and EP 03089).
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HelersEodjiigatt BtEatics hu?' @ rkak using any convenient cross-linking methods, Suitsble
cross-linking agents are well known in the art, and are disclosed in US Patent No. 4,676,980, along
with a number of croas-linking techniques.

Techniques for gencrating bispecific antibodics from entibody fragments have also been
described in the literature. For example, bispecific antibodies can be prepared using chemical
linkage. Brennan et al., Sclence, 229: 81 (1985) describe 2 procedure wherein intact antibodies arc
proteolytically cloaved to generate F(ab"); fmgments. These fragments are reduced in the presence of
the dithiol complexing agent sodium arsenite to stabilize vicinal dithiols and prevent intermolecular
disulfide formation, The Fab' fragments generated are then converted to thionitrobenzoate (TNB)
derivatives. One of the Fab’-TNB derivatives is then reconverted to the Fab'-thiol by reduction with
mercaptoethylamine and is mixed with an equimolar amount of the otber Fab'-TNB derivative to form
the bispecific antibody. The bispecific antibodies produced can be used as agents for the selective
immobilization of enzymes.

Various techniques for making and isolating bispecific antibody fragments directly from
recombinant cell cultore have also been described. For example, bispecific antibodies have been
produced using leucine zippers. Kostelny ef al., J. Immunol., 148(5):1547-1553 (1992). The loucine
zipper peptides from the Fos and Jun proteins were linked to the Fab' portions of two different
antibodies by gene fusion. The antibody homodimers were reduced st the hinge region to form
monomers and then re-oxidized to form the antibody heterodimers, This method can also be utilized
for the production of antibody homodimers. The "diabody” technology described by Hollinger et al.,
Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993) has provided an altemative mechanism for making
bispecific antibody fragments. The fragments comprise a beavy chain variable domain (V)
comnected to & light chain variable domain (V) by a linker that is too shart to allow pairing between
the two domains on the same chain, Accordingly, the Vy and Vi domains of one fragment are forced
to pair with the complementary V| and Vy; domains of another fragment, thereby forming two
antigen-binding sites. Another strategy for making bispecific antibody fragments by the use of single-
chein Fv (sFv) dimers has also been reported. See Gruber ef al., J. Immunol., 152:5368 (1994).

Antibodies with more than two valencies are comtemplated. For example, trispecific
antibodies can be prepared. Tutt et al. J. Immunol. 147: 60 (1991).

IV.  Couojugates and Other Maodifications of the Antibody’

The antibody used in the methods or included in the articles of manufacture herein is
optionslly conjugatod to a cytotoxic agent. For instance, the antibody may be conjugated to a drug as
described in WO2004/032828.

Chemotherspeutic agents useful in the generation of such antibody-cytotoxic agent
conjugates have been described above.
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b Codjugntes of & antfol il dhe or more small molecule toxins, such as a calicheamicin, a
maytansine (US Patent No. 5,208,020), a trichothene, and CC1065 are also contemplated herein. In
one embodiment of the invention, the antibody is conjugated to one or more maytansine molecules
(e.g. about 1 to about 10 maytansine molecules per antibody molecule). Maytansine may, for
example, be converted to May-SS-Me, which may be reduced to May-SH3 and reacted with modified
antibody (Cheri et al. Cancer Research 52: 127-131 (1992)) to generste a maytansinoid-antibody
conjugate. _

Alternatively, the antibody is conjugated to on¢ or more calicheamicin molecules. The
calicheamicin family of antibiotics are capable of producing double-stranded DNA breaks at sub-
picomolar concentrations. Structural analogues of calichcamicin that may be used include, but are not
limited to, 71, a7’, ay', N-acetyl-y,, PSAG and ', (Hinman et al. Cancer Research 53: 3336-3342
(1993) and Lode et al. Cancer Research 58: 2925-2928 (1998)).

Enzymatically active toxins and fragments thereof that can be used include diphtheria A
chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas
aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordil proteins,
dianthin proteina, Phytolaca americana protcins (PAPI, PAPII, and PAP-S), momordica charantia
inhibitor, curcin, crotin, sapacnaria officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin,
enomycin and the tricothecenes. See, for example, WO 93/21232 published October 28, 1993.

The present invention further contemplates antibody conjugated with 8 compound with
nucleolytic activity (¢.g. a ribonuclease or a DNA endonucleasc such as a deoxyribonuclease;
DNase).

A variety of radioactive isotopes arc available for the production of radioconjugated
antibodics. Examples include A2, 1", I'5, Y®, Re'%, Re'®, Sm'®, Bi¥'2, P® and radiosctive
isotopes of Lu. )

Conjugates of the antibody and cytotoxic agent may be made using a varicty of bifunctional
protein coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP),
succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate, iminothiolane (IT), bifunctional
derivatives of imidoesters (such as dimethyl adipimidate HCL), active esters (such as disuccinimidyl
suberate), aldehydes (such as glutareldehyde), bis-azido compounds (such as bis (p-azidobenzoyl)
hexanedismine), bis-diazonium derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine),
diisocyanates (such as tolyene 2,6-diisocynnate), and bis-active fluorine compounds (such as 1,5-
difluoro-2,4-dinitrobenzene). For example, a ricin immunotoxin can be prepared as described in
Vitetta of al Science 238: 1098 (1987). Carbon-14-labeled 1-isothiocyanatobenzyl-3-
methyldiethrylene triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for
conjugation of radionuclectide to the sntibody. Sec W(094/11026. The linker may be a “cleavable
linker” facilitating release of the cytotoxic drug in the cell. For example, an acid-labile linker,
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pefftidiac sénsitiv® iy dthheth§? iidkr or disulfide-containing linker (Chari et l. Cancer
Research 52: 127-131 (1992)) may be used.

Alternatively, a fusion protein comprising the antibody and cytotaxic agent may be mede, e.g.
by recombinant techniques or peptide synthesis.

In yet another embodiment, the antibody may be conjugated to a "receptor” (such
streptavidin) for utilization in tumor pretargeting wherein the antibody-receptor conjugate is
administered to the subject, followed by removal of unbound conjugate from the circulstion using a
clearing agent and then administration of a "ligand” (e.g. avidin) that is conjugated 10 a cytotoxic
agent (¢.g. a radionucleotide).

The antibodies of the present invention may also be conjugated with a prodrug-activating
enzyme that converts a prodrug (e.2. a peptidy]l chemotherapeutic agent, see WO81/01145) to an
active anti-cancer drug. See, for example, WO 88/07378 and U.S. Patent No. 4,975,278.

mmymnmmofmheqiumhdudummmofwﬁnsma
prodrug in such a way 0 as to covert it into its more active, cytotoxic form.

Enzymes that arc useful in the method of this invention include, but are not limited to,
alkatine phosphatase uscful for converting phosphate-containing prodrugs into free drugs;
arylsulfatase useful for converting sulfate-containing prodrugs into free drugs; cytosine deaminase
useful for converting non-toxic S-fleorocytosine into the anti-cancer drug, S-fluorouracil; proteases,
such as serratia protease, thermolysin, subtilisin, carboxypeptidases and cathepsins (such as
cathcpsins B and L), that are useful for converting peptide-containing prodrugs into free drugs; D-
carbohydrate-cleaving enzymes such as B-galactosidase and neuraminidase uscful for converting
glycosylated prodrugs into free drugs; f-lactamase useful for converting drugs derivatizod with f-
lactams into free drugs; and penicillin amidascs, such as penicillin V amidase or penicillin G amidase,
useful for converting drugs derivatized at their amine nitrogens with phenoxyacetyl or phenylacetyl
groups, respectively, into free drugs. Alternatively, antibodies with enzymatic activity, also known in
the art as "abzymes"®, can be used to convert the prodrugs of the invention into free active drugs (see,
e.g., Massey, Nagfure 328; 457-458 (1987)). Antibody-abzyme conjugates can be prepared as
described herein for delivery of the abzyme to a tumor cell population.

The enzymes of this invention can be covalently bound to the antibody by techniques well
known in the art such as the use of the heterobifunctional crosslinking reagents discussed above.
Alternatively, fusion proteins comprising at least the antigen binding region of an antibody of the
invention linked to at least a functionally active portion of an enzyme of the invention can be
constructed using recombinant DNA techniques well known in the art (sce, e.g., Neuberger ez al.,
Nature, 312: 604-608 (1984)). -
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™ L Other mod: heations b hativbdy are contemplated herein. For example, the antibody may
be linked to one of a variety of nonproteinaceous polymars, e.g., polyethylene glycol (PEG),
polyprapylene glycol, polyoxyalkylenes, or copolymers of polyethyiene glycol and polypropylene
glycol. Antibody fragments, such as Fab’, linked to one or more PEG molecules are an especially
preferred embodiment of the invention.

The antibodies disclosed hercin may also be formulated as liposomes. Liposomes contnining
the antibody are prepared by methods known in the art, such as described in Epstein ef al, Proc. Natl.
Acad, Sci. USA, 82:3688 (1985); Hwang et al., Proc. Nail. Acad. Sei. USA, 77:4030 (1980); U.S. Pat.
Nos. 4,485,045 and 4,544,545; and WO97/38731 published October 23, 1997. Liposomes with
enhanced circulation time are discloscd in U.S. Patent No. 5,013,556.

Particularly useful liposomes can be generated by the reverse pbase evaporation method with
a lipid composition comprising phosphatidyicholine, cholesterol and PEG-derivatized
phosphatidylethanolamine (PEG-PE). Liposomes are extruded through filters of defined pore size to
yield liposomes with the desired diameter. Fab' fragments of an antibody of the present invention can
be conjugated to the liposomes es described in Martin et al. J. Biol. Chem. 257: 286-288 (1982) viz a
disulfide interchange reaction. A chemotherapeutic agent is optionally contained within the liposome.
See Gabizon et al. J. National Cancer Inst 81(19)1484 (1989).

Amimndduqumemﬁﬁéﬁm(s)of&elmibdymmmﬂm For example, it may
be desirable to improve the binding affinity and/or other biological properties of the antibody, Amino
acid sequence varianty of the antibody are prepared by introducing sppropriate nucleotide changes
into the antibody nucleic acid, or by peptide synthesis. Such modifications include, for example,
delahuﬂom.mdluimuﬁmiﬂondlamhﬁimﬁmoﬂmiduﬂwiﬂ:inthemimldd
sequences of the antibody. Any combination of deletion, insertion, and substitution is made to arrive
at the final construct, provided that the final construct possesses the desired characteristics. The
amino acid changes also may alter post-translational processes of the antibody, such as changing the
number or position of glycosylation sites.

A useful method for identification of certain residues or regions of the antibody that are
preferred locations for mutagenesis is called "alanine scanning mutagenesis™ as described by
Cunningham and Wells Science, 244:1081-1085 (1989). Here, a residue or group of target residucs
are identified (2.g., charged residues such as arg, asp, his, lys, and glu) and replaced by a neutral or
negatively charged amino acid (most preferably alenine or polyalanine) to affect the interaction of the
amino acids with antigen. Those amino acid locations demonstrating functional sensitivity to tha
substitutions then are refined by introducing further or other variants at, or for, the sites of
substitution. Thus, while the site for introducing an amino acid sequence variation is predetermined,
the nature of the mutation per sz need not be predetermined. For example, to analyze the
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target codon or region and the expressed antibody variants are screened for the desired activity.

Amino acid sequence insextions include amino- and/or carboxyl-terminal fusions mnging in
length from one residue to polypeptides containing a hundred or more residues, as well as
intrasequence insertions of single or multiple amino acid residues. Examples of terminal insertions
include an antibody with an N-termina! methionyl residue or the antibody fused to a cytotoxic
polypeptide. Other insertional variants of the entibody molecule include the fusion to the N— or C-
terminus of the antibody of en cnzyme, or & polypeptide that increases the serum half-life of the
antibody.

Another type of variant is an amino acid substitution variant. These variants have at Jeast one
amino acid residue in the antibody molecule replaced by different residue. The sites of greatest
interest for substitutional mutagenesis of sntibody antibodies include the hypervariable regions, but
FR alterations are also contemplated. Conservative substitutions are shown in Table 1 under the
heading of "preferred substitutions”. If such substitutions result in a change in biological activity,
then more substantial changes, denominated "exemplary substitutions” in Table 1, or as further
described below in reference to amino acid classes, may be introduced and the products screened.

Jable]

Original Exemplary Preferred
Residue Substitutions Substitutions
Ala (A) Val; Ley; Tc Val
Arg (R) Lys; Gln; Asn Lys
A (N) Gin; His; Asp, Lys; Arg Gin
Asp (D) Glu; Asn Glu
Cys (C) Ser; Ala Ser
Gin (Q) Asn; Glu Amsn
Ghu (B) Asp; Gin Asp
Gly (G) Ala Ala
His (H) Asn; Gin; Lys; Atg Arg
Oe (D Leu; Val; Met; Ala; Leu

Phe; Norteucine
Leu (L) Norleucine; Ile; Val; Ile

Met; Als; Phe
Lys (K) - | Arg; Gln; Asn Arg
Mot (M) Leu; Phe; Ile Leu
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P | T, LA V- Tie; Ale; Tyr Tyr
Pro(P) Ala Ala
Sex (8) Thr Thr
Thr (T) Val; Ser Ser
Trp (W) Tyr; Pho Tyr
Tyr (Y) Trp; Phe; Thr; Ser Phe
Val (V) Tie: Lew; Met; Phe; Leu
Ala; Norleucine

Substantial modifications in the biological properties of the antibody are accomplished by
selecting substitutions that differ significantly in their effect on maintaining (a) the structure of the
polypeptide backbone in the area of the substitution, for example, as a sheet or helical conformation,
(b) the charge or hydrophobicity of the molecule at the target site, or (c) the bulk of the side chain.
Amino acids may be grouped according to similarities in the propestics of their side chaing (in A. L.
Lehninger, in Biochemistry, second ed., pp. 73-75, Worth Publishers, New York (1975)):

(1) non-polar: Ala (A), Val (V), Leu (L), Iie (I), Pro (F), Phe (F), Trp (W), Mct (M)

(2) uncharged polar: Gly (@), Ser (8), Thr (T), Cys (C), Tyr (Y), Ama (N), Gln (Q)

(3) acidic: Asp (D), Glu (E)

(4) basic: Lya (K), Arg (R), His(H)

Altermatively, naturally occurring residues may be divided into groups based on common
side-chain properties:

(1) bydrophobic: Norleucine, Met, Als, Val, Leu, Ile;

(2) ncutral bydrophilic: Cys, Ser, Thr, A, Gln;

(3) acidic: Aszp, Glu;

(4) basic: His, Lys, Arg;

(5) residues that influence chain orientstion: Gly, Pro;

(6) aromoatic: Trp, Tyr, Phe.

Nan-conservative substitutions will entail exchanging a member of aone of these classes for
another class.

Any cysteine residue not involved in maintaining the proper conformation of the antibody
also may be substituted, generally with serine, to improve the oxidative stability of the molecule and
prevent aberrant crosslinking. Conversely, cysteine bond(s) may be added to the antibody to improve
its stability (particularly where the antibody is an antibody fragment such as an Fv fragment).

A particularly preferred type of substitutional variant involves substituting one or more
hypervariable region residues of a parent antibody. Generally, the resulting variant(s) selected for
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further dévélopmment Wil huvk hffoded iological properties relative to the parent antibody from
which they are generated. A convenient way for generating such substitutional variants is affinity
maturation using phage display. Briefly, several hypervariable region sites (e.g. 6-7 sites) are mutated
to gencrate ell possible amino substitutions at cach site. The antibody veriants thus generated are
dispiayed in a monovalent fashion from filamentous phage particles as fusions to the gene III product
of M13 packaged within each pmticle. The phage-displayed variants are then screened for their
biological activity (e.g. binding affinity) as herein disclosed. In order to identify candidate
hypervariable region sites for modification, alanine scanning mutagenesis can be performed to
identify hypervariable region residues contributing significantly to antigen binding. Alternatively, or
in additionally, it may be beneficial to analyze a crystal struchire of the antigen-antibody complex to
identify contact points between the antibody and antigen. Such contact residues and neighboring
residues are candidates for substitution according to the techniques elsborated herein. Once such
variants are generated, the panel of variants is subjected to screening as described herein and
antibodies with superior properties in one or more relevant assays may be selected for farther
development.

Another type of amino acid variant of the antibody alters the original glycosylation patiern of
the antibody. Such altering includes deleting one or more carbohydmte moicties found in the
antibody, and/or adding one or mare glycosylation sites that are not present in the antibody.

Glycosylation of polypeptides is typically either N-linked or O-linked. N-linked refers to the
attachment of the carbohydrate moiety to the side chain of an asparagine residue. The tripeptide
scquences asperagine-X-serine and asparagine-X-threonine, where X is any amino acid except
proline, are the recognition sequences for enzymatic attachment of the carbohydrate moiety to the
asparagine side chain. Tims, the presence of cither of these tripeptide sequences in a polypeptids
creates a potential glycosylation site. O-linked glycosylation refers to the sttachment of one of the
sugars N-aceylgalactosamine, galactose, ar xylose to a hydroxyamino acid, most commonly scrine or
threonine, although 5-hydroxyproline or 5-hydroxylysine may also be used.

Addition of glycosylation sites to the antibody is conveniently accomplished by altering the
amino acid sequence such that it contains ane or more of the above-described tripeptide sequences
(for N-linked glycosylation sites). The alteration may also be made by the addition of, or substitution
by, one or more serine or threonine residues to the sequence of the ariginal antibody (for O-linked
glycosylation sites).

Where the antibody comprises an Fe region, the carbohydmate attached thereto may be altered.
For example, antibodies with a mature carbohydrate structure that lacks fucose attached to an Fc
region of the antibody are described in US Pat Appl No US 20030157108 Al, Presta, L. Seoalso US
2004/0093621 Al (Kyowa Hakko Kogyo Co., Ltd) concerning a CD20 antibody composition.
Antibodies with a bisecting N-acetylglucosamine (GlcNAc) in the carbohydrate attached to an Fc
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region of 1he antibody aré referdhid t:'W003/011878, Jean-Mairet ez al. and US Patent No.
6,602,684, Umana er al. Antibodics with at least one galactose residue in the oligosaccharide
attached to an Fc region of the antibody are reported in W097/30087, Patel ef al. See, also,
WO058/58964 (Raju, S.) and W099/22764 (Raju, S.) concerning antibodics with altered carbohydrate
attached to the Fc region thereof.

‘The preferred glycosylation variant herein comprises an Fe region, wherein a carbohydrate
structure attached to the Fc region lacks fucose. Such variants have improved ADCC function.
Optionally, the Fc region further comprises one or more amino acid substitutions therein which
further improve ADCC, for example, substitutions at positions 298, 333, and/or 334 of the Fc region
(Bu numbering of residues). Examples of publications related to “defucosylated™ or “fucose-
deficient” antibodies include: US Pat. Appl. No. US 2003/0157108 A1, Presta, L; WO 00/61739A1;
WO001/29246A1; US2003/0115614A1; US2002/0164328A1; US2004/0093621A1;
US2004/0132140A1; US2004/0110704A1; US2004/0110282A1; US2004/0109865A1;
WO03/085119A1; WOO03/084570A1; WO2005/035778; W02005/035586 (describing RNA
inhibition (RNAi) of fucosylation); Okazaki et al. J. Mol. Biol. 336:1239-1249 (2004); Yamane-
Ohnuki et al. Blotech. Bioeng. 87: 614 (2004). Examples of cell lines producing defucosylated
antibodies include Lec13 CHO cells deficient in proteiri focosylation (Ripka et al. Arch. Biochem.
Biophys. 249:533-545 (1986); US Pat Appl No US 2003/0157108 Al, Presta, L; and WO
2004/056312 Al, Adams et al., especially at Example 11), and knockout ccll lines, such as alpha-1,6-
fucosyltransferase gene, FUTS, knockout CHO cells (Yamane-Ohnuki er al. Biotech. Bioeng. 87: 614
(2004)).

Nuclaic acid molecules encoding amino acid sequence variants of the antibody are prepared
by a variety of methods known in the art. These methods include, but are not limited to, isolation
from a natural source (in the case of naturally occurring amino acid sequence variants) or preparation
by oligonucleotide-mediated (or site-directed) mutagencsis, PCR mutagenesis, and casactte
mutagenesis of an earlier prepared variant or a non-variant version of the antibody.

It may be desirable to modify the antibody of the invention with respect to effector function,
e.g. 80 88 to enhance antigen-dependent cell-mediated cyotoxicity (ADCC) and/or complement
dependent cytotoxicity (CDC) of the antibody. Thiz may he achieved by introducing one or more
amino acid substitutions in an Fc region of an antibody antibody. Alternatively or additionally,
cysteine residue(s) may be introduced in the Fc region, thereby allowing interchain disulfide bond
formation in this region. The homodimeric antibody thus generated may have improved
internalization capability and/or increased complement-mediated cell killing and antibody-dependent
cellular cytotoxicity (ADCC). See Caron ef /., J. Exp Med. 176:1191-1195 (1992) and Shopes, B. J.
Immunol. 148:2918-2922 (1992). Homodimeric antibodies with enbanced anti-tumor activity may
also be prepared using heterobifunctional cross-linkers as described in WolfY ef al. Cancer Research
53:2560-2565 (1993). Altcrnatively, an antibody can be engincered that has dual Fe regions and may
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thefeby hAvE W itk and ADCC capabilities, See Stevenson et al. Anti-Cancer
Drug Design 3:219-230 (1989).

'WO00/42072 (Presta, L.) describes antibodies with improved ADCC function in the presence
of human effector cells, where the antibodies comprise amino acid substitutions in the Fe region
thereof Preferably, the antibody with improved ADCC comprises substitutions at positions 298,
333, and/or 334 of the Fc region. Proforably the altered Fc region is & human IgG1 Fc region
comprising or cansisting of substitutions at one, two or three of theso positions.

Antibodies with altered C1q binding and/or complement dependent cytotoxicity (CDC) are
described in W099/51642, US Patent No. 6,194,551B1, US Patent No. 6,242,195B1, US Patent No.
6,528,624B1 and US Patent No. 6,538,124 (Idusogie ef al.). The antibodies comprise an amino acid
substitution at one or more of amino acid positions 270, 322, 326, 327, 329, 313, 333 and/or 334 of
the Fc region thereof,

To increase the serum half life of the antibody, one may incorporate a salvage receptor
binding epitope into the antibody (cspecially an antibody fragment) as described in US Patent
5,739,277, for example. As used herein, the term "salvage receptor binding epitope” refers to an
epitope of the Fc region of an IgG molecule (e.g., 1gGi, 12G), IgG;, or IgG,) that is responsible for
increasing the in vivo scrum half-life of the IgG molecule. Antibodies with substitutions in an Fc
region thereof and increased serum half-lives are also described in W000/42072 (Presta, L.).

Engincered antibodies with three or more (prefembly four) finctional entigen binding sites
are also contemplated (US Appin No. US2002/0004587 A1, Miller ef al.).

V. Pharmaceutical Formnlations

Therapeutic fornmlationa of the antibodies used in accordance with the present invention arc
prepared for storage by mixing an antibody having the desired degrec of purity with optional
pharmaceutically acceptable carriers, excipients or stabilizers (Remington's Pharmaceutical Sciences
16th edition, Osol, A. Ed (1980)), in the form of lyophilized formulations or aqueous solutions.
Acceptable camviers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations employed, and includo buffers such as phosphate, citrate, and other organic acids;
antioxidants including ascorbic acid and methionine; preservatives (such s octadecyldimethylbenzyl
phenol, butyi or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol;
resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (lcss than about 10
residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydropbilic
polymess mch as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, histidine,
arginine, or lyxine; monosaccharides, disaccharides, and other carbohydrates including glucose,
mannose, or dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose or
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sorhitol: sait-forming counter-ions sucti s sodium; metal complexes (e.g. Za-protein complexes);
and/or non-ionic surfactants such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG).

Bxemplary anti-CD20 antibody formulations are described in WO98/56418. This publication
describes a liquid multidose formulation comprising 40 mg/mL Rituximab, 25 mM acetate, 150 mM
trehalose, 0.9% benzyl alcohol, 0.02% polysorbate 20 at pH 5.0 that has a minimum shelf life of two
years starage at 2-§C. Another anti-CD20 formulation of interest comprises 10mg/mL Rituximab in
9.0 mg/mL sodium chloride, 7.35 mg/mL sodium citrate dihydrate, 0.7mg/mL polysorbate 80, and
Sterile Water for Injection, pH 6.5.

Lyophilized formulations adapted for subcutancous administration are described in US Pat
No. 6,267,958 (Andyn et al.). Such lyophilized formulations may be reconstituted with a suitable
diluent to a high protein concentration and the reconstituted formulation may be administered
subcutaneously to the mammal to be treated herein.

Crystalized forms of the antibody or antibody are also contemplated. See, for example, US
2002/0136719A1 (Shenoy ef al.).

The formulation berein may also contain more than one active compound as nccessary for the
particular indication being treated, preferably those with complementary activities that do not
adversely affect cach other. For example, it may be desirable to further provide a cytotoxic agent;
chemotherspeutic agent; immunosuppressive agent; cytokine; cytokine antagonist or antibody; growth
factor; hormone; integrin; integrin antagonist or antibody (e.g. an LFA-1 antibody such as
efalizumab/RAPTIVA commercially available from Genentech, or an alpha 4 integrin antibody such
as natalizumal/TYSABRI®) available from Biogen); interferon class drug such as IFN-beta-1a
(REBIF® and AVONEX®) or IFN-beta-1b (BETASERON®); an oligopeptide such a glatiramer
acctate (COPAXONE®); a cytotoxic agent such as mitoxantrone (NOVANTRONE®), methotrexate,
cyclophosphamide, chlorambucil, or azathioprine; intravenous immunoglobulin (gamma globulin);
lymphocyte-depleting drug (e.g-, mitoxantrone, cyclophosphamide, Campath, anti-CD4, or
cladribine); non-lymphocyte-depleting immunosuppressive drug (e.g., mycophenolate mofetil
(MMF) or cyclosparine); cholesterol-lowering drug of the “statin™ class; estradiol; testosterone;
hormaone replacement therapy; drug that treats symptoms secondary or related to MS (e.g., spasticity,
incontinence, pein, fatigus); a TNF inhibitor; disease-modifying anti-rheumatic drug (DMARD); non-
steroidal anti-inflammatory drug (NSAID); corticosteroid (e.g. methyiprednisolone, prednisone,
dexamethasone, or ghicorticoid); levothyroxine; cyclosporin A; somatastatin analogue; cytokine
antagonist; anti-metabolite; immunosuppressive agent; intcgrin antagonist or antibody (e.g. an LFA-1
antibody, such ay cfalizumab or an alpha 4 integrin antibody such as natalizzmab); or another B-cell
surface antagonist/antibody; etc in the formulation. The type and effective amounts of such other
agents depend, for example, on the amount of antibody present in the formulstion, the type of
multiple sclerosis being treated, and clinical parameters of the subjects. These are genenally used in
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thesame dcsages and With sinifigtralih routes es used hereinbefore or about from 1 to 99% of the
heretofore employed dosages.

The active ingredients may also be entrapped in microcapsules prepared, for example, by
coacervation techniques or by interfacial polymerization, for example, hydroxymethylcellulose or
gelatin-microcapsules and poly-(methylmethacylate) microcapsules, respectively, in colloidal drug
delivery systems (for example, liposomes, albumin microspheres, microemulsions, neno-particles and
nanocapsules) or in macroemulsions. Such techniques are disclosed in Remington's Pharmaceutical
Sciences 16th edition, Osol, A. Ed. (1980).

Sustained-release preparations may be prepared. Suitable examples of susiained-release
preparations include semipermeable matrices of solid hydrophobic polymers containing the antibody,
which mairices are in the form of shaped artickes, e.g. films, or microcapsules. Examples of
sustained-relcase matrices inchude polyesters, hydrogels (for example, poly(2-hydroxyethyl-
methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), copolymers of L-
glutamic acid and y ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid- -
glycolic acid copolymers such as the LUPRON DEPOT™ (injectable microspheres composed of
lactic acid-glycolic acid copolymer and leuprolide acctate), and poly-D-(-)-3-hydroxybutyric acid.

The formulations to be used for /n vivo administration must be sterile. This is readily
accomplished by filtration through sterile filtration membranes.

VL  Articles of Manufacture

In another embodiment of the invention, an article of manufacture containing materials useful
for the treatment of multiple aclexosis described above is provided. Preferably, the article of
manufacture comprises:(a) & container comprising a composition comprising an antibody that binds to
a B-cell surface marker (e.g. a CD20 sntibody) and a pharmaceutically acceptable carrier or diluent
within the container; and (b) a package insert with instructions for administering the composition to a
subject suffering from multiple sclerosis to the subject to provide an initial antibody exposure of
about 0.5 to 4 grams followed by a second antibody exposure of about 0.5 to 4 grama, the second
mmnﬂbdngmﬁddunﬁlﬁumubmﬂlsmsqmmmmiﬁﬂmwmeﬁm
for administering the composition to a subject suffering from PPMS.

The article of manufacture comprises a container and a label or packnge insert on or
associated with the container. Snitable containers include, for example, bottles, vials, syringes, etc.
The containers may be formed from a variety of materials such as glass or plastic. The container
holds or contains a composition that is effective far treating the roultiple sclerosis and may have a
sterile access port (for example the container may be an intravenous solution bag or a vial having a
stopper pierceable by a hypodermic injection needle). At least one active agent in the composition is
the antibody. The label or package insext indicates that the composition is used for treating multiple
sclerosis in a subject suffering therefrom with specific guidance regarding dosing amounts and
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intervals of anfibodyr &iid &ngroteFdrig being provided. The article of manufacture may further
comprise a sccond container comprising a pharmaceutically acceptable diluent buffer, such as
bacteriostatic water for injection (BWFI), phosphate-buffered saline, Ringer's solution and dextrose
solution. The article of manufacture may further include other materials desirable from a commercial
and uper standpoint, including other buffers, diluents, filters, needles, and syringes.

Optionally, the article of manufacture herein further comprises a container comprising an
agent other than the antibody for treatment and further comprising instructions on treating the
mammal with such agent, such agent preferably being a chemotherapeutic agent or
immunosuppressive agent, interfaron class drug such as IFN-beta-1a (REBIF® and AVONEX®) ar
IFN-bets-1b (BETASERON®); an oligopeptide such a glatiramer acetate (COPAXONE®); a cytotoxic
agent such as mitoxantrone (NOVANTRONE®), methotrexate, cyclophosphamide, chlorambucil, or
azmthioprine; intravenous immunoglobulin (gamma globulin); lymphocyte-depleting drug (e.g.,
mitoxantrone, cyclophosphamide, Campath, anti-CD4, or cladribine); nm—lymphocm-depleung
immunosuppressive drug (e.g., mycophenolate mofetil (MMF) or cyclosporine); cholesterol-lowering
drug of the “statin” class; estradiol; hormone replacement therapy; drug that treats symptoms
sccondary or reiated to MS (e.g., spasticity, incontinence, pain, fatiguc); a TNF inhibitor; discase-
modifying anti-rheumatic drug (DMARD); non-steroidal anti-inflammatory drug (NSAID);
corticosteroid (e 2. methylprednisolone, prednisone, dexamethasone, or glucorticoid); levothyroxine;
cyclosporin A; somatastatin analogue; cytokine or cytokine receptor antagonist; anti-metabolite;
immumosuppressive agent; integrin antagonist or antibody (e.g. an LFA-] antibody, such as
efalizumab or an alpha 4 integrin antibody such as natalizumab); and another B-cell surface marker
antibody; ctc.

Further details of the invention are illustrated by the following non-limiting Examples. The
disclosures of all citations in the specification are expressly incorporated herein by reference.

A mubject with diagnosis of PPMS as defined by McDonald et al. Ann Neurol 50:121-7
(2001) is treated with a CD20 antibody in this example.

Rituximab, commercially available from Genontech, is formulated for [V administration as a
sterile product in 9.0 mg/mL sodium chloride, 0.7 mg/mi polysorbete 80, 7.35 mg/ml. sodium citrate
dehydrate, and Sterile Water for Injection (pH 6.5).
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"The first course of tFatthélt Wil consist of a dose of 1 g intravenous (IV) Rituximab
administered on cach of Days 1 and 15. Subjects will receive acctaminophen (1 g) and
diphenhydramine HCI (50 mg), or equivalent, by mouth 30-60 minutes prior to the start of each
infusion.

Subsequent courses of treatment will bo administered starting at Week 24 (Day 169), Week
48 (Day 337), and Week 72 (Day 505). The second infusion of the subsequent courses of treatment
will be 14 + 1 days after the first infusion.

Subjects who experience a first relapse may roceive rescue treatment with IV or oral
corticosteroids. Systemic corticosteroids may be administered using a regimen that docs not exceed
exposure or duration of treatment appropriste for an MS relapse. A relapse is defined as all of the
following:

e An acute appearance of a neurologic abnormality that persists for at least 24 hours

e A change not attributable to fever, infection, trauma, concomitant medications, or other
etiology

e An event with objective change on examination by the blinded examining investigator,
including a minimum of 1-point change on one of the following FS scales: pyramidal,
cranial nerves, cerebellar, sensory, vision, or gait

The following regimen of corticosteroids may be used: 1 g IV methylprednisolone daily for 3
days, followed by 60 mg prednisone daily for 5 days, and decreasing by 10-mg increments each day
thereafter. If IV methylprednisolone is not available, then 150 mg IV dexamethagone daily for 3 days
may be substituted. Only one course of corticosteroids should be administered for an exacerbation.
Subsequent immunological studies and MRI scans should be obtained at least 4 weeks after
completion of the corticosteroid regimen, Corticosteroid inhalers (oral and nasal) or intra-articular
injections may be used.

Additional treatments to be optionally combined with the CD20 antibody include IFN-beta,
glatimmer acetate, methotrexate, cyclophosphamide, or mitoxantrone.
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‘The primiiry efficacy oufcBing ifkasure is the time to confirmed disease progression. Discsse
progression is defined as an increase of > 1.0 point from baseline Expanded Disability Status Scale
(EDSS) (Kurtzke J. Neurology 33(11):1444-52 (1983)), if the baseline EDSS is between 2.0 and 5.5
points (inclugive), or an increase of 2 0.5 point if the baseline EDSS is 2 5.5 points (inclusive), for
5  which change is not attributable to another etiology (e.g., fever, concurrent iliness, MS relapse or
exacerbation, or concomitant medication). Confirmation of diseage progression may occurat a
regularly scheduled visit that is at lcast 12 weeks (84 days) after the initial progression.
Secondary efficacy outcome measures include:
- Change from baseline to Week 96 in the total volume of T2 lesions on brain MRI scan

10 - Change from baseline ta Week 96 in brain volume on brain MRI scan

Optionally, inprovement in any one or more of:
- Multiple Sclerosis Functional Composite Scale (MSFCS)
-EDSS

15 - Proportion of subjects with confirmed disease progression at Week 96, as determined using
EDSS

- Upper extremity function, as measured by the 9-Hole Peg Test (a subscale of the MSFCS)
- Ambulation, as measured by the Timed 25-Foot Walk (a subscale of the MSFCS)

- Cognition, as measured by the Paced Auditory Serial Addition Test (3 seconds only; a
20 lu_hla!eoftheMSFCS)

- Total volume of brain T2 lesions on MRI scans (Weeks 48 and 122)
- Total volume of brain T1 lesions on MRI scans

= Cross sectional area of the cervical spinal cord on MRI scans

- Brain volume on MRI scans (Weeks 48 and 122)

25 The subject treated with Rituximab as described hercin will show improvement in the signs,
qmptmmoroﬂwindiuﬂnofﬂMSmdingbmymmmofﬂnabomez
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Subjects with RRMS as defined by McDonald et al. Ann Newrol 50:121-7 (2001) are treated
with a CD20 antibody in this example, where the antibody exposures are approximately 6 months
apart.

Rituximab, commercially available from Genentech, is formulated for IV administration as a
sterile product in 9.0 mg/mL sodium chloride, 0.7 mg/mL polysorbate 80, 7.35 mg/mL sodium citrate
dehydrate, and Sterile Water for Injection (pH 6.5).

The first courss of reatment will consist of a dose of 1 g intravenous (TV) Rituximab
administered ou each of Days 1 and 15. Subjects will receive acetaminopben (1 g) and
diphenhydmmine HC] (50 mg), or equivalent, by mouth 30-60 minutes prior to the start of each
infusion.

Subscquent courses of treatment will be administered starting at Week 24 (Day 169), Week

48 (Day 317), and Week 72 (Day 505). The second infusion of the subsequent courses of trestment
will be 14 : 1 days after the first infusion,

Preferably Rituximab is the only agent administered to treat the RRMS. However, subjects
may optionally receive IV ar oral corticosteroids, IFN-beta, glatiamer acetate, methotrexate,
cyclophosphamide, or mitoxantrone.

Subjects who experience a first relapse may receive rescuc treatment with IV ar oral
corticosteroids, Systemic corticosteroids may be administered using a regimen that does not exceed
cxposure or duration of treatment appropriate for an MS relapse. A relapse in this Example is defined
as:

48



10

15

30

WO 2005117978 PCT/US2005/019641
The eppéaranee of tbwdfFechsfent neurological symptoms consistent with MS
lasting more than 48 hours in a subject who has been in a relatively stable or
improving neurologic state for st least 30 days. The change in neurclogic symptoms
must be accompanied by objective neurologic worsening consistent with an increase
of at least half a step on the EDSS, or 2 points on one of the appropriate functional
system scores (FSS), or 1 point on two or more of the appropriate FS8. The change
must be verified by the examining investigator and must affect the sclected FS scales
(Le., pyramidal, gait, cercbellar, brainstem, sensory, or visual). Symptoms must
perzist for>> 24 hours and should not be attributable to confounding clinical factors
(e.g., fever, infection, imjury, sdverse reactions to concomitant medications). A
single episode of a paroxysmal symptom (e.g., tonic spasm) is not a relapse, but the
new onset of multiple occurrences of & prroxysmal symptom over at loast 24 hours
can be a relapse if accompanied by new, corresponding objective manifestations.
Sensary symptams with no change on clinical examination, futigue, mood change, or
bladder or bowel urgency or incontinence will not be sufficient to establish a relapse.

‘The primary efficacy outcome measure is the MRI endpoint of gadolinfum-enhancing
lesions, or time to confirmed disease progression (defined as an increase of x 1.0 point from haseline
Expanded Disability Status Scale (EDSS); Kurtzke J. Nexrology 33(11):1444-52 (1983)). The
primary cfficacy endpoint may be the total number of gadolinjum-enhancing T1 lcsions observed on
serial MRI scans of the brain at Weeks 12, 16, 20, and 24.

Secondary efficacy outcome measures include frequency of relapse; change from baseline to
Week 96 in the total volume of T2 lesions on brain MRI scan (e.g. change in total volume of T2
lesions on MRA scans of the brain from screening to weeks 24 and 36); change from baseline to
Week 96 in brain volume on brain MRI scan; Multiple Sclerosis Functionsl Composite Scale
(MSFCS) and its subscales; upper extremity function, as measured by the 9-Hole Peg Test (a subscale
of the MSPCS); ambulstion, as measured by the Timed 25-Foot Walk (s subacale of the MSFCS);
cognition, as measured by the Paced Auditory Serial Addition Test (a subscale of the MSFCS);
Maltiple Sclerosis Quality of Life-54 (MSQOL-54) questionnaire; total volume of brain T lesions
on MRI scans (e.g. total mmber of gadolinium-enhancing T1 lesions observed on serial MRA scans
of the brains at weeky 20, 28, and 36); cross scctional area of the cervical spinal cord on MRI scans;
proportion of subjects relapsing by weeks 24 (L. between week 0 and week 24) and 36 (Le. between
week 0 and week 36); the Combined Unique Activity Mcasure st week 24 and 36.

The patient trested with Rituximab as described above will display an improvement in any
one or more of the above cutcome measures.
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A subject with RRMS as defined by McDonald et al. Ann Neurol 50:121-7 (2001) is treated
with a CD20 sntibody herein. In this example, the antibody exposures are approximately 1 year apart.

Rituximab, commercially available from Genentech, is formulated for IV administration as a
sterile product in 9.0 fog/mL sodium chioride, 0.7 mg/mL polysorbate 80, 7.35 mg/mL sodium citrate
dehydrate, and Sterile Water for Injection (pH 6.5).

The first course of treatment will consist of a dose of 1 g intravenous (TV) Rituximab
administered on each of Days 1 and 15. Subjects will receive acetaminophen (1 g) and
diphenhydramine HCI (50 mg), or equivalent, by mouth 30-60 minutes prior to the start of cach
infus

Subscquent conrses of treatment will be administered starting at Week 48, and Week 96. The
second infusion of the subsequent courses of trestment will be 14 + 1 days after the first infusion.

Proferably Rituximab is the only agent administered to treat the RRMS. However, subjects
may optionally receive IV or oral corticostervids, IFN-beta, glatiramer acetate, methotrexate,
cyclophosphamide, or mitoxantrone.

Subjects who experience & first ralapse may receive rescue treatment with IV or oral
corticosteroids. Systemic corticosteroids may be administered using a regimen that does not exceed
exposure or duration of treatment appropriate for an MS relapec. A relapse in this Example is defined
as:
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The appearance of néw or recuitent neurological symptoms consistent with MS
lasting more than 48 hours in a subject who has been in a relatively stable or
improving neurologic state for at least 30 days. The change in neurologic symptoms
must be accompanied by objective neurologic worsening congistent with an increase
of at least half a step on the EDSS, or 2 points on one¢ of the appropriate fanctional
system scores (FSS), or 1 point on two or more of the appropriate FSS. The change
must be verified by the examining investigator and must affect the selected FS scales
(i.e., pyramidal, gait, cercbellar, brainstem, sensory, or visual). Symptoms must
persist for>> 24 hours and should not be attributable to confounding clinical factors
(e.g., fever, infection, injury, adverse reactions to concomitant medications). A
single episode of a paroxysmal symptom (e.g., tonic spasm) is not a relapse, but the
now onset of multiple occurrences of a paroxysmal symptom over at Jeast 24 hours
can be a relapse if accompanied by new, corresponding objective manifestations.
Sensory symptoms with no change on clinical examination, fatigue, mood change, or
bladder or bowel urgency or incontinence will not be sufficient to cstablish a relapse.

The primary efficacy outcome measure is the MRI endpoint of gadolinium-enhancing lesions,
or time to confirmed diseasc progression (defined ag an increase of > 1.0 point from bageline -
Expanded Disability Status Scale (EDSS); Kurtzke J. Newrology 33(11):1444-52 (1983)). The
primary efficacy endpoint may be the total number of gadolinium-enhancing T1 lesions observed on
serial MRI scans of the brain at Wecks 12, 16, 20, and 24,

Secondary efficacy outcome measures include frequency of relapse; change from baseline to
Week 96 in the total vohume of T2 lesions on brain MRI scan (e.g. change in total volume of T2
lesions on MRA scans of the brain from screening to weeks 24 and 36); change from baseline to
Week 96 in brain volume on brain MRI scan; Multiple Sclerosis Functional Composite Scale
(MSFCS) and its subscales; upper extremity function, as measured by the 9-Hole Peg Test (2 subscale
of the MSFCS); ambulstion, as measured by the Timed 25-Foot Walk (a subscale of the MSFCS);
cognition, as measured by the Paced Auditory Serial Addition Test (a subscale of the MSFCS);
Multiple Sclerosis Quality of Lifo-54 (MSQOL-54) questionnaire; total volume of brain T1 lesions
on MRI scans (e.g. total mmbet of gadolinium-enhancing T1 lesions observed on serial MRA scans
of the brains at weeks 20, 28, and 36); cross sectional area of the cervical spinal cord on MRI scans;
proportion of subjects relapsing by week 24 (i.e between week 0 and week 24) and week 36 (Le.
between week 0 and woek 36); the Combined Unique Activity Measure at week 24 and 36.

The patient treated with the above with Rituximab will display an improvement in any one or
more of the above outcome measures.
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EXAMPLE4
HUMANIZED 2H7 VARIANTS.

This example describes humanived 2H7 antibody variants for use in the methods disclosed
berein. The humanired 2H7 antibody preferably comprises one, two, three, four, five or six of the
following CDR sequences:

CDR L1 sequence RASSSVSYXH wherein X is M or L (SEQ ID NO. 18), for example SEQ ID
NO:4 (Fig. 1A),

CDR L2 sequence of SEQ ID NO:S (Fig. 1A),

CDR L3 sequence QQWXFNPPT wherein X is S or A (SEQ ID NO. 19), for example SEQ ID NO:6
(Fig. 1A),

CDR H! sequence of SEQ ID NO:10 (Fig. 1B),

CDR H2 sequence of AIYPGNGXTSYNQKFKG wherein X is D or A (SEQ ID NO, 20), for
cxample SEQ ID NO:11 (Fig. 1B), and

CDR H3 scquence of VVYYSXXYWYFDYV wherein the X at position 6is N, A, Y, W or D, and the
X as position 7 is 8 or R (SEQ ID NO. 21), for example SEQ ID NO:12 (Fig. 1B).

The CDR sequences above are generally present within human variable light and variable
heavy framework sequences, such as substantially the human consensus FR residues of homan light
chain kasppa subgroup I (V61), and substantially the human consensus FR residucs of human heavy
chain subgroup ITI (V4III). Scc also WO 2004/056312 (Lowmsn ef al.).

The variable heavy region may be joined to & human IgG chain constant region, wherein the
region may be, for example, IgG1 or IgG3, including native sequence and varisat constant regions.

In a preferred embodiment, such antibody comprises the variable heavy domain sequence of
SEQ ID NO:8 (v16, as shown in Fig. 1B), optionally also compriging the variable light domain
sequence of SEQ ID NO:2 (v16, as shown in Pig. 1A), which optionally comprises one or more
amino acid substitution(s) at positions 56, 100, and/or 100a, e.g. D56A, N100A or N100Y, and/or
$1002R in the variable heavy domain and one or more amino acid substitution(s) at positions 32
and/or 92, e.g. M32L and/or §92A, in the veriable light domain. Preferably, the antibody is an intact
antibody comprising the light chain amino acid sequences of SEQ ID NOs. 13 or 16, and heavy chain
amino acid sequences of SEQ ID NO. 14, 15, 17, 22 or 25.

- A preferred humanized 2H7 antibody is ocrelizumab (Genentech).

The antibody herein may further comprise at least one amino acid substitution in the Fe
region thet improves ADCC activity, such as onc wherein the amino acid substitutions arc at positions
298, 333, and 334, proferably S298A, E333A, and K334A, using Eu numbering of heavy chain
residues. Sec also US Patent No. 6,737,056B1, Presta.
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‘Anf o tia¥ anfiliodferiiy donfiprisc at least one substitution in the Fc region that improves
FcRn binding or serum half-life, for example a substitution at hegavy chain position 434, such as
N434W, See also US Patent No. 6,737,056B1, Presta.

Any of thess antibodies may forther comprise at least one amino acid substitution in the Fc
region that increases CDC activity, for example, comprising at least a substitution at position 326,
preferably K326A or K326W. See also US Patent No. 6,528,624B1 (Idusogie et al.).

Some preferred humanized 2H?7 varisats are those compriring the variable light domain of
SEQ ID NO:2 and tha variable heavy domain of SEQ ID NO:8, including those with or without
substitutions in an Fc region (if present), and thos2 comprising a variable heavy domain with
alteration N100A; or DS6A end N100A; or D56A, N100Y, and $100aR; in SEQ ID NO:8 and a
variable light domain with alteration M32L; or §92A; or M32L and $92A; in SEQ ID NO:2.

M34 in the variable heavy domain of 2H7.v16 has been identified as a potential source of
antibody stability and is another potential candidate for substitution.

In a summary of some various prefrred embodiments of the invention, the varisble region of
variants based on 2H7.v16 comprise the amino acid sequences of v16 except at the positions of amino
acid substitutions that are indicated in the table below. Unless otherwise indicated, the 2H7 variants
will have the same light chain as that of v16.

Exemplary Humanized 2H7 Antibody Variants

Heavychain [Light chaln [Fc changes
F’::ion [Vi) changes [V)) changes
16 for
reference -
Pl - ! 98A, E333A, K334A
E 100A 2L

5 NI00A M3Z2L B298A, E333A, K334A
pe D36A, N10OA 5924
14 D56A, N100A M32L, 5924 B298A, E333A, K334A
15 DS6A, NI0OA M32L, 592A 5298A, E333A, K3MA, E356D, M3siL
16 DS6A, N10OA M32L, S92A B298A, K334A, K322A
38 m%%m E333A, K334A, K326A
77 DSGA, N100A M32L, 592A §298A, E333A, K334A, K326A, N434W
p75 [ [ K334L
pes [ [ [298A, E333A, K334A, K326A
DS6A,

100Y,
11 thOIR PBZL, 592A LDBA. E333A, K334A, K326A
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One preferred humanized 2H? comprises 2H7.v16 variable light domain sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIYAPSNLASGVPSRFSG
SGSGTDFILTISSLQPEDFATYYCQQWSFNPPTFGQGTKVEIKR (SEQ ID NO:2);

and 2H7.v16 variable heavy domain sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTV
S8 (SEQ ID NO:8).

Where the humanized 2H7.v16 antibody is an intact antibody, it may comprise the light chain
amino acid sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSYSYMHWYQQKPGKAPKPLIYAPSNLASGVPSRFSG
SGSGTDFILTISSLQPEDFATYYCQQWSFNPPTFGQGTKVEIKRTVAAPSVFIFFPSDEQLKSG
TASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKH
KVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:13);

and the heavy chain amino acid sequence of SEQ ID NO, 14 or:
EVQLVESGGGLVQPGGSLRLSCAASGYTFISYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
NQKFKGRFTTSVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSG
LYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVF
LFPPKPRKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRV
VSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VYMHEALHANHYTQKSLSLSPG (SEQ ID NO:22).

Another preferred humanized 2H7 antibody comprises 2H7.v511 variable light domain
sequence:

DIQMTQSPSSLSASVGDRVIITCRASSSVSYLHWYQQKPGKAPKPLIYAPSNLASGVP
SRFSGSGSGTDFTLTISSLQPEDFATYYCQQWAFNPPTFGQGTKVEIKR (SEQ ID NO:23)
and 2H7.v511 variablc heavy domain sequence:

EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGN
GATSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSYRYWYFDVWGQ
GTLVTVSS (SEQ ID NO. 24).

Where the humanized 2H7.v511 antibody is an intact antibody, it may comprise the light
DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQQKPGKAPKPLIYAPSNLASGVPSRFSGS
GSGTDFTLIISSLQPEDFATYYCQQWAFNPPTFGQGTKVEIKRTVAAPS VFIFPPSDEQLKSGT
ASVVCLLNNFYPREAKVQWEKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHK
VYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:16)
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‘mid the bcavy ¢hiin Sinfad acld Fequence of SEQ ID NO. 17 or:

EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGATSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSYRYWYFDVWGQGTLVT
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSY
FLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNATYR
VVSVLTVLEQDWLNGKEYKCKVSNAALPAPIAATISKAKGQPREPQVYTLPPSREEMTKNQ
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS
CSVMHEALHNHYTQKSLSLSPG (SEQ ID NO. 25).
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WHATTS CLAIMED T8

1. A method of tresting multiple sclerosis in a subject comprising administering an effective
amount of a CD20 antibody to the subject to provide an initial antibody exposure of about 0.5 to 4
grams followed by a second antibody exposure of about 0.5 to 4 grams, the second exposure not being
provided until from about 16 to 60 weeks from the initisl expowue, and each of the antibody
exposures is provided to the subject as one or two doses of antibody.

2. The method of claim 1 wherein the second exposure is not provided until from about 20 to 30
weels from the initial exposure.

3 The method of claim 1 or 2 wherein the initial and second antibody exposures are each
provided in amounts of about 1.5 to 2.5 grams.

4. - The method of any one of claims 2-3 additionally comprising administering to the subject an
effective amount of the CD20 antibody to provide a third antibody exposure of about 0.5 to 4 grams,
the third exposure not being administered until from about 46 to 60 weeks from the initial exposure.
5. The method of claim 4 wherein the third antibody exposure is provided in an amount of about
151025 grams,

6. The method of claim 4 or § wherein the third exposure is not provided until from about 46 to
54 wocks from the initial exposure,

7. The method of any one of claims 4-6 wherein no further antibody exposure is provided until
at Jcast about 70-75 weeks from the initial exposure.

8 The method of claim 1 wherein the second exposure is not provided until from about 46 to 60
weeks from the initial exposure.

9. The method of any one of claims 1.8 whercin each of the antibody exposures is provided to
the subject as one dose of antibody.

10.  The method of any one of claim 1-8 wherein each of the antibody exposures is provided to
the subject as two doses of antibody, wherein the two doses constitute a first dosc and a accond dose.

11. The method of claim 10 wherein the second dose is administered from about 3-17 days from

12  The method of claim 1] wherein the second dose is administered from about 6-16 days from
the time the firt dose was administered,

13. The method of claim 12 wherein the second dose is administered from about 13-16 days from
the time the firt dose was administered.

14.  The method of any one of claims 10-13 wherein the first and sccond dose of antibody are

each about 0.5 to 1.5 grams,
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157 ""Thé method of dny SoZ 8T clailhs 10-14 wherein the first and second dose of antibody are
cach about 0.75 to 1.3 grams.

16.  The method of any one of the claims 1-15 wherein three or more antibody exposures are
edministered to the subject.

17. The method of any one of claims 1-16 wherein four or more antibody exposures are
sdministered to the subject

18.  The method of any one of claims 117 wherein 8 second medicament is administered with the
initial exposure or later exposures, wherein the CD20 antibody is a first medicament.

19.  Themethod of claim 18 wherein the second medicament is selected from the group consisting
of an interferom, glatimmer acetate, a cylotoxic agent, chemotherapeutic sgent, mitoxantrone,
methotrexate, cyclophosphamide, chlorambucil, azathioprine, gamma globulin, Campath, anti-CD4,
cladribine, corticosteroid, mycophenolate mofetil (MMF), cyclosparine, cholesterol-lowering drug of
the statin class, estradiol, testosterons, hormone replacement drug, a TNF inhibitor, discase-
modifying antitheumatic drug (DMARD), non-steroidal anti-inflammatory drug (NSAID),
levothyroxine, cyclosporin A, somataststin analogue, cytokine or cytokine receptor antagoniat, anti-
metabolite, immunosuppressive agent, integrin antagonist or antibody, LFA-]1 antibody, efalizumab,
alpha 4 integrin antibody, natalixumab, and another B-cell surface marker antibody.

20. The method of any one of claims 1-19 whercin the multiple sclerosis is relapsing-remitting
multiple sclerosis (RRMS).

21, The method of any one of claims 1-19 wherein the multiple sclerogis is primary progressive
multiple sclerosis (PPMS).

22.  The method of any one of claims 1-21 wherein the subject has never been previously treated
with a CD20 antibody.

23.  The method of any one of claims 1-22 wherein the antibody is a naked antibody.

24. The method of any one of claims 1-22 wherein the antibody is conjugated with smother
molecule.

25. The method of claim 24 wherein the other molecule is a cytotoxic agent.

26.  The method of any one of claims 1-25 wherein the antibody is administered intravenously.
27.  The method of claim 26 wherein the antibody is administered intravenously for each antibody
cxposure.

28, Themethod of any one of claims 1-25 wherein the antibody is administered subcutaneously.
29.  The method of any one of claims 1-25 wherein the antibody is administered intrathecally.
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30. P B nichbBdD Byok STREnL1-29 wherein the CD20 antibody is the only medicamen

administered to the subject to treat the multiple sclerosis.
3t.  The method of any one of claims 1-30 wherein the antibody is Rituximab.

32.  The method of any onc of claims 1-30 wherein the antibody is humanized 2H? comprising
the variable domain sequences in SEQ ID NOS. 2 and 8.

3. The methad of any one of claims 1-30 wherein the antibody is humanized 2H7 comprising
the variable domain sequences in SEQ ID NOS. 23 and 24.

34,  Tho method of any one of claims 1-34 wherein the subject has clevated anti-myclin basic
protein (MBP), anti-myelin oligodendrocyte glycoprotein (MOG), anti-ganglioside and/or or
anti-neurofilament antibody level(s).

35. The method of any one’ of claims 1-34 wherein clevated levels of B cclls are present in
cercbrospinal fluid (CSF), multiple sclerosis lesion, or serum of the subject.

36. An article of mamifacture comprising:

(=) a container comprising a CD20 antibody; and
(b) a package invert with instructions for treating multiple sclerosis in & subject,
wherein the instructions indicate that an amount of the antibody is administered to the
subject that is cffective to provide an initial antibody exposure of about 0.5 to 4
grams followed by a sccond antibody exposure of about 0.5 to 4 grams, the sccond
exposure not being administered until from about 16 to 60 weeks from the initial
exposure, and each of the antibody exposures is provided to the subject as one or two
doses of antibody.
37. The article of claim 36 further comprising & container comprising a sccond medicament,
wherein the CD20 antibody is a first medicament, and further comprising instructions on the paclage
insext for treating the subject with the second medicament.
38.  The article of claim 37 wherein the second medicament is sclected from the group consisting
of an interferon, glatimmer acetats, & cCytotoxic agent, chemotherspeutic agent, mitoxantrone,
methotrexate, cyclophosphamide, chiorambucil, azathioprine, gamma globulin, Campath, anti-CD4,
cladribine, corticosteroid, mycophenolate mofetil (MMF), cyclosporine, .cholesterol-lowering drug of
the statin class, estradiol, testosterome, hormone replacement drug a TNF inhibitor, discase-
modifying anti-rtheumatic drug (DMARD), noo-steroidal anti-inflammatory drug (NSAID),
levothyroxine, cyclosporin A, somastastatin analogue, cytokine or cytokine receptor antagonist, anti-
metabolite, immunosuppressive agent, and another B-cell surface marker antibody.

58

6Z



WO 2005117978

gt . wid

bum KT

mant. vl

um kI

hu2x?.viE

s 2X

Sequance Aliguemnt of \irisbip Ligin-Chein Domaln

4 m — ol Jr—
10 a6 » 0
QIVLOOURAILOARIGENEER: [RASSSVE-YIM] wyDosr

DIOIGETEELERVICSVETTC [RASEEVE-YWEL] WYUOKY

DIQUTOSPSILAASVAINVTIIC, [RASQEISHYIA] WYDOKY

IR ey (- N rm
7] a0 10 [ [}
ABSMOWYY (APGELAN] OVIARPSOS0SOTSCILITERVES

GEAFKPLIT [APHNLAY) GVPSEFIOSGSGTDFTLITRALON

GEAFLLIY [MESLEE] OVFiRFSOSGSTTIFILIINELQF

—
%0 100
EDATYTC [OOMEFNPPT] VOAGTALELER
- [ ] L ]

il . vl6

bhem 13X

an?

hu2? . vié

o 1II°

hule? . vlé

nm 111

67

PCT/US2005/019641

Saquense Alignmant of Verighls Hosvy-Cheln Domsin

[, i J CORL e
10 0 n L 1]
SAYIQDOCAELYAFSAMSVIMACEAS [OTTPTESINN] WYROT

IYDEVENGOMLAGIGOSTALGCAND [GFTRSFEAME] WWRGA

—ra2— ] J—— R ——

0 a (1] 10 a0
PIOGIEWIG (ATYIGHODTSONOEIRS] EATUIVIESSUTAYM
(1] [ ] be Ad ad & &

1] 4 SkEFA & 4 AAMw - &

FOTCLEWA. [VISCOOOTVEADSVRG] RrYIERINEEMTLOL

—n e} CoR3 e TR ]
abe 70 100abcda 110
CLESUTEEDSAVITCAR [VVYYENEYWYTDV| MITQTIVIVIE

' L 1] * L -

CIMBLEAEDTAVYYCAN [VVHSeRWYTDY] WO0GTINTVEO

CIELAAEDTAVITCAR [GRVOYSLY---DY] WOOGTIATVER



WO 2005/117978

an?
hudH7.v1l6

hum IIX

hmaE7.v16

bum IIT °

hu2n?.v16

hum III

PCT/US2005/019641

Sagquancs Alignment of Variabla Heavy-Chain Domain

i FR1 { CDR1 —

10 20 30 .0
OAYLOQBOAELVRPGASVIMACKAS [QYTFTSYMMH] WVKOQT
TN N *w - ¥ Ark - [ I

EVOLVEBGOULVQPOGSLALEBCAAS [GYTFTEYEMIH] WWROA

EVLVESQOUULVQPGEELALECAAD [GFTFBSYAMS] WVRDA

- - OR2 b 3
50 a 60 70 80
FROGLEWIG [AIYPGNGDTHYNOXFKG] KATLIVDKSSSTAYM

iy - L LN ] LL B B

POKGLEWVG [AIYPGNGDTSYNQXIFKG] RPTISVDESENTLYL

L] * Skbk ¥ ¥ FhAW L

PIKOLEWVA [VIBGDGOSTYYADOVEG] RFTISRDNGENTLTL

{ Ccom3 R4 —
abe 80 100abcde 110
QLSSLTSEDEAVYFCAR |[VVYVSNSYWYFIV) WGTGTTVIVES
w we @ . - »

QHNOLAAEDTAVYYCAR |[VWYYANSYWYFDV) WKQOTLVTVSS

R RSN AER &

OERESLAAEDYTAVYYCAR [GRAVOYSLY---DY] WOGQOTLVTVIS

\

64



£S5

WO 20057117978 PCT/US2005/019641

Humanized 2H7.v16 Light Chaln

DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIYAPSNLASGVPSRFSG
SGSGTDPTLTISSLOPEDFATYYCQOWSFNPPTFGQGTKVEIKRTVAAPSVF IPPPSDEQLKS
GTASVVCLLNNFYPREARVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHK
VYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:13)

FIG._2

Humeanized 2H7.v16 Heavy Chain

EVQLVESGGGLVQPGGSLRLSCAASGCYTFTSYNMHWVRQAPGRGLEWVGAIY PGNGDTSYNQOK
FRKGRFTISVDKSKNTLYLOMNSLRAEDTAVYYCARVVYYSNSYWYFDVIWGQGTLVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSS
VVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDP. AKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRNQOGNVF SCSVMHEALHNHY
TOKSLSLSPGK (SEQ ID NO:14)

FIG._3

Humanized 2H7.v31 Heavy Chain

EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQA PGKGLEWVGATIYPGNGDTSYNQK
FKGRP'TISVDKSKNTLYLOMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVRKDYFPEPVTVSWNSGALTSGVHTFPAVLQYSGLYSLSS
VVTVPSSSLGTQTY ICNVNHKPSNTKVDKKVE PKSCDKTHTCPPCPAPELLGGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHED AKTKPREEQYNATYRVVSVLTVLH
ODWLNGKEYKCKVSNKALPAPIAATISKAKGQPREPQVYTLPPSREEMTRNQVSLTCLVEGFY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQGNVFSCSVMHEALHNHY
TQKSLSLSPGK (SEQ ID NO:15)
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Light Chain Alignment

1 32
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQOKPGKAPKPLIYAP

iiiii*iiiitit'iiiiiiii‘iii*i*'i_-iiiiiiiﬁii*'*.*ii

DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQOKPGKAPKPLIYAP

52
SNLASGVPSRFSGS5GSGTDFTLTISSLQPEDFATYYCQOWSFNPPTFGOG

i***i*iﬁii*i**iiiiiiiii*ii*i**iii*iiiiii.ti*ii****

SNLASGVPSRFSCGSGSGTDFTLTISSLOPEDFATYYCQQWAFNPEPTFGQG

102
TRVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFY

(22 222222222 Al R Rl Rl R 2l ] YR

TRVEIKRTVAAPSVFIFPPSDEQLESGTASVVCLLNNFYPREAKVOWKVD

152
NALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY EKHKVYACEVTHQGL

(222222 2R 3222 A2l l il R R 2]y )

NALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY EKHKVYACEVTHQGL

202 214
SSPVTKSFNRGEC

Wk kb kb hdddd

SSPVTKSFNRGEC
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Heavy Chain Alignment

1
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHW

(2122122122122l Rl 2Rl l] )

EVOLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHW

37 52a 82abc
VROAPGKGLEWVGAIYPGNGDTSYNQRKFKGRFTISVDKSKNTLYLQMNSL

TR Rwh TR Rk R bk kkkdhdwbhkddbk kb bk kh kb kb d

VROQAPGKGLEWVGAIYPGNGATSYNQRFKGRFTISVDKSKNTLYLOMNSL

a3 100abcde 113
RAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTIVSS

o o o ok ok i ol e o v v oy ol W W L 22 2 AR 222 X2l l ]

RAEDTAVYYCARVVYYSYRYWYFDVWGQGTLVTIVSS

118
ASTRGPSVFPLAPS

ke ody oty el b e e v e ok

ASTRKGPSVFPLAPS

132
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS

LA AR 2 2 2L AR ARl Rl il i s R R 2 dd il

SKSTSGETAALGCLVKDYFPEPVIVSWNSGALTSGVHTF PAVLOSSGLYS

182
LSSVVTVPSSSLGTQTY ICNVNHKPSNTRVDKKVEPKSCDKTHTCPPCPA

LA A4 222 ALl R Rl il Rl diR Rl st A R d R Xl Rl

LSSVVTVPSSSLGTQTY ICNVNHKPSNTKVDKRVEPRSCDKTHTCPPCPA

232
PELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDG

L2222 AR Rl il l Rl Rl R X 2 X Rl R

PELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDG

282
VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAP

Wik hdhhkh bbb kbR A A h bbb hd ol hbdd

VEVHNAKTKPREEQYNATYRVVSVLTVLHQDWLNGKEYKCKVSNAALPAP

332
IERTISKAKGQPREPQVYTLPPSREEMTRNQVSLTCLVRGFYPSDIAVEW

- L2 2212 222222l iRl ettt A2 R R 2 R A d 2 AR LA ) )

IAATISKAKGOQPREPQVYTLPPSREEMTEKNQVSLTCLVKGFYPSDIAVEW

3s2
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDRKSRWQQGNVFSCSVMHEA
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<110>

<120>
<130>

<140>
<141>

<150>
<151>

<160>
<210>
<211>
<212>
<213>

<400> 1

P2134R1(SEQLISTING REVISED)
Sequence Listing

GENENTECH, INC.
FROHNA, PAUL A.

METHOD FOR TREATING MULTIPLE SCLEROSIS
P2134R1 PCT

PCT/US2005/019641
2005-06-02

Us 60/576,993
2004-06-04

25

o

107

PRT

Mus musculus

Gln I1e val Leu Ser GIn Ser Pro Ala Ile Leu
1 5 10

Gly Glu Lys val Tgs Met Thr Cys Arg Ala Ser

25

Tyr Met His Tr r Gin GIn Lys Pro Gly Ser
t h
Trp Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly
+ 50 55
Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser
dhadliy' - d 70
Arg val Glu Ala Glu Asp Ala Ala Thr Tyr Tyr
80 sz
Ser Phe Asn Pro Pro Thr Phe Gly Ala Gas Thr
95 1
Lys Arg
<210> 2
<211> 107
<212> PRT
<213> Artificial sequence
<220>
<223> Sequence is synthesized.
<400> 2

Asg Ile GIn Met Th; GIn Ser Pro Ser Ser Leu

10

Gly Asp Arg val Tga Ile Thr Cys Arg Ala Ser

25

Tyr Met His Trp Tg; GIn GIn Lys Pro Gly Lys

4

Leu Ile Tyr Ala P;g Ser Asn Leu Ala Ser Gly

55

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
y 6¥ y P 70

Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr
80 sz

ser Phe Asn Pro Pro Thr Phe Gly GIn ggz Thr
95

Lys Arg

<210>
<211>

3
108

Ser

ser

ser

val

Leu

LysS

ser

Ser

Ala

val

Leu

cys

Lys

Pidgina 1

Ala

Ser

Pro

Pro

Thr

GIn

Leu

Ala

Ser

Pro

Pro

Thr

Glin

val

Ser

val

Lys

Ala

Ile

Gln

Glu

Ser

val

Lys

ser

Ile

GIn

Glu

Pro
15

ser
30

Pro
45

Ar
6

ser
75

Tr
9

Leu
105

val
15

Ser
30

Pro
45

Ar
6

ser
75

Tr
9

Ile
105



P2134R1(SEQLISTING REVISED)

<212> PRT
<213> Artificial Sequence

<220»

<223> Sequence is synthesized.

<400> 3
Asg ITe GIn Met Th; GIln Ser

Gly Asp Arg val Tgs Ile Thr
Asn Tyr Leu Ala T;g Tyr GIn
Leu Leu Ile Tyr A}g Ala Ser
Arg Phe Ser Gly SE; Gly Ser
Ser Ser Leu GIn P;g Glu Asp
Tyr Asn Ser Leu P;g Trp Thr
Ile Lys Arg

<210> 4

<211> 10

<212> PRT

<213> Mus musculus

<400> 4
Arg Ala Ser Ser Se; val ser

<210> 5

<211> 7

<212> PRT

<213> Mus musculus

<400> 5§
Ala Pro Ser Asn Leg Ala Ser

<210> 6

<211> 9

<212> PRT

<213> Mus musculus

<400> 6
GIn GIn Trp Ser Phg Asn Pro

<210> 7

<211> 122

<212> PRT

<213> Mus musculus

<2?3>A¥a Tyr Leu G1g GIn Ser
Ala Ser val Lys Mgg ser Cys
Ser Tyr Asn Met H;? Trp val
Glu Trp Ile Gly A}g Ile Tyr

Asn GIn Lys Phe ng Gly Lys

Ser Ser Thr Ala T;E Met GIn

Pro
Cys
GIln
Ser
Gly
Phe

Phe

Pro

Gly
Lys
Lys
Pro
Ala

Leu

ser
Arg
Lys
Leu
Thr
Ala

Gly

Met

Thr

Ala
Ala
Gln
Gly
Thr

ser

ser Leu Ser
10

Ala Ser GlIn
25

Pro Gly Lys
40 y Ly

Glu Ser Gl
55 y

Asp Phe Thr
7

Thr
85

Gln Gly Thr
100

Tyr Tyr

His
10

Ala

ser

Ala

val

Leu

cys

Lys

ser

Ile

Pro

Pro

Thr

Gln

val

val
15

Ser
30

Lys
3

ser
Ile
75

Gln
90

Glu
105

Glu Leu val Arg Pro Gly
10 15

Ser Gl r Thr phe Thr
25 y o 3

0

Thr Pro Arg GIn Gly Leu
40 45

Asn Gly Asp Thr Ser Tvyr
55 y Asp Tzo

Leu Thr val Asp Lys Ser
70 75

Ser Leu Thr Ser Glu AsB
85 9

Pigina 2



Ser Ala val Tyr ng Cys Ala Arg val Xsa Tyr Tyr Ser Asn Ser

P2134R1(SEQLISTING REVISED)

r Trp Tyr pPhe Asp val Trp Gly Thr Gly Thr Thr val Thr
i P 118 11§

ser Ser

<210> 8
<211> 122
<212> PRT

<213> Artificial sequence

<220>

<223> Sequence is synthesized.

<400> 8
612 val GIn

Gly Ser Leu
Ser Tyr Ash
Glu Trp val
Asn GIn Lys
Lys Asn Thr
Thr Ala val
Tyr Trp Tyr
Ser Ser

<210> 9
<211> 119
<212> PRT

Leu val Glu Ser Gly Gly Gly Leu
5 y oy 15
Arg Leu Ser Cys Ala Ala Ser Gl
g 20 Y 25 y
Met His Trp val Arg GIn Ala Pro
35 40
Gly Ala Ile Tyr Pro Gly Asn Gl
y 50 TY y 55 Yy
Phe Lys Gly Arg Phe Thr Ile Ser
%S y Arg 70

Leu TXr Leu GIn Met Asn Ser Leu
0 a5

r Tyr Cys Ala Arg val val Tyr
4 sz 9 100

Phe Asp val Trp Gly GIn Gly Thr
118 pely 11!

<213> Artificial Sequence

<220>

<223> Sequence is synthesized.

<400> 9
615 val GIn

Gly Ser Leu
ser Tyr Ala
Glu Trp val
Ala Asp Ser
Lys Asn Thr
Thr Ala val
Tyr Asp Tyr

<210> 10
<213> 10
<212> PRT

Leu val Glu Ser Gly Gly Gly Leu
5 1

Arg Leu Ser Cys Ala Ala Ser Gly
9 20 25

Met Ser Trp val Arg GIn Alg Pro

35

Ala val Ile Ser Gly Asp Gly Gly
50 4 5¥

val ng Gly Arg Phe Thr I;S Ser

Leu Thr Leu GIn Met Asn Ser Leu
80 85

r Tyr Cys Ala Arg Gly Arg val
R4 T!S 9 108

Trp Gly GIn Gly Thr Leu val Thr
P 115 Y 115

<213> Mus musculus

val GlIn
Tyr Thr
Gly Lys
Asp Thr
val Asp
Arg Ala
Tyr Ser

Leu val

val GlIn
Phe Thr
Gly Lys
Ser Thr
Arg Asp
Arg Ala

Gly Tyr

val Ser

Pagina 3

Pro
Phe
Gly
Ser
Lys
Glu
ASn

Thr

Pro
Phe
Gly
TYyr
Asn
Glu
Ser

ser

105

val
120

Gl
1l

Thr
30

Ley
45

%0
Ser
75

AS
9

Ser
105

val
120

Gl
1

ser
30

Leu
45

&
ser
75

AS
9

Leu
105



<400> 10
Gly Tyr Thr Phe Th; Ser Tyr Asn Met His

<210> 11
<211> 17
<212> PRT
<213> Mus musculus

<400> 11

P2134R1(SEQLISTING REVISED)

Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser
1rew { y Asp TAT 570

Lys

Gly

<210> 12

<211>

13

<212> PRT
<213> Mus musculus

<400>

12

val val Tyr Tyr Se; Asn Ser Tyr

<210>

13

<211> 213
<212> PRT
<213> Artificial sequence

<220>

<223> Sequence is synthesized.

<400>
ASp
1

Gly
Tyr
Leu
Phe
Ser
Ser
Lys
Asp
Asn
Asn
Asp
Ser
Thr
Gly

<210>

13
Ile

Asp

Met

Ile

Ser

Leu

Phe

Arg

Glu

ASn

Ala

Ser

Lys

His

Glu

14

GIn Met Th; GIn

Arg
His
Tyr
Gly
Gln
Asn
Thr
GIn
Phe
Leu
Lys
Ala
Gln

Cys

<211> 452

val Thr Ile
20

Trp

Ala

ser

Pro

Pro

val

Leu

TYyr

Gln

AsSp

ASp

T;l"
5
Pro
50
Gl
6

Glu
80

Pro
95

Ala
110

Lys
135
Pro
140

Ser
155

Ser
170

5

GIn
ser
Ser
ASp
Thr
Ala
ser
Arg
Gly
Thr

Glu

Gly Leu Ser
200

Ser
Thr
Gln
Asn
Gly
Phe
Phe
Pro
Gly
Glu
ASn
Tyr
Lys

Ser

Pro
Cys
Lys
Leu
Thr
Ala
Gly
ser
Thr
Ala
Ser
Ser
His

Pro

Trp

Ser

Arg

Pro

Ala

ASp

Thr

Gln

val

Ala

Lys

Gln

Leu

Lys

val

TYyr
10

ser
10

Ala
25

G]
4

ser
55

Phe
70

r
5

Gl
10

Phe
115

Ser
130

val
145

Glu
160

Ser
175

val
190

Thr
205

TYr

Phe

Leu
Ser
Lys
Gly
Thr
TYyr
Thr
Ile
val
Gln
Ser
Ser
Tyr

Lys

Asn

ASp

Ser

ser

Ala

val

Leu

Cys

Lys

Phe

val

Trp

val

Thr

Ala

ser

Pigina 4

Gln Lys Phe
y 15

val

Ala

Ser

Pro

Pro

Thr

GIn

val

Pro

cys

Lys

Thr

Leu

cys

Phe

Ser

val

Lys

ser

Ile

Gln

Glu

Pro

Leu

val

Glu

Thr

Glu

AsSn

val
15

Ser
30

45
A&0

ser
75

TSH
Ile
105

ser
120

Leu
135

AS
15

Gln
165

Leu
180

val
195

Ar
21

e}



<212> PRT
<213> Artificial sequence

<220>
<223> Sequence is synthesized.

<400> 14

612
Gly
ser
Glu
Asn
Lys
Thr
Tyr
Sser
ser
val
Gly
Ser
ser
Pro
Asp
Gly
Leu
val

Gly

Gln
Lys
Gly

Glu

val
ser
Tyr
Trp
GIn
ASn
Ala
Trp
ser
Ser
Lys
Ala
ser
Ser
ser
Lys
Gly
Met
Ser
val
Asn
ASp
Ala
Gln

Glu

P2134R1(SEQLISTING REVISED)

GIn Leu Va} Glu ser Gly Gly Glg Leu val

Leu Arg Leu Ser Cys
9 20

Asn Met His Trp val
35

val Gly Ala Ile
50

Lys Phe
Thr Leu
val Tyr
Tyr Phe
Ala ser
Lys Ser
ASp Tyr
Leu Thr
Gly Leu
Leu Gly
Asn Thr
Thr His
Pro Ser
Ile Ser
His Glu
Glu val
Ser Thr
Trp Leu
Leu Pro
Pro Arg

Met Thr

ng Gly
T!E Leu
i

Asp val
11

Thr Lys
125

Thr Ser
140

Phe Pro
155

Ser Gl
170 Y

Ix; ser

Thr Gln
200

Lys val
215

Thr Cys
230 4

val phe
245

QEB Thr

15 7

His Asn
290

B+

Asn Gly
320

Ala Pro
335

Glu Pro
350

g~

Tyr
Arg
Gln
Ala
Trp
Gly
Gly
Glu
val
Leu
Thr
Asp
Pro
Leu
Pro
Glu
Ala
val
Lys
Ile
GIn

GIn

Ala
Arg
Pro
Phe
Met
Arg
Gly
Pro
Gly
Pro
His
Ser
Tyr
Lys
Pro
Phe
Glu
val
Lys
val
Glu
Glu
val

val

Ala
GIn
Gly
Thr
Asn
val
Gin
Ser
Thr

val

ser
Ile
Lys
Cys
Pro
val
Lys
Thr
ser
Tyr
Lys
Tyr

Ser

Ser Gl
25 y

Ala Pro
40

Asn Gl
55 y

Ile Ser
70

Ser Leu
85

val Tyr
100

Gly Thr
11

val Phe
130

Ala Ala
145

Thr val
160

Phe Pro
175

val val
190

Cys Asn
255
val Glu
220

Pro Ala
235

Pro Lys
250 4

Thr Cys
265

Phe Asn
280

5;? Pro

val Leu
310

LYys Cys
3!5
Thr Ile
340

Thr Leu
355

Leu Thr
370

Tyr
Gly
Asp
val
Arg
Tyr
Leu
Pro
Leu
sSer
Ala
Thr
val
Pro
Pro
Pro
val
Trp
Arg
Thr
Lys
Ser
Pro

Cys

Pigina 5

Gln
Thr
Lys
Thr
Asp
Ala
Ser
val
Leu
Gly
Trp
val
val
Asn
Lys
Glu
Lys
val
Tyr
Glu
val
val
Lys
Pro

Leu

Pro
Phe
Gly
Ser
Lys
Glu
Asn
Thr
Ala
Cys
Asn
Leu
Pro
His
ser
Leu
Asp
val
val
Glu
Leu
Ser
Ala
Ser

val

it

Thr
30

Leu
45

§
ser
75

AS
9

Ser
105

val
120

Pro
135

Leu
150

ser
165

Gln
180

ser
195

1]
3%

Leu
240

255
AS
27
AS
28
GIn
300

His
315

Ash
330

Lys
345

363

373



Gly Phe Tyr Pro
GIn Pro Glu Asn
Asp Gly Ser Phe
Arg Trp GiIn GIn

Ala Leu His Asn

Gly

Lys

<210> 15
<211> 452
<212> PRT
<213>» Artificial sequence

<220>
<223> Sequence is synthesized.

<400> 15

Glg
Gly
ser
Glu
ASn
Lys
Thr
Tyr
ser
ser
val
Gly
Ser
Ser
Pro
Asp
Gly
Leu

val

val
Ser
Tyr
Trp
Gln
ASn
Ala
Trp
Ser
ser
Lys
Ala
ser
Ser
Ser
Lys
Gly
Met

Ser

395

p
410

440

P2134R1(SEQLISTING REVISED)
gag Trp Glu Ser Asn

GIn Leu Va} Glu Ser

Leu Arg Leu Ser Cys
20

ASn Met “;? Trp val

val Gly Ala Ile Tyr
50

Lys Phe ng

Thr Leu sz

val Tyr 1;;
Tyr Phe iig

Ala Ser Thr
125

Lys Ser Thr
140

AS r Phe
P Ty 155

Leu Thr Ser
170

Gly Leu Ix;

Leu Gly Thr
200

Asn Thr L{s
215
Thr His Thr
230

Pro Ser val
245

Ile Ser AFr
26

His Glu Asp

Gly
Lev
Cys
val
Lys
Ser
Pro
Gly
ser
GlIn
val
Cys
Phe
Thr

Pro

Arg
GIn
Ala
Trp
Gly
Gly
Glu
val
Leu
Thr
Asp
Pro
Leu
Pro

Glu

he Leu Tyr Ser
Gl¥ Asn val Phe
42

His Tyr Thr GIn

Gly
Ala
Arg
Pro
Phe
Met
Arg
Gly
Pro
Gly
Pro
His
Ser
Tyr
Lys
Pro
Phe
Glu

val

Ser Asp Ile Ala va
380

Asn Tyr Lys Thr Thr

Lys
ser

Lys

Gly
Ala
Gln
Gly
Thr
AsSh
val
Gln
ser
Thr
val
Thr
ser
Ile
Lys
cys
Pro
val

Lys

Pro Pro
400

Leu Thr
415

% =

Ser Leu
445

Gly Leu
1

Ser Gl
25 y

Ala Pro
40

Asn Gly
55

Ile Ser
70

Ser Leu
85

val r
100 4

Gly Thr
11

val phe
130

Ala Ala
145

Thr val
160

Phe Pro
175

val val
190

Cys Asn
585
val Glu
220

Pro Ala
235

Pro Lys
250

Thr Cys
265 &

Phe Asn

val
val
val

ser

val
TYyr
Gly
AsSp
val
Arg
Tyr
Leu
Pro
Leu
ser
Ala
Thr
val
Pro
Pro
Pro
val

Trp

Pagina 6

teu
Asp
Met

Leu

Gln
Thr
Lys
Thr
ASp
Ala
Ser
val
Leu
Gly
Trp
val
val
Asn
Lys
Glu
Lys
val

TYr

Asp
Lys
His

Ser

Pro
Phe
Gly
ser
Lys
Glu
Asn
Thr
Ala
Cys
Asn
Leu
Pro
His
Ser
Leu
Asp
val

val

Gl
39

Ser
405

ser
420

Glu
435

Pro
430

Gl
1

Thr
30

Leu
45

r
0

ser
75

AS
9

Ser
105

val
120

Pro
135

Leu
150

Ser
165

GIn
130

ser
195

40
25

Leu
240

255

AS
27

ASp



Gly val
Tyr Asn
Gln Asp
Lys Ala
Gly GIn
Glu Glu
Gly Phe
Gin Pro
Asp Gly
Arg Trp
Ala Leu
Gly Lys

<210> 16

Glu val

Ala Thr

Trp Leu

Leu Pro

Pro Arg

Met Thr

Tyr Pro
Glu Asn
Ser Phe
Gin Gin

His Asn

<211> 213
«212> PRT
<213> Artificial sequence

<220>

275

His Asn Ala

290

305

Asn
320

Ala
335

Glu
350

383

Ser
380

Asn
395

Arg val

Gly Lys

Pro Ile

Pro GIn

Asn GIn

Asp Ile

TYyr Lys

Phe Leu
410

e

TYr
val

His Tyr Thr

440

Lys

val

Glu

Ala

val

val

Ala

Thr

ser

Phe

GIn

<223> Sequence is synthesized.

<400> 16
Asg Ile

Gly Asp
Tyr Leu
Leu Ile

Phe Ser

Ser Leu

Ala phe
Lys Arg
Asp Glu
Asn Asn
Asn Ala

Asp Ser

Gln Met
Arg val
His Trp
Tyr Ala
Gly Ser
GlIn Pro
Asn Pro
Thr val
Gin Leu
Phe Tyr
Leu Gln

Lys Asp

Th; GIn Ser
Thr Ile Thr
20
T!r GIn GlIn
5
Pro Ser Asn
Gly Ser Gly
6%
Glu Asp Phe
80
Pro Thr Phe
95
Ala Ala Pro
110
L¥s Ser Gly
125
Pro Arg Glu
140
Ser Gly Asn
155

Ser Thr Tyr
170

Pro
Cys
Lys
Leu
Thr
Ala
Gly
ser
Thr
Ala
Ser

Ser

Thr

ser

Tyr

Ala

Tyr

Ser

val

Thr

Lys

Ser

Lys

Ser

Arg

Pro

Ala

Asp

Thr

Gln

val

Ala

Lys

GIn

Leu

Pro Arg

Lys
2bs
val
3lo

Lys
3!5
Thr
340

Thr
3558

Leu
370

Glu
3858

Pro
400

Leu
415

&0

Ser
445

Leu Thr

Cys Lys

Ile Ser

Leu Pro

Thr Cys

Trp Glu

Pro val

Thr val

Ser val

Leu Ser

Ser Leu

10

Ala
25

Gl
4

ser
55

Phe Thr
70

gy v

Gly Thr

ser

S5er ser

Lys Ala

Gly val

Leu
Cys
Lys

Phe ITe pPhe

115

Ser val
130

val Gln
145

val
Trp

Glu Ser val

160

Ser Ser Thr
175
Pdgina 7

P2134R1(S§ghFSTING REVISED)

Glu Glu
val Leu
val Ser

Lys Ala

Pro Ser

Leu Vval

Ser Asn
Leu Asp
Asp Lys
Met His

Leu Ser

Ala ser

Ser val
Pro Lys
Pro Ser
Thr Ile
GIn Gln
val Glu
Pro Pro
Cys Leu
Lys val
Thr Glu

Leu Thr

285

Gln
300

His
315

Asn
330
Lys
345

Ar
36

375
Gl
3

ser
405

ser
420

Glu
435

Pro
450

val
15

Ser
30

Pro
45

Ar
6

Ser
75

Tr
9

Ile
105

Ser
120

Leu
135
AS
15
GIn
165

Leu
180



Ser Lys Ala Asp I‘; Glu Lys His Lys Xga Tyr Ala Cys Glu val

P2134R1(SEQLISTING REVISED)

Thr His GIn Gly Leu Ser Ser Pro val
200

Gly

Glu Cys

<210> 17

<211> 452
<212> PRT
<213> Artificial sequence

<220>
<223> Sequence is synthesized.

<400> 17

Glu

1
Gly
ser
Glu
Asn

LyS

Ser
ser
val
Gly
Ser
ser
Pro
Asp
Gly
Leu
val

Gly

val GIn

Ser Leu Arg

Tyr Asn Met

Trp val Gly

GIn Lys Phe

Asn Thr Leu

Ala val Tyr

Trp Tyr Phe

Ser Ala Ser

Ser Lys Ser

LyS ASsp Tyr

Ala Leu Thr

Ser Gly Leu

Ser Leu Gly

Ser Asn Thr

Lys Thr His

Gly Pro Ser

Met Ile Ser

Ser His Glu

val Glu val

Asn Ala Thr

Leu Ser
20

His
35

Ala
50

&
%0
R4

AS
11

Thr
125

Thr
140

Phe
155

ser
170

15

Thr
200

s

Thr
230

val
245

sep ™

- e

Trp
Ile
Gly
Leu
Cys
val
Lys
Ser
Pro
Gly
Ser
GIn
val
Cys

Phe

His Asn
290

%+

Cys
val
Tyr
Arg
Gln
Ala
Trp
Gly
Gly
Glu
val
Leu
Thr
AsSp
Pro
Leu
Pro
Glu
Ala

val

Ala
Arg
Pro
Phe
Met
Arg
Gly
Pro
Gly
Pro
His
ser
Tyr
Lys
Pro
Phe
Glu
val
Lys

val

Leu Va} Glu ser Gly Gly

Ala
Gln
Gly
Thr
Asn
val
GlIn
ser
Thr

val

ser
Ile
Lys
Cys
Pro
val
Lys
Thr

ser

Thr
205

“¥

ser
25

Ala
40

ASn
35

Ile
70

ser
85

val
100

Gl
11

val
130

Ala
145

Thr
160

Phe
175

val
190

CES
205
val
220

Pro
235

Pro
250

Thr
265

Phe
280

15

val
310

Lys Ser Phe

Leu val GIn

Gly Tyr Thr

Pro Gly Lys

Gly Ala Thr

Ser val Asp

Leu Arg Ala

Tyr Tyr Ser

Thr Leu val

Phe Pro Leu

Ala Leu Gly

val Ser Trp

Pro Ala val

val Thr val

Asn val Asn

Glu Pro Lys

Ala Pro Glu

Lys Pro Lys

Cys val val

Asn Trp Tyr
Pro Arg Glu

Leu Thr val

Pigina 8

ASn

Pro
Phe
Gly
Ser
Lys

Glu

Thr
Ala
cys
Asn
Leu
Pro
His
Ser
Leu
Asp
val
val
Glu

Leu

195

Ar
21

Gl
1l

Thr
30

Leu
45

R4
Ser
75
AS
9
Ar
10
val
120

Pro
135

Leu
150

ser
165

Gln
180

Ser
195

40
2

Leu
240

Thr
255
Asp
270
AS)

28

Gln
300

His
315



Gin Asp Trp
Ala Ala Leu
Gly GIn Pro
Glu Glu Met
Gly Phe Tyr
GIn Pro Glu
ASp Gly Ser
Arg Trp GIn
Ala Leu His
Gly Lys

<210> 18
<211> 10
<212> PRT

Leu

Pro

Arg

Thr

Pro

Asn

Phe

Gln

ASn

Asn Gly
320

Ala Pro
335

Glu Pro
350

3

Ser Asp
380

Asn Tyr
395 R4

Phe Leu
410

o

His Tyr
440

P2134R1(SEQLISTING REVISED)
Lys Glu Tyr %{; Cys Lys val Ser

Ile

GIn

Gin

Ile

Lys

Tyr

val

Thr

<213> Artificial sequence

<220>

Ala Ala
val Tyr
val Ser
Ala val
Thr Thr
ser Lys
Phe Ser

GIn Lys

<223> sequence is synthesized

<220>
<221> Xaa
<222> 9

<223> Xaa is Mor L

<400> 18

Thr
340

Thr
355

Leu
370

Glu
385

Pro
400

Leu
415

o

Ser
445

Arg Ala Ser Ser Seg val Ser Tyr Xaa Hig

<210> 19
<211> 9
<212> PRT

<213> Artificial sequence

<220>

<223> Sequence is synthesized.

<220>
<221> Xaa
<222> 4

<223> Xaa is S or A

<400> 19

GIn GIn Trp Xaa Phg Asn Pro Pro Thr

<210> 20
<21l> 17
<212> PRT

<213> Artificial sequence

<220>

<223> Sequence is synthesized.

<220>
<221> Xaa
<222> 8

<223> Xaa is D or A

<400> 20

Ala ITe Tyr Pro Gly Asn Gly Xaa Thr Ser Tyr Asn GIn Lys Phe
1 i ¥ y 10 15

Lys Gly

Ile Ser
Leu Pro
Thr Cys
Trp Glu
Pro val
Thr val
Ser val

Leu Ser

Pagina 9

Lys Ala
Pro ser
Leu val
Ser Asn
Leu Asp
ASp LyS
Met His

Leu Ser

Asn
330

Lys
345

363
373
5o

ser
405

ser
420

Glu
435

Pro
450



<210» 21
<211> 13
<212> PRT

<213> Artificial sequence

<220>

P2134R1(SEQLISTING REVISED)

<223> Sequence is synthesized.

<220>
<221> Xaa
<222> 6

<223> Xaa is N, A, Y, Wor D

<220>

<221> Xaa
<222> 7
<223> Xaa 1is

<400> 21

SorR

val val Tyr Tyr Se; Xaa Xaa Tyr Trp T{E Phe

<210> 22
<211> 451
<212> PRT

<213> Artificial sequence

<220>

<223> Sequence is synthesized.

<400> 22

GIg val GIn Leu va; Glu

Gly Ser Leu
ser Tyr Asn
Glu Trp val
Asn GIn Lys
Lys Asn Thr
Thr Ala val
Tyr Trp Tyr
Ser Ser Ala
Ser Ser Lys
val Lys Asp
Gly Ala Leu
Ser Ser Gly
Ser Ser Leu
Pro Ser Asn
Asp Lys Thr

Gly Gly Pro

Arg Leu
20
Met His
35
Gly Ala
50

Phe ng

Leu sz
™y

Phe As
11

Ser Thr
125

Ser Thr
140

r Phe
4 155

Thr Ser
170

Leu I;;

Gly Thr
200

Thr Lys
215

His Thr
230

Ser val

Ser
Trp
Ile
Gly
Leu
Cys
val
Lys
ser
Pro
Gly
ser
Gln
val
cys

Phe

ser
Cys
val
Tyr
Arg
GIn
Ala
Trp
Gly
Gly
Glu
val
Leu
Thr
AsSp
Pro

Leu

Gly
Ala
Arg
Pro
Phe
Met
Arg
Gly
Pro
Gly
Pro
His
ser
Tyr
Lys
Pro

Phe

Gly
Ala
GIn
Gly
Thr
Asn
val
Glin
Ser
Thr
val
Thr
Ser
Ile
Lys
Cys

Pro

Gly Leu
1

Ser Gl
25 y

Ala Pro
40

Asn Gly
55

Ile Ser
70

Ser Leu
85

val r
100 b

Gly Thr
115

val phe
130

Ala Ala
145

Thr val
160

Phe Pro
175

val val
190

%.’51 AsSn

val Glu
220

Pro Ala
235

Pro Lys

ASp

val
Tyr
Gly
ASp
val
Arg
Tyr
Leu
Pro
Leu
Ser
Ala
Thr
val
Pro
Pro

Pro

Pigina 10

val

Gln
Thr
Lys
Thr
Asp
Ala
ser
val
Leu
Gly
Trp
val
val
Asn
Lys

Glu

Pro
Phe
Gly
ser
Lys
Glu
Asn
Thr
Ala
Cys
Asn
Leu
Pro
His
ser

Leu

“¥

Thr
30

Leu
45

4
ser
75

AS
9

ser
105

val
120

Pro
135

Leu
150

ser
165

Gln
180

Ser
195

210
2

Leu
240

Lys Asp Thr



245
Leu Met Ile Ser Agg Thr Pro Glu
2
val Ser His Glu Asp Pro Glu val
275

Gly val Glu val His Asn Ala Lys
290

Tyr Asn Ser Thr Tyr Arg val val
305 A
Gln Asp Trp Leu Asn Gly Lys Glu
p Trp 0 y Ly

Lys Ala Leu Pro g;: Pro Ile Glu

Gly GIn Pro Arg Glu Pro GIn val
350

Glu Glu Met Thr Lgs Asn Gln val
365

Gly Phe Tyr Pro Ser Asp Ile Ala
380

GIn Pro Glu Asn ggg Tyr Lys Thr

Asp Gly Ser phe Phe Leu Tyr Ser
p Gly 410 TY

Arg Trp GIn GIn Gly Asn val Phe
91re a2t

Ala Leu His Asn His Tyr Thr GIn
440

Gly

<210> 23

<211> 107

<212> PRT

<213> Artificial sequence

<220>
<223> Sequence is synthesized.

<400> 23
Asg Ile GIn Met Th; GIn Ser Pro
Gly Asp Arg val 125 Ile Thr Cys
Tyr Leu His Trp ng Gln Gln Lys
Leu Ile Tyr Ala ng ser Asn Leu
Phe Ser Gly Ser Ggg Ser Gly Thr
Ser Leu GIn Pro G;g Asp Phe Ala
Ala Phe Asn Pro P;g Thr Phe Gly
Lys Arg

<210> 24

<211> 122

<212> PRT

<213> Artificial sequence

val

Lys

Thr

sSer

Tyr

Lys

Tyr

5er

val

Thr

LyS

Ser

Lys

Ser

Arg

Pro

Ala

ASp

Thr

GlIn

Thr Cys
265 Y

Phe Asn
280

Lys Pro
2;5
val Leu
310
Lys Cys
3!5
Thr Ile
340

Thr Leu
355

Leu Thr
370

Glu Trp
385

Pro Pro
400

Leu Thr
415

3‘5) Ser

Ser Leu
445

ser Leu
10

Ala Ser
25

Gly Lys
4

ser Gly
55

Phe Thr
70

f {3

Gly Thr
1

val

Trp

Arg

Thr

Lys

ser

Pro

Cys

Glu

val

val

val

Ser

ser

Ser

Ala

val

Leu

Cys

Lys

Pagina 11

val

TYyr

Glu

val

val

Lys

Pro

Leu

Ser

Leu

Asp

Met

Leu

Ala

Ser

Pro

Pro

Thr

Gln

val

P2134R1(SE2Q5I615TING REVISED)

val

val

Glu

Leu

ser

Ala

Ser

val

Asn

ASp

Lys

His

Ser

ser

val

Lys

Ser

Ile

GIn

Glu

255

AS
27

AS
28

GlIn
300

His
315

Asn
330
LyS
3!5
Ar

365
Lys
373
Gl

ser
405

ser
420

Glu
435

Pro
450

val
15

Ser
30

Pro
45

K

ser
75

g

Ile
105



<220>
<223> Sequence is synthesized.

<400> 24
G1g val GIn Leu Va} Glu Ser Gly Gly

P2134R1(SEQLISTING REVISED)

Gly Ser Leu Arg ng Ser Cys Ala Ala

Ser

Glu

AsSn

LysS

Thr

Tyr

Ser

Tyr Asn Met Hgg Trp val Arg GIn

Trp val Gly A}g Ile Tyr Pro Gly

GIn Lys Phe ng Gly Arg Phe Thr

Asn Thr Leu sz Leu GIn Met Asn

Ala val Tyr T;E Cys Ala Arg val

Trp Tyr Phe Asp val Trp Gly Gln
TY 118 p Gly

Ser

<210> 25

<211> 451
<212> PRT
<213> Artificial sequence

<220>
<223> Sequence is synthesized.

<400> 25
val GIn Leu va'; Glu Ser Gly Gly

Glu

1
Gly
sSer
Glu
Asn

Lys

Ser
ser
val
Gly
Ser

ser

Ser Leu Arg Leu
20

Tyr Asn Met His
35
Trp val Gly Ala
50

GIn Lys Phe Lys
Y &5
Asn Thr Leu Tyr
%o
Ala val r Tyr
Al !

Tr r Phe As
Py 118
Ser Ala Ser Thr
125
Ser Lys Ser Thr
140
Lys AS r Phe
P Ty 155

Ala Leu Thr Ser
170

ser Gly Leu Ix;

Ser Leu Gly Thr
200

Ser Cys
Trp val
Ile Tyr
Gly Arg
Leu GIn
Cys Ala
val Trp
Lys Gly
Ser Gly
Pro Glu
Gly val
Ser Leu

GIln Thr

Ala Ala
Arg Gln
Pro Gly
Phe Thr
Met Asn
Arg val
Gly GIn
Pro ser
Gly Thr
Pro val
His Thr
Ser Ser

Tyr Ile

615 Lteu val GIn Pro G'Ig
1 1

ser
25

Ala
40

Asn
55

Ile
70

ser
85

val
100

Gl
11

Gly Tyr Thr

Pro Gly Lys

Gly Ala Thr

Ser val Asp

Leu Arg Ala

Tyr Tyr Ser

Thr Leu val

615 Leu val GIn
1

Ser Gl r Thr
ge yTy

Ala
40

Asn
35

Ile
70

ser
85

val
100

9
11

val
130

Ala
145

Thr
160

Phe
175

val
190

265

fro
Gly
Ser
Leu
Tyr
Thr
Phe
Ala
val
Pro
val

ASn

Gly
Ala
val
Arg
Tyr
Leu
Pro
Leu
ser
Ala
Thr

val

Pdgina 12

Lys
Thr
Asp
Ala
ser
val
Leu
Gly
Trp
val
val

AsSh

Phe
Gly
ser
Lys
Glu
Tyr

Thr

Pro
Phe
Gly
Ser
Lys
Glu
Tyr
Thr
Ala
Cys
Asn
Leu
Pro

His

Thr
30

Leu
45

R4S
ser
75
AS|
9
Ar
10
val
120

Gl
1

Thr
30

Leu
45

R
Ser
75
AS
9
Ar
10
val
120

Pro
135

Leu
150

ser
165

Gln
180

ser
195

Lys
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METODO PARA TRATAR ESCLEROSIS MULTIPLE

Campo de la Invencidn

La presente invencidén se relaciona con métodos para tratar
esclerosis miltiple (MS) en un sujeto utilizando regimenes y
protocolos de dosificacién especial, y un articulo de manufactura

con instrucciones para tal uso.
Antecedantes de la Invencién

Esclerosis Maltiple

La esclerosis miltiple (MS) es una enfermedad degenerativa
inflamatoria y desmelanizante del sistema nervioso central humano
(CNS) es una enfermedad mundial que afecta aproximadamente a
300,000 personas en los Estados Unidos; esta es una enfermedad de
adultos jbévenes, con 70%-80% teniendo inicio entre los 20 y 40
aflos (Anderson et al Ann Neurology 31(3):333— 6 (1992); Noonan et
al Neurology 58:136-8 (2002)). La MS es un desorden heterogéneo
basado en el curso clinico, valoracién de exploracién de imdgenes
de rescnancia magnética (MRI), y analisis de patologia de biopsia
y material de autopsia (Lucchinetti et al. Ann Neurol 47:707-17
(2000)). La enfermedad se manifiesta en si misma en un gran
nimero de posibles combinaciones de déficit, incluyendo 1la
columna vertebral, tronco encefalico, nervios craneales,

cerebelosos, cerebrales, y sindromes cognitivos. La discapacidad
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progresiva es el destino de la mayoria de los pacientes con MS,
especialmente cuando se incluye una perspectiva de 25 afios. La
mitad de los pacientes con MS requieren un bastén para caminar 15
afios a partir del inicio de la enfermedad. La MS es la causa
principal de discapacidad neurolédgica en adultos jbévenes y de
edad media y, hasta la década pasada no tenia tratamientos
benéficos conocidos. La MS es dificil de diagnosticar en razén de
los hallazgos clinicos no especificos, que conducen al desarrollo
de criterlios de diagnéstico altamente estructurados que incluyen
varios avances tecnolégicos, que consisten en exploraciones MRI,
potenciales evocados, y estudios del fluido cerebro espinal
(CSF). Todos los criterios de diagnéstico confian en los
principios generales de lesiones esparcidas en la materia blanca
central que ocurren en diferentes momentos y no explicadas por
otras etiologfias tales comc infeccidn, desorden vascular, o
desorden autoinmune (McDonald et al. Ann Neurol 50:121-7 (2001)).
La MS tiene cuatro patrones de enfermedad: MS recidivante-
remitente (RRMS; B0%-85% de los casos al momento del inicio), MS
progresiva primaria (PPMS; 10%— 15% en el momento del inicio), MS
progresiva recidivante (PRMS; 5% al momento del inicio); y MS
progresiva secundaria (SPMS) {(Kremenchutzky et al. Brain 122 (Pt
10):1941- 50 (1999); Confavreux et al N Engl J Med 343(20): 1430-
8 (2000)). Un 50% estimado de pacientes con RRMS desarrollarad
SPMS a los 10 afios, y hasta el 90% de "los pacientes RRMS
eventualmente desarrollard SPMS (Welnshenker et al. Brain 112 (Pt

1):133-6 (1989)).
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Habitualmente, seis drogas en cuatro clases esté&n aprobadas
en los Estados Unidos para el tratamiento de RRMS, mientras que
no se han aprobado drogas para PPMS. Los tratamientos de RRMS
incluyen los sigulentes: en la clase interferén, IFN-beta-la
(REBIF® y AVONEX®) e IFN-beta-1lb (BETASERON®); glatiramer acetato
{COPAXONE®) , un polipéptido; natalizumab (TYSABRI®) ; y
mitoxantrona (NOVANTRONA®), un agente citotdxico. Otras drogas se
han utilizado con grados variantes de ¢éxito, incluyendo
corticosteroides, metotrexato, ciclofosfamida, azatioprina, e
inmunoglobulina intravenosa (IV). Los Dbeneficios de los
tratamientos habitualmente o aprobados actualmente son
relativamente modestos (~30%) para tasa de recaida y prevencién
de discapacidad en RRMS como lo sugirieron dos recientes meta-

andlisis (Filippini et al. Lancet 361: 545-52 (2003)).

Otros estudios clinicos evaluaron otros agentes
inmunomodulatorios en MS, incluyendo inhibidores de factor a de
necrosis tumoral y ligandos de péptido alterados, que agravaron
en lugar de mejorar la MS (Lenercept Multiple Sclerosis Study
Group and the University of British Columbia MS/MRI Neurology
53:457-65 (1999); Bielekova et al. Nat Med 2000; 6: 1167-75

(2000), erratum appears en Nat Med 6: 1412 (2000)).

La visién predominante de la patologia MS ha sostenido que
la inflamacién es principalmente mediada por células T CD4* Thl.
Las aproximaciones terapéuticas basadas en esta teoria tales como

IFN-beta y disminucién del acetato de glatiramer, pero no evitan
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completamente, la ocurrencia de exacerbaciones o acumulacién de

discapacidad.

La existencia del componente humoral en MS humana ha sido
implicitamente reconocida durante décadas, como se evidencia
mediante la inclusién de bandas oligoclonales CFS y la sintesis
IgG intratecal incrementada en criterios de diagnbéstico para la
MS (Siden A. J Neurol 221:39-51(1979); McDonald et al. Ann Neurol
50:121-7 (2001); Andersson et al. Eur J Neurol 9:243-51 (2002);
0’Connor, P. Neurology 59:S1-33 (2002)). La presencia de las
bandas oligoclonales, cadenas ligeras libres incrementadas, y la
sintesis IgM intratecal incrementada se correlaciona con la
actividad de la enfermedad de MS y puede ser un elemento de
prediccién de ataques mas severos (Rudick et al. Mult Scler
1:150-5 (1995); Zeman et al. Acta Cytol 45:51-9 (2001); Izquierdo
et al. Acta Neurol Scand 105:158-63 (2002); Wolinsky J. J Neurol

Sci 206:145-52 (2003); Villar et al. Ann Neurol 53:222-6 (2003)).

Los anticuerpos anti-mielina (proteina bdsica de mielina
{MBP) y glicoproteina oligodendrocito mielina (MOG)) se han
detectado en el suero de pacientes con formas progresivas y de
recaida de la MS (Reindl et al. Brain 122:2047-56 (1999); Egg et
al. Mult Scler 7(5):285-9 (2001)). También se han detectado
anticuerpos anti-mielina en los pacientes CSF de MS (Reindl et
al. Brain 122:2047-56 (1999); Egg et al. Mult Scler 7(5):285-9
(2001); Andersson et al. Eur J Neurol 9:243- 51 (2002)). Los

tipos adicionales de anticuerpos tales como los anticuerpos anti-
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gangliosida o anticuerpos anti-neurofilamento se han observado en
pacientes con la MS (Mata et al. Mult Scler 5:379-88 (1999);
Sadatipour et al. Ann Neurol 44:980-3 (1998)). Un reporte
reclente indicé que la presencia de anticuerpos anti-MOG y anti-
MBP en el suero era un elemento de prediccién fuerte de 1la
progresién desde el evento desmelanizante clinicamente aislado
para definir RRMS (Berger et al. N Engl J Med 349:139-45 (2003)).
La tasa de riesgo ajustada para experimentar una exacerbacién fue
de 76.5 para pacientes que fueron seropositivos para ambos
anticuerpos y 31.6 para pacientes que fueron seropositivos

solamente para anti-MOG.

Un consorcio de patologia internacional encontré que los
anticuerpos encontrados en la mielina est&n presentes en la
mayoria de los pacientes con MS, con células de plasma y células
B también encontradas en lesiones MS, que suministran evidencia
adicional para un papel humoral en la MS (Prineas y Wright, Lab
Invest 38:409-21 (1978); Esiri M. Neuropathol Appl Neurobiol 6:;9-
21 (1980); Genain et al. Nat Med 5:170-5 (1999); Lucchinetti et
al. Ann Neurol 47:707-17 (2000); Wingerchuk et al. Lab Invest 81:
263-81 (2001)). Las células B son detectables en el CSF de
pacientes con MS, y la presencia de una proporcién relativamente
alta de células B puede ser predictiva de una progresién de la
discapacidad m&s severa (Cepok et al. Brain 124 (Pt 11):2169-76

(2001)).
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En sujetos con RRMS o sindrome de opsoclonus-mioclonus, el
Rituximab reportd el vaciado de células B périféricas en todos
los sujetos y disminuyo el nimero de células B CSF en algunos
pacientes (Pranzatelli et al. Neurology 60(Suppll) PO05.128:A395
(2003); Cross et al. “Preliminary Results from a Phase II Trial
of Rituximab in MS" (abstract) Eighth Annual Meeting of the
Americas Committees for Research and Treatment in Multiple
Sclerosis ACTRIMS 20-1 (Octubre, 2003)). Ver también Cree et al.
“Tolerability and Effects of Rituximab “Anti-CD20 Antibody” en
Neuromyelitis Optica and Rapidly Worsening Multiple Sclerosis”

Meeting of the Am. Acad. Neurol. (Abril, 2004).
Anticuerpos CD20 y su Terapia

Los linfocitos son uno de los muchos tipos de células
sanguineas blancas producidas en 1la médula &sea durante el
proceso de la hematopoyesis. Existen dos poblaciones principales
de linfocitos; los linfocitos B (células B) y los linfocitos T

(células T). Los linfocitos de interés particular aqui son las

células B.

Las células B maduran dentro de la médula ésea y dejan la
médula expresando un anticuerpo de unién de antigeno sobre su
superficie celular. Cuando una célula B no diferenciada encuentra
primero el antigeno para el cual su anticuerpo de unién de
membrana es especifico, la c¢élula inicia su divisién ripidamente

y su progenie se diferencia en células B de memoria y células



WO 2005/117978 7 PCT/US2005/019641

efectuadoras denominadas “células de plasma”. Las c¢élulas B
memoria tienen un lapso de vida mds largo y contindan expresando
anticuerpos de unién de membrana con la misma especificidad que
la célula padre original. Las células de plasma no producen
anticuerpo de unién de membrana pero en su lugar producen el
anticuerpo en una forma que puede ser secretada. Los anticuerpos
secretados son la molécula efectuadora principal de la inmunidad

humoral.

El antigeno CD20 (también denominado antigeno de
diferenciacién restringido de 1linfocito B humano, Bp35) es una
proteina de transmembrana hidréfoba con un peso molecular de
aproximadamente 35 kD es localizado sobre lo linfocitos pre-B y B
maduros (Valentine et al. J. Biol. Chem. 264(19): 11282-11287
(1989); y Einfeld et al. EMBOJ. 7(3):711-717 (1988)). El antigeno
también se expresa en mids del 90% de los linfomas no Hodking de
célula B (NHL) (Anderson et al. Blood 63(6):1424-1433 (1984)),
pero no se encuentra en las cé.lulas madre hematopoyéticas,
células procedimiento-B, células de plasma normales u otros
tejidos normales (Tedder et al. J. Immunol. 135(2):973-979
(1985)). E1 CD20 regula el o las etapas iniciales del proceso de
activacién para la iniciacién del ciclo de la célula y 1la
diferenciacién (Tedder et al., supra) y posiblemente funciona
como el canal de ibén-calcio (Tedder et al. J. Cell. Biochenm.

14D:195 (19890)}).
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Dada la expresién del CD20 en linfomas de célula B, este
antigeno puede servir como un candidato para el “destino” de
tales linfomas. En esencia, tal destino se puede generalizar como
sigue: anticuerpos especificos para el antigeno de superficie
CD20 de células B se administran a un paciente. Estos anticuerpos
CD20 se unen especificamente al antigeno CD20 de
(ostensiblemente) tanto células B normales como malignas; la
unién del anticuerpe al antigeno de superficie CD20 puede
conducir a la destruccibén y vaciamiento de células B neoplasicas.
Adicionalmente, los agentes quimicos o] los marcadores
radiocactivos que tienen el potencial de destruir el tumor se
pueden conjugar al anticuerpo anti-CD20 de tal forma que el
agente es especificamente “suministrado” a las células B
neopldsicas. Sin importar la aproximacién, la primera meta es
destruir el tumor; la aproximacién especifica se puede determinar
mediante el anticuerpo anti-CD20 particular que se utiliza vy,
asi, las aproximaciones disponibles para apuntar al antigeno CD20

pueden variar considerablemente.

El anticuerpo Rituximab (RITUXAN®) es un anticuerpo
monoclonal de murino/humano quimérico genéticamente manejado con
ingenieria dirigido contra el antigeno CD20. El Rituximab es el
anticuerpo denominado "“C2B8” en la Patente US No. 5,736,137
otorgada en Abril 7, 1998 (Anderson et al). El RITUXAN® se indica
para tratamiento de pacientes con linfoma no Hodking de célula B
CD20 positivo de bajo grado o folicular recaido o refractario. El

mecanismo in vitro de los estudios de accidén han demostrado que
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el RITUXAN® se une al complemento humano y lisa lineas de célula
B linfoides a través de citotoxicidad dependiente de complemento
(CDC) (Reff et al. Blood 83(2):435-445 (1994)). Adicionalmente,
tiene una actividad significativa en ensayos para citotoxicidad
celular dependiente de anticuerpo (ADCC). M&s recientemente, el
RITUXAN® ha mostrado tener efectos anti-proliferativos en ensayos
de incorporacién de timidina tritiada y par inducir apoptosis
directamente, mientras que otros anticuerpos anti-CD19 y CD20 no
(Maloney et al. Blood 88(10):637a (1996)). La sinergia entre
RITUXAN® y quimioterapias y toxinas también se ha observado
experimentalmente. En particular, el RITUXAN® sintetiza lineas de
célula de linfoma de célula B humana resistente a las drogas a
los efectos citotdxicos de doxorubicina, CDDP, VP-16, toxina de
difteria y ricina (Demidem et al. Cancer Chemotherapy &
Radiopharmaceuticals 12(3):177-186 (1997} ). Los estudios
preclinicos in vivoe han mostrado que el RITUXAN® vacia las
células B de la sangre periférica, los nodos linfatices, y la
médula 6sea de monos cinomolgus, presumiblemente a través de
procesos mediados por complemento y célula (Reff et al. Blood

83(2):435-445 (19%4)).

El rituximab se aprobé en los Estados Unidos en noviembre de
1997 para el tratamiento de pacientes con linfoma no Hodking de
célula B CD20* de bajo grado o folicular recaido o refractario a
una dosis de 375 mg/m® semanalmente para cuatro dosis. En Abril
de 2001, la administracién para alimentos y drogas (FDA) aprobé

reivindicaciones adicionales para el tratamiento de NHL de bajo
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grado: retratamiento (semanalmente para cuatrc dosis) un
régimen de dosificacién adicional (semanalmente para 8 dosis). Ha
habido mads de 300,000 pacientes expuestos al Rituximab como
monoterapia © en combinacién con drogas inmunosupresoras o
quimioterapéuticas. Los pacientes también han sido tratados con
Rituximab como terapia de mantenimiento durante hasta 2 afios
(Hainsworth et al. J Cl{n Oncol 21:1746-51 (2003); Hainsworth et

al. J Clin Oncol 20:4261-7 (2002)).

El Rituximab también ha sido estudiado en una variedad de
desérdenes autoinmunes no malignos, en los cuales las células B y
los anticuerpos parecen jugar un papel en la patofisiologia de la
enfermedad (Edwards et al. Biochem Soc Trans 30:B824-8 (2002)). El
Rituximab se ha reportado por aliviar potencialmente los signos y
los sintomas de la artritis reumatoide (RA) (Leandro et al. Ann
Rheum Dis. 61:883-8 (2002); Emery et al. Arthritis Rheum 48(9):
S439 (2003)), lupus (Eisenberg R. Arthritis Res Ther 5:157-9
(2003); Leandro et al. Arthritis Rheum 46:2673-7 (2002)),
trombocitopenia inmune (D’Arena et al. Leuk Lymphoma 44:561-2
(2003)), anemia autoinmune (2aja et al. Haematologica 87:189-95
(2002) (erratum appears 1in Haematologica 87:336 (2002)),
neuropatia autoinmune (Pestronk et al. J Neurol Neurosurg
Psychiatry 74:485-9 (2003)), sindrome opsoclonus-mioclonus
paraneoplésico (Pranzatelli et al. Neurology  60(Suppll)
P0O5.128:A395 (2003)), y esclerosis miltiple recidivante-remisién

(RRMS) (Cross et al. (abstract) Eighth Annual Meeting of the
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Americas Committees for Research and Treatment in Multiple

Sclerosis 20-1 (2003)).

Un estudio de fase II (WAl6291) ha sido conducido en
pacientes con artritis reumatoide (RA), que suministra datos de
seguimiento de 48 semanas sobre la seguridad y eficacia del
Rituximab (Emery et al. Arthritis Rheum 48(9):5439 (2003);
Szczepanski et al. Arthritis Rheum 48(9):5121 (2003)). Un total
de 161 pacientes fueron homogéneamente aleatorizados para cuatro
brazos de tratamiento: metotrexato, Rituximab solo, Rituximab més
metotrexato, Rituximab més ciclofosfamida (CTX). El régimen de
tratamiento de Rituximab fue de 1 g administrado intravenosamente
en los Dias 1 y 15. Las infusiones de Rituximab en la mayoria de
los pacientes con RA fueron bien tolerados por la mayoria de los
pacientes, con 36% de los pacientes experimentando al menos un
evento adverso durante su primer infusién (comparado con el 30%
de los pacientes que reciben placebo). En total, la mayoria de
los eventos adversos fueron considerados como medios a moderados
en severidad y fueron bien balanceados en todos los grupos de
tratamiento. Hubo un total de 19 eventos adversos serios en los
cuatro brazos durante las 48 semanas, que fueron ligeramente méis
frecuentes en el grupo Rituximab/CTX. La incidencia de
infecciones estuvo bien balanceada en todos los grupos. La tasa
media de infeccién seria en esta poblacién de pacientes RA fue de
4.6 6 por 100 pacientes-afios, que es inferior que la tasa de
infecciones que requiere admisién en el hospital en pacientes RA

(9.57 por 100 pacientes-afios) reportadoc en un estudio
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epidemiolégico basado en comunidades (Doran et al. Arthritis

Rheum 46:2287-%3 (2002)).

El perfil de seguridad reportado del Rituximab en un nimero
pequefio de pacientes con desédrdenes neurolégicos, que incluyen
neuropatia autoinmune (Pestronk et al. J Neurol Neurosurg
Psychiatry 74:485-9 (2003)), sindrome opsoclonus/mioclonus
(Pranzatelli et al. Neurology 60(Suppll) P05.128:A395 (2003)), ¥y
RRMS (Cross et al. Preliminary results from a phase II trial of
Rituximab in MS (abstract) Eighth Annual Meeting of the Americas
Committees for Research and Treatment in Multiple Sclerosis 20-1
(2003)), fue similar a aquel reportado en oncologia o RA. En un
ensayc con patrocinio de los investigadores en proceso (IST) de
Rituximab en combinacidén con interferbén-beta (IFN-beta) o acetato
de glatiramer en sujetos con RRMS (Cross et al., supra), 1 de 10
sujetos tratados se admitid en hospital para observacién durante
toda la noche después de experimentar fiebre moderada y los
rigores que siguen a la primer infusién de Rituximab, aungue los
otros 9 sujetos completaron el régimen de cuatro infusiones sin

ningin evento adverso reportado.

Las patentes y publicaciones de patentes con relacién a los
anticuerpos CD20 incluyen las Patentes Estadounidenses Nos.
5,776,456, 5,736,137, 5,843,439, 6,399,061, y 6,682,734, asi como
también la US 2002/0197255, US 2003/0021781, US 2003/0082172, US
200370095963, US 2003/0147885 (Anderson et al.); la Patente

Estadounidense No 6,455,043, US 2003/0026804 y WO 2000/09160
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(Grillo-Lopez, A.); WO 2000/27428 (Grillo~Lopez y White); WO
2000/27433 y US 2004/0213784 (Grillo-Lopez y Leonard); WO
2000/44788 (Braslawsky et al); WO 2001/10462 (Rastetter, W.);
W001/10461 (Rastetter y White); WO 2001/10460 (White y Grillo-
Lopez); US 2001/0018041, US 2003/0180292, WO 2001/34194 (Hanna y
Hariharan); US 2002/0006404 y WO 2002/04021 (Hanna y Hariharan);
US 2002/0012665 y WO 2001/74388 (Hanna, N.); US 2002/0058029
(Hanna, N.); US 2003/0103971 (Hariharan y Hanna); US 2002/0009444
y WO 2001/80884 (Grillo-Lopez, A.); WO 2001/97858 (White, C); US
2002/0128488 y WO 2002/34790 (Reff, M.)}); WO 2002/060955
(Braslawsky et al.);WO 2002/0965948 (Braslawsky et al.);WO
2002/079255 (Reff y Davies); la Patente US No. 6,171,586 y WO
1998/56418 (Lam et al); WO 1998/58964 (Raju, S.):; WO 1999/22764
(Raju, S.); WO 1999/51642, 1la Patente US No. 6,194,551, 1la
Patente US No. 6,242,195, la Patente US No. 6,528,624 y la
Patente US No. 6,538,124 (Idusogie et al); WO 2000/42072 (Presta,
L.); WO 2000/67796 (Curd et al.); WO 2001/03734 (Grillo-Lopez et
al.); uS 2002/0004587 y WO 2001/77342 (Miller y Presta); US
2002/0197256 (Grewal, 1I); US 2003/0157108 (Presta, L.); WO
04/056312 (Lowman et al); US 2004/0202658 y WO 2004/091657
(Benyunes, K.); WO 2005/000351 (Chan, A.); US 2005/0032130Al
(Beresini et al); US 2005/0053602A1 (Brunetta, P.); las Patentes
US Nos. 6,565,827, 6,090,365, 6,287,537, 6,015,542, 5,843,398, y
5,595,721, (Kaminskl et al); las Patentes US Nos. 5,500,362,
5,677,180, 5,721,108, 6,120,767, y 6,652,852 {(Robinson et al);
Patente US No. 6,410,391 (Raubitschek et al); la Patente US No.

6,224,866 y WO00/20864 (Barbera-Guillem, E.); WO 2001/13945
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(Barbera-Guillem, E.); US2005/0079174Al1 (Barbera-Guillem et al);
WO 2000/67795 (Goldenberg); US 2003/0133930 y WO 2000/74718
(Goldenberg y Hansen); US 2003/0219433 y WO 2003/68821 (Hansen et
al.); W02004/058298 (Goldenberg y Hansen); WO 2000/76542 ({Golay
et al);WO 2001/72333 (Wolin y Rosenblatt); la Patente US No.
6,368,596 (Ghetie et al); la Patente US No. 6,306,393 y US
2002/0041847 (Goldenberg, D.); US 2003/0026801 (Weiner y
Hartmann); WO 2002/102312 (Engleman, E.); US 2003/0068664
(Albitar et al); WO 2003/002607 (Leung, S.); WO 2003/049694,
US2002/0009427, y US 2003/0185796 (Wolin et al); WO 2003/06169%4
(Sing y Siegall); US 2003/0219818 (Bohen et al); US 2003/0219433
y WO 2003/068821 (Hansen et al); US 2003/0219818 (Bohen et al);
US2002/0136719 (Shenoy et al); WO 2004/032828 (Wahl et al); y WO
2002/56910 (Hayden-Ledbetter). Ver también la Patente US No.
5,849,898 y EP 330,191 (Seed et al.); EP332,865A2 (Meyer vy
Weiss); la Patente US No. 4,861,579 (Meyer et al); US2001/0056066
(Bugelski et al); WO 1995/03770 (Bhat et al); US 2003/0219433 Al
(Hansen et al); WO 2004/035607 (Teeling et al); US 2004/0093621
(Shitara et al); WO 2004/103404 (Watkins et al); WO 2005/000901
(Tedder et al); US 2005/0025764 (Watkins et al); WO2005/016969 y
US 2005/0069545 Al (Carr et al); WO 2005/014618 (Chang et al).
Ciertas de estas incluyen, inter alia, tratamiento de esclerosis

multiple.

Las publicaciones que se relacionan con 1la terapia de
Rituximab incluyen: Perotta and Abuel “Response of chronic

relapsing ITP of 10 years duration to Rituximab” Abstract # 3360
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Blood 10(1) {(parte 1-2): p. 88#-(1998); Stashi et al. “Rituximab
chimeric anti-CD20 monoclonal antibody treatment for adults with
chronic idopathic thrombocytopenic purpura” Blood 98(4):952-957
(2001); Matthews, R. “Medical Heretics” New Scientist (7 Abril,
2001); Leandro et al. ™“Clinical outcome in 22 patients with
rheumatoid arthritis treated with B lymphocyte depletion” Ann
Rheum Dis 61: 833-888 (2002); Leandro et al. “Lymphocyte
depletion in rheumatoid arthritis: early evidence for safety,
efficacy and dose response”. Arthritis and Rheumatism 44(9): S370
(2001); Leandro et al. “An open study of B lymphocyte depletion
in systemic 1lupus erythematosus”, Arthritis & Rheumatism
46(1):2673-2677 (2002) ; Edwards and Cambridge “Sustained
improvement in rheumatoid arthritis following a protocol designed
to deplete B lymphocytes” Rhematology 40:205-211 (2001); Edwards
et al. “B-lymphocyte depletion therapy in rheumatoid arthritis
and other autoimmune disorders” Biochem. Soc. Trans. 30(4):824-
828 (2002); Edwards et al. “Efficacy and safety of Rituximab, a
B-cell targeted chimeric monoclonal antibody: A randomized,
placebo controlled trial in patients with rheumatoid artritis”.
Arthritis and Rheumatism 46(9): S 197 (2002); Levine and Pestronk
“IgM antibody-related polyneuropathies: B-cell depletion
chemotherapy using Rituximab” Neurology 52: 1701-1704 (1999);
DeVita et al. “Efficacy of selective B cell blockade in the
treatment of rheumatold arthritis” Arthritis & Rheum 46:2029-2033
(2002); Hidashida et al. “Treatment of DMARD-Refractory
rheumatoid arthritis with Rituximab.” Presentado en el Annual

Scientific Meeting of the American College of Rheumatology; Oct

qé
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24-29; New Orleans, LA 2002; Tuscano, J. “Successful treatment of
Infliximab-refractory rheumatoid arthritis with Rituximab”
Presentado en el Annual Scientific Meeting of the American
College of Rheumatology: Oct 24-29; New Orleans, LA 2002; Specks
et al. "“Response of Wegener’s granulomatosis to anti-CD20
chimeric monoclonal antibody therapy” Arthritis & Rheumatism
44 (12):2836-2840 (2001); Anolik et al., “B lympocyte Depletion in
the Treatment of Systemic Lupus (SLE): Phase I/II Trial of
Rituximab (RITUXAN®) in SLE” Arthritis And Rheumatism, 46(9),
§289-S289 Abstract 717 (Octubre, 2002), y Albert et al., “A Phase
I Trial of Rituximab (Anti-CD20)} for Treatment of Systemic Lupus
Erythematosus” Arthritis And Rheumatism, 48(12): 3659-3659,
Abstract LBY9 (Diciembre, 2003); Martin and Chan “Pathogenic Roles
of B cells in Human Autoimmunity: Insights from the Clinic”

Immunity 20:517-527 (2004).
Resumen de la Invencidén

La presente invencién involucra, al menos en parte, la
seleccién de una dosis para un anticuerpo CD20 que suministra un
régimen de tratamiento seguro y activo en sujetos con esclerosis

miltiple, tal como PPMS o RRMS.

De acuerdo con esto, la invencidén se relaciona con un método
para tratar esclerosis maltiple en un sujeto que comprende
administrar una cantidad efectiva de un anticuerpo CD20 al sujeto

para suministrar un exposicién de anticuerpo inicial de
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aproximadamente 0.5 a 4 gramoﬁ seguida por una segunda exposicién
de anticuerpo de aproximadamente 0.5 a 4 gramos, la segunda
exposicién no se suministra hasta aproximadamente 16 a 60 semanas
de la exposicién inicial, y cada uno de las exposiciones a
anticuerpc se suministra al sujeto como una © dos dosis de

anticuerpo.

Ademds, 1la invencidén se relacliona con un articulo de
manufactura que comprende: (a) un recipiente que comprende un
anticuerpo CD20; y (b} un inserto de paquete con instrucciones
para tratar esclerosis miultiple en un sujeto, en donde las
instrucciones indican que 1la cantidad del anticuerpo se
administra al sujeto que es efectiva para suministrar una
exposicién inicial al anticuerpo de aproximadamente 0.5 a 4
gramos sequida por una sequnda exposicién de anticuerpo de
aproximadamente 0.5 a 4 gramos, la segunda exposicién no se
administrada hasta las 16 a 60 semanas desde la exposicién
inicial, y cada una de 1las exposiciones a anticuerpo se

suministra al sujeto como una o dos dosis de anticuerpo.

Breva Daescripcién de los Dibujos

La figura 1A es un alineamiento de secuencia que compara a
las secuencias de aminodcido del dominio variable de cadena
ligera (Vi) de cada murino 2H7 (SEQ ID NO:1), variante 2H7.v1é
humanizada (éEQ ID NO:2), y subgrupo I de cadena ligera kappa

humano (SEQ ID NO:3). Los CDR de V., de 2H7 y hu2H7.vl6 son como
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sigue: CDR1 (SEQ ID NO:4), CDR2 (SEQ ID NO:5 ), y CDR3 (SEQ ID

NO:6).

La figura 1B es un alineamiento de secuencia que compara a
las secuencias de aminodcido del dominio variable de cadena
pesada (Vy) de cada murino 2H7 (SEQ ID NO:7), la variante 2H7.v1l6
humanizada (SEQ ID NO:8), y la secuencia de consenso humano del
subgrupo III de cadena pesada (SEQ ID NO:9). Los CDR de Vg de 2H7
y hu2H7.v16 son como sigue: CDR1 (SEQ ID NO:10), CDR2 (SEQ ID NO:

11), y CDR3 (SEQ ID NO: 12).

En la figura 1A y la figura 1B, el CDR1l, CDR2 y CDR3 en cada
cadena estdn incluidos dentro de corchetes, flanqueados por
regiones marco, FR1-FR4, como se indica. 2H7 se refiere al
anticuerpo 2H7 de murino. Los asteriscos entre las dos lineas de
secuencias indican la posicién que son diferentes entre las dos
secuencias. La numeracién del residuo es de acuerdo a Kabat et
al. Sequences of Immunological Interest, 5™ Ed. Public Health
Service, National Institutes of Health, Bethesda, Md. (1991), con

inserciones mostradas como a, b, ¢, d, y e.

La figura 2 muestra la secuencia de aminodcido de la cadena

ligera 2H7.v16 madura (SEQ ID NO:13).

La figura 3 muestra la secuencla de aminodcido de la cadena

pesada 2H7.v16 madura (SEQ ID NO: 14).
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La figura 4 muestra la secuencia de aminodcido de la cadena
pesada 2H7.v31 madura (SEQ ID NO:15).

La cadena L del 2H7.v3l es la misma que para el 2H7.vle6.

La figura 5 muestra un alineamiento de las cadenas ligera
2H7.v16 y 2H7.v511 madura (SEQ ID NOS. 13 y 16, respectivamente),
con una numeracién de residuo de dominio variable Kabat y una

numeraclén de residuo constante Eu.

La figura 6 muestra un alineamiento de las cadenas pesadas
2H7.v16 y 2H7.v511 maduras (SEQ ID NOS. 14 y 17,
respectivamente), c¢on wuna numeracién de residuo de dominio

variable Kabat y una numeracién de residuo constante Eu.

Dascripcién Detallada de las Modalidades Preferidas

I. Definicionea

Una “célula B” es un linfocito que madura dentro de la
médula 6ésea, e incluye una célula B no diferenciada, célula B
memoria, o0 célula b efectuadora (células de plasma). La célula B

aqui puede ser una célula b normal o no maligna.

Un “marcador de superficie de célula B” o “antligeno de
superficie de célula B” aqui es un antigeno expresado sobre la
superficie de la célula B que se puede ser blanco con un

anticuerpo que se une a este. Marcadores de superficie de célula
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B de ejemplo incluyen el CD10, CD19, CD20, CD21, CD22, CD23,
cD24, CD37, CD40, <CD53, cCD72, CD73, CD74, CDw75, CDw76, CD77,
CDw78, CD79a, CD79b, CD80O, CD81, CD82, CD83, CDw84, CD85 y CDB6
marcadores de superficie de leucocito (para las descripciones,
ver The Leukocyte Antigen Facts Book, 2" Edition. 1997, ed.
Barclay et al. Academic Press, Harcourt Brace & Co., New York).
Otros marcadores de superficle de célula B incluyen RP10S, FcRH2,
CR2 de célula B, CCR6, P2X5, HLA-DOB, CXCRS5, FCER2, BR3, Btigqg,
NAGl4, SLGC16270, FcRH1, IRTA2, ATWD578, FcRH3, IRTAl, FcRHS6,
BCMA, y 239287. El marcador de superficie de célula B de interés
particular aqui es predominantemente expresado sobre células B
comparado con otros tejidos de célula no B de mamifero y se puede
expresar tanto en las células B precursoras como en las células B

maduras. El marcado preferido de superficie de célula B es CD20.

El “antigeno CD20” o ™CD20” es una fosfoproteina no
_glicosilada de aproximadamente 35-kDa encontrada en la superficie
de la mayoria de mas del 90% de las células B proveniente de la
sangre periférica o de 6rganos linfoides. El CD20 estd presente
tanto en células B normales asi como también en células B
malignas, pero no se expresa sobre células madre. Otros nombres
para CD20 en la literatura incluyen “antigeno restringido de
linfocito B” y “Bp35”. El antigeno CD20 se describe en Clark et

al. Proc. Natl. Acad. Sci (USA) 82: 1766 (1985), por ejemplo.

Un “antagonista de anticuerpo” aqui es un anticuerpo que,

luego de la unién al marcador de superficie de célula B sobre las
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células B, destruye o vacia las células B en un mamifero y/o
interfiere con una o mas funciones de la célula B, por ejemplo,
al reducir o prevenir una respuesta tumoral elicitada por 1la
célula B. El antagonista de anticuerpo preferiblemente es capaz
de vaciar las células B (es decir reducir los niveles de célula B
circulantes) en un mamifero tratado con este. Tal vaciamiento se
puede lograr por via de varios de mecanismos tales como
citotoxicidad mediada por célula dependiente de anticuerpo (ADCC)
y/o y citotoxicidad dependiente de complemento (CDC), inhibicién
de proliferacién de célula B y/o induccién de muerte de célula B

{(por ejemplo via apoptosis).

“Citotoxicidad mediada por célula dependiente de anticuerpo”
y “ADCC” se refieren a la reaccién mediada por célula en la cual
las células citotéxicas no especificas que expresan receptores Fc
(FcRs) (por ejemplo Células Asesinas Naturales (NK), neutréfilos,
y macréfagos) reconocen el anticuerpo de unién sobre una célula
blanco y subsecuentemente causan la lisis de la célula blanco.

Las células primarias para mediar ADCC, células NK, expresan
solamente FcyRIII, mientras que los monocitos expresan FcyRI,

FcyRII y FcyRIII. La expresién de FcR sobre las células
hematopoyéticas se resumen en la Tabla 3 en la pagina 464 de
Ravetch y Kinet, Annu. Rev. Immunol 9:457-92 (1991). Para evaluar
la actividad ADCC de una molécula de interés, un ensayo ADCC in
vitro, tal como aquel descrito en la Patente US No. 5,500,362 o
5,821,337 se puede desarrollar. Las células efectuadoras uatiles

para tales ensayos incluyen células mononucleares de sangre
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periférica (PBMC) y células asesinas naturales (NK) .
Alternativamente, o© adicionalmente, 1la actividad ADCC de 1la
molécula de interés se puede valuar in vivo, por ejemplo, en un
modelo animal tal como aquel descrito en Clynes et al. PNAS (USA)

95:652-656 (1998).

“Células efectuadoras humanas” son leucocitos que expresan
uno o mas FcRs y desarrollan funciones efectuadoras.
Preferiblemente, las células expresan al menos FcyRIII y llevan a
cabo funcién efectuadora ADCC. Ejemplos de leucocitos humanos que
median ADCC incluyen células mononucleares de sangre periférica
(PBMC), células asesinas naturales (NK), células T citotédxicas y

neutrbéfilos; con los PBMC y las células NK siendo las preferidas.

Los términos ™“receptor Fc” o “FcR” se utilizan para
describir un receptor que se une a la regién Fc de un anticuerpo.
El FcR preferido es un FcR humano de secuencia nativa, atn, un

FcR preferido es aquel que se une al anticuerpo IgG (un receptor
gama) e incluye los receptores de las subclases FcyRI, FcyRII y
FcyRIII, que incluyen variantes alélicas y formas
alternativamente empalmadas de estos receptores. Los receptores
FcYRITI incluyen FeyRIIA (un “receptor activante”) y Fc¢yRIIB (un
“receptor de inhibicién”), que tiene secuencias de aminodcido
similares que difieren primariamente en los dominios
citoplasmaticos de estos. El receptor activante FcyRIIA contiene

un motivo de activaciédn basado en tirosina inmunoreceptora (ITAM)

\G3
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en su dominio citoplasmitico. El receptor de inhibicién FcyRIIB
contiene un motivo de inhibicién basado en tirosina
inmunoreceptora (ITIM) y su dominio citoplasmatico. {(Ver Daéron,
Annu, Rev. Immunol. 15:203-234 (1997)). Los FcRs son recibidos en
Ravetch y Kinet, Annu. Rev. Immunol 9:457-92 (1991); Capel et
al., Immunomethods 4:25-34 (1994); y de Haas et al., J. Lab.
Clin. Med. 126:330-41 (1995). Otros FcR, que incluyen aquellos a
ser identificados en el futuro, estidn comprendides en el término
“FcR” aqui. El término también incluye receptor neonatal, FcRn,
que es responsable por la transferencia de los IgG maternos a los
fetos (Guyer et al., J. Immunol. 117:587 (1976) y Kim et al., J.

Immunol. 24:249 (1994)).

“La citotoxicidad dependiente de complemento” o “CDC” se
refiere a la capaclidad de una molécula a lisar un blanco en la
presencia de complemento. La senda de activacién de complemento
se inicia mediante la unién del primer componente del sistema
componente (Clg) a una molécula (por ejemplo un anticuerpo)
complejado con un antigeno cognado. Para evaluar la activacién de
complemento, un ensayo CDC, por ejemplo, como se describe en
Gazzano-Santoro et al., J. Immunol. Methods 202: 163 (199%96), se

puede desarrollar.

Los anticuerpos de “crecimiento inhibitorio” son aquellos
que evitan o reducen la proliferaciédn de una célula que expresa

un antigeno al cual se une el anticuerpo. Por ejemplo, el
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anticuerpo puede prevenir o reducir la proliferacidén de células B

in vitro y/o in vivo.

Los anticuerpos que "“inducen apoptosis” son aquellos que
inducen la muerte de célula programada, por ejemplo de una célula
B, como se determina mediante ensayos de apoptosis estandar,
tales como uniétn de anexina V, fragmentacién de ADN, encogimiento
de célula, dilatacién de reticulo endoplasmitico, fragmentaciédn
de célula, y/o formacién de vesiculas de membrana {(denominadas

cuerpos apoptéticos).

El término anticuerpoc aqui se utiliza en el sentido mas
amplio y cubre especificamente anticuerpos monoclonales,
anticuerpos policlonales, anticuerpos multiespecificos (por
ejemplo anticuerpos biespecificos) formados de al menos dos
anticuerpos intactos, y fragmentos de anticuerpo en tanto ellos

exhiban su actividad biolbégica deseada.

“Fragmentos de anticuerpo” comprende una porcién de un
anticuerpo intacto, preferiblemente que comprende la regién de
unién de antigeno de este. Ejemplos de fragmento de anticuerpo
incluyen los fragmentos Fab, Fab', F(ab')z, y Fv; diacuerpos;
anticuerpos lineales; moléculas de anticuerpo de cadena simple; y
anticuerpos multiespecificos formados de fragmentos de

anticuerpo.
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Para los propésitos presentes, un “anticuerpo intacto” es
uno que comprende dominios variables pesados y ligeros asi como

también una regién Fc.

“Anticuerpos nativos” son usualmente glicoproteinas
heterotetraméricas de aproximadamente 150,000 daltons, compuestos
de cadenas ligeras idénticas (L) y dos cadenas pesadas idénticas
(H) . Cada cadena ligera esté ligada.a una cadena pesada a una
unién disulfuro covalente, aunque el numero de enlaces disulfuro
varia entre las cadenas pesadas de diferentes isotipos de
inmunoglobulina diferentes. Cada cadena pesada y ligera ha
espaciado regularmente puentes disulfuro intracadena. Cada cadena
pesada tilene en un extremo un dominio variable (Vy) seguido por
un nuimero de dominios constantes. Cada cadena ligera tiene un
dominio variable en un extremo (V.} y un dominio constante en su
otro extremo; el dominio constante de la cadena ligera se alinea
con el primer dominio constante de la cadena pesada, y el dominio
variable de cadena ligera se alinea con el dominio variable de la
cadena pesada. Los residuos de aminodcido particulares se cree
que forman una interfase entre los dominios variables de cadena

ligera y cadena pesada.

El término “variable” se reflere al hecho de que clertas
porciones de los dominios variables difieren extensivamente en
secuencia ante los anticuerpos y son utilizados en la unién y
especificidad de cada anticuerpo particular para su antigeno

particular. Sin embargo, 1la variabilidad no es homogéneamente
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distribuida a través de los dominios variables de anticuerpos. Se
concentra en tres segmentos denominados regiones hipervariables
tanto en los dominios de variable de cadena ligera como de cadena
pesada. Las porciones mAds altamente conservadas de los dominios
variables son denominadas regiones marco (FR). El1 dominio
variable de las cadenas pesada y ligera nativas comprende cuatro
FR, que adoptan grandemente la configuracién de la&mina B,
conectada por tres regiones hipervariables, que forman bucles que
conectan y en algunos casos forman parte de, la estructura de la
ldmina Pp. Las regiones hipervariables en cada cadena son
mantenidas juntas en proximidad cercana mediante los FR y, con
las regiones hipervariables de la otra cadena, contribuyen a la
formacién del sitio de unién de antigeno de los anticuerpos (ver
Kabat et al., Sequences of Proteins of Immunological Interest,
5th Ed. Public Health Service, National Institutes of Health,
Bethesda, MD. (1991)). Los dominios constantes no estén
involucrados directamente en la unién de un anticuerpo a un
antigeno, sino que exhiben varias funciones efectuadoras, tales
como la participacién del anticuerpo en citotoxicidad celular

dependiente de anticuerpo (ADCC).

La digestién de la papaina de los anticuerpos produce dos
fragmento de unién de antigeno idénticos, denominados fragmentos
“Fab”, cada uno con un sitio de unién de antigeno simple, y un
fragmento “Fc” residual, cuyo nombre refleja su capacidad a

cristalizar facilmente. El1 tratamiento de pepsina produce un
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fragmento F({ab’); que tiene dos sitios de unién de antigeno y es

ain capaz de reticular antigeno.

“Fv” es el fragmento de anticuerpo minimo que contiene un
reconocimiento de antigeno completo y un sitio de unién de
antigeno. Esta regién consiste de un dimero de una cadena pesada
y un dominio variable de cadena ligera en asocio no covalente
estrecho. Es en esta configuracién que 1las tres regiones
hipervariables de cada dominio variable interactdan para definir
el sitio de unién de antigeno sobre la superficle del dimero Vy-
V.. Colectivamente, las seis regiones hipervariables confieren
especificidad de unién de antigeno al anticuerpo. Sin embargo,
alin un dominio variable simple (o0 la mitad de un Fv que comprende
solamente tres reglones hipervariables especificas para un
antigeno) tiene la capacidad de reconocer y unir antigeno, aunque

a una afinidad inferior que el sitio de unidén completo.

El fragmento Fab también contiene un dominio constante de la
cadena ligera y el primer dominio constante (CHl) de la cadena
pesada. Los fragmentos Fab’ difieren de 1los fragmentos Fab
mediante la adicién de unos pocos residuos del terminal carboxi
del dominio CHl1 de cadena pesada que incluye una o mias cisteinas
provenientes de la regién pivote de anticuerpo. El Fab’-SH es la
designacién aqui para el Fab’ en el cual el o los residuos de
cisteina de los dominios constantes llevan al menos un grupo tiol
libre. Los fragmentos de anticuerpo F(ab’); originalmente fueron

producidos como pares de fragmentos Fab’ que tlenen cisteinas
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pivote entre ellos. Otros acoplamientos quimicos de fragmento de

anticuerpo también son conocidos.

Las “cadenas ligeras” de anticuerpos (inmunoglobulinas)
provenientes de cualquiera especies de vertebrados pueden ser
asignadas a uno de dos tipos claramente disatintos, denominados
kappa (x) y lambda (A), con base en la secuencia de aminoAcido de

sus dominios constantes.

Dependiendo de 1la secuencia de aminodcido del dominio
constante de sus cadenas pesadas, los anticuerpos se pueden
asignar a diferentes clases. Existen clases principales de
anticuerpos intactos: IgA, IgD, IgE, IgG, e IgM, y varios de
estos pueden ser adicionalmente divididos en subclases
(isotipos), por ejemplo IgGl, IgG2, IgG3, IqgG4, IgA, e IgA2. Los
dominios constantes de cadena pesada que corresponden a las
diferentes clases de anticuerpo son denominados a, &, €, ¥, ¥ M,
respectivamente. Las estructuras subunitarias y las
configuraciones tridimensionales de las diferentes clases de

inmunoglobulina son bien conocidas.

Los fragmentos de anticuerpo “Fv de cadena simple” o “scEv”
comprende los dominios Vy y Vi, del anticuerpo, en donde estos
dominios estian presentes en una cadena de polipéptido simple.
Preferiblemente, el polipéptido Fv comprende ademds un ligador de
polipéptido entre los dominlos Vg y V. que posibilitan que el

scFv forme la estructura deseada para la unién de antigeno. Para
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una revisién del scFv ver Plickthun en The Pharmacology of

Monoclonal Antibodies, vol. 113, Rosenburg y Moore eds.,

Springer-Verlag, New York, pp. 269-315 (1994).

El término “diacuerpos” se refiere a fragmentos de
anticuerpos pequefios con dos sitios de unién de antigeno, cuyos
fragmentos comprenden un dominio variable de cadena pesada (V)
conectado a un dominio variable de cadena ligera (VL) en la misma
cadena de polipéptido (Vy-V,). Al utilizar un ligador que es
demasiado.corto para permitir el pareado entre los dos dominios
de la misma cadena, los dominios son forzados a aparearse con los
dominios complementarios de otra cadena y crear dos sitios de
unién de antigeno. Los diacuerpos se describen mas completamente
en, por ejemplo, la EP 404,097; WO 93/11161l; y Hollinger et al.,

Proc. Natl. Acad. Sci USA, 90:6444-6448 (1993).

El término “anticuerpo monoclonal” como se utiliza aqui se
refiere a un anticuerpo obtenido de una poblacién de anticuerpos
sustancialmente homogénea, es decir los anticuerpos individuales
que comprenden la poblacién son idéntices y/o se unen al mismo
epitopo, excepto para posibles variantes que puedan surgir
durante la produccién del anticuerpo monoclonal, tales variantes
estdn generalmente presentes en cantidades menores. Como
contraste a las preparaciones de anticuerpo monoclonal que
incluyen tipicamente diferentes anticuerpos dirigidos contra
diferentes determinantes (epitopos), cada anticuerpo monoclonal

estd dirigido contra un determinante simple sobre el antigeno.
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Ademds de s8su especificidad, 1los anticuerpos monoclonales son
ventajosos porque ellos no estan contaminados por otras
inmunoglobulinas. El modificador “monoclonal” indica el caracter
del anticuerpo que estd siendo obtenido de 1la poblacién de
anticuerpos sustancialmente homogénea, y no debe ser construido
para requerir produccién del anticuerpo mediante cualquier método
particular. Por ejemplo, 1los anticuerpos monoclonales a ser
utilizados de acuerdo con la presente invencidén se pueden hacer
mediante el método de hibridoma primero descrito por Kohler et
al., Nature, 256:495 (1975), o se éuede hacer mediante método de
ADN recombinante (ver, por ejemplo, Patente U.S: No. 4,816,567).
Los “anticuerpos monoclonales” también se pueden aislar de las
librerias de anticuerpo de fago que utilizan las técnicas
descritas en Clackson et al., Nature, 352:624-628 (1991) y Marks

et al., J. Mol. Biol., 222:581-597 {1991), por ejemplo.

Los anticuerpos monoclonales aqui incluyen especificamente
anticuerpos “quiméricos” (inmunoglobulina) en 1las cuales una
porcién de la cadena pesada y/o ligera es idéntica con un
homéloga a secuencias correspondientes en anticuerpos derivados
de especies particulares o que pertenecen a una clase o subclase
de anticuerpo particular, aunque el resto de la o las cadenas es
idéntico con u homélogo a las secuenclias correspondientes en
anticuerpos derivados de otras especies o que pertenecen a otra
clase o subclase de anticuerpo, asi como también fragmentos de
tales anticuerpos en tanto que ellas exhiban la actividad

biolégica deseada (Patente U.S. No. 4,816,567; Morrison et al.,
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Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984)). Los anticuerpos
quiméricos de interés incluyen anticuerpos "“primatizados” que
comprenden secuencias de unién de antigeno de dominio variable
derivadas de primate no humano (por ejemplo Mono del Viejo
Continente, tales como mandril, rhesus o el mono cinomolgus) y

secuencias de regidén constante humana (Patente Estadounidense No.

5,693,780).

Las formas “humanizadas” de anticuerpos no humanos (por
ejemplo murino) son anticuerpos quiméricos que contienen
secuencias minimas derivadas de inmunoglobulina no humana. Para
la mayor parte, los anticuerpos humanizados son inmunoglobulinas
humanas (anticuerpo receptor) en las cuales los residuos
provenientes de una regién hipervariable del receptor son
reemplazados por residuoa de una regién hipervariable de especies
no humanas (anticuerpo donador) tales como ratén, rata, conejo, o
primate no humano que tliene la especificidad deseada, afinidad, y
capacidad. En algunos casos, los residucs de regién de estructura
(Fr) de 1la inmunoglobulina humana son reemplazados por los
residuos no humanos correspondientes. Adicionalmente, los
anticue;pos humanizados pueden comprender residuos que no se
encuentran en el anticuerpo receptor o en el anticuerpo donador.
Estas modificaciones son hechas para refinar ademds el desempeflo
del anticuerpo. En general, el anticuerpco humanizado comprenderé
sustancialmente todos de al menos uno y tipicamente dos, dominios
de variable, en 1los cuales todos o© sustancialmente todos 1los

bucles hipervariables corresponden a aquellos de inmunoglobulina
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no humana y todos o sustancialmente todos los FR son aquellos de
una secuencia de inmunoglobulina humana, excepto para la o las
sustituciones Fr como se anotaron anteriormente. El anticuerpo
humanizado opcicnalmente también comprenderd al menos una porcién
de una regién constante de inmunoglobulina, tipicamente aquella
de la inmunoglobulina humana. Para detalles adicionales, ver
Jones et al., Nature 321: 522-525 (1986); Riechmann et al.,
Nature 332:323-329 (1988); y Presta, Curr. Op. Struct. Biol.

2:593-596 (1992).

El término “regién hipervariable” cuando se utiliza aqui se
refiere a residuos de aminodcido de un anticuerpo que son
responsables por la unién de antigeno. La regién hipervariable
comprende residuos de aminodcido de una “regién determinante de
complementariedad” o “CDR” (por ejemplo los residuos 24-34 (Ll),
50-56 ({L2) y 89-97 (L3) en el dominio variable de cadena ligera y
31-35 (Hl1l), 50-65 (H2) y 95-102 (H3) en efil dominio variable de
cadena pesada; Kabat et al., Sequences of Proteins of
Immunological Interest, 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, MD. (1991)) y/o aquellos residuos
de un “buque hipervariable” (por ejemplo residuos 26-32 (Ll), 50-
52 (L2) y 91-96 (L3) en el dominio variable de cadena ligera y
26-32 (H1), 53-55 (H2) y 96-101 (H3) en el dominio variable de
cadena pesada; Chothia y Lesk J. Mol. Biol. 196:901-917 (1987)).
Residuos “marco” o “FR” son aquellos residuos de dominio variable
diferentes de 1los residuos de regién hipervariable como se

definié aqui.
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Un “anticuerpo desnudo” es un anticuerpo (como se define
aqui) que no se conjuga a una molécula heteréloga, tal como una

porcién citotdbxica o radiomarcada.

Ejemplos de anticuerpos que se unen al antigeno CD20
incluyen “C2B8”, que es ahora denominado “Rituximab” (“RITUXAN ”)
(Patente US No. 5,736,137); el anticuerpo de murino 2B8 marcado
con itrio-[90] designado ™“Y2B8” o ™“Ibritumomab Tiuxetan” (ZEV
ALIN®) comercialmente disponible de IDEC Pharmaceuticals, Inc.
(Patente US No. 5,736,137; de 2BB depositado con el ATCC bajo
ascceso No. HB11388 en Junio 22, 1993); murino IgG2a “Bl”,
también denominadc “Tositumomab,” opcionalmente marcado con I
para generar el “'*'I-B1” o anticuerpo “yodo I131 tositumomab”
(BEXXAR™) comercialmente disponible de Corixa (ver, también,
Patente US No. 5,595,721); anticuerpo monoclonal de murino “1F5”
(Press et al. Blood 69(2):584-591 (1987) y variantes de estos que
incluyen “parche marco” o 1F5 humanizado (W003/002607, Leung, S.;
ATCC depdésito HB-96450); anticuerpo 2H7 de murino y 2H7 quimérico
(Patente US No. 5,677,180); 2H7 humanizado; huMax-CD20 (Genmab,
Dinamarca, W02004/035607); AME-133 (Applied Molecular Evolution):;
anticuerpo A20 o variantes de esto tales como el anticuerpo A20
quimérico o humanizado (cA20, hA20, respectivamente) o IMMU-106
(US 2003/0219433, Immunomedics); anticuerpos de unién CD20 que
incluyen Leu-16 vaciado de epitopo, 1H4, o 2B8, opcionalmente
conjugado con IL-2, como en la US 2005/0069545 Al y WO 2005/16969

{Carr et al); anticuerpo biespecifico que se une a CD22 y CD20,
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por ejemplo, hLL2xhA20 (WO2005/14618, Chang et al); los
anticuerpos monoclonales L27, G28-2, 93-1B3, B-Cl o NU-B2
disponible de International Leukocyte Typing Workshop (Valentine
et al. , En: Leukocyte Typing II1 (McMichael, Ed., p 440, Oxford
University Press (1987)); 1H4 (Haisma et al. Blood 92:184
(1998)); conjugado auristatin E anti-CD20 (Seattle Genetics):;
anti-CD20-IL2 (EMD/Biovation/City of Hope); terapia anti-CD20 MAb

(EpiCyte); y anticuerpo anti-CD20 TRU 015 (Trubion).

Los términos “Rituximab” o “RITUXAN®” se refieren aqui al
anticuerpo monoclonal de murino/humano quimérico genéticamente
trabajado con ingenieria dirigido contra el antigeno CD20 vy
designado “C2BB” en la Patente US No. 5,736,137, que incluye
fragmentos de estos que retienen la capacidad de unirse a CD20.

El Rituximab es comercialmente disponible de Genentech.

Puramente para los propésitos establecidos aqui y a menos
que se indique otra cosa, “2H7 humanizado” se refiere a un
anticuerpo humanizado que se une a CD20 humano, o un fragmento de
unién de antigeno de este, en donde el anticuerpo es efectivo
para vaciar células B de primate in vivo, el anticuerpo comprende
la reqgiétn variable de cadena H (Vy) de esta al menos una
secuencia CDRH3 de la SEQ ID NO:12 (Figura 1B) de un anticuerpo
CD20 antihumano y sustancialmente los residuos marco de consenso
humano (FR) del subgrupo III de cadena pesada humana (VzIII). En
una modalidad preferida, este anticuerpo comprende ademis la

secuencia CDR Hl1 de la cadena H de la SEQ ID NO: 10 y 1la
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secuencia CDR H2 de la SEQ ID NO: 11 , y mas preferiblemente
comprende ademds la secuencia CDR Ll de la cadena L de la SEQ ID
NO:4, la secuencia CDR L2 de la SEQ ID NO:5, la secuencia CDR L3
de la SEQ ID NO:6 y sustancialmente los residuos marco de
consenso humano(FR) del subgrupo I de cadena ligera humana (VI),
en donde la regién Vy se puede unir a una regidén constante de
cadena IgG humana, en donde la regién puede ser, por ejemplo,
IgGl o IgG3. En una modalidad preferida, tal anticuerpo comprende
la secuencia Vg de la SEQ ID NO: 8 (vl6, como se muestra en la
Figura 1B), opcionalmente también comprende la secuencia V, de la
SEQ ID NO:2 (v16, como se muestra en la Figura 1lA), la cual puede
tener las sustituciones de aminodcido de la D56A y N10OA en la
cadena H y S82A en 15 cadena L (v96). Preferiblemente el
anticuerpo es un anticuerpo intacto que comprende las secuencia
de aminocdcido de cadena ligera y pesada de la SEQ ID NOS: 13 y
14, respectivamente, como se muestra en las figuras 2 y 3. Otras
modalidades preferidas es donde el anticuerpo es 2H7.v31 que
comprende las secuencia de aminodcido de cadena pesada y ligera
de la SEQ ID NOS:13 y 15, respectivamente, como se muestra en la
Figuras. 2 y 4. El1 anticuerpo aqui puede ademds comprender al
menos una sustitucién de aminoadcido en la regién Fc que mejora la
actividad ADCC y/o CDC, tal como una en donde las sustituciones
de aminoAcido son S298A/E333A/K334A, mAs preferiblemente 2H7.v31l
que tiene la secuencia de aminodcido de cadena pesada de la SEQ
ID NO: 15 (como se muestra en la Figura 4). Cualquiera de estos
anticuerpos puede comprender ademds al menos una sustituciédn de

aminodcido en la regidén Fc que disminuye la actividad CDC, por
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ejemplo, que comprende al menos la sustitucién K322A. Ver Patente

U.S. No. 6,528,624B1 (Idusogie et al.).

Un 2H7 humanizado preferido es un anticuerpo intacto o un
fragmento de anticuerpo que comprende la secuencia de cadena

ligera variable:

- DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIYAPSNLASGVPSRFSQ
SGSGTDFTLTISSLQPEDFATYYOQQWSFNPPTFGQGTKVEIKR (SEQ ID NO:2);

y la secuencia de cadena pesada variable

BVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTV

SS (SEQ ID NO:8).

Donde el anticuerpo 2H7 humanizado es un anticuerpo intacto,

preferiblemente comprende la secuencia de aminodcido de cadena

ligera:

DIQMTQSPSSLIASVGDRVIITCRASSSVSYMHWYQQKPGKAPKPLIYAPSNLASGVPSRFSO
SGSGTDFTLTISSLQPEDFATYYCQQWSFNPPTPGQGTKVEIKRTVAAPSVFIFPPSDEQLKSG
TASVVCLLNNFYPREAKVQWEKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKH
KVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:13);

y la secuencia de aminodcido de cadena pesada:
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BVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLIQSSG
LYSLSSVVTVPSSSLGTQTYICN VNHKPSNTKVDKKVEPKSCDKTHTCPPCPAFELLGGPSVF
LFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRV
VSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISK AKGQPREPQVYTLFPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGK (SEQ ID NO:14)

o la secuencia de aminocdcido de cadena pesada:

EVQLVESGGGLYQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY

NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWOQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVIVEWNSGALTSGVRTFPAVLQSSG
LYSLSSVVTVPSSSLOTQTYICNVNHKPSNTKVDKKVEPKSCDOKTHTCPPCPAPELLOGPSVF

LFPPKPEKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNATYRV
VSVLTVLHQDWLNGKEYKCKVSNKALPAMAATISKAKGQPREPQVYTLPPSREEMTENQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTFPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS

VMHEALHNHYTQXSLSLSPGK (SEQ ID NO:13).

En la modalidad preferida de 1la invenclén, 1la regidén
variable de las variantes basadas en la versién 16 2H7 tendrin la
secuencia de aminodcido de v16 excepto en las posiciones de las
sustituciones de aminodcido que estidn indicadas en la tabla de
adelante. A menos que se indique otra cosa, las variantes 2H7

tendrén la misma cadena ligera que aquella de vl6.

\\%
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Un anticuerpo “aislado” es aquel que ha sido identificado y
separado y/o recuperado de un componente de su ambiente natural.
Los componentes contaminantes de su ambiente natural son
materiales que interferirian con el diagnéstico o los usos
terapéuticos para el anticuerpo, y pueden incluir enzimas,
hormonas, y otros solutos proteinicos o no proteinicos. En las
modalidades preferidas, el anticuerpo se purificarid (1) a més del
95% en peso del anticuerpo determinado por el método Lowry, y mas
preferiblemente mas del 99% en peso, (2) a un grado .suficiente
para obtener al menos 15 residuos de la secuencia de aminoacido
N-terminal o interna mediante el uso de un secuenciador de copa
de giro, o (3) para homogeneldad por medio de SDS-PAGE bajo
condiciones reductoras o no reductoras utilizando azul Coomassie
o, preferiblemente, teflido de plata. El1 anticuerpo aislado
incluye el anticuerpo in situ dentro de células recombinantes en
razén a que al menos un componente del ambiente natural del
anticuerpo no estara presente. Ordinariamente, sin embargo, el
anticuerpo aislado se prepararéd mediante al menos una etapa de

purificacién.
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Un “sujeto” aqui es un sujeto humano. En general, el sujeto
es elegible para tratamiento para esclerosis miltiple. Para los
propbésitos de esta, tal sujeto elegible es aquel gque experimenta,
ha experimentado, o probablemente experimente, uno o mas signos,
sintomas u otra indicacién de esclerosis miltiple; se ha
diagnosticado c¢con esclercsis maltiple sea, por ejemplo,
recientemente diagnosticada (con “nuevo inicio” de MS),
previamente diagnosticada con una nueva recaida o exacerbacién,
previamente diagnosticada y en remisién, etc.; y/o este en riesgo
de desarrollar esclerosis miltiple. Uno que sufra de o en riesgo
de sufrir de esclerosis miltiple puede opcionalmente ser
identificado como uno que se ha seleccionado por los niveles
elevados de células B CD20 positivas en el suero, fluido
cerebroespinal (CSF) y/o lesién o lesiones MS y/o se seleccione
para utilizar un ensayo para detectar anticuerpos, evaluados
cualitativamente, y preferiblemente cuantitativamente. Ejemplos
de tales anticuerpos asociados con esclerosis miltiple incluyen
proteina basica anti-mielina (MBP) , glicoproteina
oligodendrocitica anti-mielina (MOG) , anticuerpos anti-
gangliésido y/o anti-neurofilamentos. Tales anticuerpos se pueden
detectar en el suero del sujeto, en fluido cerebroespinal (CSF)
y/o lesién MS. Por anticuerpo “elevado” o nivel o niveles de
célula B se significan nivel o niveles de tales anticuerpos o
células B que excedan significativamente el o los niveles de un

individuo sin MS.
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“Tratamiento” de un sujeto se refiere aqui tanto a
tratamiento terapéutico como profilidctico o medidas de
prevencién. Aquellos necesitados de tratamiento incluyen aquellos
ya con esclerosis maltiple asi como también aquellos en los
cuales la esclerosis maltiple se va evitar. De esta manera, el
sujeto que ha sido diagnosticado por tener esclerosis miltiple o

puede estar predispuesto o susceptible a la esclerosis miltiple.

Un “sintoma” de MS es cualquier fentmeno mérbido o que se
aparte de lo normal en la estructura, funcién, o sensacidn,

experimentada por el sujeto e indicativo de MS.

“Esclerosis miltiple” se refiere a la enfermedad crénica y a
menudo discapacitante del sistema nervioso central caracterizada
por la destruccién progresiva de mielina. Existen cuatro formas
internacionalmente reconocidas de MS, a saber, la esclerosis
miltiple progresiva primaria (PPMS), la esclerosis miltiple
recidivante-remitente (RRMS), la esclerosis miltiple progresiva
secundaria (SPMS) , Y esclerosis maltiple progresiva

recidivante (PRMS).

“La esclerosis mGltiple progresiva primaria” o “PPMS” se
caracteriza por una progresién gradual de la enfermedad
proveniente de su inicio sin ninguna recafda y remisién
superpuesta, pueden haber periodos de igualamiento de la
actividad de la enfermedad y podrian haber buencs y malos dias o

semanas. La PPMS difiere de la RRMS y SPMS en que el inicio es
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tipicamente al final de 1los treinta o al comienzo e los
cuarenta, con la misma probabilidad entre hombres y mujeres para
desarrollarla, y la actividad de la enfermedad inicial es a
menudo en la columna vertebral y no en el cerebro. La PPMS a
menudo migra hacia el cerebro, pero es menos probable que daifie
las Areas del cerebro que la RRMS o SPMS; por ejemplo las
personas con PPMS tienen menos probabilidad de desarrollar
problemas cognitivos. La PPMS es el subtipo de la MS que es menos
probable que muestre lesiones inflamatorias (mejoramiento con
gadolinio) o exploraciones MRI. La forma Progresiva Primaria de
la enfermedad afecta entre el 10 y el 15% de todas las personas
con esclerosis miltiple. La PPMS se puede definir de acuerdo con
los criterics de McDonald et al. Ann Neurol 50:121-7 (2001). El1
sujeto con PPMS tratado aqui es usualmente uno con diagnéstico

probable o definitivo de PPMS.

“Esclerosis maltiple recidivante-remitente” o “RRMS” se
caracteriza por recaidas (también conocido como exacerbaciones)
tiempo durante el cual pueden aparecer nuevos sintomas o resurgir
viejos o empeorar. Los lapsos son seguidos por periodos de
remisién, tiempo durante el cual la persona se recupera completa
o parcialmente de lo déficit adquirideo durante la recaida. Las
recaidas pueden durar durante dias, semanas o meses y la
recuperacién puede ser lenta y gradual o casi instantdnea. La
basta mayoria de las personas que presentan MS son primero
diagnosticadas con RRMS. Esto es tipicamente cuando ellas estan

en sus treinta o cuarenta, aunque diagnésticos mas tempranos o
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tardios son conocidos. Dos veces mas mujeres que h es
presentan este subtipo de MS. Durante las recaidas, la mielina,
un aislante protector cubre alrededor de las fibras nerviosas
(neuronas) en las regiones de materia blanca del sistema nervioso
central (CNS), se puede dafiar En una respuesta inflamatoria al
sistema inmune propio del cuerpo. Esto origina una amplia
variedad de sintomas neurolégicos que varia considerablemente
dependiendo de cuales &reas del CNS este dafiadas. Inmediatamente
después de una recaida, la respuesta inflamatoria cesa y un tipo
egpecial de célula glial en el CNS (denomlinado un
oligodendrocito) patrocina la remielinizacién -un proceso
mediante el cual se puede reparar la cubierta de mielina
alrededor del axén. Es esta remielinizacién que puede ser
responsable de la remisién. Aproximadamente 50% de los pacientes
con RRMS la convierten a SPMS5 a los 10 aflos del iniclo de la
enfermedad. Después de los 30 afios, esta figura se eleva al 90%.
En cualquier momento, 1la forma recidivante-remitente de 1la
enfermedad cuenta con alrededor del 55% de todas las personas

como MS.

“La esclerosis miltiple progresiva secundaria o “SPMS” se
caracteriza por una progresién constante del daflo neurolégico
clinico con o sin recaidas superpuestas y remisiones y zonas
estables menores. Las personas que desarrollan SPMS habran
experimentado previamente un periodec de RRMS que puede haber
durado cualquiera desde dos a cuarenta afios o mas. Cualquier

recaida superpuesta y remisiones que hallan, tienden a disminuir
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gradualmente durante el tiempo. Desde el inicio de la fase
progresiva secundaria de la enfermedad, la discapacidad inicia su
avance mucho mds ripidamente que lo que ocurrié durante la RRMS
aunque el progreso puede ser alin muy lento en algunos individuos.
Después de 10 afos, el 50% de las personas con RRMS habré
desarrollado SPMS. A los 25 a 30 afilos, esa figura se habra
elevado al 9%0%. La SPMS tiende a estar asociados con niveles més
bajos de formacién de lesiones inflamatorias que en la RRMS pero
la carga total de 1la enfermedad continua progresando. BEn
cualquier momento, la SPMS cuenta con alrededor del 30% de todas

las personas con esclerosis miltiple.

“Esclerosis miultiple progresiva recidivante” se reflere a
“PRMS” se caracteriza por una progresidén continua del dafio
neurolégico clinico con recaidas y remisiones superpuestas.
Existe una recuperacién significativa inmediatamente luego de una
recaida pero entre las recaidas existe un empeoramiento gradual
de los sintomas. El PRMS afecta alrededor del 5% de todas las
personas con esclerosis miltiple. Alqunos neurdélogos creen que el

PRMS es una variante de la PPMS.

La expresi6tn “cantidad efectiva” se refiere a una cantidad
del anticuerpo (u otra droga) que es efectiva para prevenir,
mejorar o tratar la esclerosis maltiple. Tal cantidad efectiva
resultard en una mejora en los signos, sintomas u otras
indicaciones de MS, tal como reducir la tasa de recaida, prevenir

la discapacidad, reducir el nimero y/o volumen de lesiones MRI
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del cerebro, mejorar el tiempo de caminado de 25" pies,
extendiendo el tiempo a la progresién de la enfermedad (por
ejemplo wutilizando una escala de estado de discapacidad

expandida, EDSS), etc.

“Exposicién al anticuerpo” se refiere al contacto con o
exposicién al anticuerpo aqui en una o mis dosis administradas
durante un periodo de tiempo de aproximadamente 1-20 dias. Las
dosis pueden ser dadas una vez o en intervalos de tiempo fijo o
irregulares durante este periodo de exposicién. Las exposiciones
a anticuerpo iniciales y tardias (por ejemplo segunda o tercera)
son separada en el tiempo una de la otra como se describe en

detalle aqui.

El término "“agente inmunosupresivo” como se utiliza aqui
para terapla adjunta se refiere a sustancias que actlan para
suprimir o enmascarar el sistema inmune del mamifero que esté
siendo tratado aqui. Este incluiria sustancias que suprimen la
produccién de citoquina, subregulan o suprimen la expresién de
autoantigeno, o enmascaran los antigenos MHC. Ejemplos de tales
agentes incluyen pirimidina 2-amino-6-aril-5-sustituidas (ver
Patente U.S. No. 4,665,077); drogas antiinflamatorias no
esteroides (NSAID); ganciclovir, tacrolimus, glucocorticoides
tales como Cortisol o aldostercna, agentes antiinflamatorios
tales como un inhibidor de ciclooxigenasa, un inhibidor de 5-
lipoxigenasa, o antagonista de receptor de leucotrieno;

antagonistas de purina tales como azatioprina o mofetil
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micofenolato (MMF) ; agentes alquilantes tales cohmo
ciclofosfamida; bromocriptina; danazol; dapsona; glutaraldehido
(que enascara los antigenos MHC, como se describieron en la
Patente U.S. No. 4,120,649); anticuerpos antiidiotipos para
antigenos MHC y fragmentos MHC; ciclosporina A; esteroides tales
como corticosterocides o glucocorticosteroides o andlogos de
glucocorticoide, por ejemplo, prednisona, metilprednisolona, vy
dexametasona; inhibidores de dihidrofolato reductasa tales como
metotrexato (oral o subcuténeo) ; hidroxicloroquina;
sulfasalazina; leflunomida; citoquina o antagonistas de receptor
de citoquina que incluyen anticuerpos anti-interferén-alfa, -
beta, o -gama, anticuerpos alfa de factor de necrosis anti-
tumoral (infliximab o adalimumab), inmunoahesina anti-TNF-alfa
{etanercept), anticuerpos de factor-beta de necrosis anti-
tumoral, anticuerpos anti-interleuquina-2 vy anticuerpos del
receptor IL-2; anticuerpos anti-LFA-1l, que incluyen anticuerpos
anti-CDlla y anti-CD1l8; anticuerpos anti-L3T4; globulina anti-
linfocito heteréloga; anticuerpos pan-T, preferiblemente
anticuerpos anti-CD3 o anti-CD4/CD4a; péptidos solubles que
contienen un dominio de unién LFA-3 (WO 90/08187 publicado
7/26/90); estreptoquinasa; TGF-beta; estreptodornasa; ARN o ADN
del huésped; FK506; RS-61443; desoxispergualina; rapamicina;
receptor de célula T (Cohen et al., Patente U.S. No. 5,114,721);
fragmentos receptores de célula T (Offner et al., Science, 251:
430-432 (1991); WO 90/11294; Ianeway, Nature, 341: 482 (1989); y
WO 91/01133); y anticuerpos receptores de célula T (EP 340,109)

tales como T10BS.
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El término “agente citotéxico” como se utiliza aqui se
refiere a una sustancia que inhibe o previene la funcién de las
células y/o causa la destruccién de las células. El término estd
destinado a incluir isétopos radiactivos (por ejemplo At?'!, 1'%,
1125, y%, Re!®®, Re!®®, sm!%®, B1?'?, p3? e is6topos radiocactivos de
Lu), agentes quimloterapéuticos, y toxinas tales como toxinas de

molécula pequefia o toxinas enzimaticamente activas de bacterias,

hongos, plantas o de origen animal o fragmentos de estos.

Un “agente quimioterapéutico” es un compuesto quimico en el
tratamiento de cédncer. Ejemplos de agentes quimioter;péuticos
incluyen agentes alquilatantes tales como tiotepa y CYTOXAN
ciclosfosfamida; alquil sulfcnatos tales como busulfan,
improsulfan y piposulfan; aziridinas tales como benzodopa,
carboquona, meturedopa, y uredopa; etileniminas y metilamelaminas
que incluyen altretamina, trietilenomelamina,
trietilenofosforamida, trietilenotiofosforamida y
trimetilolmelamina; acetogeninas (especialmente bulatacina vy
bulatacinona); una camptotecina {(que incluye el topotecan analogo
sintético); briostatina; calistatina; CC- 1065 (que incluye su
adozelesina, carzelesina y andlogos sintéticos de bizelesina);
criptoficinas (particularmente criptoficina 1 y criptoficina 8):;
dolastatina; duocarmicina (que incluye los andlogos sintéticos,
Kw-2189 y CB1-TM1) ; eleuterobina; pancratistatina; una
sarcodictina; espongistatina; mostazas de nitrégeno tales como

clorambucil, clornafazina, colofosfamida, estramustina,
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ifosfamida, mecloretamina, clorhidrato de 6xido de mecloretamina,
melfalan, novembiquina, fenesterina, prednimustina, trofosfamida,
mostaza de uracilo; nitrosoureas tales como carmustina,
clorozotocina, fotemustina, lomustina, nimustina, y ranimnustina;
antibiéticos tales como los antibidéticos enediina (por ejemplo
caliqueamicina, especialmente caliqueamicina gamalIl y
caliqueamicina omegall (ver, por ejemplo, Agnew, Chem Intl. Ed.
Engl., 33: 183-186 (1994)); dinemicina, incluyendo dinemicina A;
bisfosfonatos, tales como clodronato; una esperamicina; asi como
también neocarzinostatina cromoforo y cromoforos antibiéticos de
cromoproteina enediina relacionada), aclacinomisinas,
actinomicina, autramicina, azaserina, bleomicinas, cactinomicina,
carabicina, carminomicina, carzinofilina, cromomicinis,
dactinomicina, daunorubicina, detorubicina, 6-dlazo-5-oxo-L~-
norleucina, ADRIAMYCIN® doxorubicina (que incluye morfolino-
doxorubicina, clianomorfeolino-doxorubicina, 2-pirrolino-
doxorubicina y desoxidoxorubicina), epirubicina, esorubicina,
'i- idarubicina, marcelomicina, mitomicinas tales como mitomicina C,
Acido micofenélico, nogalamicina, olivomicinas, peplomicina,
potfiromicina, puromicina, quelamicina, rodorubicina,
estreptonigrina, estreptozocina, tubercidina, ubenimex,
zinostatina, zorubicina; anti-metabolitos tales como metotrexato
y 5-fluorouracilo (5-FU); andlogos de Aacido félico tales como
denopterina, metotrexato, pteropterina, trimetrexato; andlogos de
purina tales como fludarabina, 6-mercaptopurina, tiamiprina,
tioguanina; andlogos de pirimidina tales como ancitabina,

azacitidina, 6-azauridina, carmofur, citarabina, dideoxiuridina,
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doxifluridina, enocitabina, floxuridina; andrédgenos tales como
calusterona, dromostanolona propionato, epltiostanol,
mepitiostano, testolaétona; anti-adrenales tales como
aminoglutetimida, mitotano, trilostana; recargador de acido
félico tales como d&cido frolinico; aceglatona; aldofosfamida
glicosida; acido aminolevulinico; enlluracilo; amsacrina;
bestrabucil; bisantreno; edatraxato; defofamina; demecolcina;
diaziquona; elfornitina; acetato de eliptinio; una epotilona;
etoglucida; nitrato de galio; hidroxiurea; lentinan; lonidainina;
maitansinoidas tales como maitansina Yy ansamitocinas;
mitoguazona; mitoxantrona; mopidanmol; nitraerina; pentostatina;
fenamet; pirarubicina; losoxantrona; &cido podofilinico; 2-
etilhidrazida; procarbazina; complejo polisacdrido PSK® (JHS
Natural Products, Eugene, OR); razoxano; rizoxina; esizofiran;
espirogermanio; acido tenuazénico; triaziquona; 2,27 ,2""-
triclorotrietilamina; tricotecenos (especialmente toxina T-2,
verracurin A, roridina A y anquidina); uretano; vindesina;
dacarbazina; manomustina; mitobronitol; mitolactol; pipobroman;
gacitosina; arabinosida (“Ara-C”); ciclofosfamida; tiotepa;
taxoidas, por ejemplo, TAXOL® paclitaxel (Bristol- Myers Squibb
Oncology, Princeton, NJ.), ABRAXANE™ Cremofor-libre, formulacién
de na:oparticula construida por ingenieria-albdimina de paclitaxel
(American Pharmaceutical Partners, Schaumberg, Illinois), vy
TAXOTERE® doxetaxel (Rhone-Poulenc Rorer, Antony, France) ;
cloranbucil; GEMZAR® gemcitabina; 6-tioguanina; mercaptopurina;
metotrexato; andlogos de platino tales como cisplatina vy

carboplatina; vinblastina; platino; etoposida (VP-16);
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ifosfamida; mitoxantrona; vincristina; NAVELBINE® vinorelbina;
novantrona; teniposida; edatrexato; daunomicina; aminopterina;
xeloda; ibandroﬁato: CPT-11l; inhibidor de topoisomerasa RFS 2000;
difluorometilornitina (DMFO); retinoides tales como 4&cido
retinoico; capecitabina; y sales farmacéuticamente aceptables,

dcidos o derivados de cualquiera de los anteriores.

También incluidos en esta definicién estdn los agentes
antihormonales que actuan para regular o inhibir la accién de la
hormona sobre los tumores tales como anti-estrégenos vy
moduladores del receptor de estrégeno selectivo (SERMs), que
incluye, por ejemplo, tamoxifeno (que incluye NOLVADEX®
tamoxifeno), raloxifeno, droloxifeno, 4-hidroxitamoxifeno,
trioxifeno, keoxifeno, LY117018, onapristona, 4 FARESTON
toremifeno; inhibidores de aromatasa que inhiben 1la enzima
aromatasa, que regulan la produccién de estrégeno en glandulas
adrenales, tales como, por ejemplo, 4(5)-imidazoles,
aminoglutetimida, MEGASA® megestrol acetato, AROMASIN
exemestano, formestanie, fadrozol, RTVISOR® vorozol, FEMARA®
letrozol, y ARJMIDEX® anastrozol; y anti-andrbégenos tales como
flutamida, nilutamida, bicalutamida, leuprolida, y goserelina;
asi como también troxacitabina (un analogo de 1,3-dloxolano
nucleésido citosina):; oligonucleétidos antisentido,
particularmente aquellos que inhiben la expresidén de genes en la
seflalizacién de células implicadas en la proliferacién de célula
aberante, tales como, por ejemplo, PKC-alfa, Ralf y H-Ras;

vacunas tales como vacunas de terapia génica, por ejemplo, la
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vacuna ALLOVECTINA®, vacuna LEUVECTINA®, y 1la vacuna VAXID®;
PROLEUKIN® rIL-2; LURTOTECAN® inhibidor de topoisomerasa 1;
ABARELIX® rmRH; y sales farmacéuticamente aceptables, dacidos

derivados de de cualquiera de los anteriores.

El término “citoquina” es un término genérico para proteinas
liberadas por una poblacidén de células que acttan sobre otra
célula como mediadores intercelulares. Ejemplos de tales
citoquinas son linfoquinas, monoquinas; interleuquinas (IL) tales
como IL-1, IL-l¢, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9,
IL-11, IL-12, IL- 15; un factor de necrosis tumoral tal como TNF-
a o TNF-B; y otros factores de polipéptido que incluyen el LIF y
un ligando de kit (KL). Comc se utiliza aqui, el término
citoquina incluye proteinas de fuentes naturales o de cultivo de
célula recombinante y equivalentes biolégicamente actives de
citoquinas de secuencia nativa, gque incluyen entidades de
molécula pequefia sintéticamente producidas Y derivados

farmacéuticamente aceptables y sales de estos.

El término “hormona” se refiere a hormonas de polipéptido,
gue son generalmente secretadas mediante érganos glandulares con
ductos. Incluidas entre las hormonas estén, por ejemplo, 1la
hormona del crecimiento tal como la hormona del crecimiento
humano, la hormona del crecimiento humano N-metionilo, y 1la
hormona de crecimiento bovino; hormona paratiroide; tiroxina;
insulina; preoinsulina; relaxina; prorelaxina; hormonas de

glicoproteina tales como la horimona estimulante del foliculo
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(FSH), hormona estimulante tiroide {TSH), y hormona luteinizante
(LB); prolactina, lactdgeno de placenta, péptido asociado con
gonadotropina de ratdn, inhibina; activina; sustancia inhibidora
de muleriana; y trombopoyetina. Como se utilliza aqui, el término
hormona incluye proteinas provenientes de fuentes naturales o de
cultivo de c¢élula recombinante y equivalentes biolégicamente
activos de la hormona de secuencia nativa, que incluye entidades
de molécula pequefia sintéticamente producida y derivados

farmacéuticamente aceptables y sales de estos.

El término “factor de crecimiento” se refiere a proteinas
que promueven el crecimiento, e incluyen, por ejemplo, factor de
crecimiento hepatico; factor de crecimiento de fibroblasto;
factor de <crecimiento endotelial vascular; factores de
crecimiento nerviosc tal como NGF-B; factor de crecimiento
derivado de plaqueta; factores de crecimiento transformantes
(TGF) tales como TGF-a y TGF-B; factor I y -Ii de crecimiento
similar a insulina; eritropoyetina (EPO) ; factores
osteoinductivos; interferonas tales como interferona-o, -B, y -v;
y factores estimulantes de colonia (CSFs) tales como macréfago-
CSF (M-CSF); granulocito-macré6fago-CSF (GM-CSF); y granulocito-
CSF (G- CSF). Como se utiliza aqui, el término factor de
crecimiento incluye proteinas provenientes de fuentes naturales o
de cultivo de célula recombinante y equivalentes biolégicamente
activos de factor de crecimiento de secuencia nativa, que
incluyen entidades de molécula pequefla sintéticamente producidas

y derivados farmacéuticamente aceptables y sales de estos.
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El término “integrina” se refiere a una proteina receptora
que le permite a las células tanto unirse como responder a la
matriz extracelular y estd involucrada en una variedad de
funciones celulares tales como el <curacién de heridas,
diferenciacién celular, ubicacién de células tumorales y
apoptosis. Ellas son parte de una gran familia de receptores de
adhesién de célula que estdn involucrados en la matriz
extracelular de la célula y en interacciones célula-célula. Las
inteqrinas funcionales <consisten de dos subunidades de
glicoproteina de transmembrana, denominadas alfa y beta, que no
estdn covalentemente unidas. Las subunidades alfa comparten todas
alguna homologia una con la otra, como lo hécen las subunidades
beta. Los receptores siempre contienen una cadena alfa y una
cadena beta. Ejemplos incluyen Alfabbetal, Alfa3betal,
alfa7betal, LFA-1, alfa 4, integrina etc. Como se utiliza aqui,
el término integrina incluye proteina de fuentes naturales o de
cultivo de célula recombinante y equivalentes biolégicamente
activos de 1la iIntegrina de secuencia nativa, que incluye
entidades de molécula pequefia sintéticamente producida vy

derivados farmacéuticamente aceptables y sales de estos.

Ejemplos de “antagonistas de anticuerpos de integrina”
ineluyen aqui un anticuerpo LFA-1 tal como Efalizumab (RAPTIV A®)
comercialmente disponible de Genentech; un anticuerpo de
integrina alfa 4 tal como natalizumab (TYSABRI®) disponible de

Biogen; derivados de fenilalanina diazaciclica (WO 2003/89410);
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derivados de fenilalanina (WO 2003/70709, WO 2002/26830, WO
2002/16329 y WO 2003/53926); derivados de &acido fenilpropionico
(WO 2003/10135); derivados de enamina (WO 2001 /79173); derivados
de 4cido propanéico (WO 2000/37444); derivados de acido alcandico
(WO 2000/32575); derivados de fenilo sustituido (Patentes US Nos.
6,677,339 y 6,348,463); derivados de amina aromadtico (Patente US
No. 6,369,229); y polipéptido de dominio de disintegrina ADAM
(US2002/0042368), anticuerpos a la integrina alfavbetal (EP
633945); derivados de aminodcido biciclo aza-puenteado (WO

2002/02556) etc.

Para los propdsitos de esto, “el factor alfa de necrosis
tumoral (TNF-alfa)” se refiere a una molécula de TNF-alfa humana
que comprende la secuencia de aminodcido como se describe en
Pennica et al., Nature, 312:721 (1984) o Aggarwal et al, JBC,

260:2345 (1985).

Un “inhibidor de TNF-alfa” aqui es un agente que inhibe, en
alguna proporcién una funcién blolégica de TNF-alfa, generalmente
a través de la unién a TNF-alfa y neutralizando su actividad.
Ejemplos de inhibidores TNF especificamente contemplados aqui son
Etanercept (ENBREL®) , Infliximab (REMICADE®) y Adalimumab

(HUMIRA™} .

Ejemplos de “farmacos antirreumdticos con capacidad de
modificaclén de la enfermedad” “DMARD" incluyen

hidroxicloroquina, sulfasalazina, metotrexato, leflunomida,
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etanercept, infliximab (mds metrotrexato oral y subcytaned),
azatioprina, D-penicilamina, Gold (oral), Gold (intramuscular),
minociclina, ciclosporina, inmunoabsorciétn de proteina A de

estafilococo, que incluye sales y derivados de estos, etc.

“Ejemplos de drogas antiinflamatorias no esteroides” “NSAID”
son acido acetisalicilico, ibuprofeno, naproxeno, 1lindometacina,

sulindac, tolmetina, que incluye sales y derivados de estos, etc.

“Corticosteroide” se refiere a una cualqulera de varias
sustancias de ocurrencia natural o sintética con la estructura
quimica de los esteroides que semejan o aumentan los efectos de
los corticosteroides de ocurrencia natural. Ejemplos de
corticosteroides sintéticos incluyen prednisona, prednisolona
(incluyendo metilprednisolona), dexametasona, glucocorticoide y

betametasona.

Un *“inserto de paquete” se utiliza para referirse a
instrucciones de costumbre incluidas en paquetes comerciales o en
productos terapéuticos, que contienen la informacién acerca de la
indicacidén, uso, dosis, administracién, contraindicaciones, otros
productos terapéuticos para ser combinados con el producto
empacado, y/o prevenciones con relacién al uso de tales productos

terapéuticos, etc.

II. Terapia
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La presente invencién suministra un método para tRgtar
esclerosis miltiple en un sujeto que sufre de esta, que comprende
administrar una cantidad efectiva de un anticuerpo que se une al
marcador de superficie de célula B (preferiblemente un anticuerpo
CD20) al sujeto. La MS al ser tratada aqui incluye esclerosis
miltiple progresiva primaria (PPMS), esclerosis miltiple
recidivante-remitente (RRMS), esclerosis miltiple progresiva
secundaria (SPMS), y esclerosis miltiple progresiva recidivante
{PRMS), pero la terapia de cualgquiera la PPMS o RRMS son las

modalidades preferidas aqui.

De acuerdo a un protocolo de dosificacién preferido, el
método comprende administrar una cantidad efectiva de un
anticuerpo CD20 al sujeto MS para suministrar una exposicién al
anticuerpo inicial de aproximadamente 5 a 4 gramos
(preferiblemente aproximadamente 1.5 a 2.5 gramos) seguido por
una segunda exposicidén de anticuerpo de aproximadamente 0.5 a 4
gramos (preferiblemente aproximadamente 1.5 a 2.5 gramos), 1la
segunda exposicién a anticuerpo no siendo suministrada hasta
desde aproximadamente 16 a 60 semanas desde la exposicién inicial
del anticuerpo. Para los propésitos de esta invencién, la segunda
exposicién de anticuerpo es la siguiente vez que el sujeto es
tratado con anticuerpo CD20 después de la exposicién inicial al
anticuerpo, no habiendo intervencidén de tratamiento de anticuerpo

CD20 o exposicién entre las exposiciones inicial y segunda.

\34
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El intervaloc entre las exposiciones de anticuerpo inicial o
segqunda o subsecuente se puede medir de cualquiera la primera o
la segunda dosis de la exposicién inicial al anticuerpo, pero
preferiblemente de la primer dosis de la exposiciédn inicial al

anticuerpo.

En las modalidades preferidas aqui, las exposiciones al
anticuerpo son aproximadamente de 24 semanas o € meses de
diferencia; o aproximadamente 48 semanas o 12 meses de

diferencia.

En una modalidad, lﬁ segunda exposicidétn al anticuerpo no se
suministra hasta aproximadamente 20 a 30 semanas desde la
exposicién inicial, opcionalmente seguida por una tercera
exposicién de anticuerpo de aproximadamente 0.5 a 4 gramos
{preferiblemente aproximadamente 1.5 a 2.5 gramos), la tercer
exposicién no siendo administrada hasta desde aproximadamente 46
a 60 sémanas (preferiblemente desde aproximadamente 46 a 54
semanas) desde la exposicién inicial, y luego, preferiblemente
ninguna exposicién a anticuerpo adicional se suministra hasta al

menos aproximadamente 70-75 semanas desde la exposicién inicial.

En una modalidad alternativa, no se suministra segunda
exposicién al anticuerpo hasta aproximadamente 46 a 60 semanas
desde la exposicién inicial, y las subsecuentes exposiciones a

anticuerpo, si existe alguna, no se suministran hasta
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aproximadamente 45 a 60 semanas desde la exposicién previa al

anticuerpo.

Una cualquiera o mads de las exposiciones al anticuerpo aqui
se pueden suministrar al sujeto como una dosis simple de
anticuerpo, o como dos dosis separadas del anticuerpo (es decir
gue constituyen una primera y segunda dosis). El1 namero
particular de dosis (sea una o dos) empleada para cada exposicién
a anticuerpo es dependiente, por ejemplo, del tipo de MS tratado,
el tipo de anticuerpo empleado, y que tipo de segundos
medicamentos se emplea, y el método y frecuencia de
administracién. Cuando se administran dos dosis separadas, la
segunda dosis es preferiblemente administrada desde
aproximadamente 3 a 17 dias, mis preferiblemente desde
aproximadamente 6 a 16 dias, mAs preferiblemente desde 13 a 16
dias desde el momento de que la primer dosis fue administrada.
Cuando se administran dos dosis separadas, la primera y segunda
dosis del anticuerpo es preferiblemente aproximadamente 0.5 a 1.5

gramos, mis preferiblemente aproximadamenté 0.75 a 1.3 gramos.

En una modalidad, el sujeto suministra al menos
aproximadamente tres, o al menos cuatro expoaiciones del
anticuerpo, por ejemplo, desde aproximadamente 3 a 60
exposiciones, y mAs particularmente aproximadamente 3 a 40
exposiciones, més particularmente, aproximadamente 3 a 20
exposiciones. Preferiblemente, tales exposiciones son

administradas a intervalos cada una de 24 semanas a 6 meses, o 48
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semanas a 12 meses. En una modalidad cada exposicién a ant;:Eérpo

~J

se suministra en wuna dosis simple del anticuerpo. En una
modalidad alternativa, cada exposiclién al anticuerpo se
suministra como dos dosis separadas del anticuerpo. Sin embargo,
no cada exposicién al anticuerpo necesita ser suministrada en una

dosis simple o como dos dosis separadas.

El anticuerpo puede ser un anticuerpec desnudo o© puede ser
conjugado con otras moléculas tales como agente citotédxico como
un compuesto radiocactivo. El1 anticuerpo preferido aqui es
Rituximab, 2H7 humanizado (por ejemplo que comprende las
secuencias de dominio variable en la SEQ ID NOS. 2 y 8) o 2H7
humanizado que comprende secuencias de dominio variable en la SEQ

ID NOS. 23 y 24, o huMax-CD20 (Genmab).

En una modalidad, el sujeto nunca ha sido tratado
previamente con droga o drogas, tales como agente o agentes
inmunosupresores, para tratar la esclerosis maltiple y/o nunca ha
sido tratado previamente con un anticuerpo ha un marcador de
superficie de célula B (por ejemplo nunca previamente tratado con

anticuerpo CD20).

El anticuerpo se administra por cualesquier medios
adecuados, incluyendo parenteral, tépica, subcuténeo,
intraperitoneal, intrapulmonar, intranasal, y/o administracidn
intralesional. Las infusiones parenterales incluyen

administracién intramuscular, intravenosa, intraarterial,
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intraperitoneal, o subcutdnea. La administracién intratecal
también se contempla {(ver, por ejemplo, solicitud de Patente US
No. 2002/0009444, Grillo-lopez, un suministro 1intratecal
concerniente de un anticuerpo CD20). Ademds, el anticuerpo puede
ser adecuadamente administrado mediante infusidén de pulso, por
ejemplo, con dosis declinantes del anticuerpo. Preferiblemente,
la dosificacién es dada intravenosamente, subcuténeamente o
intratecalmente, mas preferiblemente mediante infusién o

infusiones intravenosas.

Aunque el anticuerpo (D20 puede ser solamente administrado
con droga al sujeto para tratar la esclerosis miltiple uno podria
opcionalmente administrar un segundo medicamento, tal como un
agente citotédxico, agente quimioterapéutico, agente
inmunosupresor, citoquina, antagonista de citoquina o anticuerpo,
factor de crecimiento, hormona, integrina, antagonista de
integrina o anticuerpo (por ejemplo un anticuerpo LFA-1 tal como
efalizumab (RAPTI'VA®) comercialmente disponible de Genentech, o
anticuerpo de integrina alfa 4 tal como natalizumab (TYSABRI )
disponibles de Biogen) etc., con el anticuerpo que se une al
marcador de superficie de la célula B (por ejemplo con el

anticuerpo CD20).

En la modalidad preferida de terapia de combinacién, el
anticuerpo se combina con una droga de la clase de interferén tal
como IFN-beta-la (REBIF® y AVONEX®) o IFN-beta-lb (BETASERON );

un oligopéptido tal como glatiramer acetato (COPAXONE®); un



WO 2005/117978 60 PCT/US2005/01%

14

Y
agente citotéxico tal como mitoxantrona (NOVANTRONA®) ,
metotrexato, ciclofosfamida, clorambucil, azatioprina;
inmunoglobulina intravenosa (gama inmuncglobulina); terapia de
vaciamiento de linfocito (por ejemplo mitoxantrona,
ciclofosfamida, Campath, anti-CD4, cladribina, irradiacién del
cuerpo total, trasplante de médula 6sea); corticosteroide (por
ejemplo metilprednisolona, prednisocna, dexametasona, o]
glucorticoides), que incluye terapia' de corticosteroide
sistémica; terapia inmunosupresora de vaciamiento no linfocito
(por ejemplo, mofetil micofenolato (MMF) o ciclosporina); droga
que disminuye el colesterol de la clase “estatina”, que incluye
cerivastatina (BAYCOI®), fluvastatina (LESCOL®), atorvastatina
(LIPITOR®), lovastatina (MEVACOR®), pravastatina (PRAV ACHOL®),
Simvastatina (ZOCOR®); estradiol; testosterona {(opcicnalmente a
dosis elevadas; Stuve et al. Neurology 8:290-301 (2002)); terapia
de reemplazo de hormona; tratamiento para sintomas secundarios
relacionados a MS (por ejemplo espasticidad, incontinencia,
dolor, fatiga); un inhibidor de TNF; una droga antirreumdtica con
capacidad de modificacién de la enfermedad (DMARD); droga
antiinflamatoria no esteroide (NSAID); plasmaféresis;
levotiroxina; ciclosporina A; andlogo de somatastatina; citoquina
o antagonista receptor de citoquina; anti-metabolito; agente
inmunosupresor; cirugia de rehabilitacién: radioyodo;
tiroidectomia; otro antagonista/anticuerpo de superficie de

célula B; etc.
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El segundo medicamento se administra con la exposicién
iniclal y/o exposiciones finales del anticuerpo CD20, tal como la
administracién combinada incluye la coadministracién, utilizando
formulaciones separadas o formulaciones farmacéuticas simples y
la administracién consecutiva en cualquier orden, en donde
preferiblemente existe un periodo aunque ambos (o todos) los
ingredientes activos ejerzan simultidneamente sus actividades

biolégicas.

Ademé&s de la administracién de los anticuerpos al sujeto, la
presente solicitud contempla la administracién de anticuerpos
mediante terapia génica. Tal administracién de dcido nucleico que
codifica al anticuerpo est& comprendida mediante la expresién
administrar una “cantidad efectiva” de un anticuerpo, ver, por
ejemplo, W096/07321 publicado en marzo 14, 1996 que se relaciona
con el uso de terapia génica  para generar anticuerpos

intracelulares.

Existen dos aproximaciones principales para conseguir el
dcido nucleico (opcionalmente contenido en un wvector) en las
células de los sujetos; in vivo y ex vivo. Para suministro in
vivo del A4cido nucleico es inyectado directamente en el sujeto,
usualmente en el sitio donde se requiere el anticuerpo. Para
tratamiento ex wvivo, las células del sujeto son removidas, el
dcido nucleico es introducido en las células aisladas y las
células modificadas son administradas al sujeto directamente o,

por ejemplo, encapsuladas en membranas porosas dque Sson
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implantadas en el sujeto (ver, por ejemplo, Patentes U.S. Nos.
4,892,538 y 5,283,187). Existe wuna variedad de técnicas
disponibles para introducir Acidos nucleicos en células viables.
Las técnicas varian dependiendo de si el &cido nucleico es
transferido a células cultivadas in vitro, o in vivo en las
células del huésped pretendido. Las técnicas adecuadas para la
transferencia de &cido nucleico a células de mamifero in vitro
incluyen el uso de liposomas, electroporacién, microinyeccién,
fusién de célula, DEAE-dextrano, el métcdo de precipitacién de
fosfato de calcio, etc. Un vector cominmente para suministro ex

vivo del gen es un retrovirus.

Las técnicas de transferencia de A&cido nucleico in vive
habitualmente preferidas incluyen la transfeccién con vectores
virales (tal como adenovirus, virus Herpes simple I o virus
adenoasociados) y sistemas basados en lipidos (lipidos Gtiles
para transferencia mediada por lipido u otros genes DOTMA, DOPE y
DC-Chol, por ejemplo). En algunas situaciones es deseable
suministrar la fuente de &cido nucleico con un agente que apunta
a las células objetivo tal como un anticuerpo especifico para una
proteina de membrana de superficie celular o la célula objetivo,
un ligando para un receptor sobre la célula objetivo, etc. cuando
se emplean liposomas, las proteinas que se unen a la proteina de
membrana de superficie celular asociadas con endocitosls se puede
utilizar para apuntar y/o facilitar la toma, por ejemplo,
proteinas cApsido o fragmentos trépicos de estos para un tipo de

célula particular, anticuerpos para proteina que sufren



WO 2005/117978 63 PCTIU82005/019 d

| &4

internalizacién en c¢iclamiente, y proteinas que apuntan 1la
localizacidén intracelular. y 1la mejoran 1la vida media
intracelular. La técnica de endocitosis mediada por receptor se
describe, por ejemplo, por Wu et al., J. Biol. Chem. 262:4429-
4432 (1987); y Wagner et al., Proc. Natl. Acad. Sci USA 87:3410-
3414 (1990). Para revisidén de los protocolos de marcacién de en y
terapia de en conocidos habitualmente ver Anderson et al.,
Science 256:808-813 (1992). Ver también la WO 953/25673 y las

referencias citadas aqui.
III. Produccién de Anticuerpos

Los métodos y articulos de elaboracién de 1la presente
invencién usan, o incorporan un anticuerp¢ que se une al marcador
de superficie de célula B, especialmente uno que se une a CD2. de
acuerdo con esto, los métodos para generar tales anticuerpos se

describirén aqui.

El marcador de superficie de célula B a ser utilizado para
la produccién de, o selecciétn de, anticuerpos puede ser, por
ejemplo, una forma soluble del marcador, o una porclidén de esta,
que contiene un epitopo deseado. Alternativamente, o
adicionalmente las células que expresan el marcador en su
superficie celular se ©pueden wutilizar para generar, o
seleccionar, anticuerpos. Otras formas de marcador de superficie
de célula B Gtiles para generar anticuerpos serin evidentes para

aquellos expertos en la técnica.
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Una descripcién sique a las técnicas de ejemplo para la
produccién de 1los anticuerpos utilizados de acuerdo con la

presente invencién.
(i) Anticuerpos policlonales

Los anticuerpos policlonales son preferiblemente generados
en animales mediante inyecciones subcutéaneas (sc) o
intraperitoneales (ip) maltiples de antigeno relevante y un
adyuvante. Esta puede ser 1til para conjugar el antigeno
relevante a una proteina que es inmunogénica en las especies a
ser inmunizadas, ore ejemplo, hemocianina de lapa ojo de
cerradura, suero albimina, tiroglobulina bo;ina, o inhibidor de
tripsina de frijol de soya que utiliza un agente bifucional o
derivatizante, por ejemplo, maleimidobenzoil sulfosuccinimida
éster (conjugacién a través de residuvos de cisteina), N-
hidroxisuccinimida (a través residuos de lisina), glutaraldehido,
anhidrido succinico, SOClz, © RIN=C=NR, en donde R y R' son

diferentes grupos de alquilo.

Los animales son inmunizados contra el antigeno, conjugados
inmunogénicos, o derivados al combinar, por ejemplo, 100 pg o 5
ug de 1la proteina o conjugado (para conejos o ratones,
respectivamente) con 3 volimenes de adyuvante completo de Freund
e inyectar la solucién intradérmicamente en maltiples sitios. Un

mes mas tarde los animales son reforzados con 1/5 a 1/10 de la

147
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cantidad original del péptido o conjugado en un adyuvante
completo de Freund mediante inyeccién subcutdnea en sitios
miltiples. 7 a 14 dias mids tarde los animales son sangrados y el
suero es ensayado para titulc de anticuerpo. Los animales son
esforzados hasta que el titulo se estabiliza. Preferiblemente, el
animal es reforzado con el conjugado del mismo antigeno, pero
conjugade a un proteina diferente y/o a través de un agente
reticulante diferente. Los conjugados también se pueden hacer en
cultivos de célula recombinante, c¢omo fusiones de proteina.
También, los agentes agregantes tales como alumbre son

adecuadamente utilizados para mejorar la respuesta inmune.

(ii) Anticuerpos monoclonales

Los anticuerpos monoclonales son obtenidos de una poblacién
de anticuerpos sustancialmente homogéneos, es decir 1los
anticuerpos individuales que comprenden la poblacién son
idénticos y/o se unen al mismo epitopo excepto para posibles
variantes que surgen durante la produccién férmula anticuerpo
monoclonal, tales variantes generalmente estdn presentes en
cantidades menores. Asi, el modificador “monoclonal” indica el
cardcter del anticuerpo como no siendo una mezcla de anticuerpos

discretos o policlonales.

Por ejemplo, los anticuerpos moncclonales pueden hacerse

utilizando el método de hibridoma primero descrito por Kohler et

&P
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al., Nature, 256:495 (1975), se puede hacer mediante métodos de

ADN recombinante (Patente U.S. No. 4,816,567).

En el método de hibridoma, un ratén u otro animal huésped
apropliado, tal comc un hamster, se inmuniza como se describié
anteriormente para elicitar linfocitos que producen o son capaces
de producir anticuerpos que se unirén especificamente a 1la
proteina utilizada para inmunizacién. Alternativamente, los
linfocitos pueden ser inmunizados in vitro. Los linfocitos son
entonces fusionados con células de mieloma utilizando un agente
de fusién adecuado, tal como polietilenglicol, para formar una
célula de hibridoma (Goding, Monoclonal Antibodies: Principles y

Practice, pp.59-103 (Academic Press, 1986)).

Las células de hibridoma preparadas asi son sembradas y se
hacen crecer en un medio de cultive adecuado que contienen
preferiblemente una o mids sustancias que inhiben el crecimiento o
supervivencia de células de mieloma parentales no infundidas. Por
ejemplo, si a las células de mieloma parental les falta la enzima
hipoxantina guanina fosforibosil transferasa (HGPRT o HPRT}, el
medio de cultivo para los hibridomas tipicamente incluira
hipoxantina, aminopterina, y timidina (medio HAT), cuyas
sustancias evitan el crecimiento de las células deficientes en

HGPRT.

Las células de mieloma preferidas son aquellas gque se

fusionan eficientemente, soportan produccién de nivel alto
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estable de anticuerpo mediante células de produccién de
anticuerpo seleccionadas, y son sensibles a un medic tal medio
HAT. Entre estos, las lineas de célula de mieloma preferida son
lineas de mieloma de murinc, tal como aquellas derivadas de
tumores de ratén MOPC-21 y MPC-11 disponibles del Salk Institute
Cell Distribution Center, San Diego, California USA, y células
SP-2 o0 X63-AgB-653 disponibles del American Type Culture
Collection, Rockville, Mariland USA. Las lineas de célula de
heteromieloma de mieloma humano y de mieloma de ratém también ha
sido descritas para la producciédn de anticuerpos monoclonales
(Kozbor, J. Immunol, 133:3001 (1984); Brodeur et al., Monoclonal
Antibody Production Techniques and Applications, pp. 51-63

(Marcel Dekker, Inc., New York, 1987)).

El medio de cultivo en el cual las células de hibridoma
crecen Se ensaya para produccién de anticuerpos monoclonales
dirigidos contra el antigeno. Preferiblemente, la especificidad
de unién de los anticuerpos monoclonales producidos por 1las
células de hibridoma se determina mediante la inmunoprecipit.acibn
o mediante un ensayo de unién in vitro,, tal como
radioinmunoensayo {(RIA) o ensayo inmuncabsorbente ligado a enzima

(ELISA).

La afinidad de unién del anticuerpo monoclonal puede, por
ejemplo, ser determinada por el analisis Scatchard de Munson et

al., Anal. Biochem., 107:220 (1980).
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Después de que se identifican las células de hibridoma que
producen anticuerpos de la especificidad deseada, 1la afinidad,
y/o actividad, los clones se pueden subclonar al limitar los
procedimientos de dilucidén y ser crecidos mediante métodos
estadndar (Goding, Monoclonal Antibodies: Principles and Practice,
pp.59-103 (Academic Press, 1986)). El medio de cultivo adecuado
para este propésito incluye, por ejemplo, medio D-MEM o RPMI-

1640. Ademés las células de hibridoma se pueden hacer crecer in

vivo como tumores ascites en un animal.

Los anticuerpos monoclonales secretados mediante subclones
son adecuadamente separados de medio de cultivo, fluido de
ascites o suero -mediante procedimientos de purificacién de
inmunoglobulina convencionales tales como, por ejemplo, proteina
A-sefarosa, cromatografia de hidroxilapatita, electroforesis de

gel, diilisis, o cromatografia de afinidad.

E1l ADN que codifica los anticuerpos monoclonales se aisla
facilmente Y se secuencia utilizando procedimientos
convencionales (por ejemplo al utilizar sondas de oligonucleétido
que son capaces de unirse especificamente a genes que codifican
las cadenas pesada y ligera de anticuerpos de murino). Las
células de hibridoma sirven como una fuente preferida de tal ADN.
Una vez aislado, el ADN se puede ubicar en vectores de expresidn
que entonces transfectados en células huéspedes tales como
células de E. coli, células COS de simio, células de ovario de

hémster chino (CHO), o células de mieloma que no producen de otra
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manera proteina de inmunoglobulina, para obtener la sintesis de
anticuerpos monoclonales en las células huésped recombinantes.
Los articulos de revisién sobre la expresién recombinante en
bacterias de ADN que codifica el anticuerpo incluyen Skerra et
al., Curr. Opinion in Immunol, 5:256-262 (1993) y Plickthun,

Immunol. Revs., 130:151-188 (1992).

En una modalidad adicional, los anticuerpos o fragmentos de
anticuerpos se pueden aislar de librerias de fago de anticuerpos
generadas utilizando las técnicas descritas en McCafferty et al.,
Nature, 348:552-554 (1990). Clackson et al, Nature, 352:624-628
(1991) y Marks et al, J. Mol. Biol, 222:581-597 (1991) describe
el aislamiento de anticuerpos de murino y humano,
respectivamente, utilizando librerias de fago. Las publicaciones
subsecuentes describen la produccién de anticuerpos humanos de
alta afinidad (rango nM) mediante arrastrado de cadena (Marks et
al., Bio/Technology, 10:779-783 (1992)), asi como también como
infeccién combinatoria en recombinacién in wvivo c¢omo una
estrategia para construir librerias de fago muy grandes
(Waterhouse et al., Nuc. Acids. Res., 21:2265-2266 (1993)). Asi,
estas técnicas son alternativas viables a las técnicas de
hibridoma de anticuerpo monoclonal para el aislamiento de

anticuerpos monoclonales.

El ADN también se puede modificar, por ejemplo, al sustituir
las secuencia de codificacién para dominios constantes de cadena

pesada y 1ligera en lugar de secuencias de murino homblogas
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(Patente U.S. No. 4,816,567; Morrison, et al., Proc. Natl Acad.
Sci USA, 81:6851 (1984)), o unirse covalentemente a la secuencia
codificante de inmunoglobulina toda o parte de la secuencia

codificante de un polipéptido de no-inmunoglobulina.

Tipicamente tales polipéptidos de no-inmunoglobulina son
sustituidos por los dominios constantes de un anticuerpo, o ellos
son sustituides por los dominios variables de un sitio que
comblna antigeno de un anticuerpo para crear un anticuerpo
bivalente quimérico que comprende un sitio que combinan antigeno
que tiene especificidad para un antigeno y otro sitio que combina

otro antigeno que tiene especificidad para un antigeno diferente.

(iii) Anticuerpos humanizados

Los métodos para los anticuerpos no humanos humanizantes se
han descrito en 1la técnica. Preferiblemente, un anticuerpo
humanizado tiene uno o mis residuos de aminoacido introducidos en
este desde una fuente que es no humana. Estos residuos de
aminodcido no humanos san a menudo de nominados como residuos de
“importacién” que son tipicamente tomados desde un dominio
variable de “importacién”. La humanizacién puede ser
esencialmente desarrollada siguiendo el método de Winter y co-
trabajadores (Jones et al., Nature, 321:522-525 (1986); Riechmann
et al., Nature, 332:323-327 (1988); Verhoeyen et al., Science,
239:1534-1536 (1988)), al sustituir secuencias de regién

hipervariable para las secuencias correspondientes del anticuerpo
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humano. De acuerdo con esto, tales anticuerpos “humanizados” son
anticuerpos quiﬁéricos (Patente U.S. No. 4,816,567) en donde
sustancialmente menos que un dominio variable humano intacto ha
sido sustituido por la secuencia correspondiente de las especies
no humanas. En la practica, los anticuerpos humanizados son
tipicamente anticuerpos humanos en los cuales algunos residuos de
reglén hipervariable y posiblemente algunos residuos FR son
sustituidos por residuos de sitios andlogos en anticuerpos de

roedor.

La eleccién de los dominios variables humanos, tanto ligeros
como pesados, a ser utilizados en la elaboracién de anticuerpos
humanizados es muy.importante para reducir la antigenicidad. De
acuerdo con esto el método de “mejor ajuste” asi llamado, la
secuencia del dominio variable de un anticuerpo de roedor es
seleccionada contra la libreria completa de secuencias de dominio
variable humanas conocidas. La secuencia humana gque es mas
cercana a aquella del roedor es luego aceptada como la regidn
marco humana (FR) para el anticuerpo humanizado (Sims et al., J.
Immunol, 151:2296 (1993); Chothia et al., J. Mol Biol, 196:901
(1987)). Otro método utiliza una regién marco particular derivada
de una secuencia de consenso de todos los anticuerpos humanos de
un subgrupo particular de regiones variables de cadena ligera y
pesada. El mismo marco se puede utilizar para varios diferentes
anticuerpos humanizados (Carter et al., Proc. Natl Acad. Sci.
USA, 89:4285 (1992); Presta et al., J. Immunol, 151: 2623

(1993)).
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Es ademds importante que los anticuerpos sean humanizados con
retencién de alta afinidad de antigeno y otras propiedades
biolégicas favorables. Para lograr esta meta, de acuerdo a un
método preferido, los anticuerpos humanizados son preparados
mediante un proceso de andlisis de las secuencias parentales y
varios productos conceptuales humanizados que utilizan modelos
tridimensionales de 1las secuencias parentales y humanizadas.
Modelos de inmunoglobulina tridimensionales estdn cominmente
disponibles y son familiares para aquellos expertos en 1la
técnica. Programas de computador estdn disponibles que ilustran y
exhiben probables estructuras con formacién tridimensional de
secuencias de inmunoglobulina candidatas seleccionadas. La
inspeccién de estas exhibiciones permite el andlisis del papel
probable de los residuos en el funcionamiento de la secuencia de
inmunoglobulina candidato, es decir, el andlisis de residuos que
influencian 1la cépacidad de la inmunoglobulina candidato para
unir su antigeno. De esta forma, los residuos FR se pueden
seleccionar y combinar a partir del recipiente y las secuencias
importantes de tal forma que la caracteristica de anticuerpo
deseado, tal como incremento de afinidad para el antigeno
objetivo, se logra. En general, los residuos de 1la regién
hipervariable estian directa y mds sustancialmente involucrados en

influenciar la unién de antigeno.

{(iv) Anticuerpos humanos
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Como una alternativa a 1la humanizacién, de anticuerpos
humanos, se pueden generar. Por ejemplo, ahora es posible
producir animales transgénicos (por ejemplo, ratones) que son
capaces, luego de inmunizacién, producir un completo repertorio
de anticuerpos humanos en la ausencia de 1la produccién de
inmunoglobulina endégena. Por ejemplo, se ha descrito que la
eliminacién homocigota del gen (Jy) de la regién unidén de cadena
pesada de anticuerpo en ratones mutantes de linea germinal y
quimérica resulta en la inhibicién completa de la producciédn de
anticuerpo endbégeno. La transferencia del ensayo de gen de
inmunoglobulina de linea germinal humana en tales ratones
mutantes de linea germinal resultara en la produccién de
anticuerpos humanos luego de inoculacién del antigeno. Ver, por
ejemplo, Jakobovits et al., Proc. Natl. Acad. Sci. USA, 90:2551
{1993); Jakobovits et al., Nature, 362:255-258 {1993);
Bruggermann et al., Year in Immuno, 7:33 (1993); y patentes

estadounidenses numeros. 5,591,669, 5,589,369 y 5,545,807.

Alternativamente, la tecnologia de exhibicién de fago
(McCafferty et al., Nature 348:552-553 (1990)) se puede utilizar
para producir anticuerpos humanos i fragmentos de anticuerpos in
vitro, a partir d€ repertorios de gen de dominio (V) variable de
inmunoglobulina a partir de donantes no inmunizados. De acuerdo
con esta técnica, los genes de dominio V de anticuerpo se clonan
en estructura en un gen de proteina de cubierta mayor o menor de
una bacteriéfago filamentoso, tal como M13 o fd, y exhibidos como

fragmentos de anticuerpo funcional en la superficie de la
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particula fago. Debido a que la particula filamentosa contiene
una copia de ADN de hebra sencilla del genoma fago, selecciones
basadas en las propledades funcionales del anticuerpo también
resulta en la seleccidén del gen que codifica el anticuerpo que
exhibe estas propiedades. Asi, el fago imita alguna de las
propiedades de la célula B. la exhibicién del fago se puede
desarrollar en una variedad de formatos; para su revisién ver,
por ejemplo, Johnson, Kevin S. y Chiswell, David J., Current
Opinion in Structural Biology 3:564-571 (1993). Varias fuentes de
segmento de gen V se pueden utilizar para exhibir fago. Clackson
et al., Nature, 352:624-628 (1991) aisla un ensayo diverso de
anticuerpos anti-oxazolona a partir de una libreria combinatoria
aleatoria pequefia genes V derivados de bazos de ratones
inmunizados. Un repertorio de genes V genes de donantes humanos
no inmunizados se puede construir y los anticuerpos para un
ensayo diverso de antigenos {(que incluyen auto-antigenos) se
puede aislar esencialmente siguiendo las técnicas descritas por
Marks et al., J. Mol. Biol. 222.581-597 (1991), o Griffith et
al., EMBO J. 12:725-734 (1993). Ver, también, patentes

estadounidense ntmeros 5,565,332 y 5,573,905.

También se pueden generar anticuerpos humanos mediante
células B activadas in vitro (ver patentes estadounidenses

5,567,610 y 5,229,275).

(v) Fragmentos de anticuerpo
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Se han desarrollado varias técnicas para la produccién de
fragmento de anticuerpo. Tradicionalmente, estos fragmentos se
derivan por via de la digestién proteolitica de anticuerpos
intactos (ver, por ejemplo, Morimoto et al., Journal of
Biochemical and Biophysical Methods 24:107-117 (1992) y Brennan
et al., Science, 229:81 (1985)). Sin embargo, estos fragmentos se
pueden producir ahora directamente mediante células huésped
recombinantes. Por ejemplo, los fragmentos de anticuerpo se
pueden aislar a partir de librerias fago de anticuerpos
discutidos anteriormente. Alternativamente, los fragmentos, Fab'-
SH se pueden recubrir directamente a partir de E. coli y acoplar
quimicamente para formar fragmentos F(ab'}); (Carter et al.,
Bio/Technology 10:163-167 {1992)). De acuerdo con otra
aproximacién, se pueden aislar los fragmentos F(ab'),
directamente a partir del <cultivo de células huésped
recombinantes. Otras técnicas para la produccién de fragmentos de
anticuerpos seran evidentes para el practicante experto. En otras
modalidades, el anticuerpo de eleccién es un fragmento Fv de
cadena sencilla (scFv). Ver WO 93/16185; Patente estadounidense
nimero 5,571,894; y Patente estadounidense nGmero 5,587,458. El
fragmento de anticuerpo también puede ser un “anticuerpo lineal",
por ejemplo, como se describe en la Patente estadounidense
5,641,870 por ejemplo. Tales fragmentos de anticuerpos lineales

pueden monoespecificos o biespecificos.

(vi) Anticuerpos biespecificos
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Los anticuerpos biespecificos son anticuerpos que tiene
especificidad de unién para al menos dos epitopos diferentes.
Anticuerpos blespecificos de ejemplc pueden unirse a dos epitopos
diferentes de el marcador de superficie de célula B. otros de
tales anticuerpos pueden unir el marcador de superficie de célula
B y unir adicionalmente un segundo marcador de superficie de
célula B diferente. Alternativamente, un marcador de superficie
de célula anti-B que une un brazo se puede combinar con un brazo
gque une una molécula disparadora en un leucocito tal como una

molécula receptora de célula T (por ejemplo CD2 o CD3), o
receptores Fc para IgG (FcyR), tal como FecyRI (CD64), FcyRII

(CD32) y FcyRlll (CDl16) de tal forma que enfoca mecanismos de
defensa celular para 1la célula B. Anticuerpos biespecificos
también se pueden utilizar para localizar agentes citotdxicos
para la célula B. estos anticuerpos poseen un brazo de unién de
marcador de superficie de célula B y un brazo que une el agente
citotéxico (por ejemplo saporina, anti-interferén-a, alcaloide
vinca, cadena de ricino A, metotrexato o hapteno de isétopo
radiocactivo). Anticuerpos biespecificos se pueden preparar como
anticuerpos de longitud completa o fragmentos de anticuerpo (por

ejemplo anticuerpos biespecificos F(ab')2).

Métodos para la elaboraciédn de anticuerpos blespecificos son
conocidos en la técnica. La produccidén tradicional de anticuerpos
biespecificos de longitud completa se basa en la coexpresién de
dos pares de cadena liviana-cadena pesada de inmunoglobulina, en

donde 1las dos <cadenas tienen especificidades diferentes
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(Millstein et al., Nature, 305:537-539 (1983)). Debid;\\;‘ la
clasificacién aleatoria de las cadenas liviana y pesada de
inmunoglobulina, estos hibridomas {(quadromas} producen una mezcla
potencial de 10 diferentes moléculas de anticuerpo, de las cuales
solec una tiene la estructura biespecifica correcta. La
purificacién de la molécula correcta, que usualmente se hace por
etapas de cromatografia de afinidad, es bastante incomodo, y los
rendimientos de producto son bajos. Procedimientos similares se
describen en la WO 93/08829, y en Traunecker et al, EMBO J.,

10:3655-3659 (1991).

De acuerdo con una aproximacién diferente, los dominios
variables de anticuerpo con las especificidades de unién deseadas
(sitios de combinacién de anticuerpo-antigenc) se fusionan con
secuencias de dominio constantes de inmunoglobulina. La fusién
preferiblemente estd con un dominio constante de cadena pesada de
inmunoglobulina que comprende al menos parte de las regiones de
articulacién, CH2, y CH3. Se prefiere tener la primera regidn
constante de cadena pesada (CHl) que contiene el sitio necesario
para unir la cadena liviana, presente en al menos una de las
fusiones. El1 ADN que codifica las fusiones de cadena pesada de
inmunoglobulina vy, gi se desea, la cadena 1liviana de
inmunoglobulina, se insertan en vectores de expresidén separados,
y 8e cotransfieren en organismos huéspedes adecuados. Esta
suministra gran flexibilidad en el ajuste de proporciones mutuas
de los tres fragmentos de polipéptido en modalidades cuando

proporciones no iguales de las tres cadenas de polipéptido
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utilizadas en la construccién suministran los rendimientos
6ptimos. Es, sin embargo, posible insertar las secuencias de
codificacién para dos o todas las tres cadenas de polipéptido en
un vector de expresién cuando la expresién de al menos dos
cadenas de polipéptido en proporciones iguales resulta en altos
rendimientos o cuando las proporciones no son de particular

significancia.

En una modalidad preferida de esta aproximacién, los
anticuerpos biespecificos estidn compuestos de una cadena pesada
de inmunoglobulina hibrida con una primer especificidad de unién
en un brazo, y un par de cadena liviana-pesada de inmunoglobulina
hibrida (que suministra una sequnda especificidad de unién) en el
otro brazo. Se encuentra que esta estructura asimétrica facilita
la separaciédn del compuesto biespecifico de combinaciones de
cadena inmunoglobulina no deseadas, como la presencia de una
cadena liviana de inmunoglobulina en solo una mitad de la
molécula biespecifica suministra una via facil de separacién.
Esta aproximacién se describe en la WO 94/04690. Para detalles
adicionales de generacién de anticuerpos biespecificos ver, por

ejemplo, Suresh et al., Methods in Enzymology, 121:210 (1986).

De acuerdo con otra aproximacidén descrita en la Patente
estadounidense ntmero 5,731,168, la interfaz entre un par de
moléculas de anticuerpo puede ser construida con ingenieria para
maximizar el porcentaje de heterodimeros que estan recubiertos a

partir de cultivos de c¢élulas recombinantes. La interfaz
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preferida comprende al menos una parte del dominio Cy3 de un
dominio constante de anticuerpo. En este método, uno o mas
cadenas laterales de aminodcido pequefias de la interfaz de la
primer molécula de anticuerpo se reemplaza por cadenas laterales
mAs grandes (por ejemplo tirosina o triptofan). “cavidades”
compensatorias de tamafio similar o idéntico a las cadenas
laterales grandes se crea en la interfaz de la segunda molécula
de anticuerpo al reemplazar las cadenas laterales de aminodcido
grandes con unas mids pequefias (por ejemplo alanina o treonina).
Esto suministra un mecanismo para incrementar el rendimiento del
heterodimero sobre otros productos finales no deseados tales como

homodimeros.

Anticuerpos biespecificos incluyen anticuerpos
“*heteroconjugados” o reticulados. Por ejemplo, uno de los
anticuerpos en el heteroconjugado se puede acoplar con avidina,
el otro con biotina. Tales anticuerpos han sido, por ejemplo,
propuestos para células de sistema inmunes objetivo para células
indeseadas (Patente estadounidense nimero 4,676,980), y para
tratamiento de infeccién por VIH (WO 91/00360, WO 92/200373, y EP

03089).

Anticuerpos heteroconjugados se pueden hacer utilizando
cualesquier métodos de reticulacién. Los agentes de reticulacién
adecuados bien conocidos en la técnica, se describen en 1la
patente estadounidense numero 4,676,980, junto con un nimero de

técnicas de reticulacién.
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Las técnicas para generar anticuerpos biespecificos a partir
de fragmentos de anticuerpo también se han descrito en 1la
literatura. Por ejemplo, anticuerpos biespecificos se pueden
preparar utilizando enlaces quimicos. Brennan et al., Science,
229: 81 (1985) describe un procedimiento en donde los anticuerpos
intactos se c¢livan proteoliticamente para generar fragmentos
F(ab'),. Estos fragmentos se reducen en la presencia de arsenita
de sodio agente complejante ditiol para estabilizar ditioles
vecinos y evitar la formacién de disulfuro intramolecular. Los
fragmentos Fab' generados se convierten luego a derivados de
tionitrobenzoato (TNB). Unos de 1los derivados Fab'-TNB se
reconvierte luego al Fab'-tiol mediante reduccién con
mercaptoetilamina y se mezcla con una cantidad equimolar del otro
derivado Fab'~TNB para formar el anticuerpo biespecifico. Los
anticuerpos biespecificos producidos se pueden utilizar como

agentes para la inmovilizacién selectiva de enzimas.

Varias técnicas para elaborar y aislar fragmentos de
anticuerpo biespecificos directamente a partir de cultivos de
células recombinantes también se ha descrito. Por ejemplo,
anticuerpos biespecificos se han producido utilizando cremalleras
de leucina. Kostelny et al, J. Immunol., 148(5):1547-1553 (1992).
Los péptidos de cremallera de leucina de las proteinas Fos y Jun
se enlazan a las porciones Fab' de dos anticuerpos diferentes
mediante fusién de gen. Los homodimeros de anticuerpo se calculan

en la regién de articulacién para formar mondémeros y luego

6|



WO 2005/117978 81 PCT/US2005/019641

reoxidarlos para formar los heterodimeros de anticuerpo. Este
método también se puede utilizar para la produccién homodimeros
de anticuerpc. La tecnologia de “fragmento divalente” descrita
por Hollinger et al., Proc. Natl. Acad. Sci. USA, 90:6444-6448
(1993) ha suministradoe un mecanismo alternativo para elaborar
fragmentos de anticuerpo bilespecificos. Los fragmentos comprenden
un dominio variable de cadena pesada (Vy) conectado con un
dominio variable de cadena liviana (V;) mediante un enlace que es
muy corto para permitir el acoplamiento entre los dos dqmir;ios de
la misma cadena. De acuerdo con esto, los dominios Vy y Vi, de un
fragmento se forzan a acoplarse con los dominios complementarios
VL Y Vi de otro fragmento, formando por lo tanto dos sitios de
unién de antigeno. Otra estrategia para elaborar fragmentos de
anticuerpo biespecificos mediante el uso de dimeros Fv (sFv) de
cadena sencilla también se ha reportado. Ver Gruber et al., J.

Immunol, 152:5368 (1994).

Anticuerpcs con mids de dos valencias se contemplan. Por
ejemplo se pueden preparar anticuerpos triespecificos. Tutt et

al., J. Immunol. 147: 60 (1991).
IV. Conjugados y otras modificaciones del anticuerpo

El anticuerpo utilizado en los métodos o incluido en los
articulos de fabricacidén aqui se conjuga opcionalmente con un
agente citotéxico. Por ejemplo, el anticuerpo se puede conjugar

con una droga como se describe en W02004/032828.

162
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Agentes quimioterapéuticos (dtiles en la generacién de tales
conjugados de agentes de anticuerpos citotéxico se ha descrito

anteriormente,

Conjugados de un anticuerpo y una o mds toxinas de molécula
pequefia, tal como caliqueamicina, wuna maitansina (Patente
estadounidense nimero 5,208,020), un tricoteno y CCl065 también
se contemplan aqui. En una modalidad de 1la invencién, el
anticuerpo se conjuga con una o mas moléculas de maitansina (por
ejemplo aproximadamente 1 a aproximadamente 10 moléculas de
maitansina por molécula de anticuerpo). La maitansina puede, por
ejemplo, ser convertida a May-S$S-Me, que se puede reducir a May-
SH3 y reaccionar con el anticuerpo modificado (Chari et al.
Cancer Research 52:127-131 (1992)) para generar un conjugado de

anticuerpo maitansinoide.

Alternativamente, el anticuerpo se conjuga con una © mas
moléculas de caliqueamicina. La familia caliqueamicina de
antibiéticos son capaces de producir ADN bicantenario en
concentraciones sub-picomolares. Andlogos estructurales de
caliqueamicina que se pueden utilizar incluyen, pero no estan
limitadas a, 1%, af, ai', N-acetil-y,’, PSAG y 6'; (Hinman et al.
Cancer Research 53:3336-3342 (1993) y Lode et al., Cancer

Research 58:2925-2928 (199%8)).
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Toxinas y fragmentos activos enzimiticamente de estos que se
pueden utilizar incluyen cadena A difteria, fragmentos activos
8in unién de toxina difteria, cadena A exotoxina (de Pseudomonas
aeruginosa)}, cadena A ricino, cadena A abrina, cadena A modesina,
alfa-sarcin, proteinas Aleurites fordii, proteinas diantina,
proteinas Fitolaca americana (PAPI, PAPII, y PAP-S), inhibidor de
charantia momordica, curcina, crotina, 1inhibidor de sapaonaria
officinalis, gelonina, mitogelina, restrictocina, fenomicina,
enomicina y los tricotecenos. Ver, por ejemplo, WO 93/21232

publicado en octubre 28, 1993.

La presente invencién contempla adicionalmente anticuerpos
conjugados con un compuesto con actividad nucleclitica (por
ejemplo una ribonucleasa o una endonucleasa de ADN tal como

deoxiribonucleasa; DNasa).

Una variedad de isétopos radioactivos estén disponibles para
la produccién de anticuerpos randioconjugados. Ejemplos incluyen
At2ll, i3, 1135, y%0 o186 pRall  gnlsd  py212 P32 o jg4topos

radiocactivos de Lu.

Conjugados de anticuerpo y agentes citotéxicos se pueden
hacer utilizande una variedad de agentes de acoplamiento de
proteina bifuncional tales como N-succinimidil-3-(2-
piridilditiol) propionato (SPDP), succinimidil-4- (N-
maleimidometil) ciclohexano-l-carboxilato, iminotiolano (IT),

derivados bifuncionales de imidoesteres (tal como HCL adipimidato
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dimetilo), esteres activos (tal como suberato de
disuccinimidilo), aldehidos {tal como glutaraldehidos),
compuestos bis-azido (tal como bis (p—azidobenzoil)

hexanodiamina), derivados de bis-diazonio (tal como bis-{(p-
diazoniumbenzoil)-etilenediamina), diisocianatos (tales como
tolieno 2,6-diisocianato), y compuestos de flGor bis-activo (tal
como 1,5-difluoro-2,4-dinitrobenzenc). Por ejemplo, se puede
preparar una inmunotoxina ricino como se describe en Vitetta et
al. Science 238:1098 (1987). El1l d4cido Carbon-l4-etiquetado 1-
isotiocianatobenzil-3- metildietilenc triaminopentaacetico (MX-
DTPA) es un agente quelante de ejemplo para la conjugaclén de
radionucleétido para el anticuerpo. Ver W094/11026. El1 1ligador
puede ser un ligador “clivable” que facilita la liberacién de una
droga citotéxica en la célula. Por ejemplo, un ligador de acido-
14bil, 1ligador sensible a la peptidasa, ligador dimetilo o
ligador que contiene disulfuro (Chari et al. Cancer Regearch

52:127-131 (1992)) se puede utilizar.

Alternativamente, una proteina de fusién .que comprende un
agente citotéxico y anticuerpo se puede hacer, por ejemplo,

mediante técnicas de recombinacién o sintesis de péptido.

En aun otra modalidad, el anticuerpo se puede conjugar con
un “receptor” (tal como estreptavidina) para la utilizaciétn en
preobjetivar tumores en donde el conjugado de recetor-anticuerpo
se administra al sujeto, seguido por la remociédn de conjugado no

unido a partir de la circulacién utilizando agente clarificante y
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luego la administracién de “ligando” (por ejemplo avidina) que se
conjuga con un agente citotéxico {por ejemplo un

radionucleétido).

Los anticuerpos de la presente invencién también se pueden
conjugar con enzima que activa prodroga que convierte una
prodroga (por ejemplo un agente quimioterapéutico peptidilo, ver
WOB81/01145) a una droga anticdncer activa. Ver, por ejemplo, WO

88/07378 y Patente estadounidense numero 4,975,278.

El componente de enzima de tales conjugados incluye
cualquier enzima capaz de actuar sobre una prodroga en tal forma

que la convierte en su forma citotéxica més activa.

Enzimas que son Utiles en el método de esta invencién
incluyen, pero no estdn limitadas a, fosfatasa alcalina dtil para
convertir prodrogas que contienen fosfato en drogas 1libres;
arilsulfatasa Gtil para convertir prodrogas que contienen sulfato
en drogas libres; deaminasa citosina util para convértir 5=
fluorocitosina no toxica en la droga anticancer, 5-fluorouracilo;
proteasas, tal como serratia proteasa, termolisina, subtilisina,
carboxipéptidasas y catepsinas (tal como catepsinas B y L), que
son Gtiles para convertir prodrogas que contienen péptido en
drogas libres; D-alanilcarboxipeptidasas, Gtiles para convertir
prodrogas que contienen sustituyentes amino&cido-D; enzimas que
clivan carbohidrato tal como f-galactosidasa y neuraminidasa

utiles para convertir prodrogas glicosiladas en drogas libres; pB-
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lactamasa Gtil para convertir drogas derivadas con f-lactamas en
drogas libres; y amidasas penicilina, tal como penicilina V
amidasa o penicilina G amidasa, util para convertir drogas
derivadas en sus nitrégenos amina con grupos fenoxiacetilo o
fenilacetilo, respectivamente, en drogas libres.
Alternativamente, 1los anticuerpos con actividad enzimdtica,
también conocidos en 1la técnica como “abismas”, se pueden
utilizar para convertir las prodrogas de la invencidén en drogas
activas libres (ver, por ejemplo, Massey, Nature 32B:457-458
(1987)). Los conjugados de anticuerpo abzima se pueden preparar
como se describe aqui para el suministro de la abzima a una

poblacién de célula de tumor.

Las enzimas de esta invencién se pueden unir covalentemente
al anticuerpo mediante técnica bien conocidas en el arte tal como
el uso de reactivos de reticulacién heterobifuncionales
discutidos anteriormente. Alternativamente, las proteinas de
fusién que comprenden al menos la regién de unién de antigeno de
un anticuerpo de la invencién ligada al menos a una porcién
activa funcionalmente de una enzima de la invencién se puede
construir utilizando técnica de ADN reccmbinantes bien conocidas
en la técnica (ver, por ejemplo , Neuberger et al., Nature,

312:604-608 (1984)).

Otras modificaciones del anticuerpo se contemplan aqui. Por
ejemplo, el anticuerpo se puede ligar a una de una variedad de

polimeros no proteindceos, por ejemplo, polietilenglicol (PEG),
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polipropilenglicol, polioxialquilenos, 5] copolimeros de
polietilenglicol y polipropilenglicol. Fragmentos de anticuerpo,
tal comc Fab', ligadoc a una o mis moléculas PEG que son una

modalidad especialmente preferida de la invencidn.

Los anticuerpos descritos aqui también se pueden formular
como liposomas. Los liposomas que contienen el anticuerpo se
preparan por métodos conocides en 1la técnica, tal como se
describe en Epstein et al., Proc. Natl. Acad. Sci. USA, 82:3688
(1985); Hwang et al, Proc. Natl. Acad. Sic. USA, 77:4030 (1980):
Patente estadounidense nuimeros 4,485,045 y 4,544,545; Y
WO97/38731 publicada en octubre 23, 1997. Liposomas con tiempo de
circulacién mejorada se describen en la patente estadounidense

numero 5,013, 556.

Liposomas particularmente Utiles se pueden generar mediante
el método de evaporaciédn de fase reversa con una composicién de
lipido que comprende fosfatidilcolina, colesterol y
fosfatidiletanolamina derivada PEG (PEG-PE). Los liposomas se
extruyen a través de filtros de tamafio de poro definido para
producir liposomas con el didmetro deseado. Fragmentos Fab' de un
anticuerpo de la presente invencién se pueden conjugar con los
liposomas como se describe en Martin et al. J. Biol. Chen.
257:286-288 (1982) por via de una reaccidén de intercambio de
disulfuro. Un agente quimioterapéutico estd opcionalmente
contenido dentro del liposoma. Ver Gabizon et al. J. National

Cancer Inst. 81(19)1484 (1989).
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Modificaciones de secuencia de aminodcido del anticuerpo se
contemplan. Por ejemplo, puede ser deseable mejorar la afinidad
de unién y/o otras propiedades biolégicas del anticuerpo.
Variantes de la secuencia de aminodcido del anticuerpo se
preparan al introducir cambios de nucledtido apropiado en el
dcido nucleico del anticuerpo, o mediante sintesis de péptido.
Tales modificaciones incluyen, por ejemplo, eliminaciones de, y/o
inserciones en y/o sustituciones de, residuos dentro de la
secuencia de aminoidcido del anticuerpo. Cualquier combinacién de
eliminacién, insercién y sustitucién se hacen para llevar en la
construccién final, dado que la construccién final posee las
caracteristicas deseadas. Los cambios de aminodcido también
pueden alterar los procesos post-transduccionales del anticuerpo,
tal como cambiar el namero o posesidtn de los sitlos de

glicosilacién.

Un método Gtil para la identificaciédn de ciertos residuos o
regiones del anticuerpo que son ubicaciones preferida para
mutagénesis se llama “mutagénesis de exploraciédn de alanina” como
se describe- por Cunningham and Wells Science, 244:1081-1085
(1989). Aqui, un residuo o© grupo de residuos objetivo se
identifica (por ejemplo, residuos cargados tal como arg, asp,
his, 1lys, y glu) y reemplazados por un aminodcido cargado
negativamente o neutral (mas preferiblemente alanina o
pelialanina) para afectar la interaccién de los aminodcidos con

antigeno. Aquellas ubicaciones de aminodcido que demuestran
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sensibilidad funcional para las sustituciones luego se refinan al
introducir adicicnalmente u otras variantes en, o para, 1los
sitios de sustitucién. Asi, mientras es sitio para introducir una
variacién de secuencia de aminodcido se predetermina, 1la
naturaleza de la mutacién per se no necesita ser predeterminada.
Por ejemplo, para analizar el desempefio de una mutacién en un
sitio dado, la exploracién ala o mutagénesis aleatoria se conduce
en el codén objetivo o regiébn y las variantes de anticuerpo

expresadas se seleccionan para la actividad deseada.

Las inserciones de secuencia de aminodcidos incluyen
fusiones amino- y/o carboxilo-terminales que varian en 1la
longitud desde un residuo a polipéptidos gue contienen cien o mas
residuos, asi como también inserciones de intrasecuencia de
residuos de aminodcidos sencillos o miltiples. Ejemplos de
inserciones terminales incluyen un anticuerpo con un residuo
metionilo N- terminal o el anticuerpo fusicnado a un polipéptido
citotbéxico. Otras varlantes de insercién de la molécula de
anticuerpo incluyen la fusién del terminal N- o C- del anticuerpo
de una enzima, o un polipéptido que incrementa la vida media del

suero del anticuerpo.

Otro tipo de variante es una variante de sustitucién de
aminodcido. Estas variantes tienen al menos un residuo aminodcido
en la molécula de anticuerpo reemplazada por diferentes residuos.
Los. sitios de mayor interés para mutagénesis de sustitucidédn de

anticuerpos incluye las regiones hipervariables, pero también se
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contemplan alteraciones FR. Se muestran sustituciones
conservadoras en la tabla 1 de acuerdo con el encabezado de
“sustituciones preferidas”. Si tales sustituciones resultan en un
cambio en la actividad biolégica, entonces mas cambilos
sustanciales, denominados “sustituciones de ejemplos” en la tabla
1, o como descritas adicionalmente adelante con referencia a

clases de aminoAcidos, se pueden introducir y 1los productos

seleccionar.
Tabla 1
Ala; Norleucina

Residuo Sustituciones de [Sustituciones
Original Ejemplo Preferidas
Ala (A) Val; Leu; Ile Val
Arg (R) Lys; Gln; Asn ys
Asn{N) Gln; Bls; Asp, Lys; Arg Gln
Asp (D) Glu; Asn Glu
Cys {(C) Ser; Ala per
Gln (Q) Asn;Glu AgJAsn
Glu ({(E) Asp; Gln sp
Gly (G) Ala Ala
Bis (B) Asn; Gln; Lys; Arg Arg
Lou Jal; Hets Ala;
ten (1
Lys (K) Arg; Gln; Asn Rrg
Met (M) Leu; Phe;Ile Leu
Phe (F) Trp;Leu;Val;Ile; Ala; Tyr Tyx
Pro (P) Ala Ala
Ser (S) Thr Thr
Thr (T) Val; Ser Ser
rp (W) Tyr; Phe Tyr
Tyr (Y) Trp; Phe; Thr; Ser Phe
pal (V) Ile; Leu; Met; Phe; Leu
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Modificaciones sustanciales en las propiedades biclégicas
del anticuerpo se realizan al seleccionar sustituciones que
difieren significativamente en su efecto al mantener (a) de la
estructura del polipéptido en el &rea de sustitucién, por
ejemplo, como una hoja o con formaciédn helicoidal, (b) la carga o
hidrofobicidad de la molécula en el sitio objetivo, o (¢) la masa
de la cadena lateral. Los aminodcidos se pueden agrupar de
acuerdo con similitudes en las propiedades de sus cadenas
laterales {en A. L. Lehninger, en Biochemistry, segunda ed., pp.
73-75, Worth Publishers, New York (1975)):
(1) no-polar: Ala (A), vaIl (V), Leu (L), He (I), Pro (P),
Phe (F), Trp (W}, Met (M)

(2) peolar no cargado: Gly (G), Ser (S), Thr (T), Cys (C),
Tyr (YY), Asn (N}, GIn (Q)

{(3) acidico: Asp (D), GIu (E)

(4) basico: Lys (K), Arg (R), His(H)

Alternativamente, los residuos de ocurrencia natural se

pueden dividir en grupos basados en propledades de cadena lateral
comin:

(1) hidrdfobo: Norleucine, Met, Ala, VaI, Leu, He;

(2) hidrofilico neutral: Cys, Ser, Thr, Asn, GIn;

{3) acidico: Asp, GIu;

(4) basico: His, Lys, Arg;

(5) residuos que influencian la orientacién de cadena: Gly,

Pro;

v
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(6) aromdtico: Trp, Tyr, Phe.

Sustituciones no conservadorasa traerén consigo el

intercambio de un miembro de una de esta clase por otra clase.

Cualquier residuo de cisteina no involucrado en mantener la
conformacién apropiada del anticuerpo también se puede sustituir,
generalmente con serina. Para mejorar la estabilidad oxidativa de
la molécula y evitar reticulaciédn aberrante. Por el contrario,
los enlaces de cisteina se pueden agregar al anticuerpo para
mejorar su estabilidad (particularmente cuando el anticuerpo es

un fragmento de anticuerpo tal como fragmento Fv).

Un tipo particularmente preferido de variantes
sustitucionales involucra sustituir uno o mas residuos de regién
hipervariable de un anticuerpo pariente. Generalmente, las
variantes resultantes seleccionadas para desarrollo adicional
tendrdn propiedades biolédgicas mejoradas relacionadas con el
anticuerpo pariente del cual ellas se generan. Una forma
conveniente para generar tales variantes de sustitucién es la
maduracién de afinidad utilizando la exhibicién de fago. Resumen,
varios sitios de regién hipervariable (por ejemplo, 6-7 sitios)
se mutan para generar todas las sustituciones aminos posibles en
cada sitio. Las variantes de anticuerpo generadas asi se exhiben
en una forma monovalente a partir de particulas de fago
filamentosas como fusiones al producto de gen III del M13

empacado dentro de cada particula. Las variantes fago desplegadas

17
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luego se seleccionan luego por su actividad biolégica (por
ejemplo afinidad de unién) como se describe aqui. Con el fin de
identificar sitios de regién hipervariable candidato para
modificacién, se puede desarrollar mutagénesis de exploracién de
alanina para identificar los residuos de regién hipervariable que
contribuyen significativamente a la unién de antigeno.
Alterpativamente, ¢ adicionalmente, esto puede ser beneficio para
analizar una estructura cristal del complejo de anticuerpo
antigeno para identificar puntos de contacto entre el anticuerpo
y el antigeno. Tales residuos de de contacte y residuos vecinos
son candidatos para sustitucién de acuerdo con técnicas
elaboradas aqui. Una de tales variantes se genera, el panel de
variantes se somete a seleccién como se describe aqui y los
anticuerpos con propiedades supericres en uno o mids ensayos

relevantes se pueden seleccionar para desarrollo adicional.

Otro tipo de variante de aminodcido del anticuerpo altera el
patrén de glicosilacién original del anticuerpo. Tal alteracién
incluye eliminar uno o mas porciones de carbohidratos encontrados
en el anticuerpo, y/o agregar uno o miAs sitios de glicosilacién

que no estidn presentes en el anticuerpo.

La gliciosilacién de polipéptidos es tipicamente N-enlazada
o O-enlazada. N-enlazada se refiere a la uniébn de la porcién
carbohidratos a la cadena lateral de un residuo asparagina. La
secuencias tripéptido asparagina-X-serina Y asparagina-X-

treonina, en donde X es cualquier aminoidcido excepto prolina, son



WO 2005/117978 94 PCT/US2005/019641

las secuencias de reconocimiento para unién enzimatico de 1la
porcién carbohidratos a la cadena lateral asparagina. Asi, la
presencia de cualquiera de estas secuencias tripéptido en un
polipéptido crea un sitio de glicosilacién potencial. La
glicosilacién O-enlazada se reflere a la unién de unos de los
azucares N-aceilgalactosamina, galactosa, o xilosa a un
hidroxiamino acido, méAs cominmente serina o treonina, aunque

también se puede uvtilizar 5-hidroxiprolina o 5-hidroxilisina.

La adiclén de sitios de glicosilacidén al anticuerpo se logra
convenientemente al alterar la secuencia de aminodcido de tal
forma que esta contiene uno o mas de las secuencias tripéptido
descritas anteriormente (para sitios de glicosilacién N-
enlazados). La alteracién también puede ser hecha mediante la
adicién de, o sustitucién de, uno o mis residuos serina o
treonina a la secuencia del anticuerpo original (sitio de

glicosilacién O-enlazados).

En donde el anticverpo comprende una regién Fc, el
carbohidrato adherido al este se puede alterar. Por ejemplo, los
anticuerpos con una estructura carbohidratos madura que les falta
fucosa unida a una regién Fc del anticuerpo se describen en la
solicitud de patente estadounidense ndamero US 2003/0157108
Al,Presta,L. Ver también US 2004/009362]1 Al (Kyowa Hakko Kogyo
Co., Ltd) relacicnada con una composicidn de anticuerpo CD20. Los
anticuerpos con una biseccién N-acetilglucosamina (GlcNAc) en el

carbohidratos adherido a wuna regién Fc del anticuerpo se

S
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referencian en la W003/011878, Jean-Malret et al. y Patente
estadounidense nGmero 6,602,684, Umana et al. A anticuerpos con
al menos un residuo galactosa en el oligosacdrido unido a una
regién Fc del anticuerpo se reportan en la W097/30087, Patel et
al. Ver, también, WO098/58964 (Raju, S.) y W099/22764 (Raju, S.)
que se relacionan con anticuerpos con carbohidratos unido

alterado a la regién Fc de este.

La variante de glicosilacién preferida aqui comprende una
regién Fc, en donde una estructura de carbohidratos unida a la
regién Fc l; falta fucosa. Tales variantes tienen funcién ADCC
mejorada. Opcionalmente, la reqgién Fc comprende adicionalmente
una o mas sustituciones de aminocdcido en esta que mejoran
adicionalmente el ADCC, por ejemplo, las sustituciones ne las
posiciones 298,333, y/o 334 de la regién Fc (numeraciénm Eu de
residuos). Ejemplos de publicaciones relacionadas con anticuerpos
“*defucosilado” o “fucosa-deficiente” incluyen: solicitud de
patente estadounidense ndmero US 2003/0157108 Al, Presta,L; WO
00/61739A1; WO001/29246A1; US2003/0115614A1; US2002/0164328A1;
US2004/0093621A1; US2004/0132140A1; US2004/0110704A1;
US2004/0110282A1; US2004/0109865A1; WO03/085119A1; WO03/084570Al1;
W02005/035778; W02005/035586 {(que describe la inhibicién del ARN
(ARNi)} de fucosilacién); Okazaki et al. J. Mol. Biol. 336:1239-
1249 (2004); Yamane-Ohnuki et al. Biotech. Bioeng. 87:614 (2004).
Ejemplos de lineas celulares que producen anticuerpos
defucosilados incluyen c¢élulas Lecl3 CHO deficientes de

fucosilacién de proteina (Ripka et al. Arch. Biochem. Biophys.
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249:533-545 (1986); solicitud de patentes estadounidense nimero
US 2003/0157108 Al, Presta,L; y WO 2004/056312 Al, Adams et al.,
especialmente en el ejemplo 11), y lineas celulares mutantes, tal
como el gen alfa-1,6-fucosiltransferasa, FUT8, células CHO

mutantes (Yamane-Ohnuki et al. Biotech. Biceng. 87:614 (2004)).

Las moléculas de Aacldo nucleico que codifican variantes de
secuencia de aminodcido del anticuerpo se preparan mediante una
variedad de métodos conocidos en 1la técnica. Estos métodos
incluyen, pero no estdn limitados a, aislamiento de una fuente
natural (en el caso de variantes de secuencia de aminocdcido de
ocurrencia natural) o preparacién por mutagénesis (o dirigida al
sitio) mediada por oligonucleétido, mutagénesis PCR, y
mutagénesis de casete de una variante preparada anteriormente o

una versidén no variante del anticuerpo.

Puede ser deseable modificar el anticuerpo de la invencién
con respecto a la funcién efectora, por ejemplo de tal forma que
mejora la citotoxicidad mediada por célula dependiente de
antigeno (ADCC) y/o citotoxicidaé dependiente de complemento
(CDC) del anticuerpo. Esta se puede alcanzar al introducir una o
mds sustituciones de aminodacido en wuna regién Fc de un
anticuerpo. Alternativa o adicionalmente, el residuo cisteina se
puede introducir en la regién F¢, permitiendo por lo tanto 1la
formacién de enlace de disulfuro intercadena en esta regién. El
anticuerpo homodimérico generado asi puede tener capacidad de

internalizacién mejorada y/o muerte celular medliada por
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complemento incrementada y citotoxicidad dependiente de celular
dependiente de anticuerpo (ADCC). Ver Caron et al., J. Exp Med.
176:1191-1195 (1992) y Shopes, B. J. Immunol. 148:2918-2922
(1992). Anticuerpos homodiméricos <con actividad antitumor
mejorada también se pueden preparar utilizando reticuladores
heterobifuncionales como se describe Wolff et al. Cancer Research
53:2560-2565 (1993). Alternativamente, un anticuerpo se puede
construir por ingenieria de tal forma que tenga regiones Fc
duales y puede tener por lo tanto lisis de complemento mejorado y

capacidades ADCC. Ver Stevenson et al. Anti-Cancer DrugDesign

3:219-230 (1989).

WO00/42072 (Presta, L.) describe anticuerpos con funcién
ADCC mejorada en la presencia de células efectoras humanas, en
donde los anticuerpos comprenden sustituciones de aminodcido en
la regién Fc de esta. Preferiblemente, el anticuerpo con ADCC
mejorado comprende sustituciones en la posiciones 298, 333, y/o
334 de la regién Fc. Preferiblemente la regién Fc alterada es una
regién Fc IgGl humana que comprende © gque consiste de

sustituciones en una, dos o tres de estas posiciones.

Anticuerpos con unién Clq alterada y/o citotoxicidad
dependiente de complemento (CDC) se describen en W099/51642,
Patente estadounidense nuimeros 6,194, 551B1, Patente
estadounidense nimero 6,242,195B1, Patente estadounidense numero
6,528,624B1 y Patente estadounidense ndmero 6,538,124 (Idusogie

et al.). Los anticuerpos comprenden una sustitucién de aminoacido



WO 2005/117978 98 PCT/US2005/01964

Gt

en una o mas posiciones de aminoacido 270, 322, 326, 327, 329,

313, 333 y/o 334 de la regién Fc de esta.

Para incrementar la vida media del suero del anticuerpo, uno
puede incorporar un epitopo de unién de receptor salvaje en el
anticuerpo (especialmente un fragmento_ de anticuerpo) como se
describe en la Patente estadounidense 5,739,277, por ejemplo.
Como se utiliza aqui el término “epitopo de unidén de receptor
salvaje” se refiere a un epitopo de la regién Fc de una molécula
IgG (por ejemplo, IgG:i, IgGz, IgGs, © IgG;) gque es responsable por
incrementar la vida media del suero in vivo de la molécula IgG.
Anticuerpos con sustituciones en una regién Fc de esta y vida
media de suero incrementada también se describe en la WO00/42072

(Presta, L.).

Anticuerpos construidos con ingenieria con tres © miAs sitilos
de unién de antigeno funcional (preferiblemente cuatro) también
se contemplan (solicitud estadounidense numero No. US2002/0004587

Al, Miller et al.).
V. Formulaciones Farmacéuticas

Las formulaciones terapéuticas de los anticuerpos utilizados
con la presente invencién se preparan para almacenamiento al
mezclar un anticuerpo que tiene un grado de pureza deseado con
portadores farmacéuticamente aceptables opcionales, excipientes o

estabilizadores (Remington’s Pharmaceutical Sciences decimasexta
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edicién, Osol, A. Ed. (1980)), en la forma de formulaciones
liofilizadas oligonuclebétidos soluciones acuosas. Portadores
aceptables, excipientes, o establlizadores no son téxicos para
los recipientes en las dosis y concentraciones empleadas, e
incluyen amortiguadores tales como fosfato, citrato, y otros
dcidos orgénicos, antioxidantes que incluyen &cido ascérbico y
metionina; preservativos (tales como cloruro de amonio
octadecildimetilbenzilo; cloruro de hexametonio; cloruro de
benzalkonio, cloruro de benzetonio; fenol, butilo o alcohol
benzilo; alquil parabenos tales como metilo o propil parabeno;
catecol; resorcinol; cilclohexanol; 3-pentanol; y m-cresol);
polipéptidos de bajo peso molecular (menos de aproximadamente 10
residuos); proteinas tal como albimina de suero, gelatina, o
inmunoglobulinas; polimeros hidrofilicos tales como
polivinilpirrolidona; aminodcidos tales como glicina, glutamina,
asparagina, histidina, arginina, o lisina; moneosacéaridos,
disacidridos, y otros carbohidratos que incluyen glucosa, manosa,
o dextrinas; agente quelantes tal como EDTA; azucares tales como
sucrosa, manitol, trehalosa © sorbitol; contra lones que forman
sal tal como sodio; complejos de metal (por ejemplo complejos de
Zn-proteina); y/o tensoactivos no iénicos tal como TWEEN™,

PLURONICS™ o polietilenglicol (PEG).

Formulaciones de anticuerpo anti-CD20 de ejemplos se
describen en la WO098/56418. Esta publicacién describe una
formulacién multidosis 1liquida que comprende 40 mg/mL de

Rituximab, 25 mM de acetato, 150 mM de trehalosa, 0.9% de bencil
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alcohol, 0.02% de polisorbato 20 en pH 5.0 que tiene una vida de
de posito minima de dos afics de almacenamiento a 2-8° C. Otra
formulacién anti-CD20 de interés comprende 10 mg/mL de Rituximab
en cloruro de sodio 9.0 mg/mL, 7.35 mg/mL de dihidrato de citrato
de sodio, 0.7 mg/mL de polisorbato 80, y agua estéril para

inyeccién, pH 6.5.

Formulaciones liofilizadas adaptadas para administracién
subcutdnea se describen en la patente estadounidense numero
6,267,958 (Andya et al.). Tales formulaciones liofilizadas se
pueden reconstituir con un diluyente adecuado para una
concentracién de proteina alta y la formulacién reconstituida se

puede administrar subcutédneamente al mamifero a ser tratado aqui.

Formulas cristalizadas del anticuerpo o anticuerpo también
se contemplan. Ver, por ejemplo, US 2002/0136719A1 (Shenoy et

al.}.

La formulacién aqui también puede contener mids de un
compuesto activo seglin sea necesario para la indicacién
particular que se trata, preferiblemente aquella con actividades
complementarias que no Afectan adversamente la una a la otra. Por
ejemplo, puede ser deseable suministrar adicionalmente un agente
citotéxico; agente quimioterapéutico; agente inmunosupresor;
citogquina, antagonista de citoquina o anticuerpo; factor de
crecimiento; hormona; integrina; antagonista de integrina o

anticuerpo (por ejemplo un anticuerpo LFA-1 tal comeo
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efalizumab/RAPTIVA disponible comercialmente de Genentech, o un
anticuerpo integrina alfa 4 tal como natalizumab/TYSABRI )
disponible de Biogen); drogas de clase interferén tal como IFN-
beta-la (REBIF® y AVONEX®) o IFN-beta-lb (BETASERON®); un
oligopéptido tal como acetato glatirdmero (COPAXONE®); un agente
citotéxico tal como mitoxantrona (NOVANTRONE®), metotrexato,
ciclofosfamida, c¢lorambucil, o azatioprina; inmunoglobulinas
intravenosas (gamma globulina); drogas de eliminacién de
linfocito (por ejemplo, mitoxantrona, ciclofosfamida, Campath,
anti-CD4, o cladribina); drogas inmunosupresoras de agotamiento
no-linfocito (por ejemplo, mofetil micofenolato (MMF') o
ciclosporina); droga reductora del colesterol de la clase
“estatina”; estradiol; testosterona; terapia de reemplazo
hormonal; droga que tata sintomas secundarios o relacionados con
MS (por ejemplo, espasmos, incontinencla, dolor, fatiga); un
inhibidor TNF; droga antirreumidtica que modifica la enfermedad
{DMARD) ; droga antiinflamatoria no-esteroidal (NSAID);
corticosteroides (por ejemplo metilprednisolona, prednisona,
dexametasona, o© glucorticoide); levotiroxina; ciclosporina A;
andlogo de somatastatina; antagonista de citoquina; anti-
metabolito; agente inmunosupresor; antagonista de integrina o
anticuerpo (por ejemplo un anticuerpo LFA-I, tal como efalizumab
© un anticuerpo de integrina alpha 4 tal como natalizumab); u
otro antagonista/anticuerpo de superficie de célula B; etcétera
en la formulacién. El tipo y cantidades efectivas de tales otros
agentes .depende, por ejemplo, de la cantidad del anticuerpo

presente en la formulacién, el tipo de esclerosis miltiple que se
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trata, y 1los pardmetros clinicos de 1los sujetos. Estos se
utilizan generalmente en algunas dosis y «con rutas de
administracién como se utiliza aqui anteriormente (o]

aproximadamente de 1 a 99% de la dosis empleada aqui.

Los ingredientes activos también se pueden atrapado en
microcdpsulas preparadas, por ejemplo, mediante técnicas de
coacervacién o mediante polimerizacibén interfacial, por ejemplo,
hidrosimetil celulosa o microcdpsulas—-gelatina y microcdpsulas
poli-(metilmetacilato), respectivamente, en sistemas de
suministro de droga coloidal (por ejemplo, liposomas,
microesferas de albGmina, microemulsiones, nano-particulas vy
nanocadpsulas) o en macroemulsiones. Tales técnicas se describen
en Remington's Pharmaceutical Sciences decimasexta edicién, Osol,

A, Ed. (1980).

Se pueden preparar preparaciones de liberacidn sostenida.
Ejemplos adecuados de preparaciones de liberacién sostenida
incluyen matrices semipermeables de polimeros hidréfobos sélidos
que contienen el anticuerpo, cuyas matrices estidn en la forma de
articulos formados, por ejemplo peliculas, o microcapsulas.
Ejemplos de matrices de liberacién sostenida incluyen
poliésteres, hidrogeles (por ejemplo, poli(2-hidroxietil-
metacrilato), o poli(vinilalcohol)), polilactidas (patente

estadounidense nlmero 3,773,919), copolimeros de 4&cido L-

glutdmico y ¥y etil-L-glutamato, acetato de vinilo-etilenono

degradable, con polimeros de 4&cido glicolico-icido lactico
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degradables tales como LUPRON DEPOT™ (microesferas i1nyectables
compuestas de copolimero de 4&cido glicolico-dcide léctico vy

acetato de leuprolida), y &cido poli-D-({-)~3-hidroxibutirico.

Las formulaciones a ser utilizadas para la administracién in
vivo deben ser estériles. Esto se logra facilmente por filtracién

a través de membrana de filtracién estéril.

VI. Artioculos de fabriocacién

En otra modalidad de la invencién, un articulo de
fabricacién que contiene materiales Gtiles para el tratamiento de
esclerosis miltiple descrita , anteriormente se suministra.
Preferiblemente, el articulo de fabricacién comprende: (a) un
contenedor gque comprende una composicién que comprende un
anticuerpo que une a un marcador de superficie de célula B (por
ejemplo un anticuerpo CD20) y un portador farmacéuticamente
aceptable o diluyente dentro del contenedor; y (b) un inserto de
paquete con instrucciones para administrar la composicidén a un
sujeto que sufre de esclerosis miltiple al sujeto para
suministrar una exposicién de anticuerpo inicial de
aproximadamente 0.5 a 4 gramos seguido por una segunda exposiclén
de anticuerpo de aproximadamente 0.5 a 4 gramos, la segunda
exposicién no se suministra hasta aproximadamente 16 a 60 semanas
a partir de la exposicidén inicial; o instrucciones para

administrar la composicién a un sujeto que sufre de PPMS.
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El articulo de fabricacién comprende un contenedor y una
etiqueta o inserto de paquete en o asociado con el contenedor.
Contenedores adecuados incluyen, por ejemplo, botellas, frascos,
jeringas, etcétera. Los contenedores se pueden formar de una
variedad de materiales tal como vidrio o plastico. El contenedor
soporta o contiene una composicién que es efectiva para tratar la
esclerosis multiple y puede tener un puerto de acceso estéril
(por ejemplo el contenedor puede ser una bolsa de solucibn
intravenocsa o un frasco que tiene un tope hinchable mediante una
aguja de inyeccién hipodérmica). Al menos un agente activo en la
composicién es el anticuerpo. La etiqueta o inserto de paquete
indica que la composiciones utiliza para tratar esclerosis
mialtiple en un sujeto que sufre de esta con la gula especifica
con respecto a cantidades de dosis e intervalos de anticuerpo y
cualquier otra droga que se suministre. El1 articulo de
fabricacién puede adicionalmente comprender un segundo contenedor
que comprende un amortiguador de dilucién farmacéuticamente
aceptable, tal como agua bacteriocestatica para inyeccién (BWFI),
salina amortiguada con fosfato, solucién de Ringer y soluciédn
dextrosa. El articulo de fabricacidén puede incluir adicionalmente
otros materiales deseables desde el punto de vista del usuario y
comercial, que incluyen otros amortiguadores, diluyentes,

filtros, agujas, y jeringas.

Opcionalmente, el articulo de fabricacidén aqui comprende
adicionalmente un contenedor que comprende un agente diferente al

anticuerpo para tratamiento Yy adicionalmente comprende
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instrucciones sobre el tratamiento al mamifero con tal agente,
tal agente preferiblemente es un agente gquimioterapéutico o
agente inmunosupresor, droga de la clase interferdédn tal como IFN-
beta-la (REBIF® y AVONEX®) o IFN-beta-l1b (BETASERON®); un
oligopéptido tal como un acetato de glatirédmero (COPAXONE®); un
agente citotéxico tal como mitoxantrona (NOVANTRONE®) ,
metotrexato, ciclofosfamida, clorambucil, o azatioprina;
inmunoglobulina intravenosa (gamma globulina); droga de
agotamiento de linfocito (por ejemplo, mitoxantrona,
ciclofosfamida, Campath, anti-CD4, o cladribina); droga
inmunosupresora de agotamiento no-linfocito (por ejemplo, mofetil
micofenolato {MMF') 0 ciclosporina); droga reductora del
colesterol de 1la clase ‘“estatina”; estradiol; terapia de
reemplazo hormonal; droga que trata sintomas secundarios o
relacionados con MS (por ejemplo, espasmos, incontinencia, dolor,
fatiga); un inhibidor TNF; droga antirreumiatica que modifica 1la
enfermedad (DMARD); droga antiinflamatoria no-esteroidal (NSAID):
corticosteroides (por ejemplo metilprednisolona, prednisona,
dexametasona, o glucorticoide); levotiroxina; ciclosporina A;
andlogo de somatastatina; citoquina o antagonista receptor de
citoquina; anti-metabolito; agente inmunosupresor; antagonista de
integrina o anticuerpo (por ejemplo un anticuerpo LFA-1, tal como
efalizumab o un anticuerpoc integrina alpha 4 tal como
natalizumab); y otro anticuerpo marcador de superficie de célula

B; etcétera.
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Detalles adicionales de la invencién se ilustran mediante
los siquientes ejemplos no limitantes. La descripcidén de todas
las citaciones en la especificacién se incorporan expresamente

aqui como referencia.

EJEMPLO 1

TRATAMIENTO PARA ESCLEROSIS MOLTIPLE PROGRESIVA PRIMARTA (PPMS

Un sujeto con diagnostico de PPMS como se define por
McDonald et al. Ann Neurol 50:121-7 (2001) se trata con un

anticuerpo CD20 en este ejemplo.

Rituximab, disponible comercialmente de Genentech, se
formula para administracién IV como un producto estéril en 9.0
mg/mL de cloruro de sodio, 0.7 mg/mL de polisorbato 80, 7.35
mg/mL de dihidrato de citrato de sodio, y agua estéril para

inyeccién (pH 6.5).

El primer curso de tratamiento consistira de una dosis de 1
g intravenosos de Rituximab (IV) administrado en cada uno de los
dias 1 y 15. Los sujetos recibirdn acetaminofen (1 g¢g) Yy
difenhidramina HCl1l (50 mg), o equivalente, por la boca 30-60

minutos antes del inicio de cada infusién.

Cursos posteriores de tratamiento se administraran partiendo

la semana 24 (dia 169), semana 48 (dia 337), y semana 72 (dia
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505). La segunda infusién del curso posterior de tratamiento sera

de 14 + 1 dia después de la primera infusién.

Sujetos que experimentan una primer recalida pueden recibir
tratamiento de rescate con corticosteriodes IV u orales.
Corticosteroides sistémicos se pueden administrar utilizando un
régimen que no excede la exposicidén o duracién de tratamiento
apropiado de una recaida MS. Una recaida se define como todo lo

siguiente:

. Una aparicién aguda de una anormalidad neurolégica que
persiste durante al menos 24 horas

. Un cambio no atribuible a fiebre, infeccidén, trauma,
medicacién concomitante, u otra etiologia

. Un evento con cambio objetivo en el examen por
investigador examinador cegado, que incluye un minimo
de cambio de un punto en 1 de las siguientes escalas
FS: piramidal, nervio craneal, cerebelar, sensorial,

visién, o marcha

El siguiente régimen de corticosterovides se puede utilizar:
1l g de IV metilprednisolona diariamente durante 3 dias, seguido
por 60 mg de prednisona diariamente durante 5 dias, y reducir
mediante 10-mg de incrementos cada dia de aqui en adelante, Si el
IV metilprednisolonano esti disponible, entonces 150 mg se puede
sustituir con IV dexametasona diariamente durante 3 dias. Solo un

curso de corticosteroides se debe administrar para una
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exacerbacién. Estudios inmunolégicos posterlores y exploraciones
MRI se deben obtener al menos 4 semanas después de la terminacién
del régimen de corticosteroides. Inhaladores de corticosteroide
(oral y nasal) o 1inyecciones intra-articulares se pueden

utilizar.

Tratamientos adicionales para ser opcionalmente combinados
con el anticuerpo CD20 incluyen IFN-beta, acetato de glatiramero,

metotrexato, ciclofosfamida, o mitoxantrona.

La medicién del resultado de eficacia primaria es el tiempo
para progresién de enfermedad confirmada. La progresién de
enfermedad se define como un incremento de 2 1.0 puntos a partir
de la Escala Ampliada Para Determinar el Estado de Incapacidad
(EDSS) (Kurtzke J. Neurologi 33(11):1444-52 (1983)), si el EDSS
de linea base estd entre 2.0 y 5.5 puntos ({(inclusive), o un
incremento de 2 0.5 puntos si el EDSS de linea base es 2 5.5
puntos (inclusive), para cuyo cambio no es atribuible a otra
etiologia (por ejemplo, fiebre, enfermedad concurrente, recalda
MS o exacerbacién, o medicacidén concomitante). La confirmacién de
la progresién de la enfermedad puede ocurrir en una visita
programada regularmente que es de al menos 12 semanas (84 dias)

después de la progresiédn inicial.

Las medidas de resultado de eficacia secundarias incluyen:
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- Cambio de la linea base a la semana 96 en el volumen
total de lesiones T2 en exploracién MRI de cerebro

- Cambio de la linea base de la semana 96 en volumen de

cerebro en exploracién MRI de cerebro
Opcionalmente, la mejora en una cualquiera o mas de:

- Escala Compuesta Funcional de Esclerosis Miltiple
(MSFCS)

- EDSS

- Proporcién de sujetos con progresién de enfermedad
confirmada en 1la semana 96, segin se determina
utilizande EDSS

- Funcién de extremidad superior, seglin se mide por el
Ensayo Peg de 9 Agujeros (una subescala del MSFCS)

- Ambulacién, segin se mide por el tiempo caminado de 25
pies (una subescala del MSFCS)

- Cognicién, seqin se mide por la Prueba de Adicién
Auditiva Consecutiva Ritmada (solo 3 segqundos; una
subescala del MSFCS)

- Volumen total de lesiones T2 de cerebro en
exploraciones MRI (semanas 48 y 122}

- Volumen total de lesiones T1 de cerebro en
exploraciones MRI

- Area de seccién cruzada de la medula espinal cervical

en exploraciones MRI
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- Volumen de cerebro en exploraciones MRI (semanas 48 y

122)

El sujeto tratado con Rituximab como se describe aqui
mostrara mejora en los signos, sintomas u otros indicadores de
PPMS de acuerdo con una cualquiera o mas de las medidas

resultantes anteriores.

EJEMPLO 2

TRATAMIENTO DE ESCLEROSIS MOLTIPLE RECIDIVANTE-REMISION

Sujetos con RRMS como se define por McDonald et al. Ann
Neurol 50:121-7 {(2001) se tratan con anticuerpo CD20 en este
ejemplo, en donde la exposicién del es de aproximadamente 6

meses.

Rituximab, disponible comercialmente de Genentech, se
formula para administracién IV como un producto estéril en 9.0
mg/mL de cloruro de sodio, 0.7 mg/mL de polisorbato 80, 7.35
mg/mL de citrato de sodio deshidratado, y Agua Esté_ril para

Inyeccidén (pH 6.5).

El primer curso de tratamiento consistird de una dosis de 1
g de Ri;:uximab (IV) intravenoso administrado en cada uno de los
dias 1 y 15. Los sujetos recibirdn acetaminofén (1 g) vy
difenhidramina HCl (50 mg), o equivalente, por la boca 30-60

minutos antes del inicio de cada infusién.

14\
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Cursos posteriores de tratamiento se administraran partiendo
de la semana 24 (dia 169), semana 48 {(dia 337), y semana 72 (dia
505). La segunda infusién del curso posterior de tratamiento seri

de 14 £+ 1 dias después de la primera infusién.

Preferiblemente el Rituximab es el Unico agente administrado
para tratar Jla RRMS. Sin embargo, los sujetos pueden
opcionalmente recibir IV o corticosteroides orales, I1FN-beta,
acetato de glatiramero, metotrexato, ciclofosfamida, o

mitoxantrona.

Sujetos que experimentan una primer recalda puede recibir
tratamiento de rescate con IV o corticosteroides orales.
Corticosteroides sistémicos se pueden administrar utilizando un
régimen que no excede la exposicidén o duracién del tratamiento
aproplado para una recaida MS. Una recaida en este ejemplo se

define como:

La aparicién de nuevos sintomas o sintomas neuroldgicos
recurrentes consistentes con el Gltimo MS miés de 48 horas en un
sujeto quien a sido relativamente estable o en estado de mejora
neurolégica durante al menos 30 dias. El1 cambio en los sintomas
neuroldégicos se debe acompaflar por empeoramiento neurolégico
objetivo consistente con un incremento de al menos la mitad de
una etapa en el EDSS, o 2 puntos en una de las clasificaciones

del sistema funcional apropiado (FSS), o 1 punto en dos o mds de
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los FSS apropiados. El1 cambio se debe verificar por el
investigador que examina y debe efectuar las escalas FS
seleccionadas (es decir, piramidal, marcha, cerebelar, tallo
cerebral, sensorial, o visual). Los sintomas deben persistir
durante 2 24 horas y no se deben atribuir a factores clinicos que
confundan (por ejemplo, fiebre, infeccién, lesiones, reacciones
adversas a medicamentos concomitantes). Un episodio simple de un
sintoma paroxismal (por ejemplo, espasmo ténico) no es una
recaida, pero el nuevo ataque de ocurrencias miltiples de un
sintoma paroxismal durante al menos 24 horas puede ser una
recaida si se acompafia por nuevas manifestaciones, que
corresponden a manifestaciones objetivas. Sintomas sensoriales
gque no cambian en el examen clinico, fatiga, cambio de humoxr, o,
urgencia o incontinencia de la vejiga o el intestino no seré

suficiente para establecer una recaida.

La medida del resultado de la eficacia primaria es el punto
de extremo MRI de lesiones que mejoran con gadolinio, o el tiempo
para progresién de enfermedad confirmada (definida como wun
incremento de 2 1.0 puntos a partir de la Escala ampliada para
Determinar el Estado de Incapacidad (EDSS); Kurtzke J. Neurologi
33(11): 1444-52 (1983)). El punto de extremo de eficacia primaria
puede ser el numero total de lesiones Tl mejoradas por gadolinio
observadas en exploraciones MRI seriales del cerebro en las

semanas 12, 16, 20, y 24.
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Medidas de resultado de eficacia secundarias incluyen
frecuencia de recaida; cambio de linea base a la semana 96 en el
volumen total de lesiones T2 en exploracién MRI de cerebro (por
ejemplo cambio en el volumen total de 1lesiones T2 en
exploraciones MRA del cerebro a partir de seleccidén en las
semanas 24 y 36); cambio de la linea base en la semana 96 en
volumen de cerebro en exploracién MRI de cerebro; Escala
Compuesta Funcional sobre Esclerosis Madltiple (MSFCS) y sus
subescalas; funcién de extremidad superior, como se mide por el
Ensayo Peg de 9-Agujeros (una subescala del MSFCS); ambulacién,
como se mide por el tiempo de camino de 25 pies (una subescala
del MSFCS); cognicién, segin se mide por la prueba de la adicién
auditiva consecutiva ritmada {una subescala del MSFCS);
cuestionario de calidad de vida de esclerosis maltiple 54 (MSQOL-
54); volumen total de lesiones Tl de cerebro o exploraciones MRI
(por ejemplo numero total de 1lesiones Tl que mejoran con
gadolinio observadas en exploraciones MRA seriales de cerebros en
las semanas 20, 28, y 36); &4rea de secciédn cruzada de la medula
espinal cervical y en exploraciones MRI; proporcién de sujetos
que rehacen en las semanas 24 (es decir entre las semana 0 y la
semana 24) y 36 (es decir entre la semana 0 y la semana 36); la

Medicién de la Actividad Onica Combinada en la semana 24 y 36.

El paciente tratado con Rituximab como se describiéd
anteriormente exhibird una mejora en una cualquiera o més de las

mediciones resultantes anteriores.
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EJEMPLO 3

TRATAMIENTO DE ESCLEROSIS MULTIPLE RECIDIVANTE-REMISION

Un sujeto con RRMS como lo define McDonald et al. Ann Neurol
50:121-7 (2001) se trata con un anticuerpo CD20 aqui. En este

ejemplo, la exposicidédn al anticuerpo es de aproximadamente 1 afo.

Rituximab, disponible comercialmente de Genentech, se
formula para administracién IV como un producto estéril en 9.0
mg/mL de cloruro de sodio, 0.7 mg/mL de polisorbato 80, 7.35
mg/mlL de citrato de sodio deshidratade, y Agua Estérll para

Inyecciébn (pH 6.5).

El primer curso de tratamiento consistird de una dosis de 1
g de Rituximab (IV) intravenoso administrada en cada uno de los
dias 1 y 15. Los sujetos recibiridn acetaminofen (1 g} vy
difenhidramina HCl (50 mg), o equivalente, por la boca 30-60

minutos antes del inicio de cada infusién.

Cursos posteriores de tratamiento se administraran partiendo
de la semana 48, y semana 96. La segunda infusién del curso
posterior de tratamiento serd de 14 + 1 dias después de 1la

primera infusién.

El Rituximab preferiblemente es el linico agente administrado
para tratar la RRMS. Sin embargo, los sujetos pueden

opcionalmente recibir IV o corticosteroides orales, IFN-beta,

as
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acetato de glatirémero, metotrexato, ciclofosfamida, o

mitoxantrona.

Sujetos quienes experimentan una primera recaida puede
recibir tratamiento de rescate con IV o corticosteroides orales.
Corticosteroides sistémicos se pueden administrar utilizando un
régimen que no excede la exposicién o duracién del tratamiento
apropiado para una recaida MS. Una recaida en este ejemplo se

define como:

La aparicién de nuevos sintomas o sintomas neurolégicos
recurrentes consistentes con el MS durante mas de 48 horas en un
sujeto que a estado en un estado neurolégico de mejoramiento o
relativamente estable durante al menos 30 dias. El cambio en
sintomas neurolégicos debe estar acompafiado por empeoramiento
neurolégico consistente con un incremento de al menos la mitad de
una etapa en el EDSS, o 2 porciones en una de las clasificaciones
del sistema funcional apropiado (FSS), o 1 punto en dos © mas de
los FSS apropiados. El cambio se debe verificar mediante examen
del investigador y debe afectar las escalas FS seleccionadas (es
decir, piramidal, marcha, cerebelar, tallo cerebral, sensorial, o
visual). Los sintomas deben persistir durante 2 24 horas y no se
deben atribuir a factores clinicos confusos (por ejemplo, fiebre,
infeccién, lesidn, reacciones adversas a medicamentos
concomitantes). Un episodio Gnico de un sintoma paroxismal (por
ejemplo, espasmo ténico) no es una recaida, pero el nuevo ataque

de ocurrencias miltiples de un sintoma paroxismal durante al
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menos 24 horas puede ser una recaida si se acompafia por
manifestaciones objetivas nuevas, correspondientes. Sintomas
sensoriales sin cambio en examen clinico, fatiga, cambio de

humor, o urgencia o incontinencia de vejiga o el intestino no

sera suficiente para establecer una recaida.

La medida del resultado de la eficacia primaria es el punto
de extremo MRI de lesiones que mejoran con gadolinio, © el tiempo
para progresién de enfermedad confirmado (definid como un
incremento de 2 1.0 puntos a partir de la Escala ampliada para
Determinar el Estado de Incapacidad (EDSS); Kurtzke J. Neurologi
33(11): 1444-52 (1983)). El punto de extremo de eficacia primario
puede ser el nimero total de lesiones Tl que mejoran con
gadolinio observadas en exploraciones MRI seriales del cerebro en

las semanas 12, 16, 20, y 24.

Medidas de resultado de eficacia secundarias incluyen
frecuencia de recaida; cambio de linea base a la semana 96 en el
volumen total de lesiones T2 en exploraclié4n MRI de cerebro (por
ejemplo cambio en el volumen +total de Jlesiones T2 en
exploraciones MRA del cerebro a partir de exploraciones en las
semanas 24 y 36); cambio de linea base en la semana 96 en volumen
de cerebro en exploracién MRI de cerebro; Escala Compuesta
Funcional sobre Esclerosis Maltiple (MSFCS) y sus subescalas;
funcién de extremidad superior, segin se mide por el Ensayo Peg
de 9-Agujeros (una subescala del MSFCS); ambulacién, seqgin se

mide por el tiempo de caminar de 25 pies (una subclase del
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MSFCS); cognicién, segin se mide por el ensayo de prueba de la
adicién auditiva consecutiva ritmada (una subescala del MSFCS);
cuestionario de calidad de vida de esclerosis miltiple 54 (MSQOL-
54); volumen total de lesiones de cerebro Tl en exploraciones MRI
(por ejemplo nimero total de lesiones Tl mejoradas con gadolinio
observadas en exploraciones MRA seriales de los cerebros en las
semanas 20, 28, y 36); area de seccidén cruzada de la medula
espina dorsal cervical y en exploraciones MRI; proporcién de
sujetos que recaen en la semana 24 (es decir entre las semana 0 y
la semana 24) y la semana 36 (es decir entre la semana 0 y la
semana 36); la Medida de la Actividad Onica Combinada en 1la

semana 24 y 36.

El paciente tratado con el anterior con Rituximab exhibiré
una mejora en una cualquiera o més de las mediciones resultado

anteriores.

EJEMPLO 4

VARIANTES 2H7 HUMANIZADAS

Este ejemplo describe variantes anticuerpo 2H7 humanizadas
para uso en los métodos descritos aqui. El1 anticuerpo 2H7
humanizado comprende preferiblemente uno, dos, tres, cuatro,

cinco o seis de las siguientes secuencias CDR:

Secuencia CDR L1 RASSSVSIXH en donde X es M o L (SEQ ID NO. 18),

por ejemplo SEQ ID No:4 (Figura 1lA),
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Secuencia CDR L2 de la SEQ ID NO:5 (Figura 1A),

Secuencia CDR L3 QQWXFNPPT en donde X es S o A (SEQ ID NO. 19),
por ejemplc SEQ ID NO:6 (Figura 1A),

Secuencia CDR Hl1 de SEQ ID NO:10 (Figura 1B),

Secuencia CDR H2 de ATYPGNGXTSYNQKFKG en donde X es D o A (SEQ ID
NO. 20), por ejemplo SEQ ID NO:11 {(Figura 1B), ¥y

Secuencia CDR H3 de VVYYSXXYWYFDV en donde X en la posicién 6 es
N, A, ¥, Wo D, vy la X la posicién 7 es S o R (SEQ ID NO. 21),

por ejemplo SEQ ID NO: 12 (Figura 1B).

Las secuencias CDR anteriores se presentan generalmente
dentro de secuencias de estructura pesadas variable y liviana
variable humanas, como sustancialmente los residuos FR consenso
humanos del subgrupo I (V.6I), capa de cadena liviana humana, y
sustancialmente los residuos FR consenso humanos del subgrupo III
(VyIII)de cadena pesada humana. Ver también WO 200@/056312

{Lowman et al.).

La regién pesada variable se puede unir a una regién
constante de cadena IgG humana, en donde la regién puede ser, por
ejemplo, IgGl o IgG3, que incluyen secuencias nativas y regiones

constantes variantes.

En una modalidad preferida, tal anticuerpo comprende 1la
secuencia de dominic pesada variable de la SEQ ID NO:B {(vl6, como
se muestra en la figura 1B), también opcionalmente comprende klla

secuencia 1liviana variable de la SEQ ID NO:2 (vl6, como se
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muestra en la figura 1A), que comprende opcionalmente una o mis
sustituciones de aminoAcido en las posiciones 56, 100, y/o 100a,
por ejemplo D56A, N100A o N100Y y/o S100aR en el dominio pesado
variable y una o mAas sustituciones de aminodcido en las
posiciones 32 y/o 92, por ejemplo M32L y/o S92A, en el dominio
liviano variable. Preferiblemente, el anticuerpo es un anticuerpo
intacto que comprende las secuencias de aminodcido de cadena
livianas de la SEQ ID NOs. 13 o 16, y las secuencias de

aminodcido de cadena pesada de la SEQ ID NO. 14, 15, 17, 22 o 25.

Un anticuerpo 2H7 humanizado preferido es ocrelizumab
{Genentech). El1 anticuerpo aqui puede comprender adicionalmente
al menos una sustitucién de aminodcido en la regién Fc que mejora
la actividad ADCC, tal como una en donde las sustituciones de
aminodcido estdn en las posiciones 298, 333, y 334,
preferiblemente S298A, E333A, Y K334A, utilizando la numeracidn
Eu de los residuos de cadena pesada. Ver también Patente

estadounidense No. 6,737,056Bl, Presta.

Cualquiera de estos anticuerpos pueden comprender al menos
una sustitucién en la regién Fc que mejora la unién FcRn o vida
media del suero, por ejemplo una sustitucién en la posicidén de
cadena pesada 434, tal como N434W. Ver también Patente
estadounidense nGmero 6,737,056B1, Presta. Cualquiera de estos
anticuerpos pueden comprender adicionalmente al menos una
sustitucién de aminodcido en la regién Fec que incrementa 1la

actividad CDC, por ejemplo, que comprende al menos una



WO 2005/117978 120 PCT/US2005/019641

sustitucidén en la posicién 326, preferiblemente K326A o K326W.
ver también Patente estadounidense ntmero 6,528,624Bl1 (Idusogie

et al.).

Algunas variantes 2H7 humanizadas preferidas son aquellas
que comprenden el dominio liviano variable de las SEQ ID NO:2 y
el dominio pesado variable de la SEQ ID NO:8, que incluyen
aquellas con o 8in sustituciones en una regién Fc (si estéd
presente), y aquellas que comprenden un dominio pesado variable
con alteraciones N100OA; o D56A y N100OA; o D56A, N100Y, y S100aR;
en la SEQ ID NO:8 y un dominio liviano variable con alteracién
M32L; o S92A; o M32L y S92A; en la SEQ ID NO:2. M34 en el dominio
pesado variable de 2H7.vl6 se ha identificado como una fuente
potencial de estabilidad de anticuerpo y es otro candidato

potencial para sustitucién.

En.un resumen de algunas varias modalidades preferidas de la
invencién, la regién variables de las variantes basadas en
2H7.v1l6 comprende las secuencias de aminodcido de v16 excepto en
las posiciones de aminodcido que se indican en la tabla adelante.
A menos que se indique otra cosa, las variantes 2H7 tendran la

misma cadena liviana como aquella del vlé6.

qO‘
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Variantes de anticuerpo 2H7 humanizadas da ejemplo

Versién :I-::r::cl;: Ivnllg:r:::‘ll:' :vuﬁ:?mbloaﬁc
2H7 pesada liviana
e
B1 [ , 98A, E31IA, KI3A
] 100A 32L
S NiooA 3L B298A, E33IA, KINA
2L, S92A Fm:m. K334A
Ins PSGA. N100A PDZL. S92A B298A, E333A, K334A, E356D, MISBL
16 SGA, NIOOA M32L, S92A B298A, KAMA, K322A
38 56A, N100A M32L, S92A Fm_m

t‘ﬂ P56A, N100A M32L, S92A F!BIA. E333A, K334A, K326A, N434W

P‘JS - : FJML

Fss B298A, E333A, K334A, K326A

SGA,
100,

1 100aR. PJZLSOZA F:QIA. E333A, K334A, K326A

Un 2H7 humanizado preferido comprende 1la secuencia de

dominio liviana wvariable 2H7.vlé6:

DIQMTQSPSSLSASVGDRYTITCRASSSVSYMHWYQQKPGK APKPLIYAPSNLASGVPSRFSG
SGSGTDFTLTISSLQPEDFATYYCQQWSFNPPTRGQGTKVEIKR (SEQ ID NO:2);

Y la secuencia de dominio pesado variable 2H7.vl6:

EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHW VRQAPGKGLEWVGAIYPANGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTV
S8 (SEQ D NO:9).
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En donde el anticuerpo 2H7.v1l6é humanizado es un anticuerpo

intacto, este puede comprender la secuencia de aminodcido de

cadena liviana:

DIQMTQSPSSLSASVGDRVITTCRASSSVSYMHWYQQKPGKAPKPLIYAPSNLASOVPSRFSG
SGSGTDFTLTISSLQPEDFATYYCQQWSFNPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSG
TASVVCLLNNFYPREAKVQWKVDNALQSGNSQESYTEQDSKDSTYSLSSTLTLSKADYEKH
KVYACEVTHQOLSSPVTKSFNRGEC (SBQ ID NO:13)

Y la secuencla de aminoadcido de cadena pesada de la SEQ ID

NO. 14 o:

EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHAWVRQAPGKGLEWVGAIYPGNGDTSY

NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVYYYSNSYWYFDVWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSG
LYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK VDKKVEPKSCDK THTCPPCPAPELLGGPSVF

LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDOVEVHNAKTKPREEQYNSTYRV

VEVLTVLHQDWLNGKEYKCKVSNKALPAPIEK TISKAKGQPREX]JVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYK TTPPVEDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPG (SBQ ID NO222).

Otro anticuerpo 2H7 humanizado preferido comprende la
secuencia de dominio liviano variable 2H7.v511:

DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQQKPGKAPKPLIY APSNLASGVP
SRFSGSGSGTDFTLTISSLQPEDFATYYCQQWAFNFFTPGQGTKVEIKR (SEQ ID NO:23)

Y la secuencia de dominio pesado variable 2H7.v511:

EVQLVESGGGLVQPGGSLRLSCAASGYTFTS YNMHWVRQAPGKGLEWVGAIYPGN
GATSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSYRYWYFDVWGQ
GTLVTVES (SBQ ID NQO. 24).
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En donde el anticuerpo 2H7.v511 humanizado es un anticuerpo

intacto, este puede comprender la secuencia de aminodcido de

cadena liviana:

DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQQKPGKAPKPLIY APSNLASGVPSRPSGS
GSGTDFTLTISSLQPEDFATYYCQQWAFNPPTRGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGT

ASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHK
VYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:16)

Y la secuencia de aminoacido de cadena pesada de la SEQ ID

NO. 17 o:

EVQLVESOGGLVQPOGSLRLSCAASGYTFTSYNMEWVRQAPGKOLEWVGAIYPGNGATSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSYRYWYFDVWGQGTLVT
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDEKVEPKSCDKTRTCPPCPAPELLGGPSV
FLFPPKPKDTLMISRTPEVTCVVVDVEHEDPEVKFNWYVDOVEVHNAKTKPREEQYNATYR
VVSVLTVLRQDWLNGKEYKCKVSNAALPAPIAATISKAKGQPREPQVYTLFPSREEMTENQ
VSLTCLVKGFYPSDIAVEWESNGQPENNYK TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS
CSVMHEALHNHYTQKSLSLSPG (SEQ ID NO. 25).
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REIVINDICACIONES

LO QUE SE REIVINDICA ES:

Un método para tratar esclerosis miltiple en un sujeto que
comprende administrar una cantidad efectiva de un
anticuerpo CD20 al sujeto para suministrar una exposiclén
inicial a anticuerpo de aproximadamente 0.5 a 4 gramos
seguido por una segunda exposicién de anticuerpo de
aproximadamente 0.5 a 4 gramos, la segunda exposicidén no se
suministra hasta aproximadamente 16 a 60 semanas a partir
de la exposicién inicial, y cada una de las exposiciones de
anticuerpo se suministra al sujeto como una o dos dosis de

anticuerpo.

El método de la reilvindicacién 1 en donde la segunda
exposiclén no se suministra hasta de aproximadamente 20 a

30 semanas partir de la exposicién inicial.

El método de la reivindicacién 1 o 2 en donde la exposicién
inicial y la sequnda exposicién de anticuerpo cada una se
suministran en cantidades de aproximadamente 1.5 a 2.5

gramos.

El método de una cualquiera de las reivindicacién 2-3 que
comprende adicionalmente administrar al sujeto una cantidad

efectiva del anticuerpo CD20 para suministrar una tercera

%0
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" exposicién de anticuerpo de aproximadamente 0.5 a 4 gramos,

la tercera exposicién no se administra hasta
aproximadamente 46 a 60 semanas a partir de la exposicidn

inicial.

El método de la reivindicacién 4 en donde 1la tercera
exposicién anticuerpo se suministra en una cantidad de

aproximadamente 01.5 a 2.5 gramos.

El método de la reivindicacién 4 o 5 en donde la tercera
exposicién no se suministra hasta aproximadamente 46 a 54

semanas a partir de la exposicién inicial.

El método de una cualgquiera de las reivindicaciones 4-6 en
donde ninguna exposicién adicional a anticuerpo se
suministra hasta al menos aproximadamente 70-75 semanas a

partir de la exposicién inicial.

El método de 1la reivindicacién 1 en donde la segunda
exposicién no se suministra hasta aproximadamente 46 a 60

semanas a partir de la exposicién inicial.

El método de una cualquiera de las reivindicaciones 1-8 en
donde cada una de las exposiciones de anticuerpos se

suministra al sujeto como una dosis del anticuerpo.

10
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10. E1 método de una cualquiera de las reivindicaciones 1-8 en

il.

12.

13.

14.

15.

donde cada una de las exposiciones de anticuerpo se
suministra al sujeto como dos dosis de anticuerpo, en donde
las dos dosis constituyen una primer dosis y una segunda

dosis.

El método de la reivindicacién 10 en donde la segin da
dosis se suministra de aproximadamente 3-17 dias a partir

del tiempo que se administra la primera dosis.

El método de la reivindicacién 11 en donde la segunda dosis
se administra aproximadamente 6-16 dias a partir del tiempo

en que se administra la primer dosis.

El método de la reivindicacién 12 en donde la segunda dosis
se administra aproximadamente 13-16 dias a partir del

tiempo en que se administra la primer dosis.

El método de una cualquiera de las reivindicaciones 10-13
en donde la primera y sequnda dosis de anticuerpo cada una

son de aproximadamente 0.5 a 1.5 gramos.

El Método de una cualquiera de las reivindicaciones 10-14
en donde la primera y segunda dosis de anticuerpo cada uno

son de aproximadamente 0.75 a 1.3 gramos.

1090
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16.

17.

18

19,

El método de una cualquiera de la reivindicaciones 1-15 en
donde tres o mAs exposiciones de anticuerpo se administran

al sujeto.

El método de una cualquiera de las reivindicaciones 1-16 en
donde <cuatro o mas exposiciones de anticuerpo se

administran al sujeto.

El método de una cualquiera de las reivindicaciones 1-17 en
donde un segundo medicamento se administra con la
exposicién inicial a exposiciones posteriores, en donde el

anticuerpo CD20 es un primer medicamento.

El método de la reivindicaciétn 18 en donde el segundo
medicamento se selecciona del grupo que consiste de un
interferén, acetato glatirdmero, un agente citotéxico,
agente guimioterapéutico, mitoxantrona, metotrexato,
ciclofosfamida, clorambucil, azatioprina, gamma globulina,
Campath, anti-CD4, cladribina, corticosteroide, mofetil
micofenolate (MMF), ciclosporina, droga reductora del
colestercl de la clase estatina, estradiol, testosterona,
droga de reemplazo de hormona, un inhibidor TNF, droga
antirreumdtica que modifica la enfermedad (DMARD), droga
antiinflamatoria no-esteroide (NSAID), levotiroxina,
ciclosporina A, andlogo de somatastatina, citoquina o
antagonista del receptor citogquina, antimetabolito, agente

inmunosupresor, antagonista de integrina o anticuerpo,



WO 2005/117978 128 PCT/US2005/019641

204

anticuerpo LFA-I, efalizumab, anticuerpo de integrina alfa
4, natalizumab, y otro anticuerpo marcadores se superficie

de célula B.

20. E1 método de una cualquiera de las reivindicaciones 1-19 en
donde la esclerosis miltiple es esclerosis maltiple

recidivante-remitente {(RRMS).

21, El método de una cualquiera de las reivindicaciones 1-19 en
donde la esclerosis miltiple es esclerosis miltiple

progresiva primaria {(PPMS).

22. El método de una cualquiera de las reivindicaciones 1-21 en
donde el sujeto nunca ha sido tratado previamente con un

anticuerpo CD20.

23. E1l método de una cualquiera de las reivindicaciones 1-22 en

donde el anticuerpo es un anticuerpo desnudo.

24. El1 método de una cualquiera de las reivindicaciones 1-22 en

donde el anticuerpo se conjuga con otra molécula.

25. El método de la reivindicacién 24 en donde la otra molécula

es un agente ciltotéxico.

26. E1 método de una cualquiera de las reivindicaciones 1-25 en

donde del anticuerpo se administra intravenosamente.
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27. El métedo de la reivindicacidn 26 en donde el anticuerpo se
administra intravenosamente para cada exposicién de

anticuerpo.

28. El método de una cualquiera de las reivindicaciones 1-25 en

donde el anticuerpo se administra subcutdneamente.

29. E1 método de una cualquiera de las reivindicaciones 1-25 en

donde el anticuerpo se administra intratecalmente.

30. E1l método de una cualquiera de las reivindicaciones 1-29 en
donde el anticuerpo CD20 es el UGnico medicamento

administrado al sujeto para tratar la esclerosis miltiple.

31l. El método de una cualquiera de las reivindicaciones 1-30 en

donde el anticuerpo es Rituximab.

32. E1l método de una cualquiera de las reivindicaciones 1-30 en
donde el anticuerpo es 2H7 humanizado que comprende las

secuencias de dominio variable en la SEQ ID NOS. 2 y 8.

33. E1 método de una cualquiera de las reivindicaciones 1-30 en
donde el anticuerpo es 2H7 humanizado que comprende las

secuencias de dominio variable en la SEQ ID NOS. 23 y 24.
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34.

35.

36.

El método de una cualquiera de las reivindicaciones 1-=34 en
donde el sujeto tiene proteina basica antimielina elevada
(MBP), glucoproteina oligodendrocitaria anti-mielina (MOG),
niveles de anticuerpo anti-neurofilamento y/o anti-

gangliosida.

El método de una cualquiera de las reivindicaciones 1-34 en
donde niveles elevados de células B estidn presentes en
fluidos cerebroespinal (CSF), lesién de esclerosis

miltiple, o suero del sujeto.

Un articulo de fabricacidén que comprende:

(a) un contenedor que contiene un anticuerpo CD20; y

(b) un inserto de paquete con instrucciones para tratar

esclerosis maltiple en un sujeto, en donde las
instrucclones indican que una cantidad del anticuerpo se
administra al sujeto que es efectiva para suministrar una
exposiciébn al anticuerpo inicial de aproximadamente 0.5 a 4
gramos seguido por una segunda exposicién de anticuerpo de
aproximadamente 0.5 a 4 gramos, la segunda exposicién no se
administra hasta aproximadamente 16 a 60 semanas de
exposicién inicial y cada una de 1las exposiciones de
anticuerpo se suministra al sujeto como una o dos dosis de

anticuerpo.

2\\
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37.

38.

El articulo de la reivindicacién 36 que comprende
adicionalmente un contenedor que comprende un segundo
medicamento, en donde el anticuerpo CD20 es un primer
medicamento, y comprende adicionalmente instrucciones en el
inserto de paquete para tratar el sujeto con un segundo

medicamento.

El articulo de la reivindicacién 37 en donde el segundo
medicamento se selecciona del grupo que consiste de un
interferén, acetato glatirdmero, un agente citotéxico,
agente quimioterapéutico, mitoxantrona, metotrexato,
ciclofosfamida, clorambucil, azatioprina, gamma globulina,
Campath, anti-CD4, cladribina, corticosteroide, mofetil
micofenolato (MMF) , ciclosporina, droga reductora de
colesterol de la clase estatina, estradiol, testosterona,
droga de reemplazc de hormona, un inhibidor TNF, droga
antirreumdtica que modifica la enfermedad (DMARD), droga
antiinflamatoria no-esteroide (NSAID), levotiroxina,
ciclosporina A, andlogo de somatastatina, citogquina o
antagonista del receptor citoquina, antimetabolito, agente
inmunosupresor, y otro anticuerpo marcador de superficie

célula B.

Y
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METODO PARA TRATAR ESCLEROSIS MOULTIPLE 2\3

Se describen métodos para tratar esclerosis miltiple (MS)
con un anticuerpo CD20 que utiliza regimenes y protocolos de
dosificacién especial. También se describen articulos de

elaboracién para uso en tales métodos.
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Cadena Liviana de 2H7.v16 Humanizado P?t 6

DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQOKPGKAPKPLIYAPSNLASGVPSRFSG
SGSGTDFTLTISSLOPEDFATYYCQOWSFNPPTFGQGTXVEIKRTVAAPSVFIFPPSDEQLKS
GTASVVCLLNNFY PREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSRADYEKHK
VYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:13)

FIG._2

Cadena Pesada de 2H7.v16 Humanizado

EVQLVESGGGLVQPGGSLRLSCAASGYTF TSYNMHWVRQAPGKGLEWVGALY PGNGDTSYNOK
FKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNS YWYFDVWGQGTLVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYPFPEPVTVSWNSGALYSGVHTFPAVLQSSGLYSLSS
VWTVPSSSLGTQTY ICNVNHKPSNTXVDKKVE PKSCDKTHTC PPC PAPELLGGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNNYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLE
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQ PREPQVYTLPPSREEMTKNQVSLTCLVKGFY
PSDIAVEWESNGOPENNYKTTPPVLDSDGSFF LY SKLTVDKSRWQOGNVF SCSVMHEALHNHY
TQKSLSLSPCK (SEQ ID NO:14)

FIG._3

Cadena Pesada da 2H7.v31 Humanizado

EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGRKGLEWVGATY PGNGDTSYNQK
PKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTF PAVLQSSGLYSLSS
VVTVPSSSLGTQTY ICNVNHKPSNTKVDKKVE PKSCDKRTHTCPPCPAPELLGGPSVFLFPPKP
KDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNATYRVVSVLTVLH
QDWLNGKEYKCKVSNKALPAPIAATISKAXGOPREPQVYTLPPSREEMTEKNQVSLTCLVKGFY
PSDYAVEWESNGQPENNYKTTPPVLDSDGSFPLY SKLTVDKSRWQQGNVE SCSVMHEALHNHY
TQKSLSLSPGK (SEQ ID NO:15)

FIG._4
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Allneaclén de Cadena Liviana
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Allneacién de Cadena Pesada

1 -
EVQLVESGGGLVQPGCSLRLSCAASGYTFTSYNMHW

L I3 22222 2212 R 2R 2R iRt Xd2d )

EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHW

37 52a 82abe
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<211>
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P2134R1 PCT
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25
1
107

PRT
Mus musculus

1

G12 Ile val Leu Se; Gln Ser

Gly Glu Lys val Tga Met Thr

Tyr Met His Trp Tg; Gln GIn

Trp Ile Tyr Ala Pro Ser
50
Phe Ser Gly Ser Ggg Ser

Arg val Glu Ala Ggg ASp

AsSn
Gly
Ala

Phe

Ser Phe Asn Pro P;g Thr

Lys Arg

<210>
<211>
<212>
<213>»

<220>
<223>

2

107

PRT

Secuencia artificial

Se sintetiza secuencia.

<400> 2
Asg ITe GIn Met Th; Gln Ser

Gly Asp Arg val Tgs Ile Thr

Tyr Met His Trp T;; GIn GIn

Leu ITe Tyr Ala P;g Ser Asn

Phe Ser Gly Ser Glg Ser Gly

Ser Leu GIn Pro G}g Asp Phe

Ser Phe Asn Pro P;g Thr Phe

Lys Arg

Pro Ala
Cys Arg
Lys Pro
Leu Ala
Thr Ser
Ala Thr

Gly Ala

Pro Ser
Cys Arg
Lys Pro
Leu Ala
Thr Asp
Ala Thr

Gly GIn

Ile Leu
Ala Ser
25

Gly Sser
4

Ser Gly
55

r ser
o

B

Gly Thr
10

Ser Leu
10

Ala Ser
25

Gly Lys
4

Ser Gly
55

Phe Thr
70

B

Gly Thr
1

Ser

Ser

Ser

val

Leu

Cys

Lys

ser

Ser

Ala

val

Leu

cys

Lys

Ala

Ser

Pro

Pro

Thr

Gln

Leu

Ala

ser

Pro

Pro

Thr

GIn

val

ser

val

Lys

Ala

Ile

GIn

Glu

ser

val

Lys

Ser

Ile

Gln

Glu

Pro
15

ser
30

Pro
45

Ar
6

Ser
75

Tr
9

Leu
105

val
15

ser
30

Pro
45

Ar
6

Ser
75

Trp
90

Ile
105
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<210> 3

<211> 108
<212> PRT
<213> Secuencia artificial
<220>
<223> Se sintetiza secuencia.
<400> 3
Asp Ile GIn mMet Thr
1 5
Gly Asp Arg val Thr
y 20
Asn Tyr Leu Ala Trg
3
Leu Leu ITe Tyr Ala
50
Arg Phe Ser Gly Ser
65
ser Ser Leu GIn Pro
80
r Asn Ser Leu Pro
R 95
Ile Lys Arg
<210> 4
<211> 10
«<212> PRT
<213> Mus musculus
<400> 4
Arg Ala Ser Ser Seg
<210> S
<211> 7
<212> PRT

<213> Mus musculus

<400> 5
Ala Pro Ser Asn Leg

<210> 6

<211> 9

<212> PRT

<213> Mus musculus

<400> 6
GIn GIn Trp Ser Phg

<210> 7

<211> 122

<212> PRT

<213> Mus musculus

<40(> 7
GIn Ala Tyr Leu GIn
1l 5
Ala Ser val Lys Met
20
Ser Tyr Asn Met H;;

Glu Trp Ile Gly Ala
50

Asn GIn Lys Phe Lxg

GIn
Ile
Tyr
Ala
Gly
Glu

Trp

val

Ala

Asn

Gln
Ser
Trp
Ile

Gly

ser

Thr

Gln

Ser

Ser

Asp

Thr

Ser

Ser

Pro

ser

Cys

val

TYr

Lys

Pro
Cys
Gln
ser
Gly
Phe

Phe

Tyr

Pro

Gly
Lys
Lys
Pro

Ala

ser Ser Leu Ser Ala Ser val

10 15
Arg Ala Ser GIn Ser Ile Ser
25 30
Lys Pro Gly Lys Ala Pro Lys
Y 40 y Ly 15
teu Glu Ser Gly val Pro Ser
55 60
Thr Asp Phe Thr Leu Thr Ile
7 75
Ala Thr Tyr Tyr Cys GIn GIn
85 wr oy 90
Gly GIn Gly Thr Lys val Glu
y 100 y y 105
Met His
10
Thr

Ala Glu Leu val Arg Pro G1§
10 1

Ala ser Gly Tyr Thr Phe Thr
25 30

GIn Thr Pro Arg GIn Gly Leu
40 45

Gly Asn Gly Asp Thr Ser Tyr
Y S5 y Asp TEO

Thr Leu Thr val Asp Lys Ser
70 75



Ser Ser Thr Ala T!E Met GIn Leu Ser SEE Leu Thr Ser Glu A;B

Ser Ala val Tyr ng Cys Ala Arg val Xga Tyr Tyr Ser Asn Ser

<210> 8

<211> 122

<212> PRT

<213> Secuencia artificial

<220>

<223> Se sintetiza secuencia.

<400> B

G1g val GIn Leu Va} Glu Ser Gly

Gly Ser Leu Arg ng Ser Cys Ala

Ser Tyr Asn Met H;? Trp val Arg

Glu Trp val Gly A}g Ile Tyr Pro

Asn GIn Lys Phe ng Gly Arg Phe

Lys Asn Thr Leu Tyr Leu GIn Met
%0

Thr Ala val Tyr Tyr Cys Ala Ar
R4 9

r Tr r Phe Asp val Trp G]
Ty P TY 118 p Gly

ser Ser

<210> 9

<211> 119

<212> PRT

<213> secuencia artificial

<220>
<223> Se sintetiza secuencia.

<400> 9

GTg val GIn Leu va} Glu Ser Gly
Gly Ser Leu Arg Lsg Ser Cys Ala
ser Tyr Ala Met S;E Trp val Arg
Glu Trp val Ala v§a Ile Ser Gly
Ala Asp Ser val ng Gly Arg Phe
Lys Asn Thr Leu 125 Leu GIn Met

Thr Ala val Tyr Tg; Cys Ala Arg

Tyr Asp Tyr Trp Gly GIn Gly Thr

Thr

Gly
Ala
GIn
Gly
Thr
Asn
val

GlIn

Gly
Ala
GIn
Asp
Thr
Asn
Gly

Leu

G1§ Thr Thr val Thr
11

Gly Leu
18
Ser Gly
25

Ala Pro

40

Asn Gly
55

Ile Ser
70

ser Leu
85

val Tyr
100

Gly Thr
11

Gly Leu
1

Ser Gly
25

Ala Pro
40

Gly Gl
5 Yy
Ile Ser
70 .

ser Leu
85

Arg val
10
val Thr

val GIn
Tyr Thr
Gly Lys
Asp Thr
val Asp
Arg Ala
Tyr Ser

Leu val

val Gln
Phe Thr
Gly Lys
Ser Thr
Arg Asp
Arg Ala
Gly Tyr

val Sser

Pro
Phe
Gly
ser
Lys
Glu
Asn

Thr

Pro
Phe

Gly

Asn
Glu
ser

Ser

105

val
120

Gl
1

Thr
30

Leu
45

r
0

ser
75

AS
9

Ser
105

val
120

Gl
1l

ser
30

Leu
45

r
0

ser
75

AS
9

Leu
105
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<210> 10
<211> 10
<212> PRT
<213> Mus musculus

<400> 10

110

Gly Tyr Thr Phe Th; ser Tyr

<210> 11

<211> 17
<212> PRT
«<213> Mus musculus

<400> 11

AJi Ile Tyr Pro G1¥ Asn Gly

Lys Gly

<210> 12
<211> 13
<212> PRT
<213> Mus musculus

<400> 12
val val Tyr Tyr se; Asn Ser

<210> 13

<211>
<212>»
<213>

<220>

<223>

<400> 13

Asg
Gly
Tyr
Leu
Phe
ser
Ser
Lys
Asp
AsSn
Asn
ASp

Ser

Ile

ASp

Met

Ile

ser

Leu

Phe

Arg

Glu

Asn

Ala

Ser

Lys

213
PRT
Secuencia artificial

GIn Met Th; GIn

Arg
His
Tyr
Gly
Glin
Asn
Thr
GIn
Phe
Leu
Lys

Ala

val

Trp

Ala

ser

Pro

Pro

val

Leu

Tyr

GIn

Asp

ASp

Thr Ile
20

r Gin
5

Pro Ser
50

Gly ser
65

Glu Asp
80

Pro Thr
95

Ala Ala
110

Lys Ser
155
Pro Arg
140

ser Gly
155

Ser Thr
170

r Glu
185

Se sintetiza secuencia.

Ser
Thr
Gln
Asn
Gly
Phe
Phe
Pro
Gly
Glu
Asn
Tyr

Lys

ASn

Met

Asp Thr

Tyr

Pro
cys
Lys
Leu
Thr
Ala
Gly
ser
Thr
Ala
ser
ser

His

Trp

Ser

Arg

Pro

Ala

ASp

Thr

GIn

val

Ala

Lys

Gln

Leu

Lys

115

His
10

ser Tyr
10

Tyr Phe

Ser Leu
10

Ala Ser
25

615 Lys

ser Gly
55

Phe Thr
70
5

Gly Thr
10

Phe Ile
115

Ser val
130

val GIn
145

Glu Ser
160

Ser ser
175

val r
190 b4

ASn

Asp

Ser

Ser

Ala

val

Leu

Cys

Lys

Phe

val

Trp

val

Thr

Ala

GIn Lys Phe
15

val

Ala

Ser

Pro

Pro

Thr

Gln

val

Pro

Cys

Lys

Thr

Leu

Cys

ser

val

Lys

Ser

Ile

GIn

Glu

Pro

Leu

val

Glu

Glu

val
15

ser
30

Pro
45

"8
ser
75

Tr
9

Ile
105

ser
120

Leu
135

AS
15

Gln
165

Leu
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val
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Thr His GIn Gly Leu Ser Ser Pro val Thr Lys Ser Phe Asn Ar'g
200 205 21

Gly Glu Cys

<210> 14
<211> 452
<212> PRT
<213> Secuencia artificial

<220>

<223> Se sintetiza secuencia.

<400> 14
612 val GIn Leu Va} Glu Ser

Gly Ser Leu

Ser Tyr Asn

Glu
Asn

Lys

ser
Ser
val
Gly
Ser
Ser
Pro
Asp
Gly
Leu
val
Gly
Tyr

Gln

Trp val

GlIn
Asn
Ala
Trp
ser
ser
Lys
Ala
Ser
Ser
ser
Lys
Gly
Met
ser
val

ASnh

Lys
Thr
val
Tyr
Ala
Lys
ASp
Leu
Gly
Leu
Asn
Thr
Pro
Ile
His
Glu

ser

Arg
Met
Gly
Phe
Leu
Tyr
Phe
ser
ser
Tyr
Thr
Leu
Gly
Thr
His
Ser
Ser
Glu
val

Thr

ASp Trp Leu

Leu Ser
20

His Trp
35

Ala Ile

50
Lzs Gly
5

sz Leu
% o

Asp val
11

Thr Lys
125

Thr Ser
140

Phe Pro
155

Ser Gl
170 y

R; sSer

Thr GIn
200

Lys val
215

Thr Cys
230 Y

val Phe
245

s ™
358 "

His Asn
290

3

Asn Gly
320

cys
val
Tyr
Arg
Gln
Ala
Trp
Gly
Gly
Glu
val
Leu
Thr
Asp
Pro
Leu
Pro
Glu
Ala
val

Lys

Gly Gly
Ala Ala
Arg Gln
Pro Gly
Phe Thr
Met Asn
Arg val
Gly GIn
Pro Ser
Gly Thr
Pro val
His Thr
Ser Ser
Tyr Ile
Lys Lys
Pro Cys
Phe Pro
Glu val
val Lys
Lys Thr
val Ser

Glu Tyr

¥

ser
Ala
40
Asn
55
Ile
70
Ser

85

val
100

Gl
11

val
130
Ala
145

Thr
160

Phe
175

val
190

Css
205
val
220
Pro

235

Pro
250

Thr
265

Phe
280

15

val
310

343

Leu
Gly
Pro
Gly
Ser
Leu
Tyr
Thr
Phe
Ala
val
Pro
val
Asn
Glu
Ala
Lys
Cys
Asn
Pro
Leu

Cys

val

Tyr

GlIn

Thr

Gly Lys

Asp

val

Arg

TYr

Leu

Pro

Leu

ser

Ala

Thr

val

Pro

Pro

Pro

val

Trp

Arg

Thr

Lys

Thr
ASp
Ala
ser
val
Leu
Gly
Trp
val
val
Asn
Lys
Glu
Lys
val
Tyr
Glu
val

val

Pro
Phe
Gly
Ser
Lys
Glu
Asn
Thr
Ala
Cys
Asn
Leu
Pro
His
ser
Leu
Asp
val
val
Glu
Leu

ser

“¥

Thr
30

Leu
45

6

sSer
75

AS
9

ser
105

val
120

Pro
135

Leu
150

ser
165

Gln
180

Ser
195

LyS
210
Cys
2!5
Leu
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Thr
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AS

27

AS

28

GIn
300

His
315

Asn
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Lys
Gly
Glu
Gly
Gln
Asp
Arg
Ala

Gly

Ala
Gln
Glu
Phe
Pro
Gly
Trp
Leu

Lys

<210> 15
<211» 452
<212> PRT
«<213> Secuencia artificial

<220>
<223> Se

<400> 15

G1g
Gly
ser
Glu
Asn
Lys
Thr
TYr
ser
Ser
val
Gly
Ser
ser

Pro

val

ser

Tyr

Trp

GlIn

Asn

Ala

Trp

Ser

Ser

Lys

Ala

Ser

ser

Ser

Leu

Pro

Met

Tyr

Glu

Ser

GIn

His

sintetiza secuencia.

GIn
Leu
Asn
val
Lys
Thr
val
Tyr
Ala
Lys
Asp
Leu
Gly
Leu

ASn

Pro
Arg
Thr
Pro
Asn
Phe
GlIn

Asn

Leu
Arg
Met
Gly
Phe
Leu
Tyr
Phe
Ser
ser
Tyr
Thr
Leu
Gly

Thr

Ala Pro Ile
335

Glu Pro GIn
350

L¥s Asn GIn
365
Ser Asp Ile
380

Asn Tyr Lys
395

Phe Leu Tyr
410 b

G1¥ Asn val
42

His r thr
440 R4

va} Glu ser
Leu Ser Cys
20

His Trp val
35

Ala Ile Tyr

50
Lys Gly Ar
& 9

T‘E Leu GIn

T;E Cys Ala

Asp val Trp
11
Thr Lys Gly
125

Thr Ser Gly
140

Phe Pro Glu
155

ser Gly val
170

Txr Ser Leu
185

Thr GIn Thr
200

Lys val Asp

Glu Lys Thr Ile Ser
340

val
val
Ala
Thr
Ser
Phe

Gln

Gly
Ala
Arg
Pro
Phe
Met
Arg
Gly
Pro
Gly
Pro
His
Ser
Tyr

Lys

Tyr
ser
val
Thr
Lys
ser

Lys

Gly
Ala
Gln
Gly
Thr
Asn
val
GIn
ser
Thr
val
Thr
ser
Ile

Lys

Thr Leu
355

Leu Thr
370

Glu Tr
385 P

Pro Pro
400

Leu Thr
415

33 ser

Ser Leu
445

Gly Leu
1l

ser Gly
25

Ala Pro
40

Asn Gly
55

Ile Ser
70

Ser Leu
85

val r
100 T

Gly Thr
11

val Phe
130

Ala Ala
145

Thr val
160

Phe Pro
175

val val
190

o5~

val Glu

Pro
Cys
Glu
val
val
val

5er

val
Tyr
Gly
Asp
val
Arg
Tyr
Leu
Pro
Leu
Ser
Ala
Thr
val

Pro

Lys
Pro
Leu
ser
Leu
Asp
Met

Leu

Gln
Thr
Lys
Thr
Asp
Ala
Ser
val
Leu
Gly
Trp
val
val
Asn

Lys

Ala
ser
val
ASn
AsSp
Lys
His

Ser

Pro
Phe
Gly
Ser
Lys
Glu
Asn
Thr
Ala
Cys
Asn
Leu
Pro
His

Ser

Lys
345
Ar
36
Lys
3;5
Gl
39

ser
405

ser
420

Glu
435

Pro
450

Gl
1

Thr
30

Leu
45

r
0

ser
75

35
Ser
105

val
120

Pro
135

Leu
150

ser
165

Gln
180

ser
195

Lys
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Asp
Gly
Leu
val

Gly

GIn
Lys
Gly
Glu
Gly
Gln
ASp
Arg
Ala
Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Lys
Gly
Met
Ser
val
Asn
ASp
Ala
Gln
Glu
Phe
Pro
Gly
Trp
Leu
Lys

16

Thr

Pro

Ile

His

Glu

Ala

Trp

Leu

Pro

Met

TYr

Glu

ser

Gln

His

213
PRT
Ssecuencia artificial

Se sintetiza secuencia.

16

His

ser

ser

Glu

val

Thr

Leu

Pro

Arg

Pro

Asn

Phe

Gln

Asn

215

Thr Cys
2310 d

val Phe
245

28 ™"
i

His Asn
290

;515' Arg

Asn Gl
320 Y

Ala Pro
335

Glu Pro
350

385 "

sSer Asp
380

Asn Tyr
395
Phe Leu
410
Gly Asn
42!

His Tyr
440

Pro

Leu

Pro

Glu

Ala

val

Lys

Ile

GlIn

Gln

Ite

Lys

Tyr

val

Thr

Asg ITe GIn Met ThE GIn Ser

Gly Asp Arg val Tgs Ile Thr

Tyr Leu His Trp T!; GIn GIn

Leu Ile Tyr Ala P;g Ser Asn

Pro

Phe

Glu

val

Lys

val

Glu

Ala

val

val

Ala

Thr

ser

Phe

GIn

Pro

Cys

Lys

Leu

Phe Ser Gly Ser G}g ser Gly Thr

Cys

Pro

val

Lys

Thr

ser

Tyr

Ala

Tyr

Ser

val

Thr

Lys

sSer

Lys

ser

Arg

Pro

Ala

Asp

Ser Leu GIn Pro Ggg Asp Phe Ala Thr

Ala pPhe Asn Pro P;g Thr Phe Gly GIn

220

Pro Ala
235

Pro Lys
250

Thr Cys
265

Phe Asn
280

B

val Leu
310

Lys Cys
3!5 o
Thr 1le
340

Thr Leu
355

Leu Thr
370

Glu Trp
385

Pro Pro
400

Leu Thr
415

% =

Ser Leu
445

Ser Leu
10

Ala ser
25

Gly Lys
i y

ser Gly
55

Phe Thr
70

% ™

g™

Pro

Pro

val

Trp

Arg

Thr

Lys

Ser

Pro

Cys

Glu

val

val

val

Ser

Ser

Ser

Ala

val

Leu

Cys

Lys

Glu

Lys

val

TYyr

Glu

val

val

Lys

Pro

Leu

Ser

Leu

AsSp

Met

Leu

Ala

ser

Pro

Pro

Thr

Gln

val

Leu

ASp

val

val

Glu

Leu

ser

Ala

Ser

val

AsSn

ASp

Lys

His

Ser

Ser

val

Lys

Ser

Ile

Gln

Glu

225

Leu N

240
Thr
255
AS
27
AS
28

Gln
300

His
315

Asn
330

Lys
3!5
Ar
36
Lys
375
Gl
39

ser
405

Ser
420

Glu
435

Pro
450

val
15

ser
30

Pro
45

ser
75

Tr
9

Ile
105
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Lys
Asp
AsSn
ASn
ASp
ser
Thr

Gly

Arg

Glu

AsSn

Ala

Ser

LyS

His

Glu

<210> 17
452
PRT
Secuencia artificial

<211>»
<212>
<213>

<220>
<223> Se

<400>

Glu

1
Gly
Ser
Glu
Asn

Lys

ser
ser
val
Gly
ser
Ser
Pro

ASp

17
val

ser

Tyr

Trp

GIn

ASn

Ala

Trp

ser

ser

Lys

Ala

ser

Ser

Ser

Lys

Thr

GIn

Phe

Leu

Lys

Ala

GlIn

Cys

sintetiza secuencia.

GIn
Leu
Asn
val
Lys
Thr
val
Tyr
Ala
Lys
Asp
Leu
Gly
Leu
Asn

Thr

val Ala Ala Pro Ser

110

Leu Lys Ser Gly Thr
1!5

Tyr Pro Arg
140

Glu

GIn Ser Gly Asn

155

Asp Ser Thr
170

Asp I‘; Glu

Gly Leu Ser
200

Leu va; Glu
Arg Leu Ser
20
Met His Trp
35
Gly Ala Ile
50
Phe Lys Gly
&5

Leu T‘E Leu

TYr Tyr Cys

R4

Phe Asp val
11

Ser Thr Lys
125

Ser Thr Ser
140

Tyr Phe Pro
155

Thr Ser Gly
170

Leu Tyr Ser
s

Gly Thr GIn
200

Thr Lys val
215

His Thr Cys
230 R

Tyr

Lys

Ser

ser

Cys

val

TYyr

Arg
Gin
Ala
Trp
Gly
Gly
Glu
val
Leu
Thr
Asp

Pro

Ala
ser
ser
His

Pro

Gly
Ala
Arg
Pro
Phe
Met
Arg
Gly
Pro
Gly
Pro
His
Ser
Tyr
Lys

Pro

val
Ala
Lys
GIn
Leu
Lys

val

Gly
Ala
Gln
Gly
Thr
AsSn
val
Gln
ser
Thr
val
Thr
Ser
Ile
Lys

Cys

Phe Ile
115

Ser val
130

val G1n
145

Glu Ser
160

Ser Ser
175

val Tyr
190

Thr Lys
205

Gly Leu
1

ser Gly
25

Ala Pro
40

Asn Gly
55

Ile Ser
70

ser Leu
85

val r
100 b

Gly Thr
11

val Phe
130

Ala Ala
145

Thr val
160

Phe Pro
175

val val
190

Cys Asn
255
val Glu
220

Pro Ala
235

Phe
val
Trp
val
Thr
Ala

Ser

val
Tyr
Gly
Ala
val
Arg
TYFP
Leu
Pro
Leu
ser
Ala
Thr
val
Pro

Pro

Pro
Cys
Lys
Thr
Leu
cys

Phe

Gln
Thr
Lys
Thr
Asp
Ala
ser
val
Leu
Gly
Trp
val
val
Asn
Lys

Glu

Pro
Leu
val
Glu
Thr
Glu

AsSn

Pro
Phe
Gly
ser
Lys
Glu
Tyr
Thr
Ala
Cys
Asn
Leu
Pro
His
ser

Leu

Ser
120

Leu
135
AS
15
GlIn
165

Leu
180

val
195

Ar
21

Gl
1l

Thr
30

Leu
45

%

ser
75

A3
Ar
10
val

120

Pro
135

Leu
150

Ser
165

Gln
180

ser
195

3
243

Leu
240



Gly
Leu
val
Gly
Tyr
GIn
Ala
Gly
Glu
Gly
GlIn
Asp
Arg
Ala
Gly

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>

<223>
<400>

Gly
Met
ser
val
Asn
Asp
Ala
Gln
Glu
Phe
Pro
Gly
Trp
Leu
Lys

18
10

Pro

Ile

His

Glu

Ala

Trp

Leu

Pro

Met

TYyr

Glu

Ser

GIn

His

PRT ) .
Secuencia artificial

Ser

ser

Glu

val

Thr

Leu

Pro

Arg

Thr

Pro

Asn

Phe

Gln

Asn

val phe
245

958 Thr
ggg Pro

His Asn
290

';5!'5' Arg

Asn Gly
320

Ala Pro
335

Glu Pro
350

Lys Asn
3%5

ser As
380 P

Asn Tyr
395 R4

Phe Leu
410

g

His Tyr
as0

Leu

Pro

Glu

Ala

val

Lys

Ile

GIn

GIn

Ile

Lys

Tyr

val

Thr

Se sintetiza secuencia

Xaa
<222> 9
Xaa es Mo L

18

Arg Ala Ser Ser SeE val Ser

<210> 19
<211> 9
<212> PRT
<213> Secuencia artificial

<220>

<223> Se sintetiza secuencia.

<220>

<221> Xaa
<222> 4
<223> Xaa es S0 A

<400> 19
Gln Gln Trp Xaa Phg Asn Pro Pro Thr

Phe

Glu

val

Lys

val

Glu

Ala

val

val

Ala

Thr

ser

Phe

Gln

Pro

val

Lys

Thr

Ser

Tyr

Ala

Tyr

Ser

val

Thr

Lys

Ser

Lys

Pro
250

Thr
265

Phe
280

245

val
310

Lys
3!5
Thr
340

Thr
355

Leu
370

Glu
385

Pro
400

Leu
415

a%o

Ser
445

Fr Xaa His
T 10

Lys

Cys

ASn

Pro

Leu

Ile

Leu

Trp

Pro

Ser

Leu

Pro

val

Trp

Arg

Thr

Lys

ser

Pro

cys

Glu

val

val

val

sSer

Lys

val

Tyr

Glu

val

val

Lys

Pro

Leu

Ser

Leu

ASp

Met

Leu

ASp

val

val

Glu

Leu

ser

Ala

ser

val

Asn

Asp

Lys

His

ser

Thr
255

AS
27
AS
28
GlIn
300

His
315

Asn
330

Lys
345
Ar
36
Lys
3?5
G)
39

Ser
405

ser
420

Glu
435

Pro
450



<210> 20

<211> 17

<212> PRT

<213> Secuencia artificial

<220>
<223> Se sintetiza secuencia.

<220>

<221> Xaa

<222> 8

<223> Xaa es Do A

<400> 20

Ala Ile Tyr Pro Gly Asn Gly Xaa Thr Ser Tyr Asn GIln Lys Phe
1 R4 g Y 10 15

Lys Gly

<210> 21

<211> 13

<212> PRT

<213> Secuencia artificial

<220>
<223> Se sintetiza secuencia.

<220>

«<221> Xaa

<222> 6

<223> Xaa es N, A, Y, WO D

<220>

<221> Xaa

<222> 7

<223> Xaa es S O R

<400> 21

vat val Tyr Tyr se; Xaa Xaa Tyr Trp T{s Phe

<210> 22

<211> 451

<212> PRT

«<213> Secuencia artificial

<220>
<223> Se sintetiza secuencia.

<400> 22
G1g val G1ln Leu Va} Glu Ser
Gly Ser Leu Arg L;g Ser Cys

Ser Tyr Asn Met H;; Trp val

Glu Trp val Gly A}g Ile Tyr
Asn GIn Lys Phe ng Gly Arg
Lys Asn Thr Leu T‘S Leu Gln
Thr Ala val Tyr T;; Cys Ala

Tyr Trp Tyr Phe gi val Trp

Ser Ser Ala Ser Thr Lys Gly
125

Ser Ser Lys Ser Thr Ser Gly
140

Gly Gly
Ala Ala
Arg GIn
Pro Gly
Phe Thr
Met Asn
Arg val
Gly GlIn
Pro Ser

Gly Thr

Gl
1

ser
25

Ala
40

Asn
55

Ile
70

Ser
85

val
100

Gl
11

val
130

Ala
145

Leu
Gly
Pro
Gly
Ser
Leu
Tyr
Thr
Phe

Ala

Asp val

val GIn Pro Gl

r Thr Phe Thr
b 30

Gly Lys Gly Leu
y Ly y 45

Asp Thr Ser TES
val Asp Lys Ser
75

Arg Ala Glu Ag

Tyr Ser Asn Ser
105

Leu val Thr val
120

Pro Leu Ala Pro
135

Leu GI s Leu
yo 150



val
Gly
ser
Ser
Pro
Asp
Gly
Leu
val
Gly
Tyr
Gln
Lys
Gly
Glu
Gly
GIn
Asp
Arg
Ala

Gly

Lys
Ala
ser
Ser
Ser
Lys
Gly
Met
Ser
val
Asn
Asp
Ala
GIn
Glu
Phe
Pro
Gly
Trp

Leu

<210> 23

<211>
<212>
<213>

<220>

<223>

<400> 23
Asg ITe GIn Met Th; GIn Ser Pro Ser SEE

Asp Tyr Phe Pro
155

Leu
Gly
Leu
Asn
Thr
Pro
Ile
His
Glu
ser
Trp
Leu
Pro
Met
Tyr
Glu
ser
GIn

His

107
PRT
Secuencia artificial

Thr
Leu
Gly
Thr
His
Ser
Ser
Glu
val
Thr
Leu
Pro
Arg
Thr
Pro
Asn
Phe
GIn

Asn

Ser Gly
170

'{;E Ser

Thr GIn
200

Lys val
2{5

Thr Cys
230 i

val Phe
245

e ™

ASp Pro
27

His Asn
290

;;; Arg

Asn Gly
320

Ala Pro
335

Glu Pro
350

LyS Asn
3%5
Ser Asp
380

Asn Tyr
395 R4

Phe Leu
410

g

His r
440 b4

Glu

val

Leu

Thr

Asp

Pro

Leu

Pro

Glu

Ala

val

Lys

Ile

Gln

Giln

Ile

Lys

Tyr

val

Thr

Se sintetiza secuencia.

Pro

His

ser

Tyr

Lys

Pro

Phe

Glu

val

Lys

val

Glu

Glu

val

val

Ala

Thr

ser

Phe

Gln

val

Thr

sSer

Ile

Lys

Cys

Pro

val

Lys

Thr

Ser

Tyr

Lys

TYyr

ser

val

Thr

Lys

Ser

Lys

Thr
160

Phe
175

val
190

Cys
505
val
220

Pro
235

Pro
250

Thr
265

Phe
280

253

val
310

LyS
355
Thr
340

Thr
355

Leu
370

Glu
385

Pro
400

Leu
415

%o

ser
445

Gly Asp Arg val Thr Ile Thr Cys Arg Ala
9 20 25

val

Pro

val

AsSn

Glu

Ala

Lys

Cys

ASn

Pro

Leu

cys

Ile

Leu

Thr

Trp

Pro

Thr

Ser

Leu

Ser

Ala

Thr

val

Pro

Pro

Pro

val

Trp

Arg

Thr

Lys

Ser

Pro

Cys

Glu

val

val

val

Ser

Trp

val

val

AsSn

Lys

Glu

Lys

val

TYr

Glu

val

val

Lys

Pro

Leu

Ser

Leu

ASp

Met

Leu

AsSn

Leu

Pro

His

Ser

Leu

Asp

val

val

Glu

Leu

ser

Ala

ser

val

ASn

ASp

Lys

His

ser

ser
165

GIn
130

Ser
195

LyS
210
Cgs
225
Leu
240
Thr
255
AS)
27
AS)
28

GIn
300

His
315

Asn
330
Lys
345
Ar
36
Lys
3;5
Gl
39

Ser
405

ser
420

Glu
435

Pro
450

Leu Ser Ala Ser val
15

Ser Ser Ser val Ser
30

Tyr Leu His Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys Pro



35

Leu Ile Tyr Ala P;g Ser Asn Leu Ala

Phe Ser Gly Ser G%g Ser Gly Thr Asp

Ser Leu GIn Pro Ggg Asp Phe Ala Thr

Ala Phe

Lys Arg

<210> 24
<211> 122

Asn Pro P;g Thr Phe Gly Gln

<212> PRT

<213> Sec

<220>
<223> Se

<400> 24
Glu val
1
Gly Ser
ser Tyr
Glu Trp
Asn GIn
Lys Asn
Thr Ala
Tyr Trp

Ser Ser

<210> 25

uencia artificial

sintetiza secuencia.

GIn Leu Va} Glu Ser Gly Gly
Leu Arg ng ser Cys Ala Ala
Asn Met Hig Trp val Arg GIn
val Gly A}S Ile Tyr Pro Gly
Lys Phe L¥§ Gly Arg Phe Thr
Thr Leu T¥5 Leu GIn Met Asn
val Tyr T;; Cys Ala Arg val

Tyr Phe Asp val Trp Gly GIn
110

<211> 451
<212> PRT

<213> Sec

<220>
<223> Se

<400> 25
Glu val
1l
Gly Ser
Ser Tyr
Glu Trp

Asn GIn

Lys Asn

uencia artificial

sintetiza secuencia.

GIn Leu Va} Glu Ser Gly Gly
Leu Arg ng ser Cys Ala Ala
AsSn Met H;; Trp val Arg GIn
val Gly A}g Ile Tyr Pro Gly
Lys Phe ng Gly Arg Phe Thr

Thr Leu T;E Leu GIn Met Asn

40
ser Gly
55

Phe Thr
70

TYyr Tyr
85

™

Gly Leu
19

Ser Gly
25

Ala Pro
40

Asn Gly
55

Ile Ser
70

Ser Leu
85

val Tyr

100

Gly Thr
11

Gly Leu
1

Ser Gly
25

Ala Pro
40

Asn Gly
55

Ile Ser

70
ser Leu
85

val Pro
Leu Thr
Cys GIn

Lys val

val Gln
Tyr Thr
Gly Lys
Ala Thr
val Asp
Arg Ala
Tyr Ser

Leu val

val GIn
Tyr Thr
Gly Lys
Ala Thr
val Asp

Arg Ala

Ser
Ile
GIn

Glu

Pro
Phe
Gly
ser
Lys
Glu
Tyr

Thr

Pro
Phe
Gly
ser
Lys

Glu

45
.
ser

75

™
9

Ile
105

Gl
1

Thr
30

Leu
45

r
0

ser
75

35
Ar
10

val
120

Gly
15

Thr
30

Leu
45

Tyr
ser
75

As
9



Thr

Ser
Ser
val
Gly
Ser
Ser
Pro
Asp
Gly
Leu
val
Gly
Tyr
GIn
Ala
Gly
Glu
Gly
Gln
Asp
Arg
Ala

Gly

Ala vatl Tyr T;; Cys

Trp
ser
Ser
Lys
Ala
Ser
Ser
Ser
Lys
Gly
Met
ser
val
Asn
ASp
Ala
Gln
Glu
Phe
Pro
Gly
Trp

Leu

Tyr
Ala
Lys
Asp
Leu
Gly
Leu
Asn
Thr
Pro
Ile
His
Glu
Ala
Trp
Leu
Pro
Met
Tyr
Glu
ser
Gln

His

Phe
Ser
Ser
Tyr
Thr
Leu

Gly

His
ser
Ser
Glu
val
Thr
Leu
Pro
Arg
Thr
Pro
AsSn
Phe
Gln

AsSn

Asp val
11

Thr Lys
125

Thr Ser
140

Phe Pro
155

Ser Gl
170 y

I;; ser

Thr Gln
200

Lys val
215

Thr Cys
230 y

val Phe
245

™

Asp Pro
27

His Asn
290

;g; Arg

Asn G1
320 y

Ala Pro
335

Glu Pro
350

Lys Asn
3%5

Ser As
380 g

Asn Tyr
395 R4

Phe Leu
410

e

His Tyr
440

Ala
Trp
Gly
Gly
Glu
val
Leu
Thr
Asp
Pro
Leu
Pro
Glu
Ala
val
Lys
Ile
Gln
GIn
Ile
Lys
Tyr
val

Thr

Arg
Gly
Pro
Gly
Pro
His
Ser
Tyr
Lys
Pro
Phe
Glu
val
Lys
val
Glu
Ala
val
val
Ala
Thr
ser
Phe

Gln

val

GIn

Ser

Thr

val

Thr

Ser

Ile

Lys

Cys

Pro

val

Lys

Thr

Ser

Tyr

Ala

TYyr

Ser

val

Thr

Lys

Ser

Lys

val Tyr Tyr
100 b

Gl
11

val
130

Ala
145

Thr
160

Phe
175

val
190

s
583
val
220

Pro
235

Pro
250

Thr
265

Phe
280

255

val
310

LyS
3!5
Thr
340

Thr
355

Leu
370

Glu
385

Pro
400

Leu
415

R

Ser
445

Thr

Phe

Ala

val

Pro

val

Asn

Glu

Ala

Lys

Cys

AsSn

Pro

Leu

Cys

Ile

Leu

Thr

Trp

Pro

Thr

Ser

Leu

Leu

Pro

Leu

Ser

Ala

Thr

val

Pro

Pro

Pro

val

Trp

Arg

Thr

Lys

Ser

Pro

Cys

Glu

val

val

val

Ser

ser
val
Leu
Gly
Trp
val
val
Asn
Lys
Glu
Lys
val
Tyr
Glu
val
val
Lys
Pro
Leu
Ser
Leu
Asp
Met

Leu

Tyr

Thr

Ala

Cys

AsSn

Leu

Pro

His

Ser

Leu

ASp

val

val

Glu

Leu

Ser

Ala

Ser

val

AsSn

Asp

Lys

His

ser

Ar
10
val
120

Pro
135

Leu
150

Ser
165

Gln
180

Ser
195
Lys
210

S
225

Leu
240

Thr
255
AS
27
AS
28
GIn
300

His
315

Asn
330

Lys
345

360
373
Gl

39

ser
405

ser
420

Glu
435

Pro
450
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1.  Wih regard 1o any nuciaciide ancor anine acid ssquance diacionecd in the inlemalional application and netassary io the cheimed
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[[]  wbeete) retatad 0 tha esquence seting

b. format of maeial
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WRITTEN OPINION OF THE Intamational application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAJS2005019641

Box No.1 Basis of the opinion

1. With regard to the language, this opinion has besn established on the basis of the intemational application In
the language in which i was filed, unieas otherwise indicated undor this bem.

O This opinion has been established on the basia of a transiation from the original language into the loliowing
language ., which s the language of a transiation flurnished for the purposes of intemational ssarch
(under Rules 12.3 and 23.1(b)).

2. With regard 10 any nucigotide andor amino scld sequence disciossd in the intsmational applcation and
necessary to the claimed invention, this opinion has been estabilshed on the basis of:

a. type of matecial:

1-. B asequence fisting

O tabls(s) related o the sequence Asting
b format of matertal: i

A

B inwritten format
2 in computer readable form

c. time of Mingfumishing:
O contained in the intemnational appication as fled.
D flied togather with the intemational application in computer readabile form.
furnished subsaquently to this Autherity for the purposes of search.

3. @ |n addition, In the case that more than one version or copy of a saquance listing andbr tabla relating thereto

has been filed or fumished, the required atatements that the information In the su nt or additional

coples Is dentical to that in the appication aa fisd or does not go beyond the n as filed, as
. appropriate, were fumished.

4. Additional comments:

P

Form PCTASA 237 (Januasy 2004)
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WRITTEN OPINION OF THE intemational application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAIS2005019641

Box No. Il Non-eatablishment of opinion with ragard to novelty, inventive step and industrial
apploablilty

The questions whether the claimad Invention appears to bs novel, to involve an invantive step (1o be non
obvious), or to be indusirially appicable have not been examined in respect of:

0 the entire Intamational application, .
B claims Nos. 1-36
because:

E the sald Intemational application, or the sald claims Nos. 1-35 (ndustrial apphcability) relate to the
foliowing subject matier which does not require an iIntemational prefiminary examination (specify):

O  the description, claims or drawings (Indicate elements balow) or sald claims.Nos.  re 30
unclear that no meaningful opinion could be (speciy). ) 5

O  the claims, or said claims Nos. ane so inadequatsly supporied by the description that no meaningful opinion
could be formed.

a

no intemational search repon has been sstabiished for the whole application or for aald claims Nos.

O the nucisctide andbr amino acid sequence listing does not comply with the standand proviied for in Annex
C of the Administrative instructions in that: a

the writhen form 00 has not been fumnished

0 does not comply with the standard
the computer readableform  [J  has not besn fumnished

O does not comply with the standard

O the tabies relalad to the nucieotide andbr amino acki saquence lsting, If in computer readabie form only, do
not comply with the technical requirements provided for in Annex C-bis of the Administrative Instructions.
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WRITTEN OPINION OF THE . Intemational application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAJS2005019641

Bax No. V Mmmmmm1 with to inventive
et o (XD l'Ollﬂl novelty, step or

1. Statement
Novelty (N) Yea: Claims 135
No: Clmims 3638
inventive step (IS) Yes: Claims
No: Clams 1-38
Industrial appiicabilty (IA) Yes: Claims _ 38-38
No: Claims %
2. Citations and explanations ¢
see separate sheet #

Form PCTISA 237 (Janumy 2004)
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WRITTEN OPINION OF THE intemational application No.
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/US2005/019841
Be ltam Uil

Non-establlshment of opinion with regard to novelly, Inventive step and industrial
applicablitty

Claims 1-35 relate to subject-matier considered by this Authority to be covered by the
provisions of Rule 67.1(lv) PCT. Consequently, no opinion will be formulated with respect to
the Industrial applicabikty of the subject-matter of these claims (Article 34{4)(a)(l) PCT).

BeliomV '
Reasoned statement under Rule 66.2(a){ll) with regard to novelty, inventive step or
Industrial appiicabllity; cltations and explanations supporting such statement

D1: WO 2004/035607 A (RENMAB A/S; MEDAREX, INC; TEELING, JESSICA; RUULS,
SIGRID; GLENNIE, MA) 29 April 2004

D2: WO 02/22212 A (IDEC PHARMACEUTICALS CORPORATION) 21 March 2002

D3: WO 01/13945 A (BIOCRYSTAL LTD) 1 March 2001

D4: WO 03/068821 A (IMMUNOMEDICS, INC; MCCALL, JOHN, DOUGLAS) 21 August
2003

D5: COLES A J ET AL: "Pulsed monocional antibody treatment and autolmmune thyroid
disease in multiple sclerosis” LANCET THE, LANCET LIMITED. LONDON, GB, vol. 354,
no. 9191, 13 November 1999 (1999-11-13), pages 1691-1695

D8: COLES A J ET AL: "MONOCLONAL ANTIBODY TREATMENT EXPOSES THREE
MECHANISMS UNDERLYING THE CLINICAL COURSE OF MULTIPLE SCLEROSIS"
ANNALS OF NEUROLOGY, BOSTON, US, vol. 48, no. 3, September 1999 (1999-09),
pages 296-304 '

D7: US 2004/072748 A1 (ZOCHOER MARCEL ET AL) 15 April 2004

Novelly (Aticles 33.1 and 33.2 PCT)

Claim 1 relates to a method of treating multiple sclerosls comprising administering CD20
antibody in two exposures separated by 16-60 woeks.

Form PCTASAZ37 (Bepansie Sheef) (Shest 1) (EPO~‘anusry 2004)
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WRITTEN OPINEION OF THE Iinternational application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHE PCT/US2005/019641

Whereas D1-D2 disclose the use of CD20 antibody for treating multiple sclerosls, none
disclose the dosage regimen covered by claim 1. Claims 1-35 are therefore novel.

Claims 36-38 cover articles of manufactures. Instructions of use are not coneldered as a
technical feature susceptible to differentiate a compound. The articles of manufactures are
therefore characterised as a container comprising a CD20 antibody, and optionally a second
contalner containing a second medicament.

CD20 antibody Is a well known product in the prior art which thus Is packaged into a container
and CD20 antibodies are commonly assoclated with other medicaments. Claims 36-38
therefore lack novelty.

Inventive Step (Articles 33.1 and 33.3 PCT)

The document D1 I regarded as being the closest prior art to the subject-matter of claim 1,
and discloses the use of CD20 antibody for treating multiple sclerosis using a single exposure
of the antibody.

The subject-maiter of claim 1 therefore differs from this known treatment in that a second
Injection Is performed 16-50 week &fter the first injection.

The problem to be solved by the present invention may therefore be regarded as providing
a different dosage regimen for the treatmentof multiple sclerosis with CD20 antibody.

The application nevertheless falls to show any technical advantage which is new and
surprising, and that could convincngly be related to a second administration. The application
can therefore be construed as an arbitrary modification of the treatments of multiple sclarosis
known from the prior art.

Consequently, the present application cannot be considered as involving an inventive step
(Article 33(3) PCT).

Form PGT/IGA/237 (Separaie Gheef) (Shaet 2) (EPO-January 2004)
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WRITTEN OPINION OF THE Intemational apphication No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2005/019641

For the assessment of the present claims 1-35 on the question whether they are industrially
applicable, no unified criteria exdst In the PCT Contracting States. The patentabiiity can also
be dependent upon the formulation of the claims. The EPO, for example, does not recognize
as Industrially applicable the subject-matter of claims to the use of a compound in medical
treatment, but may allow, however, claims to a known compound for first use In medical

treatment and the use of such a compound for the manufacture of a medicament for a new
medical freatment.

Eurther remarks

Contrary to the requirements of Rule 5.1(a)(il) PCT, the relevant background art disclosed in

the documents D1-D6 is not mentioned in the description, nor are these documents identified
therein.

it should be noted that upon entry within the regional phase, the allowability of clalm 1 would
be reconsidered in the light of Article 52(4) EPC.

Form PCTAGA/Z37 (Geparais Gheet) (Ghawt 3) (EPO-January 2004)
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P2134R1
METHOD FOR TREATING MULTIPLE SCLERQSIS 7{) (/

Field of the Invention
The present invention concerns methods for treating multiple sclerosis (MS) in a subject
using special dosing regimens and protocols, and an article of manufacture with instructions for such

the
Multiple Sclerosis

Multiple Sclerosis (MS) is an inflammatory and demyelinating degenerative disease of the
human central nervous system (CNS). It is a worldwide disease that affects approximately 300,000
persons in the United States; it is a disease of young adults, with 70%-80% having onset between
20 and 40 years old (Anderson er al. Ann Neurology 31(3):333-6 (1992); Noonan ef al. Neurology
58:136-8 (2002)). MS is a heterogeneous disorder based on clinical course, magnetic resonance
imaging (MRI) scan assessment, and pathology analysis of biopsy and autopsy material (Lucchinetti
et al. Ann Neurol 47:707-17 (2000)). The disease manifests itself in a Iarge number of possible
combinations of deficits, including spinal cord, brainstem, cranial nerve, cerebellar, cerebral, and
cognitive syndromes. Progressive disability is the fate of most patients with MS, especially when a
25-year perspective is included. Half of MS patients require a cane to walk within 15 years of disease
onset. MS is a major cause of neurologic disability in young and middle-aged adults and, until the
past decade, has had no known beneficial treatments. MS is difficult to diagnose because of the
non-gpecific clinical findings, which led to the development of highly structured diagnostic criteria
that include several technological advances, consisting of MRI scans, evoked potentials, and
cerebrospinal fluid (CSF) studies. All diagnostic criteria rely upon the general principles of scattered
lesions in the central white matter occurring at different times and not explained by other etiologies
such as infection, vascular disorder, or autoimmune disorder (McDonald et al. Ann Neurol 50:121-7
(2001)). MS has four patterns of disease: relapsing-remitting MS (RRMS; 80%-85% of cases at
onset), primary progressive MS (PPMS; 10%—15% at onset), progressive relapsing MS (PRMS; 5% at
onset); and secondary progressive MS (SPMS) (Kremenchutzky et al. Brain 122 (Pt 10):1941-50
(1999); Confavreux et al. N Engl J Med 343(20):1430-8 (2000)). An estimated 50% of patients with
RRMS will develop SPMS in 10 years, and up to 90% of RRMS patients will eventually develop
SPMS (Weinshenker ef al. Brain 112(Pt 1):133-46 (1989)).

Currently; six drugs in four classes are approved in the United States for the treatment of
RRMS, whereas no drugs have been approved for PPMS. The RRMS treatments include the
following: interferon class, IFN-beta-la (REBIF® and AVONEX®) and IFN-beta-1b
(BETASERON®); glatiramer acetate (COPAXONE®), a polypeptide; natalizumab (TYSABRI®); and
mitoxantrone (NOVANTRONE®), a cytotoxic agent. Other drugs have been used with varying

1
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degrees of success, including corticosteroids, methotrexate, cyclophosphamide, azathioprine, and
imravenous (IV) immunoglobulin. The benefits of currently approved treatments are relatively
modest (~30%%) for relapse rate and prevention of disability in RRMS as suggested by two recent
meta-analyses (Filippini ef al. Lancet 361:545-52 (2003)).

Other clinical studies evaluated other immunomodulatory agents in MS, including tumor
necrosis factor-a inhibitors and altered peptide ligands, which aggravated rather than improved MS
(Lenercept Multiple Sclerosis Study Group and the University of British Columbia MS/MRI
Neurology 53:457-65 (1999); Bielekova et al. Nat Med 2000;6:1167-75 (2000), erratum appears in
Nat Med 6:1412 (2000)).

The predominant view of MS pathophysiology has held that inflammation is principally
mediated by CD4" Thl T cells. Therapeutic approaches based on this theory such as IFN-beta and
glatiramer acetate decrease, but do not fully prevent, occurrence of exacerbations or accumulation of
disability.

The existence of a humoral component in human MS has been implicitly recognized for
decades, as evidenced by inclusion of CSF oligoclonal bands and increased intrathecal IgG synthesis
in diagnostic criteria for MS (Siden A. J Newol 221:39-51(1979); McDonald et al. Ann Newrol
50:121-7 (2001); Andersson ef al. Eur J Newrol 9:243-51 (2002); O’Connor, P. Neurology 59:S1-33
(2002)). The presence of oligoclonal bands, increased free light chains, and increased intrathecal IgM
synthesis correlates with MS disease activity and may be a predictor of more severe outcomes
(Rudick ef al. Mult Scler 1:150-5 (1995); Zeman et al. Acta Cytol 45:51-9 (2001); Izquierdo et al.
Acta Neurol Scand 105:158-63 (2002); Wolinsky J. J Newrol Sci 206:145-52 (2003); Villar et al. Ann
Neurol §3:222-6 (2003)).

Anti-myelin antibodies (myelin baesic protein (MBP) and myelin oligodendrocyte
glycoprotein (MOG)) have been detected in the serum of patients with progressive and relapsing
forms of MS (Reindl ef al. Brain 122:2047-56 (1999); Egg et al. Muit Scler 7(5):285-9 (2001)).
Ariti-myelin antibodies have also been detected in the CSF of MS patients (Reindl et al. Brain
122:2047-56 (1999); Egg et al. Mult Scler 7(5):285-9 (2001); Andersson ef al. Eur J Neurol 9:243—
51 (2002)). Additional types of antibodies such as anti-ganglioside antibodies or anti-neurofilament
antibodies have been observed in patients with MS (Mata et al. Midr Scler 5:379—88 (1999);
Sadatipour ef aJ, Ann Neurol 44:980-3 (1998)). A recent report indicated that the presence of serum
anti-MOG and anti-MBP antibodies was a strong predictor of progression from a clinically isolated
demyelinating event to definite RRMS (Berger ef al. N Engl J Med 349:139-45 (2003)). The adjusted
hazard ratio for experiencing an exacerbation was 76.5 for patients who were seropositive for both
antibodies and 31.6 for patients who were seropositive only for anti-MOG.

An international pathology consortium found that antibodies bound to myelin are present in
the majority of patients with MS, with plasma cells and B cells also found in MS lesions, providing
2
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additional evidence for a humoral role in MS (Prinells and Wright, Lab Invest 38:409-2151978); Esiri
M. Neuropathol Appl Neuwrobiol 6:9-21 (1980); Genain et al. Nat Med 5:170-5 (1999); Lucchinetti ef
al. Ann Neurol 47:707-17 (2000); Wingerchuk ef al. Lab Invest 81:263-81 (2001)). B cells are
detectable in the CSF of patients with MS, and the presence of a relatively high proportion of B cells
may be predictive of more severe disability progression (Cepok et al. Brain 124(Pt 11):2169-76
(2001)).

In subjects with RRMS or opsoclonus-myoclonus syndrome, Rituximab reportedly depleted
peripheral B cells in all subjects and decreased the number of CSF B cells in some patients
(Pranzatelli et al. Newrology 60(Suppll) PO5.128:A395 (2003); Cross et al. “Preliminary Results
from a Phase 1l Trial of Rituximab in MS" (abstract) Eighth Annual Meeting of the Americas
Committees for Research and Treatment in Multiple Sclerosis ACTRIMS 20-1 (October, 2003)). See
also Cree ef al. “Tolerability and Effects of Rituximab “Anti-CD20 Antibody” in Neuromyelitis
Optica and Rapidly Worsening Multiple Sclerosis” Meeting of the Am. Acad. Newrol. (April, 2004).

CD20 Antibodies and Therapy Therewith

Lymphocytes are one of many types of white blood cells produced in the bone marrow during

the process of hematopoiesis. There are two major populations of lymphocytes: B lymphocytes (B
cells) and T lymphocytes (T cells). The lymphocytes of particular interest herein are B cells.

B cells mature within the bone marrow and leave the marrow expressing an antigen-binding
antibody on their cell surface. When a naive B cell first encounters the antigen for which its
membrane-bound antibody is specific, the cell begins to divide rapidly and its progeny differentiate
into memory B cells and effector cells called “plasma cells”. Memory B cells have a longer life span
and continue to express membrane-bound antibody with the same specificity as the original parent
cell. Plasma cells do not produce membrane-bound antibody but instead produce the antibody in &
form that can be secreted. Secreted antibodies are the major effector molecule of humoral immunity.

The CD20 antigen (also called human B-lymphocyte-restricted differentiation antigen, Bp35)
is a hydrophobic transmembrane protein with a molecular weight of approximately 35 kD located on
pre-B and mature B lymphocytes (Valentine et al. J. Biol. Chem. 264(19):11282-11287 (1989); and
Einfeld ef al. EMBO J. 7(3):711-717 (1988)). The antigen is also expressed on greater than 90% of
B-cell non-Hodgkin’s lymphomas (NHL) (Anderson et al. Blood 63(6):1424-1433 (1984)), but is not
found on hematopoietic stem cells, pro-B cells, normal plasma cells or other normal tissues (Tedder et
al. J. Immunol. 135(2):973-979 (1985)). CD20 regulates an early step(s) in the activation process for
cell cycle initiation and differentiation (Tedder et al,, supra) and possibly functions as a calcium ion
channel (Tedder et al. J. Cell. Biockem. 14D:195 (1990)).

Given the expression of CD20 in B-cell lymphomas, this antigen can serve as a candidate for
“targeting” of such lymphomas. In essence, such targeting can be generalized as follows: antibodies
specific to the CD20 surface antigen of B cells are administered to a patient. These anti-CD20
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VA
antibodies specifically bind to the CD20 antigen of (ostensibly) both normal and malignant Is; Z
the antibody bound to the CD20 surface antigen may lead to the destruction and depletion of
neoplastic B cells. Additionally, chemical agents or radioactive labels having the potential to destroy
the tumor can be conjugated to the anti-CD20 antibody such that the agent is specifically “delivered”
to the neoplastic B cells. Irrespective of the approach, a primary goal is to destroy the tumor; the
specific approach can be determined by the particular anti-CD20 antibody that is utilized and, thus,
the available approaches to targeting the CD20 antigen can vary considerably.

The Rituximab (RITUXAN®) antibody is a genetically engineered chimeric murine/human
monoclonal antibody directed against the CD20 antigen. Rituximab is the antibody called “C2B8" in
US Patent No, 5,736,137 issued April 7, 1998 (Anderson ef al.). RITUXAN® is indicated for the
treatment of patients with relapsed or refractory low-grade or follicular, CD20-positive, B-cell non-
Hodgkin's lymphoma. In vitro mechanism of action studies have demonstrated that RITUXAN®
binds human complement and lyses lymphoid B-cell lines through complement-dependent
cytotoxicity (CDC) (Reff et al. Blood 83(2):435-445 (1994)). Additionally, it has significant activity
in assays for antibody-dependent cellular cytotoxicity (ADCC). More recently, RITUXAN® has
been shown to have anti-proliferative effects in tritiated thymidine incorporation assays and to induce
spoptosis directly, while other anti-CD19 and CD20 antibodies do not (Maloney et al. Blood
88(10):637a (1996)). Synergy between RITUXAN® and chemotherapies and toxins has also been
observed experimentally. In particular, RITUXAN® sensitizes drug-resistant human B-cell
lymphoma cell lines to the cytotoxic effects of doxorubicin, CDDP, VP-16, diphtheria toxin and ricin
(Demidem et al. Cancer Chemotherapy & Radiopharmaceuticals 12(3):177-186 (1997)). In vivo
preclinical studies have shown that RITUXAN® depletes B cells from the peripheral blood, lymph
nodes, and bone marrow of cynomolgus monkeys, presumably through complement and cell-
mediated processes (Reff ef al. Blood 83(2):435-445 (1994)).

Rituximab was approved in the United States in November 1997 for the treatment of patients
with relapsed or refractory low-grade or follicular CD20" B-cell non-Hodgkin’s lymphoma (NHL) at
a dose of 375 mg/m? weekly for four doses. In April 2001, the Food and Drug Administration (FDA)
approved additional claims for the treatment of low-grade NHL: retreatment (weekly for four doses)
and an additional dosing regimen (weekly for eight doses). There have been more than 300,000
patient exposures to Rituximab either as monotherapy or in combination with immunosuppressant or
chemotherapeutic drugs. Patients have also been treated with Rituximab as maintenance therapy for
up to 2 years (Hainsworth et al. J Clin Oncol 21:1746-51 (2003); Hainsworth et al. J Clin Oncol
20:4261-7 (2002)).

Rituximab has also been studied in a variety of non-malignant autoimmune disorders, in
which B cells and autoantibodies appear to play a role in disease pathophysiology (Edwards et al.
Biochem Soc Trans 30:824-8 (2002)). Rituximab has been reported to potentially relieve signs and
symptoms of rheumatoid arthritis (RA) (Leandro ef al. Ann Rhewn Dis. 61:883--8 (2002); Emery et
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al. Arthritis Rheum 48(9):5439 (2003)), lupus (Eisenberg R. Arthritis Res Ther 5:157-9 %
Leandro ef al. Arthritis Rheum 46:2673-7 (2002)), immune thrombocytopenia (D’ Arena ef al. Leuk
Lymphoma 44:561-2 (2003)), autoimmune anemia (Zaj ef al, Haematologica 87:189-95 (2002)
{erratum appears in Haematologica 87:336 (2002)), autoimmune neuropathy (Pestronk ef al. J Newrol
Neurosurg Psychiatry 74:485-9 (2003)), paraneoplastic opsoclonus-myoclonus syndrome (Pranzatelli
et al. Neurology 60(Suppl1) POS5.128:A395 (2003)), and relapsing-remitting multiple sclerosis
{(RRMS) (Cross et al. (abstract) Eighth Annual Meeting of the Americas Committees for Research
and Treatment in Multiple Sclerosis 20-1 (2003)).

A Phase II study (WA16291) has been conducted in patients with rheumatoid arthritis (RA),
providing 48-week follow-up data on safety and efficacy of Rituximab (Emery et al. Arthritis Rheum
48(9):8439 (2003); Szczepanski et al. Arthritis Rheum 48(9):5121 (2003)). A total of 161 patients
were evenly randomized to four treatment arms: methotrexate, Rituximab alone, Rituximab plus
methotrexate, Rituximab plus cyclophosphamide (CTX). The treatment regimen of Rituximab was 1
g administered intravenously on Days 1 and 15. Infusions of Rituximab in most patients with RA
were well tolerated by most patients, with 36% of patients experiencing at least one adverse event
during their first infusion (compared with 30%6 of patients receiving placebo). Overall, the majority
of adverse events were considered to be mild to moderate in severity and were well balanced across
all treatment groups. There were a total of 19 serious adverse events across the four arms over the 48
weeks, which were slightly more frequent in the Rituximab/CTX group. The incidence of infections
was well balanced across all groups. The mean rate of serious infection in this RA patient population
was 4.6 6 per 100 patient-years, which is lower than the mte of infections requiring hospital
admission in RA patients (9.57 per 100 patient-years) reported in a community-based epidemiologic
study (Doran ef al. Arthritis Rkeum 46:2287-93 (2002)).

The reported safety profile of Rituximab in a small number of patients with neurologic
disorders, including autoimmune neuropeathy (Pestronk et al. J Neurol Neurosurg Psychiatry 74:485~
9 (2003)), opsoclonus/myoclonus syndrome (Pranzatelli er al. Newrology 60(Suppl1) POS.128:A395
(2003)), and RRMS (Cross ef al. Preliminary results from a phase II trial of Rituximab in MS
(abstract) Eighth Annual Meeting of the Americas Committees for Research and Treatment in
Multiple Sclerosis 201 (2003)), was similar to that reported in oncology or RA. In an ongoing
investigator-sponsored trial (IST) of Rituximab in combination with interferon-beta (IFN-bets) or
glatiramer acetate in subjects with RRMS (Cross ef al., supra), 1 of 10 treated subjects was admitted
to the hospital for overnight observation after experiencing moderate fever and rigors following the
first infusion of Rituximab, while the other 9 subjects completed the four-infusion regimen without
any reported adverse events,

Patents and patent publications concemning CD20 antibodies include US Patent Nos.
5,776,456, 5,736,137, 5,843,439, 6,399,061, and 6,682,734, as well as US 2002/0197255, US
2003/0021781, US 2003/0082172, US 2003/0095963, US 2003/0147885 (Anderson et al.); US Patent
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No. 6,455,043, US 2003/0026804, end WO 2000/09160 (Grillo-Lopez, A.); WO 2000/27428 (Grillo-
Lopez and White), WO 2000/27433 and US 2004/0213784 (Grillo-Lopez and Leonard); WO
2000/44788 (Braslawsky ef al.); WO 2001/10462 (Rastetter, W.); WO01/10461 (Rastetter and
White); WO 2001/10460 (White and Grillo-Lopez); US 2001/0018041, US 2003/0180292, WO
2001/34194 (Hanna and Hariharan); US 2002/0006404 and WO 2002/04021 (Hanna and Hariharan);
US 2002/0012665 and WO 2001/74388 (Hanna, N.); US 2002/0058029 (Hanna, N.); US
2003/0103971 (Hariharan and Hanna); US 2002/0009444 and WO 2001/80884 (Grillo-Lopez, A.);
WO 2001/97858 (White, C.); US 2002/0128488 and WO 2002/34790 (Reff, M.); WO 2002/060955
(Braslawsky et al.); WO 2002/096948 (Braslawsky ef al.); WO 2002/079255 (Reff and Davies); US
Patent No. 6,171,586 and WO 1998/56418 (Lam et al); WO 1998/58964 (Raju, S.); WO 1999/22764
(Raju, S.); WO 1999/51642, US Patent No. 6,194,551, US Patent No. 6,242,195, US Patent No.
6,528,624 and US Patent No. 6,538,124 (Idusogie ef al.); WO 2000/42072 (Presta, L.); WO
2000/67796 (Curd er al.); WO 2001/03734 (Grillo-Lopez ef al.); US 2002/0004587 and WO
2001/77342 (Miller and Presta); US 2002/0197256 (Grewal, 1.); US 2003/0157108 (Presta, L.); WO
04/056312 (Lowman ef al.); US 2004/0202658 and WO 2004/091657 (Benyunes, K.); WO
2005/000351 (Chan, A.); US 2005/0032130A1 (Beresini ef al.); US 2005/0053602A1 (Brunetta, P.);
US Patent Nos. 6,565,827, 6,090,365, 6,287,537, 6,015,542, 5,843,398, and 5,595,721, (Kaminski er
al); US Patent Nos. 5,500,362, 5,677,180, 5,721,108, 6,120,767, and 6,652,852 (Robinson et al.); US
Pat No. 6,410,391 (Raubitschek e al.); US Patent No. 6,224,866 and W000/20864 (Barbera-Guillem,
E.); WO 2001/13945 (Barbera-Guillem, E.); US2005/0079174A1 (Barbera-Guillem et al), WO
2000/67795 (Goldenberg); US 2003/0133930 and WO 2000/74718 (Goldenberg and Hansen); US
2003/0219433 and WO 2003/68821 (Hansen ef al.); W02004/058298 (Goldenberg and Hansen); WO
2000/76542 (Golay et al.); WO 2001/72333 (Wolin and Rosenblatt); US Patent No. 6,368,596 (Ghetie
et al.); US Patent No. 6,306,393 and US 2002/004 1847 (Goldenberg, D.); US 2003/0026801 (Weiner
and Hartmann); WO 2002/102312 (Engleman, E.); US 2003/0068664 (Albitar et al.); WO
2003/002607 (Leung, S.); WO 2003/049694, US2002/0009427, and US 2003/0185796 (Wolin e al.);
WO 2003/061694 (Sing and Siegall); US 2003/0219818 (Bohen et al.); US 2003/0219433 and WO
2003/068821 (Hansen et al.); US 2003/0219818 (Bohen et al.); US2002/0136719 (Shenoy ef al.);
WO 2004/032828 (Wahl e al.); and WO 2002/56910 (Hayden-Ledbetter). See also US Patent No.
5,849,898 and EP 330,191 (Seed er al.); EP332,865A2 (Meyer and Weiss); US Patent No. 4,861,579
(Meyer et al.); US2001/0056066 (Bugelski ef al.); WO 1995/03770 (Bhat ef al.); US 2003/0219433
Al (Hansen ef al.); WO 2004/035607 (Teeling et al.); US 2004/0093621 (Shitara ef al.); WO
2004/103404 (Watkins ef al.); WO 2005/000901 (Tedder ef al.); US 2005/0025764 (Watkins ef al.);
WO02005/016969 and US 2005/0069545 Al (Carr et al.); WO 2005/014618 (Chang ef al.). Certain of
these include, inter alia, treatment of multiple sclerosis.

Publications concemning therapy with Rituximab include: Perotta and Abuel “Response of
chronic relapsing ITP of 10 years duration to Rituximab” Abstract # 3360 Blood 10(1)(part 1-2): p.
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881 (1998); Stashi ef al. "Rituximab chimeric anti-CD20 monoclonal antibody treatment for adults 26
with chronic idopathic thrombocytopenic purpura” Blood 98(4):952-957 (2001); Matthews, R.
“Medical Heretics™ New Scientist (7 April, 2001); Leandro et al. “Clinical outcome in 22 patients
with theumatoid arthritis treated with B lymphocyte depletion” Ann Rheum Dis 61:833-888 (2002);
Leandro ef al. “Lymphocyte depletion in rheumnatoid arthritis: early evidence for safety, efficacy and
dose response. Arthritis and Rheumatism 44(9): S370 (2001); Leandro ef al. “An open study of B
lymphocyte depletion in systemic lupus erythematosus”, Arthritis & Rheumatism 46(1):2673-2677
(2002); Edwards and Cambridge “Sustained improvement in rheumatoid arthritis following a protocol
designed to deplete B lymphocytes” Rhematology 40:205-211 (2001); Edwards ef al. “B-lymphocyte
depletion therapy in rheumatoid arthritis and other autoimmune disorders™ Biochem. Soc. Trans.
30(4):824-828 (2002); Edwards ef al. “Efficacy and safety of Rituximab, a B-cell targeted chimeric
monoclonal antibody: A randomized, placebo controlled trial in patients with rheumatoid arthritis.
Arthritis and Rheumatism 46(9): S197 (2002); Levine and Pestronk “IgM antibody-related
polyneuropathies: B-cell depletion chemotherapy using Rituximab” Newrology 52: 1701-1704 (1999);
DeVita et al. “Efficacy of selective B cell blockade in the treatment of rheumatoid arthritis™ Arthritis
& Rheum 46:2029-2033 (2002); Hidashida ef al. “Treatment of DMARD-Refractory rheumatoid
arthritis with Rituximab.” Presented at the Annual Scientific Meeting of the American College of
Rheumatology, Oct 24-29; New Orleans, LA 2002; Tuscano, J. “Successful treatment of Infliximab-
refractory rheumatoid arthritis with Rituximab™ Presented at the Annual Scientific Meeting of the
American College of Rheumatology; Oct 24-29; New Orleans, LA 2002; Specks et al. “Response of
Wegener’s granulomatosis to anti-CD20 chimeric monoclonal antibody therapy” Arthritis &
Rheumatism 44(12):2836-2840 (2001); Anolik ef al.,“B lympocyte Depletion in the Treatment of
Systemic Lupus (SLE): Phase I/TI Trial of Rituximab (RITUXAN®) in SLE™ Arthritis And
Rheumatism, 46(9), S289-5289 Abatract 717 (October, 2002), and Albert et al., “A Phase I Trial of
Rituximab (Anti-CD20) for Treatment of Systemic Lupus Erythematosus” Arthritis And Rheumatism,
48(12): 3659-3659, Abstract LB9 (December, 2003); Martin and Chan “Pathogenic Roles of B cells
in Human Autoimmunity: Insights from the Clinic” /mmmity 20:517-527 (2004).

Summary of the Invention

The present invention involves, at least in part, the selection of a dose for a CD20 antibody
that provides a safe and active treatient regimen in subjects with multiple sclerosis, such as PPMS or
RRMS.

Accordingly, the invention concerns a method of treating multiple sclerosis in a subject
comprising administering an effective amount of a CD20 antibody to the subject to provide an initial
antibody exposure of about 0.5 to 4 grams followed by a second antibody exposure of about 0.5 to 4
grams, the second exposure not being provided until from about 16 to 60 weeks from the initial
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exposure, and each of the antibody exposures is provided to the subject as one or two dose#/o /Lﬁ ‘\

antibody.

In addition, the invention concerns an article of manufacture comprising: (a) container
comprising a CD20 antibody; and (b) a package insert with instructions for treating multiple sclerosis
in a subject, wherein the instructions indicate that an amount of the antibody is administered to the
subject that is effective to provide an initial antibody exposure of about 0.5 to 4 grams followed by a
second antibody exposure of about 0.5 to 4 grams, the second exposure not being administered until
from about 16 to 60 weeks from the initial exposure, and each of the antibody exposures is provided
to the subject as one or two doses of antibody.

Brief Description of the Drawings
FIG. 1A is a sequence alignment comparing the amino acid sequences of the light chain

variable domain (V) of each of murine 2H7 (SEQ ID NO:1), humanized 2H7.v16 variant (SEQ ID
NO:2), and the human kappa light chain subgroup I (SEQ ID NO:3). The CDRs of V of 2H7 and
hu2H7.v16 are as follows: CDR1 (SEQ ID NO:4), CDR2 (SEQ ID NO:5 ), and CDR3 (SEQ ID
NO:6).

FIG. 1B is a sequence alignment comparing the amino acid sequences of the heavy chain
variable domain (V) of each of murine 2H7 (SEQ ID NO:7), humanized 2H7.v16 variant (SEQ ID
NO:8), and the human consensus sequence of the heavy chain subgroup III (SEQ ID NO:9). The
CDRs of Vy of 2H7 and hu2H7.v16 are as follows: CDRI (SEQ ID NO:10), CDR2 (SEQ ID NO:11),
and CDR3 (SEQ ID NO:12).

In FIG. 1A and FIG. 1B, the CDR1, CDR2 and CDR3 in each chain are enclosed within
brackets, flanked by the framework regions, FR1-FR4, as indicated. 2H7 refers to the murine 2H7
antibody. The asterisks in between two rows of sequences indicate the positions that are different
between the two sequences. Residue numbering is according to Kabat et al. Sequences of
Immunological Interest, 5th Ed, Public Health Service, National Institutes of Health, Bethesda, Md.
(1991), with insertions shown asa, b, ¢, d, and e.

FIG. 2 shows the amino acid sequence of the mature 2H7.v16 light chain (SEQ ID NO:13)

FIG. 3 shows the amino acid sequence of the mature 2H7.v16 heavy chain (SEQ ID NO:14).

FIG. 4 shows the amino acid sequence of the mature 2H7.v31 heavy chain (SEQ ID NO:15).
The L chain of 2H7.v31 is the same as for 2H7.v16.

FIG. 5 shows an alignment of the mature 2H7.v16 and 2H7.v511 light chains (SEQ ID NOS.
13 and 16, respectively), with Kabat variable domain residue numbering and Eu constant domain

residue numbering.
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NOS. 14 and 17, respectively), with Kabat variable domain residue numbering and Eu constant
domain residue numbering.

FIG. 6 shows an alignment of the mature 2H7.v16 and 2H7.v511 heavy chains (SEQ ID \1

Detailed Description of the Preferred Embodim
L Deflnitions

A “B-cell” is a lymphocyte that matures within the bone marrow, and includes a naive B cell,
memory B cell, or effector B cell (plasma cells). The B-cell herein may be a nomal or non-malignant
B cell.

A “B-cell surface marker” or “B-cell surface antigen” herein is an antigen expressed on the
surface of a B cell that can be targeted with an antibody that binds thereto. Exemplary B-cell surface
markers include the CD10, CD19, CD20, CD21, CD22, CD23, CD24, CD37, CD40, CD53, CD72,
CD73, CD74, CDw75, CDw76, CD77, CDw78, CD79a, CD79b, CD80, CD81, CD82, CD23,
CDw84, CD85 and CD86 leukocyte surface markers (for descriptions, see The Leukocyte Antigen
Facts Book, 2™ Edition. 1997, ed. Barclay ef al. Academic Press, Harcourt Brace & Co., New York).
Other B-cell surface markers include RP105, FcRH2, B-cell CR2, CCR6, P2X5, HLA-DOB, CXCRS,
FCER2, BR3, Btig, NAG14, SLGC16270, FcRH1, IRTA2, ATWD578, FcRH3, IRTA1, FcRH6,
BCMA, and 239287. The B-cell surface marker of particular interest herein is preferentially
expressed on B cells compared to other non-B-cell tissues of a mammal and may be expressed on
both precursor B cells and mature B cells. The preferred B-cell surface marker herein is CD20.

The "CD20" antigen, or "CD20," is an about 35-kDa, non-glycosylated phosphoprotein
found on the surface of greater than 90% of B cells from peripheral blood or lymphoid organs. CD20
is present on both normal B cells as well as malignant B cells, but is not expressed on stem cells.
Other names for CD20 in the literature include "B-lymphocyte-restricted antigen” and "Bp35". The
CD?20 antigen is described in Clark e al. Proc. Natl. Acad. Sci. (USA) 82:1766 (1985), for example.

An “antibody antagonist” herein is a antibody that, upon binding to a B cell surface marker on
B cells, destroys or depletes B cells in a mammal and/or interferes with one or more B-cell functions,
e.g. by reducing or preventing a humoral response elicited by the B cell. The antibody antagonist
preferably is able to deplete B cells (i.e. reduce circulating B-cell levels) in a mammal treated
therewith. Such depletion may be achieved via various mechanisms such antibody-dependent cell-
mediated cytotoxicity (ADCC) and/or complement dependent cytotoxicity (CDC), inhibition of B-cell
proliferation and/or induction of B-cell death (e.g. via apoptosis).

“Antibody-dependent cell-mediated cytotoxicity” and “ADCC" refer to a cell-mediated
reaction in which nonspecific cytotoxic cells that express Fc receptors (FcRs) (e.g. Natural Killer
(NK) cells, neutrophils, and macrophages) recognize bound antibody on a target cell and subsequently
cause lysis of the target cell. The primary cells for mediating ADCC, NK cells, express FeyRIIl only,
whereas monocytes express FcyRI, FcyRIl and FeyRIIl. FcR expression on hematopoietic cells in

9
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summarized is Table 3 on page 464 of Ravetch and Kinet, Annu. Rev. Immunol 9:457-92 (1991). To Zé\
assess ADCC activity of a molecule of interest, an in vitro ADCC assay, such as that described in US

Patent No. 5,500,362 or 5,821,337 may be performed. Useful effector cells for such assays include

peripheral blood mononuclear cells (PBMC) and Natural Killer (NK) cells. Altematively, or

additionally, ADCC activity of the molecule of interest may be assessed in vivo, e.g., in a animal_

model such as that disclosed in Clynes et al. PNAS (USA) 95:652-656 (1998).

“Human effector cells” are leukocytes that express one or more FcRs and perform effector
functions. Preferably, the cells express at least FeyRIII and carry out ADCC effector function.
Examples of human leukocytes that mediate ADCC include peripheral blood mononuclear cells
(PBMC), natural killer (NK) cells, monocytes, cytotoxic T cells and neutrophils; with PBMCs and
NK cells being preferred.

The terms "Fc receptor” or “FcR” are used to describe a receptor that binds to the Fc region of
an antibody. The preferred FcR is a native sequence human FcR. Moreover, a preferred FcR is one
that binds an IgG antibody (a gamma receptor) and includes receptors of the FcyRl, FcyRII, and
Fcy RIII subclasses, including allelic variants and alternatively spliced forms of these receptors.
FcyRII receptors include FcyRIIA (an "activating receptor”) and FeyRIIB (an "inhibiting receptor™),
which have similar amino acid sequences that differ primarily in the cytoplasmic domains thereof.
Activating receptor FcyRIIA contains an immunoreceptor tyrosine-based activation motif (ITAM) in
its cytoplasmic domain. Inhibiting receptor FcyRIIB contains an immunoreceptor tyrosine-based
inhibition motif (ITIM) in its cytoplasmic domain. (seec Da€ron, Annw. Rev. Immmmol. 15:203-234
(1997)). FcRs are reviewed in Ravetch and Kinet, Armmu. Rev. Immunol 9:457-92 (1991); Capel et al.,
Immmomethods 4:25-34 (1994); and de Haas et al., J. Lab. Clin. Med. 126:330-41 (1995). Other
FcRs, including those to be identified in the future, are encompassed by the term "FcR" herein. The
term also includes the neonatal receptor, FcRn, which is responsible for the transfer of maternal 1gGs
to the fetus (Guyer et al., J. Immumol. 117:587 (1976) and Kim e al, J. Immunol. 24:249 (1994)).

“Complement dependent cytotoxicity™ or “CDC” refer to the ability of a molecule to lyse a
target in the presence of complement. The complement activation pathway is initiated by the binding
of the first component of the complement system (C1lq) to a molecule (e.g. an antibody) complexed
with a cognate antigen. To assess complement activation, a CDC assay, e.g. as described in Gazzano-
Santoro et al., J. Immunol. Methods 202:163 (1996), may be performed.

“Growth inhibitory™ antibodies are those that prevent or reduce proliferation of a cell
expressing an antigen to which the antibody binds. For example, the antibody may prevent or reduce
proliferation of B cells in vitro and/or in vivo.

Antibodies that “induce apoptosis™ are those that induce programmed cell death, e.g. of a B
cell, as determined by standard apoptosis assays, such as binding of annexin V, fragmentation of
DNA, cell shrinkage, dilation of endoplasmic reticulum, cell fragmentation, and/or formation of
membrane vesicles (called apoptotic bodies).
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The term "antibody" herein is used in the broadest sense and specifically covers monoclonal
antibodies, polyclonal antibodies, multispecific antibodies (e.g. bispecific antibodies) formed from at
least two intact antibodies, and antibody fragments so long as they exhibit the desired biological
activity,

"Antibody fragments" comprise a portion of an intact antibody, preferably comprising the
antigen binding region thereof. Examples of antibody fragments include Fab, Fab', F(ab");, and Fv
fragments; diabodies; linear antibodies; single-chain antibody molecules; and multispecific antibodies
formed from antibody fragments.

For the purposes herein, an “intact antibody” is one comprising heavy and light variable
domains as well as an Fc region.

“Native antibodies" are usually heterotetrameric glycoproteins of about 150,000 daltons,
composed of two identical light (L) chains and two identical heavy (H) chains. Each light chain is
linked to & heavy chain by one covalent disulfide bond, while the number of disulfide linkages varies
among the heavy chains of different immunoglobulin isotypes. Each heavy and light chain aiso has
regularly spaced intrachain disulfide bridges. Each heavy chain has at one end a variable domain
{Vy) followed by a number of constant domains. Each light chain has a variable domain at one end
{VL) and a constant domain at its other end; the constant domain of the light chain is aligned with the
first constant domain of the heavy chain, and the light chain variable domain is aligned with the
variable domain of the heavy chain. Particular amino acid residues are believed to form an interface
between the light chain and heavy chain variable domains.

The term "variable” refers to the fact that certain portions of the variable domains differ
extensively in sequence among antibodies and are used in the binding and specificity of each
particular antibody for its particular antigen. However, the variability is not evenly distributed
throughout the variable domains of antibodies. It is concentrated in three segments called
hypervarisble regions both in the light chain and the heavy chain variable domains. The more highly
conserved portions of variable domains are called the framework regions (FRs). The variable
domains of native heavy and light chains each comprise four FRs, largely adopting a p-sheet
configuration, connected by three hypervariable regions, which form loops connecting, and in some
cases forming part of, the f-sheet structure. The hypervariable regions in each chain are held together
in close proximity by the FRs and, with the hypervariable regions from the other chain, contribute to
the formation of the antigen-binding site of antibodies (see Kabat e al,, Sequences of Proteins of
Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda, MD.
(1991)). The constant domains are not involved directly in binding an antibody to an antigen, but
exhibit various effector functions, such as participation of the antibody in antibody dependent cellular
cytotoxicity (ADCC).

Papain digestion of antibodies produces two identical antigen-binding fragments, called "Fab"
fragments, each with a single antigen-binding site, and a residual "Fc" fragment, whose name reflects
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its ability to crystallize readily. Pepsin treatment yields an F(ab"), fragment that has two antigen-
binding sites and is still capable of cross-linking antigen. \

"Fv" is the minimum antibody fragment that contains a complete antigen-recognition and
antigen-binding site. This region consists of a dimer of one heavy chain and one light chain varialfe
domain in tight, non-covalent association. It is in this configuration that the three hypervariable .
regions of each variable domain interact to define an antigen-binding site on the surface of the V-V,
dimer. Collectively, the six hypervariable regions confer antigen-binding specificity to the antibody.
However, even a single variable domain (or half of an Fv comprising only three hypervariable regions
specific for an antigen) has the ability to recognize and bind antigen, although at a lower affinity than
the entire binding site.

The Fab fragment also contains the constant domain of the light chain and the first constant
domain (CH1) of the heavy chain, Fab’ fragments differ from Fab fragments by the addition of a few
residues at the carboxy terminus of the heavy chain CH1 domain including one or more cysteines
from the antibody hinge region. Fab™-SH is the designation herein for Fab' in which the cysteine
residue(s) of the constant domaing bear at least one free thiol group. F(ab"), antibody fragments
originally were produced as pairs of Fab' fragments that have hinge cysteines between them. Other
chemical couplings of antibody fragments are also known.

The "light chains" of antibodies (immunoglobulins) from any vertebrate species can be
assigned to one of two clearly distinct types, called kappa (x) and lambda (1), based on the amino acid
sequences of their constant domains.

Depending on the amino acid sequence of the constant domain of their heavy chains,
antibodies can be assigned to different classes. There are five major classes of intact antibodies: IgA,
IgD, IgE, IgG, and IgM, and several of these may be further divided into subclasses (isotypes), e.g.,
IgG1, IgG2, IgG3, IgG4, IgA, and IgA2. The heavy chain constant domains that correspond to the
different classes of antibodies are called a, 5, €, 7, and g, respectively. The subunit structures and
three-dimensional configurations of different classes of immunoglobulins are well known.

"Single-chain Fv" or "scFv" antibody fragments comprise the Vy; and V; domains of
antibody, wherein these domains are present in a single polypeptide chain. Preferably, the Fv
polypeptide further comprises a polypeptide linker between the Vy; and V. domains that enables the
scFv to form the desired structure for antigen binding. For a review of scFv see Pliickthun in The
Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and Moore eds., Springer-Verlag, New
York, pp. 269-315 (1994).

The term "diabodies" refers to small antibody fragments with two antigen-binding sites,
which fragments comprise a heavy chain variable domain (V) connected to a light chain variable
domain (V) in the same polypeptide chain (Vi - V). By using a linker that is too short to allow
pairing between the two domains on the same chain, the domains are forced to pair with the
complementary domains of another chain and create two antigen-binding sites. Diabodies are
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described more fully in, for example, EP 404,097; WO 93/11161; and Hollinger et al., Proc. Natl.
Acad. Sci. USA, 90:6444-6448 (1993).

The term "monoclonal antibody" as used herein refers to an antibody obtained from a {\}
population of substantially homogeneous antibodies, i.e., the individual antibodies comprising
population are identical and/or bind the same epitope, except for possible variants that may ari
during production of the monoclonal antibody, such variants generally being present in minor
amounts. In contrast to polyclonal antibody preparations that typically include different antibodies
directed against different determinants (epitopes), each monoclonal antibody is directed against a
single determinant on the antigen. In addition to their specificity, the monoclonal antibodies are
advantageous in that they are uncontaminated by other immunoglobulins. The modifier "monocional”
indicates the character of the antibody as being obtained from a substantially homogeneous
population of antibodies, and is not to be construed as requiring production of the antibody by any
particular method. For example, the monoclonal antibodies to be used in accordance with the present
invention may be made by the hybridoma method first described by Kohler ef al., Nature, 256:495
(1975), or may be made by recombinant DNA methods (see, e.g., U.S. Patent No. 4,816,567). The
"monoclonal antibodics" may also be isolated from phage antibody libraries using the techniques
described in Clackson et al., Nature, 352:624-628 (1991) and Marks et al., J. Mol. Biol., 222:581-597
(1991), for example.

The monoclonal antibodies herein specifically include "chimeric" antibodies
(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or homologous
to corresponding sequences in antibodies derived from a particular species or belonging to a
particular antibody class or subclass, while the remainder of the chain(s) is identical with or
homologous to corresponding sequences in antibodies derived from another species or belonging to
another antibody class or subclass, as well as fragments of such antibodies, so long as they exhibit the
desired biological activity (U.S. Patent No. 4,816,567, Morrison et al., Proc. Natl. Acad. Sci. USA,
81:6851-6855 (1984)). Chimeric antibodies of interest herein include “primatized” antibodies
comprising variable domain antigen-binding sequences derived from a non-human primate (e.g. Old
World Monkey, such as baboon, rhesus or cynomolgus monkey) and human constant region
sequences (US Pat No. 5,693,780).

"Humanized" forms of non-human (e.g., murine) antibodies are chimeric antibodies that
contain minimal sequence derived from non-human immunoglobulin. For the most part, humanized
antibodies are human immunoglobulins (recipient antibody) in which residues from a hypervariable
region of the recipient are replaced by residues from a hypervariable region of a non-human species
(donor antibody) such as mouse, rat, rabbit or nonhuman primate having the desired specificity,
affinity, and capacity. In some instances, framework region (FR) residues of the human
immunoglobulin are replaced by corresponding non-human residues. Furthermore, humanized
antibodies may comprise residues that are not found in the recipient antibody or in the donor
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antibody. These modifications are made to further refine antibody performance. In general, the
humanized antibody will comprise substantially all of at least one, and typically two, variable
domains, in which all or substantially all of the hypervariable loops correspond to those of a non-
human immunoglobulin and all or substantially all of the FRs are those of a human immunoglobdtin
sequence, except for FR substitution(s) as noted above. The humanized antibody optionally also will
comprise at least a portion of an immunoglobulin constant region, typically that of a human
immunoglobulin, For further detzils, see Jones ef al., Nature 321:522-525 (1986); Riechmann ef al.,
Nature 332:323-329 (1988); and Presta, Cuwrr. Op. Struct. Biol. 2:593-596 (1992).

The term “hypervariable region™ when used herein refers to the amino acid residues of an
antibody that are responsible for antigen binding. The hypervariable region comprises amino acid
residues from a “complementarity determining region” or “CDR” (e.g. residues 24-34 (L1), 50-56
(L2) and 89-97 (L3) in the light chain variable domain and 31-35 (H1), 50-65 (H2) and 95-102 (H3)
in the heavy chain variable domain; Kabat et al., Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of Health, Bethesda, MD. (1991)) and/or those residues
from a “hypervariable loop” (e.g. residues 26-32 (L.1), 50-52 (L.2) and 91-96 (L3) in the light chain
variable domain and 26-32 (H1), 53-55 (H2) and 96-101 (H3) in the heavy chain variable domain;
Chothia and Lesk J. Mol. Biol. 196:901-917 (1987)). "Framework" or "FR" residues are those
variable domain residues other than the hypervariable region residues as herein defined.

A “naked antibody” is an antibody (as herein defined) that is not conjugated to a heterologous
molecule, such as a cytotoxic moiety or radiolabel.

Examples of antibodies that bind the CD20 antigen include: “C2B8," which is now called
“Rituximab” (“RITUXAN®™) (US Patent No. 5,736,137); the yttrium-[90]-labeled 2B8 murine
antibody designated “Y2B8" or “Ibritumomab Tiuxetan” (ZEVALIN®) commercially available from
IDEC Pharmaceuticals, Inc. (US Patent No. 5,736,137; 2B8 deposited with ATCC under accession
no. HB11388 on June 22, 1993); murine IgG2a “B1," also called “Tositumomab,” optionally labeled
with "*! to generate the “'*'I-B1" or “jodine 1131 tositumomab® antibody (BEXXAR™)
commercially available from Corixa (see, also, US Patent No. 5,595,721), murine monoclonal
antibody “1F5" (Press et al. Blood 69(2):584-591 (1987) and variants thereof including “framework
patched” or humanized 1F5 (W003/002607, Leung, S.; ATCC deposit HB-96450); murine 2H7 and
chimeric 2H7 antibody (US Patent No. 5,677,180); humanized 2H7; huMax-CD20 (Genmab,
Denmark, W02004/035607); AME-133 (Applied Molecular Evolution); A20 antibody or variants
thereof such as chimeric or humanized A20 antibody (cA20, hA20, respectively) or IMMU-106 (US
2003/0219433, Immunomedics), CD20-binding antibodies, including epitope-depleted Leu-16, 1H4,
or 2B8, optionally conjugated with IL-2, as in US 2005/0069545A1 and WO 2005/16969 (Carr et
al.); bispecific antibody that binds CD22 and CD20; for example, hLL2xhA20 (WO2005/14618,
Chang et al.); monoclonal antibodies L27, G28-2, 93-1B3, B-C1 or NU-B2 available from the
International Leukocyte Typing Workshop (Valentine et al., In: Leukocyte Typing 111 (McMichael,
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Ed., p. 440, Oxford University Press (1987)); 1H4 (Haisma et al. Blood 92:184 (1998)); anti-CD20
auristatin E conjugate (Seattle Genetics); anti-CD20-1L2 (EMD/Biovation/City of Hope); anti-CD20
MAD therapy (EpiCyte); and anti-CD20 antibody TRU 015 (Trubion).

The terms “Rituximab” or “RITUXAN®" herein refer to the genetically engineered chimeri
murine/human monoclonal antibody directed against the CD20 antigen and designated “C2B8" in US
Patent No. 5,736,137, including fragments thereof that retain the ability to bind CD20. Rituximab is
commercially available from Genentech. )

Purely for the purposes herein and unless indicated otherwise, “humanized 2H7" refers to a
humanized antibody that binds human CD20, or an antigen-binding fragment thereof, wherein the
antibody is effective to deplete primate B cells in vivo, the antibody comprising in the H chain
variable region (Vy) thereof at least a CDR H3 sequence of SEQ ID NO:12 (Fig. 1B) from an anti-
human CD20 antibody and substantially the human consensus framework (FR) residues of the human
heavy- chain subgroup III (Vylill). In a preferred embodiment, this antibody further comprises the H
chain CDR HI sequence of SEQ ID NO:10 and CDR H2 sequence of SEQ ID NO:11, and more
preferably further comprises the L chain CDR L1 sequence of SEQ ID NO:4, CDR L2 sequence of
SEQ ID NO:5, CDR L3 sequence of SEQ ID NO:6 and substantially the human consensus framework
(FR) residues of the human light chain subgroup I (YI), wherein the Vy; region may be joined to a
human IgG chain constant region, wherein the region may be, for example, IgG1 orIgG3. Ina
preferred embodiment, such antibody comprises the Vy; sequence of SEQ ID NO:8 (v16, as shown in
Fig. 1B), optionally also comprising the V. sequence of SEQ ID NO:2 (v16, as shown in Fig. 1A),
which may have the amino acid substitutions of D56A and N100A in the H chain and S92A in the L
chain (v96). Preferably the antibody is an intact antibody comprising the light and heavy chain amino
acid sequences of SEQ ID NOS:13 and 14, respectively, as shown in Figs. 2 and 3. Another preferred
embodiment is where the antibody is 2H7.v31 comprising the light and heavy chain amino acid
sequences of SEQ ID NOS:13 and 15, respectively, as shown in Figs. 2 and 4. The antibody herein
may further comprise at least one amino acid subatitution in the Fc region that improves ADCC
and/or CDC activity, such as one wherein the amino acid substitutions are S298A/E333A/K334A,
more preferably 2H7.v31 having the heavy chain amino &cid sequence of SEQ ID NO:15 (as shown
in Fig. 4). Any of these antibodies may further comprise at least one amino acid substitution in the Fc
region that decreases CDC activity, for example, comprising at least the substitution K322A. See
U.S. Patent No. 6,528,624B1 (Idusogie er al.).

A preferred humanized 2H7 is an intact antibody or antibody fragment comprising the
variable light chain sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIYAPSNLASGVPSRFSG
SGSGTDFTLTISSLQPEDFATYYCQQWSFNPPTFGQGTKVEIKR (SEQ ID NO:2);
and the variable heavy chain sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
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NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTV
SS (SEQ ID NO:8).

Where the humanized 2H7 antibody is an intact antibody, preferably it comprises the light
chain amino acid sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIYAPSNLASGVPSRFSG
SGSGTDFTLTISSLQPEDFATYYCQQWSFNPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSG
TASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKH
KVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:13);
and the heavy chain amino acid sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSG
LYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRV
VSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY TLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGK (SEQ ID NO:14)
or the heavy chain amino acid sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSG
LYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNATYRV
VSVLTVLHQDWLNGKEYKCKVSNKALPAPIAATISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGK (SEQ ID NO:15).

In the preferred embodiment of the invention, the variable region of variants based on 2H7
version 16 will have the amino acid sequences of v16 except at the positions of amino acid
substitutions that are indicated in the table below. Unless otherwise indicated, the 2H7 variants will
have the same light chain as that of v16.

H7 vy chain [Light chain [Fc changes
ersion [Vy) changes (V.)changes
31 - - 98A, E333A, K334A
96 IDSGA, N100A P92A
114 PSGA, NI10 IMJZL, S92A F298A. E333A, K334A

115 IDSGA, NI100A P\GJZL, S92A F298A, E333A, K334A, E356D, M358L
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An "isolated” antibody is one that has been identified and separated and/or recovered from
component of its natural environment. Conteminam components of its natural environment are
materials that would interfere with diagnostic or therapeutic uses for the antibody, and may include
enzymes, hormones, and other proteinaceous or non-proteinaceous solutes. In preferred
embodiments, the antibody will be purified (1) to greater than 95% by weight of antibody as
determined by the Lowry method, and most preferably more than 99% by weight, (2) to a degree
sufficient to obtain at least 15 residues of N-terminal or internal amino acid sequence by use of a
spinning cup sequenator, or (3) to homogeneity by SDS-PAGE under reducing or nonreducing
conditions using Coomassie blue or, preferably, silver stain. Isolated antibody includes the antibody
in situ within recombinant cells since at least one component of the antibody's natural environment
will not be present. Ordinarily, however, isolated antibody will be prepared by at least one
purification step.

A "subject” herein is a human subject. Generully, the subject is eligible for treatment for
multiple sclerosis. For the purposes herein, such eligible subject is one who is experiencing, has
experienced, or is likely to experience, one or more signs, symptoms or other indicators of multiple
sclerosis; has been diagnosed with multiple sclerosis, whether, for example, newly diagnosed (with
“new onset™ MS), previously diagnosed with a new relapse or exacerbation, previously diagnosed and
in remission, etc; and/or is at risk for developing multiple sclerosis. One suffering from or at risk for
suffering from multiple sclerosis may optionally be identified as one who has been screened for
elevated levels of CD20-positive B cells in serum, cerebrospinal fluid (CSF) and/or MS lesion(s)
and/or is screened for using an assay to detect autoantibodies, assessed qualitatively, and preferably
quantitatively. Exemplary such autoantibodies associated with multiple sclerosis include anti-myelin
basic protein (MBP), anti-myelin oligodendrocytic glycoprotein (MOG), anti-ganglioside and/or
anti-neurofilament antibodies. Such autoantibodies may be detected in the subject’s serum,
cerebrospinal fluid (CSF) and/or MS lesion. By “clevated” autoantibody or B cell level(s) herein is
meant level(s) of such autoantibodies or B cells which significantly exceed the level(s) in an
individual without MS.

"Treatment” of a subject herein refers to both therapeutic treatment and prophylactic or
preventative measures. Those in need of treatment include those already with the multiple sclerosis
as well as those in which the multiple sclerosis is to be prevented. Hence, the subject may have been
diagnosed as having the multiple sclerosis or may be predisposed or susceptible to the multiple
sclerosis,

A “symptom” of MS is any morbid phenomenon or departure from the normal in structure,
function, or sensation, experienced by the subject and indicative of MS.

“Multiple sclerosis™ refers to the chronic and often disabling discase of the central nervous
system characterized by the progressive destruction of the myelin. There are four internationally
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recognized forms of MS, namely, primary progressive multipk sclerosis (PPMS), relapsing-remitting
multiple sclerosis (RRMS), secondary progressive multiple sclerosis (SPMS), and progressive
relapsing multiple sclerosis (PRMS).

“Primary progressive multiple sclerosis” or “PPMS” is characterized by a gradual progression
of the disease from its onset with no superimposed relapses and remissions at all. There may be
periods of a leveling off of disease activity and there may be good and bad days or weeks. PPMS
differs from RRMS and SPMS in that onset is typically in the late thirties or early forties, men are as
likely women to develop it, and initial disease activity is often in the spinal cord and not in the brain.
PPMS often migrates into the brain, but is less likely to damage brain areas than RRMS or SPMS; for
example, people with PPMS are less likely to develop cognitive problems. PPMS is the sub-type of
MS that is least likely to show inflammatory (gadolinium enhancing) lesions on MRI scans. The
Primary Progressive form of the disease affects between 10 and 15% of all people with multiple
sclerosis. PPMS may be defined according to the criteria in McDonald et al. Ann Newrol 50:121-7
(2001). The subject with PPMS treated herein is usually one with probable or definitive diagnosis of
PPMS.

“Relapsing-remitting multiple sclerosis” or “RRMS” is characterized by relapses (also known
as exacerbations) during which time new symptoms can appear and old ones resurface or worsen. The
relapses are followed by periods of remission, during which time the person fully or partially recovers
from the deficits acquired during the relapse. Relapses can last for days, weeks or months and
recovery can be slow and gradual or almost instantaneous. The vast majority of people presenting
with MS are first diagnosed with RRMS. This is typically when they are in their twenties or thirties,
though diagnoses much earlier or later are known. Twice as many women as men present with this
sub-type of MS. During relapses, myelin, a protective insulating sheath around the nerve fibers
(neurons) in the white matter regions of the central nervous system
(CNS), may be damaged in an inflammatory response by the body’s own immune system. This causes
a wide variety of neurological symptoms that vary considerably depending on which areas of the CNS
are damaged. Immediately after a relapse, the inflammatory response dies down and a special type of
glial cell in the CNS (called an oligodendrocyte) sponsors remyelination - a process whereby the
myelin sheath around the axon may be repaired. It is this remyelination that may be responsible for
the remission. Approximately 50% of patients with RRMS convert to SPMS within 10 years of
disease onset. After 30 years, this figure rises to 90%. At any one time, the relapsing-remitting form
of the disease accounts around 55% of all people with MS.

*Secondary progressive multiple sclerosis” or “SPMS” is characterized by a steady
progression of clinical neurological damage with or without superimposed relapses and minor
remissions and plateaux. People who develop SPMS will have previously experienced a period of
RRMS which may have lasted anything from two to forty years or more. Any superimposed relapses
and remissions there are, tend to tail off over time. From the onset of the secondary progressive phase
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of the disease, disability starts advancing much quicker than it did during RRMS though the progress
can still be quite slow in some individuals, After 10 years, 50% of people with RRMS will have
developed SPMS. By 25 to 30 years, that figure will have risen to 90%. SPMS tends to be associated
with lower levels of inflammatory lesion formation than in RRMS but the total burden of disease
continues to progress. At any one time, SPMS accounts around 30% of all people with multiple
sclerosis.

“Progressive relapsing multiple sclerosis” refers to “PRMS” is characterized by a steady
progression of clinical neurological damage with superimposed relapses and remissions. There is
significant recovery immediately following a relapse but between relapses there is a gradual
worsening of symptoms. PRMS affects around 5% of all people with multiple sclerosis. Some
neurologists believe PRMS is a variant of PPMS.

The expression “effective amount” refers to an amount of the antibody (or other drug) that is
effective for preventing, ameliorating or treating the multiple sclerosis. Such an effective amount will
generally result in an improvement in the signs, symptoms or other indicators of MS, such as reducing
relapse rate, preventing disability, reducing number and/or volume of brain MRI lesions, improving
timed 25-foot walk, extending the time to disease progression (e.g. using Expanded Disability Status
Scale, EDSS), etc.

"Antibody exposure” refers to contact with or exposure to the antibody herein in one or more
doses administered over a period of time of about 1-20 days. The doses may be given at one time or
at fixed or irregular time intervals over this period of exposure. Initial and later (e.g. second or third)
antibody exposures are separated in time from each other as described in detail herein.

The term "immunosuppressive agent" as used herein for adjunct therapy refers to substances
that act to suppress or mask the immune system of the mammal being treated herein. This would
include substances that suppress cytokine production, down-regulate or suppress self-antigen
expression, or mask the MHC antigens. E.:mhpl of such agents include 2-amino-6-aryl-5-
substituted pyrimidines (see U.S. Pat. No. 4,665,077); nonsteroidal anti-inflammatory drugs
(NSAIDs); ganciclovir, tacrolimus, glucocorticoids such as cortisol or aldosterone, anti-inflammatory
agents such as a cyclooxygenase inhibitor, a 5-lipoxygenase inhibitor, or a leukotriene receptor
antagonist; purine antagonists such as azathioprine or mycophenolate mofetil (MMF); alkylating
agents such as cyclophosphamide; bromocryptine; danazol; dapsone; glutaraldehyde (which masks
the MHC antigens, as described in U.S. Pat. No. 4,120,649); anti-idiotypic antibodies for MHC
antigens and MHC fragments; cyclosporin A; steroids such as corticosteroids or glucocorticosteroids
or glucocorticoid analogs, e.g., prednisone, methylprednisolone, and dexamethasone; dihydrofolate
reductase inhibitors such as methotrexate (oral or subcutaneous); hydroxycloroquine; sulfasalazine;
leflunomide; cytokine or cytokine receptor antagonists including anti-interferon-alpha, -beta, or -
gamma antibodies, anti-tumor necrosis factor-alpha antibodies (infliximab or adalimumab), anti-TNF-
alpha immunoahesin (etanercept), anti-tumor necrosis factor-beta antibodies, anti-interleukin-2
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antibodies and anti-IL-2 receptor antibodies; anti-LFA-] antibodies, including anti-CDI1 1a and anti-
CD18 antibodies; anti-L3T4 antibodies; heterologous anti-lymphocyte globulin; pan-T antibodies,
preferably anti-CD3 or anti-CD4/CD4a antibodies; soluble peptide containing a LFA-3 binding
domain (WO 90/08187 published 7/26/90); streptokinase; TGF-beta; streptodornase; RNA or DN
from the host; FK506; RS-61443; deoxyspergualin; rapamycin; T-cell receptor (Cohen et al., U.S.
Pat. No. 5,114,721); T-cell receptor fragments (Offner ez al., Science, 251: 430-432 (1991); WO
90/11294; laneway, Nature, 341: 482 (1989); and WO 91/01133); and T cell receptor antibodies (EP
340,109) such as T10B9.

The term "cytotoxic agent” as used herein refers to a substance that inhibits or prevents the
function of cells and/or causes destruction of cells. The term is intended to include radioactive
isotopes (e.g. AP, I, I'5, Y®, Re'®, Re'™, Sm'®, Bi?"?, P* and radioactive isotopes of Lu),
chemotherapeutic agents, and toxins such as small molecule toxins or enzymatically active toxins of
bacterial, fungal, plant or animal origin, or fragments thereof.

A "chemotherapeutic agent" is a chemical compound useful in the treatment of cancer.
Examples of chemotherapeutic agents include alkylating agents such as thiotepa and CYTOXAN
cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan and piposulfan; aziridines such as
benzodopa, carboquone, meturedopa, and uredopa; ethylenimines and methylamelamines including
altretamine, triethylenemelamine, trietylenephosphoramide, triethiylenethiophosphoramide and
trimethylolomelamine; acetogenins (especially bullatacin and bullatacinone); a camptothecin
(including the synthetic analogue topotecan); bryostatin; callystatin, CC-1065 (including its
adozelesin, carzelesin and bizelesin synthetic analogues); cryptophycins (particularly cryptophycin 1
and cryptophycin 8); dolastatin; duocarmyein (including the synthetic analogues, KW-2189 and CB1-
TM1); eleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen mustards such as
chlorambucil, chlornaphazine, cholophosphamide, estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan, novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine,
nimustine, and ranimnustine; antibiotics such as the enediyne antibiotics (e. g., calicheamicin,
especially calicheamicin gammall and calicheamicin omegal1 (see, e.g., Agnew, Chem Intl. Ed.
Engl., 33: 183-186 (1994)); dynemicin, including dynemicin A; bisphosphonates, such as clodronate;
an esperamicin; as well as neocarzinostatin chromophore and related chromoprotein enediyne
antiobiotic chromophores), aclacinomysins, actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin, chromomycinis, dactinomycin, daunorubicin,
detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMYCIN® doxorubicin (including morpholino-
doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorubicin),
epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such as mitomycin C, mycophenolic
acid, nogalamycin, olivomycins, peplomycin, potfiromycin, puromycin, quelamycin, rodorubicin,
streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites such as
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methotrexate and 5-fluorouracil (5-FU); folic acid analogues such as denopterin, methotrexate,

pteropterin, trimetrexate; purine analogs such as fludarabine, 6-mercaptopurine, thiamiprine,
thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine,
dideoxyuridine, doxifluridine, enocitabine, floxuridine; androgens such as calusterone,
dromostanolone propionate, epitiostanol, mepitiostane, testolactone; anti- adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid replenisher such as frolinic acid; aceglatone;
aldophosphamide glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene;
edatraxate; defofamine; demecolcine; diaziquone; elfonithine; elliptinium acetate; an epothilone;
etoglucid; gallium nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and
ansamitocins; mitoguazone; mitoxanirone; mopidanmol; nitraerine; pentostatin; phenamet;
pirarubicin; losoxantrone; podophyllinic acid; 2- ethylhydrazide; procarbazine; PSK® polysaccharide
complex (JHS Natural Products, Eugene, OR); razoxane; rhizoxin; sizofiran; spirogermanium;
tenuazonic acid; triaziquone; 2,2',2"-trichlorotriethylamine; trichothecenes (especially T-2 toxin,
verracurin A, roridin A and anguidine); urethan; vindesine; dacarbazine; mannomustine; mitobronitol;
mitolactol; pipobroman; gacytosine; arabinoside (“Ara-C"); cyclophosphamide; thiotepa; taxoids, e.g.,
TAXOL® paclitaxel (Bristol- Myers Squibb Oncology, Princeton, N.J.), ABRAXANE™ Cremophor-
free, albumin-engineered nanoparticle formulation of paclitaxel (American Pharmaceutical Partners,
Schaumberg, Illinois), and TAXOTERE® doxetaxel (Rhéne- Poulenc Rorer, Antony, France);
chloranbucil; GEMZAR® gemcitabine; 6-thioguanine; mercaptopurine; methotrexate; platinum
analogs such as cisplatin and carboplatin; vinblastine; platinum; etoposide (VP-16); ifosfamide;
mitoxantrone; vincristine; NAVELBINE® vinorelbine; novantrone; teniposide; edatrexate;
daunomycin; aminopterin; xeloda; ibandronate; CPT-11; topoisomerase inhibitor RFS 2000;
difluorometihylornithine (DMFO); retinoids such as retinoic acid; capecitabine; and pharmaceutically
acceptable salts, acids or derivatives of any of the above.

Also included in this definition are anti-hormonal agents that act to regulate or inhibit
hormone action on tumors such as anti-estrogens and selective estrogen receptor modulators
(SERMs), including, for example, tamoxifen (including NOLVADEX® tamoxifen), mloxifene,
droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene, LY 117018, onapristone, and FARESTON
toremifene; aromatase inhibitors that inhibit the enzyme aromatase, which regulates estrogen
production in the adrenal glands, such as, for example, 4(5)-imidazoles, aminoglutethimide,
MEGASE® megestrol acetate, AROMASIN® exemestane, formestanie, fadrozole, RIVISOR®
vorozole, FEMARA® letrozole, and ARIMIDEX® anastrozole; and anti-androgens such as
flutamide, nilutamide, bicalutamide, leuprolide, and goserelin; as well as troxacitabine (a 1,3-
dioxolane nucleoside cytosine analog); antisense oligonucleotides, particularly those that inhibit
expression of genes in signaling pathways implicated in abherant cell proliferation, such as, for
example, PKC-zlpha, Ralf and H-Ras; vaccines such as gene therapy vaccines, for example,
ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and VAXID® vaccine; PROLEUKIN® rIL-2;
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LURTOTECAN topoisomerase 1 inhibitor; ABARELIX® rmRH; and pharmaceutically acceptable
salts, acids or derivatives of any of the above.

The term "cytokine" is a generic term for proteins released by one cell population that act
another cell as intercellular mediators. Examples of such cytokines are lymphokines, monokines;
interleukins (ILs) such as IL-1, IL-1a, IL-2, IL-3, IL4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-11, IL-12, IL-
15; a tumor necrosis factor such as TNF-a or TNF-f; and other polypeptide factors including LIF and
kit ligand (KL). As used herein, the term cytokine includes proteins from natural sources or from
recombinant cell culture and biologically active equivalents of the native sequence cytokines,
including synthetically produced small-molecule entities and pharmaceutically acceptable derivatives
and salts thereof.

The term "hormone" refers to polypeptide hormones, which are generally secreted by
glandular organs with ducts. Included among the hormones eare, for example, growth hormone such
as human growth hormone, N-methionyl human growth hormone, and bovine growth hormone;
parathyroid hormone; thyroxine; insulin; proinsulin; relaxin; prorelaxin; glycoprotein hormones such
as follicle stimulating harmone (FSH), thyroid stimulating hormone (TSH), and luteinizing hormone
(LH); prolactin, placental lactogen, mouse gonadotropin-associated peptide, inhibin; activin;
mullerian-inhibiting substance; and thrombopoietin. As used herein, the term hormone includes
proteins from natural sources or from recombinant cell culture and biologically active equivalents of
the native sequence hormone, including synthetically produced small-molecule entities and
pharmaceutically acceptable derivatives and salts thereof.

The term "growth factor” refers to proteins that promote growth, and include, for example,
hepatic growth factor; fibroblast growth factor; vascular endothelial growth factor; nerve growth
factors such as NGF-; platelet-derived growth factor; transforming growth factors (TGFs) such as
TGF-a and TGF-B; insulin-like growth factor-1 and -II; erythropoietin (EPO); osteoinductive factors;
interferons such as interferon-a, -p, and -y; and colony stimulating factors (CSFs) such as
macrophage-CSF (M-CSF); granulocyte-macrophage-CSF (GM-CSF); and granulocyte-CSF (G-
CSF). As used herein, the term growth factor includes proteins from natural sources or from
recombinant cell culture and biologically active equivalents of the native sequence growth factor,
including synthetically produced small-molecule entities and pharmaceutically acceptable derivatives
and salts thereof.

The term "integrin” refers to a receptor protein that allows cells both to bind to and to respond
to the extracellular matrix and is involved in a variety of cellular functions such as wound healing,
cell differentiation, homing of tumor cells and apoptosis. They are part of a large family of cell
adhesion receptors that are involved in cell-extracellular matrix and cell-cell interactions. Functional
integrins consist of two transmembrane glycoprotein subunits, called alpha and beta, that are non-
covalently bound. The alpha subunits all share some homology to each other, as do the beta subunits.
The receptors always contain one alpha chain and one beta chain. Examples include Alpha6betal,
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Alpha3betal, Alpha7betal, LFA-1, alpha 4 integrin etc. As used herein, the term integrin includes
proteins from natuml sources or from recombinant cell culture and biologically active equivalents o:
the native sequence integrin, including synthetically produced small-molecule entities and
pharmaceutically acceptable derivatives and salts thereof,

Examples of “integrin antagonists or antibodies” herein include an LFA-1 antibody such as
Efalizumab (RAPTIVA®) commercially available from Genentech; an alpha 4 integrin antibody such
as natalizumab (TYSABRI®) available from Biogen; dinzacyclic phenylalanine derivatives (WO
2003/89410); phenylalanine derivatives (WO 2003/70709, WO 2002/28830, WO 2002/16329 and
WO 2003/53926); phenylpropionic acid derivatives (WO 2003/10135); enamine derivatives (WO
2001/79173); propanoic acid derivatives (WO 2000/37444); alkanoic acid derivatives (WO
2000/32575); substituted phenyl derivatives (US Pat. Nos. 6,677,339 and 6,348,463); aromatic amine
derivatives (US Pat. No. 6,369,229); and ADAM disintegrin domain polypeptide (US2002/0042368),
antibodies to alphavbetal integrin (EP 633945); aza-bridged bicyclic amino acid derivatives (WO
2002/02556) etc.

For the purposes herein, “tumor necrosis factor alpha (TNF-alpha)” refers to a human TNF-
alpha molecule comprising the amino acid sequence as described in Pennica ef al., Nature, 312:721
(1984) or Aggarwal et al., JBC, 260:2345 (1985).

A “TNF-alpha inhibitor” herein is an agent that inhibits, to some extent, a biological function
of TNF-alpha, generally through binding to TNF-alpha and neutralizing its activity. Examples of
TNF inhibitors specifically contemplated herein are Etanercept (ENBREL®), Infliximab
(REMICADE®) and Adalimumab (HUMIRA™),

Examples of “disease-modifying anti-rheumatic drugs” or “DMARDs"” include
hydroxycloroquine, sulfasalazine, methotrexate, leflunomide, etanercept, infliximab (plus oral and
subcutaneous methrotrexate), azathioprine, D-penicillamine, Gold (oral), Gold (intramuscular),
minocycline, cyclosporine, Staphylococcal protein A immunoadsorption, including salts and
derivatives thereof, efc.

Examples of “nonsteroidal anti-inflammatory drugs” or “NSAIDs" are acetylsalicylic acid,
ibuprofen, naproxen, indomethacin, sulindac, tolmetin, including salts and derivatives thereof, etc.

“Corticosteroid” refers to any one of several synthetic or naturally occurring substances with
the general chemical structure of steroids that mimic or augment the effects of the naturally occurring
corticosteroids. Examples of synthetic corticosteroids include prednisone, prednisolone (including
methylprednisolone), dexamethasone, glucocorticoid and betamethasone.

A “package insert” is used to refer to instructions customarily included in commercial
packages of therapeutic products, that contain information about the indications, usage, dosage,
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administration, contraindications, other therapeutic products to be combined with the packaged
product, and/or warnings concemning the use of such therapeutic products, etc.

IL Therapy

The present invention provides a method of treating multiple sclerosis in a subject suffering
therefrom, comprising administering an effective amount of an antibody that binds to a B-cell surfi
marker (preferably a CD20 antibody) to the subject. The MS to be treated herein includes primary
progressive multiple sclerosis (PPMS), relapsing-remitting multiple sclerosis (RRMS), secondary
progressive multiple sclerosis (SPMS), and progressive relapsing multiple sclerosis (PRMS), but
therapy of either PPMS or RRMS are the preferred embodiments herein.

According to a preferred dosing protocol, the method comprises administering an effective
amount of a CD20 antibody to the MS subject to provide an initial antibody exposure of about 0.5 to
4 grams (preferably about 1.5 to 2.5 grams) followed by a second antibody exposure of about 0.5 to 4
grams (preferably about 1.5 to 2.5 grams), the second antibody exposure not being provided until
from about 16 to 60 weeks from the initial antibody exposure. For purposes of this invention, the
second antibody exposure is the next time the subject is treated with the CD20 antibody after the
initial antibody exposure, there being no intervening CD20 antibody treatment or exposure between
the initial and second exposures.

The interval between the initial and second or subsequent antibody exposures can be
measured from either the first or second dose of the initial antibody exposure, but preferably from the
first dose of the initial antibody exposure.

In the preferred embodiments herein, the antibody exposures are approximately 24 weeks or 6
months apart; or approximately 48 weeks or 12 months apart.

In one embodiment, the second antibody exposure is not provided until about 20 to 30 weeks
from the initial exposure, optionally followed by a third antibody exposure of about 0.5 to 4 grams
(preferably about 1.5 to 2.5 grams), the third exposure not being administered until from about 46 to
60 weeks (preferably from about 46 to 54 weeks) from the initial exposure, and then, preferably no
further antibody exposure is provided until at least about 70-75 weeks from the initial exposure.

In an alternative embodiment, the second antibody exposure is not provided until about 46 to
60 weeks from the initial exposure, and subsequent antibody exposures, if any, are not provided until
about 46 10 60 weeks from the previous antibody exposure.

Any one or more of the antibody exposures herein may be provided to the subject as a single
dose of antibody, or as two separate doses of the antibody (i.e., constituting a first and second dose).
The particular number of doses (whether one or two) employed for each antibody exposure is
dependent, for example, on the type of MS treated, the type of antibody employed, whether and what
type of second medicament is employed, and the method and frequency of administration. Where
two separate doses are administered, the second dose is preferably administered from about 3 to 17

days, more preferably from about 6 to 16 days, and most preferably from about 13 to 16 days from the
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time the first dose was administered. Where two separate doses are administered, the first and second
dose of the antibody is preferably about 0.5 to 1.5 grams, more preferably about 0.75 to 1.3 grams.

In one embodiment, the subject is provided at least about three, or at least four exposures of
the antibody, for example, from about 3 to 60 exposures, and more particularly about 3 to 40
exposures, most particularly, about 3 to 20 exposures. Preferably, such exposures are administered at [\\
intervals each of approximately 24 weeks or 6 months, or 48 weeks or 12 months. In one
embodiment, each antibody exposure is provided as a single dose of the antibody. In an altemative
embodiment, each antibody exposure is provided as two separate doses of the antibody. However,
not every antibody exposure need be provided as a single dose or as two separate doses.

The antibody may be a naked antibody or may be conjugated with another molecule such as a
cytotoxic agent such as a radioactive compound. The preferred antibody herein is Rituximab,
humanized 2H7 (e.g. comprising the variable domain sequences in SEQ ID NOS. 2 and 8) or
humanized 2H7 comprising the variable domain sequences in SEQ 1D NOS. 23 and 24, or huMax-
CD20 (Genmab).

In one embodiment, the subject has never been previously treated with drug(s), such as
immunosuppressive agent(s), to treat the multiple sclerosis and/or has never been previously treated
with an antibody to a B-cell surface marker (e.g. never previously treated with a CD20 antibody).

The antibody is administered by any suitable means, including pearenteral, topical,
subcutaneous, intraperitoneal, intrapulmonary, intranasal, and/or intralesional administration.
Parenteral infusions include intramuscular, intravenous, intraarterial, intraperitoneal, or subcutaneous
administration. Intrathecal administration is also contemplated (see, e.g., US Patent Appin No.
2002/0009444, Grillo-Lopez, A concemning intrathecal delivery of a CD20 antibody). In addition, the
antibody may suitably be administered by pulse infusion, e.g., with declining doses of the antibody.
Preferably, the dosing is given intravenously, subcutaneously or intrathecally, most preferably by
intravenous infusion(s).

While the CD20 antibody may be the only drug administered to the subject to treat the
multiple sclerosis, one may optionally administer a second medicament, such as a cytotoxic agent,
chemotherapeutic agent, inmunosuppressive agent, cytokine, cytokine antagonist or antibody, growth
factor, hormone, integrin, integrin antagonist or antibody (e.g. an LFA-1 antibody such as efalizumab
(RAPTTVA®) commercially available from Genentech, or an alpha 4 integrin antibody such as
natalizumab (TYSABRI®) available from Biogen) etc, with the antibody that binds a B cell surface
marker (e.g. with the CD20 antibody).

In the preferred embodiment of combination therapy, the antibody is combined with an
interferon class drug such as IFN-beta-1a (REBIF® and AVONEX®) or IFN-beta-1b
(BETASERON®); an oligopeptide such a glatiramer acetate (COPAXONE®); a cytotoxic agent such
as mitoxantrone (NOVANTRONE®), methotrexate, cyclophosphamide, chlorambucil, azathioprine;
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intravenous immunoglobulin (gamma globulin); lymphocyte-depleting therapy (e.g., mitoxantrone,
cyclophosphamide, Campath, anti-CD4, cladribine, total body irradiation, bone marrow
transplantation); corticosteroid (e.g. methylprednisolone, prednisone, dexamethasone, or
glucorticoid), including systemic corticosteroid therapy; non—lymphocyte-depleting
immunosuppressive therapy (e.g., mycophenolate mofetil (MMF) or cyclosporine);
cholesterol-lowering drug of the “statin” class, which includes cerivastatin (BAYCOL®), fluvastatin
(LESCOL®), atorvastatin (LIPITOR®), lovastatin (MEVACOR®), pravastatin (PRAVACHOL®),
Simvastatin (ZOCOR®); estradiol; testosterone (optionally at elevated dosages; Stuve et al.
Newrology 8:290-301 (2002)); hormone replacement therapy; treatment for symptoms secondary or
related to MS (e.g., spasticity, incontinence, pain, fatigue); a TNF inhibitor; disease-modifying anti-
rheumatic drug (DMARD); non-steroidal anti-inflammatory drug (NSAID); plasmapheresis;
levothyroxine; cyclosporin A; somatastatin analogue; cytokine or cytokine receptor antagonist; anti-
metabolite; immunosuppressive agent; rehabilitative surgery; radioiodine; thyroidectomy; another B-
cell surface antagonist/antibody; etc.

The second medicament is administered with the initial exposure and/or later exposures of the
CD20 antibody, such combined administration includes co-administration, using separate
formulations or a single pharmaceutical formulation, and consecutive administration in either order,
wherein preferably there is a time period while both (or all) active agents simultaneously exert their
biological activities.

Aside from administration of antibodies to the subject the present application contemplates
administration of antibodies by gene therapy. Such administration of nucleic acid encoding the
antibody is encompassed by the expression administering an “effective amount™ of an antibody. See,
for example, W096/07321 published March 14, 1996 concerning the use of gene therapy to generate
intracellular antibodies.

There are two major approaches to getting the nucleic acid (optionally contained in a vector)
into the subject's cells; in vivo and ex vivo. For in vivo delivery the nucleic acid is injected directly
into the subject, usually at the site where the antibody is required. For ex vivo treatment, the subject’s
cells are removed, the nucleic acid is introduced into these isolated cells and the modified cells are
administered to the subject either directly or, for example, encapsulated within porous membranes
that are implanted into the subject (see, e.g. U.S. Patent Nos. 4,892,538 and 5,283,187). Therearca
variety of techniques available for introducing nucleic acids into viable cells. The techniques vary
depending upon whether the nucleic acid is transferred into cuitured cells in vitro, or in vivo in the
cells of the intended host. Techniques suitable for the transfer of nucleic acid into mammalian cells in
vitro include the use of liposomes, electropomtion, microinjection, cell fusion, DEAE-dextran, the
calcium phosphate precipitation method, etc. A commonly used vector for ex vivo delivery of the
gene is a retrovirus.
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The currently preferred in vivo nucleic acid transfer techniques include transfection with viral
vectors (such as adenovirus, Herpes simplex I virus, or adeno-associated virus) and lipid-based
systems (useful lipids for lipid-mediated transfer of the gene are DOTMA, DOPE and DC-Chol, for
example). In some situations it is desirable to provide the nucleic acid source with an agent that
targets the target cells, such as an antibody specific for a cell surface membrane protein or the target
cell, a ligand for a receptor on the target cell, etc. Where liposomes are employed, proteins that bi
to a cell surface membrane protein associated with endocytosis may be used for targeting and/or to
facilitate uptake, e.g. capsid proteins or fragments thereof tropic for a particular cell type, antibodies
for proteins that undergo internalization in cycling, and proteins that target intracellular localization
and enhance intracellular half-life. The technique of receptor-mediated endocytosis is described, for
example, by Wu et al., J. Biol. Chem. 262:4429-4432 (1987); and Wagner et al., Proc. Natl. Acad.
Sci, USA 87:3410-3414 (1990). For review of the currently known gene marking and gene therapy
protocols see Anderson ef al., Sclence 256:808-813 (1992). See also WO 93/25673 and the references
cited therein.

M. Production of Antibodies

The methods and articles of manufacture of the present invention use, or incorporate, an
antibody that binds to a B-cell surface marker, especially one that binds to CD20. Accordingly,
methods for generating such antibodies will be described here.

The B cell surface marker o be used for production of, or screening for, antibodies may be,
e.g., & soluble form of the marker or a portion thereof, containing the desired epitope. Alternatively,
or additionally, cells expressing the marker at their cell surface can be used to generate, or screen for,
antibodies. Other forms of the B cell surface marker useful for generating antibodies will be apparent
to those skilled in the art.

A description follows as to exemplary techniques for the production of the antibodies used in
accordance with the present invention.

() Polycional antibodies

Polyclonal antibodies are preferably raised in animals by multiple subcutaneous (sc) or
intraperitoneal (ip) injections of the relevant antigen and an adjuvant. It may be useful to conjugate
the relevant antigen to a protein that is immunogenic in the species to be immunized, e.g., keyhole
limpet hemocyanin, serum albumin, bovine thyroglobulin, or soybean trypsin inhibitor using a
bifunctional or derivatizing agent, for example, maleimidobenzoyl sulfosuccinimide ester
(conjugation through cysteine residues), N-hydroxysuccinimide (through lysine residues),
glutaraldehyde, succinic anhydride, SOCl, or R'N=C=NR, where R and R! are different alkyl groups.

Animals are immunized against the antigen, immunogenic conjugates, or derivatives by
combining, e.g., 100 ug or 5 pg of the protein or conjugate (for rabbits or mice, respectively) with 3
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volumes of Freund's complete adjuvant and injecting the solution intradermally at multiple sites. One
month later the animals are boosted with 1/5 to 1/10 the original amount of peptide or conjugate in
Freund's complete adjuvant by subcutaneous injection at multiple sites. Seven to 14 days later the
animals are bled and the serum is assayed for antibody titer. Animals are boosted until the titer
plateaus. Preferably, the animal is boosted with the conjugate of the same antigen, but conjugated 0‘
a different protein and/or through a different cross-linking reagent. Conjugates also can be made in
recombinant cell culture as protein fusions. Also, aggregating agents such as alum are suitably used
to enhance the immune response.

(i) Monoclonal antibodies

Monoclonal antibodies are obtained from a population of substantially homogeneous
antibodies, /e., the individual antibodies comprising the population are identical and/or bind the same
epitope except for possible variants that arise during production of the monoclonal antibody, such
variants generally being present in minor amounts. Thus, the modifier "monoclonal” indicates the
character of the antibody as not being a mixture of discrete or polyclonal antibodies.

For example, the monoclonal antibodies may be made using the hybridoma method first
described by Kohler ef al, Nature, 256:495 (1975), or may be made by recombinant DNA methods
(U.S. Patent No. 4,816,567).

In the hybridoma method, a mouse or other appropriate host animal, such as a hamster, is
immunized as hereinabove described to elicit lymphocytes that produce or are capable of producing
antibodies that will specifically bind to the protein used for immunization. Alternatively,
lymphocytes may be immunized in vifro. Lymphocytes then are fused with myeloma cells using a
suitable fusing agent, such as polyethylene glycol, to form a hybridoma cell (Goding, Monoclonal
Antibodies: Principles and Practice, pp.59-103 (Academic Press, 1986)).

The hybridoma cells thus prepared are seeded and grown in a suitable culture medium that
preferably contains one or more substances that inhibit the growth or survival of the unfused, parental
myeloma cells. For example, if the parental myeloma cells lack the enzyme hypoxanthine guanine
phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will
include hypoxanthine, aminopterin, and thymidine (HAT medium), which substances prevent the
growth of HGPRT-deficient cells.

Preferred myeloma cells are those that fuse efficiently, support stable high-level production of
antibody by the selected antibody-producing cells, and are sensitive to a medium such as HAT
medium. Among these, preferred myeloma cell lines are murine myeloma lines, such as those
derived from MOPC-21 and MPC-11 mouse tumors available from the Salk Institute Cell Distribution
Center, San Diego, California USA, and SP-2 or X63-Ag8-653 cells available from the American
Type Culture Collection, Rockville, Maryland USA. Human myeloma and mouse-human

heteromyeloma cell lines also have been described for the production of human monoclonal
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antibodies (Kozbor, J. Immunol., 133:3001 (1984); Brodeur ef al., Monoclonal Antibody Production
Technigues and Applications, pp. 51-63 (Marcel Dekker, Inc., New York, 1987)).

Culture medium in which hybridoma cells are growing is assayed for production of \
monoclonal antibodies directed against the antigen. Preferably, the binding specificity of monoclonal %
antibodies produced by hybridoma cells is determined by immunoprecipitation or by an in vifro (\’
binding assay, such as radioimmunoassay (RIA) or enzyme-linked immunoabsorbent assay (ELISA).

The binding affinity of the monoclonal antibody can, for example, be determined by the
Scatchard analysis of Munson et al., Anal. Blochem., 107:220 (1980).

After hybridoma cells are identified that produce antibodies of the desired specificity,
affinity, and/or activity, the clones may be subcloned by limiting dilution procedures and grown by
standard methods (Goding, Monoclonal Antibodies: Principles and Practice, pp.59-103 (Academic
Press, 1986)). Suitable culture media for this purpose include, for example, D-MEM or RPMI-1640
medium. In addition, the hybridoma cells may be grown in vivo as ascites tumors in an animal.

The monoclonal antibodies secreted by the subclones are suitably separated from the culture
medium, ascites fluid, or serum by conventional immunoglobulin purification procedures such as, for
example, protein A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or
affinity chromatography.

DNA encoding the monoclonal antibodies is readily isolated and sequenced using
conventional procedures {e.g., by using oligonucleotide probes that are capable of binding specifically
to genes encoding the heavy and light chains of murine antibodies). The hybridoma cells serve as a
preferred source of such DNA. Once isolated, the DNA may be placed into expression vectors, which
are then transfected into host cells such as E. coli cells, simian COS cells, Chinese Hamster Ovary
{CHO) cells, or myeloma cells that do not otherwise produce immunoglobulin protein, to obtain the
synthesis of monoclonal antibodies in the recombinant host cells. Review articles on recombinant
expression in bacteria of DNA encoding the antibody include Skerra et al., Curr. Opinion in
Immunol., 5:256-262 (1993) and Plickthun, Jmmunol. Revs., 130:151-188 (1992).

In a further embodiment, antibodies or antibody fragments can be isolated from antibody
phage libraries generated using the techniques described in McCafferty et al., Nature, 348:552-554
(1990). Clackson ef al., Nature, 352:624-628 (1991) and Marks e! al., J. Mol. Biol., 222:581-597
(1991) describe the isolation of murine and human antibodies, respectively, using phage libraries.
Subsequent publications describe the production of high affinity (nM range) human antibodies by
chain shuffling (Marks et al., Bio/Technology, 10:779-783 (1992)), as well as combinatorial infection
and in vivo recombination as a strategy for constructing very large phage libraries (Waterhouse et al.,
Nuc. Acids. Res., 21:2265-2266 (1993)). Thus, these techniques are viable alternatives to traditional
monoclonal antibody hybridoma techniques for isolation of monoclonal antibodies.
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The DNA also may be modified, for example, by substituting the coding sequence for human
heavy- and light chain constant domains in place of the homologous murine sequences (U.S. Patent
No. 4,816,567, Morrison, ef al., Proc. Natl Acad. Sci. USA, 81:6851 (1984)), or by covalently joining
to the immunoglobulin coding sequence all or part of the coding sequence for a non-immunoglobulin
polypeptide. (\)

Typically such non-immunoglobulin polypeptides are substituted for the constant domains of
an antibody, or they are substituted for the variable domains of one antigen-combining site of an
antibody to create a chimeric bivalent antibody comprising one antigen-combining site having
specificity for an antigen and another antigen-combining site having specificity for a different
antigen.

(iiij)  Humanized amtibodies

Methods for humanizing non-human antibodies have been described in the art. Preferably, a
humanized antibody has one or more amino acid residues introduced into it from a source that is non-
human, These non-human amino acid residues are often referred to as "import” residues, which are
typically taken from an "import" variable domain. Humanization can be essentially performed
following the method of Winter and co-workers (Jones et al., Nature, 321:522-525 (1986);
Riechmann et al., Nature, 332:323-327 (1988); Verhoeyen et al., Science, 239:1534-1536 (1988)), by
substituting hypervariable region sequences for the corresponding sequences of a human antibody.
Accordingly, such "humanized" antibodies are chimeric antibodies (U.S. Patent No. 4,816,567)
wherein substantially less than an intact human variable domain has been substituted by the
corresponding sequence from a non-human species. In practice, humanized antibodies are typically
human antibodies in which some hypervariable region residues and possibly some FR residues are
substituted by residues from analogous sites in rodent antibodies.

The choice of human variable domains, both light and heavy, to be used in making the
humanized antibodies is very important to reduce antigenicity. According to the so-called "best-fit"
method, the sequence of the variable domain of a rodent antibody is screened against the entire library
of known human variable-domain sequences. The human sequence that is closest to that of the rodent
is then accepted ag the human framework region (FR) for the humanized antibody (Sims et al., J.
Immmol., 151:2296 (1993); Chothia et al., J. Mol. Biol., 196:901 (1987)). Another method uses a
particular framework region derived from the consensus sequence of all human antibodies of a
particular subgroup of light or heavy chain variable regions. The same framework may be used for
several different humanized antibodies (Carter et al., Proc. Natl. Acad. Sci. USA, 89:4285 (1992);
Presta et al., J. Immunol., 151:2623 (1993)).

It is further important that antibodies be humanized with retention of high affinity for the
antigen and other favorable biological properties. To achieve this goal, according to a preferred
method, humanized antibodies are prepared by a process of analysis of the parental sequences and
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various conceptual humanized products using three-dimensional models of the parental and
humanized sequences. Three-dimensional immunoglobulin models are commonly available and are
familiar to those skilled in the art. Computer programs are available that illustrate and display
probable three-dimensional conformational structures of selected candidate immunoglobulin
sequences. Inspection of these displays permits analysis of the likely role of the residues in the
functioning of the candidate immunoglobulin sequence, i.e., the analysis of residues that influence the
ability of the candidate immunoglobulin to bind its antigen. In this way, FR residues can be selected
and combined from the recipient and import sequences so that the desired antibody chamcteristic,
such as increased affinity for the target antigen(s), is achieved. In general, the hypervariable region
residues are directly and most substantially involved in influencing antigen binding.

fivy  Human antibodies

As an alternative to humanization, human antibodies can be generated. For example, it is
now possible to produce transgenic animals (e.g., mice) that are capable, upon immunization, of
producing a full repertoire of human antibodies in the absence of endogenous immunoglobulin
production. For example, it has been described that the homozygous deletion of the antibody heavy
chain joining region (Ji;) gene in chimeric and germ-line mutant mice results in complete inhibition of
endogenous antibody production. Transfer of the human germ-line immunoglobulin gene array in
such germ-line mutant mice will result in the production of human antibodies upon antigen challenge.
See, e.g., Jakobovits er al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993); Jakobovits ef al., Nature,
362:255-258 (1993); Bruggermann et al., Year in Immuno., 7:33 (1993); and US Patent Nos.
5,591,669, 5,589,369 and 5,545,807.

Alternatively, phage display technology (McCafferty et al., Nature 348:552-553 (1990)) can
be used to produce human antibodies and antibody fragments in vitro, from immunoglobulin variable
(V) domain gene repertoires from unimmunized donors. According to this technique, antibody V
domain genes are cloned in-frame into either a major or minor coat protein gene of a filamentous
bacteriophage, such as M13 or fd, and displayed as functional antibody fragments on the surface of
the phage particle. Because the filamentous particle contains a single-stranded DNA copy of the
phage genome, selections based on the functional properties of the antibody also result in selection of
the gene encoding the antibody exhibiting those properties. Thus, the phage mimics some of the
properties of the B cell. Phage display can be performed in a variety of formats; for their review see,
e.g., Johnson, Kevin S, and Chiswell, David J., Current Opinion in Structural Biology 3:564-571
(1993). Several sources of V-gene segments can be used for phage display. Clackson et al., Nature,
352:624-628 (1991) isolated a diverse array of anti-oxazolone antibodies from a small random
combinatorial library of V genes derived from the spleens of immunized mice. A repertoire of V
genes from unimmunized human donors can be constructed and antibodies to a diverse amray of
antigens (including self-antigens) can be isolated essentially following the techniques described by
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Marks et al., J. Mol. Biol. 222:581-597 (1991), or Griffith ef al., EMBO J. 12:725-734 (1993). See, 2373
also, US Patent Nos. 5,565,332 and 5,573,905.

Human antibodies may also be generated by in vitro activated B cells (see US Patents
5,567,610 and 5,229,275).

v Antibody fragments

Various techniques have been developed for the production of antibody fragments.
Traditionally, these fragments were derived via proteolytic digestion of intact antibodies (see, e.g.,
Morimoto ef al., Journal of Biochemical and Biophysical Methods 24:107-117 (1992) and Brennan et
al., Science, 229:81 (1985)). However, these fragments can now be produced directly by recombinant
host cells. For example, the antibody fragments can be isolated from the antibody phage libraries
discussed above. Alternatively, Fab'-SH fragments can be directly recovered from £, coli and
chemically coupled to form F(ab"); fragments (Carter ef al., Bio/Technology 10:163-167 (1992)).
According to another approach, F(ab"), fragments can be isolated directly from recombinant host cell
culture. Other techniques for the production of antibody fragments will be apparent to the skilled
practitioner. In other embodiments, the antibody of choice is a single chain Fv fragment (scFv). See
WO 93/16185; US Patent No. 5,571,894; and US Patent No. 5,587,458. The antibody fragment may
also be a “linear antibody”, e.g., as described in US Patent 5,641,870 for example. Such linear
antibody fragments may be monospecific or bispecific.

(vi)  Bispecific antibodies

Bispecific antibodies are antibodics that have binding specificities for at least two different
epitopes. Exemplary bispecific antibodies may bind to two different epitopes of the B cell surface
marker, Other such antibodies may bind the B cell surface marker and further bind a second different
B-cell surface marker. Altermatively, an anti-B cell surface marker binding arm may be combined
with an arm that binds to a triggering molecule on a leukocyte such as a T-cell receptor molecule {e.g.
CD2 or CD3), or Fc receptors for IgG (FcyR), such as FcyRl (CD64), FeyRII (CD32) and FeyRIII
(CD16) so as to focus cellular defense mechanisms to the B cell. Bispecific antibodies may also be
used to localize cytotoxic agents to the B cell. These antibodies possess a B cell surface marker-
binding arm and an arm that binds the cytotoxic agent (e.g. saporin, anti-interferon-a, vinca alkaloid,
ricin A chain, methotrexate or radioactive isotope hapten). Bispecific antibodies can be prepared as
full length antibodies or antibody fragments (e.g. F(ab"); bispecific antibodies).

Methods for making bispecific antibodies are known in the art. Traditional production of full
length bispecific antibodies is based on the coexpression of two immunoglobulin heavy chain-light
chain pairs, where the two chains have different specificities (Millstein et al., Nature, 305:537-539
(1983)). Because of the random assortment of immunoglobulin heavy and light chains, these
hybridomas (quadromas) produce a potential mixture of 10 different antibody molecules, of which

only one has the correct bispecific structure. Purification of the correct molecule, which is usually
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done by affinity chromatography steps, is rather cumbersome, and the product yields are low. Similar
procedures are disclosed in WO 93/08829, and in Traunecker et al., EMBO J., 10:3655-3659 (1991).
According to a different approach, antibody variable domains with the desired binding
specificities (antibody-antigen combining sites) are fused to immunoglobulin constant domain '\
sequences. The fusion preferably is with an immunoglobulin heavy chain constant domain,
comprising at least part of the hinge, CH2, and CH3 regions. It is preferred to have the first heavy @
chain constant region (CH1) containing the site necessary for light chain binding, present in at least
one of the fusions. DNAs encoding the immunoglobulin heavy chein fusions and, if desired, the
immunoglobulin light chain, are inserted into separate expression vectors, and are co-transfected into
a suitable host organism. This provides for great flexibility in adjusting the mutual proportions of the
three polypeptide fragments in embodiments when unequal ratios of the three polypeptide chains used
in the construction provide the optimum yields. It is, however, possible to insert the coding sequences
for two or all three polypeptide cheins in one expression vector when the expression of at least two
polypeptide chains in equal ratios results in high yields or when the ratios are of no particular

significance.

In a preferred embodiment of this approach, the bispecific antibodies are composed of a
hybrid immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid
immunoglobulin heavy chain-light chain pair (providing a second binding specificity) in the other
arm. It was found that this asymmetric structure facilitates the separation of the desired bispecific
compound from unwanted immunoglobulin chain combinetions, as the presence of an
immunoglobulin light chain in only one half of the bispecific molecule provides for a facile way of
separation. This approach is disclosed in WO 94/04690. For further details of generating bispecific
antibodies see, for example, Suresh ef al., Methods in Enzymology, 121:210 (1986).

According to another approach described in US Patent No. 5,731,168, the interface between a
pair of antibody molecules can be engineered to maximize the percentage of heterodimers that are
recovered from recombinant cell culture. The preferred interface comprises at least a part of the Cy3
domain of an antibody constant domain. In this method, one or more small amino acid side chains
from the interface of the first antibody molecule are replaced with larger side chains (e.g. tyrosine or
tryptophan). Compensatory "cavities" of identical or similar size to the large side chain(s) are created
on the interface of the second antibody molecule by replacing large amino acid side chains with
smaller ones (e.g. alanine or threonine). This provides a mechanism for increasing the yield of the
heterodimer over other unwanted end-products such as homodimers.

Bispecific antibodies include cross-linked or "heteroconjugate™ antibodies. For example, one
of the antibodies in the heteroconjugate can be coupled to avidin, the other to biotin. Such antibodies

have, for example, been proposed to target immune system cells to unwanted cells (US Patent No.
4,676,980), and for treatment of HIV infection (WO 91/00360, WO 92/200373, and EP 03089).
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Heteroconjugate antibodies may be made using any convenient cross-linking methods. Suitable
cross-linking agents are well known in the art, and are disclosed in US Patent No. 4,676,980, along
with a number of cross-linking techniques.

/

/

Techniques for generating bispecific antibodies from antibody fragments have also been
described in the literature. For example, bispecific antibodies can be prepared using chemical
linkage. Brennan ef al., Science, 229: 81 (1985) describe a procedure wherein intact antibodies are
proteolytically cleaved to generate F(ab"), fragments. These fragments are reduced in the presence of
the dithiol complexing agent sodium arsenite to stabilize vicinal dithiols and prevent intermolecular
disulfide formation. The Fab' fragments generated are then converted to thionitrobenzoate (TNB)
derivatives. One of the Fab'-TNB derivatives is then reconverted to the Fab'-thiol by reduction with
mercaptoethylamine and is mixed with an equimolar amount of the other Fab’'-TNB derivative to form
the bispecific antibody. The bispecific antibodies produced can be used as agents for the selective
immobilization of enzymes.

Various techniques for making and isolating bispecific antibody fragments directly from
recombinant cell culture have also been described. For example, bispecific antibodies have been
produced using leucine zippers. Kostelny et al., J. Immunol., 148(5):1547-1553 (1992). The leucine
zipper peptides from the Fos and Jun proteins were linked to the Fab' portions of two different
antibodies by gene fusion. The antibody homodimers were reduced at the hinge region to form
monomers and then re-oxidized to form the antibody heterodimers. This method can also be utilized
for the production of antibody homodimers. The "diabody™ technology described by Hollinger ef al.,
Proc. Natl, Acad. Sci. USA, 90:6444-6448 (1993) has provided an alternative mechanism for making
bispecific antibody fragments. The fragments comprise a heavy chain variable domain (Vi)
connected to a light chain variable domain (VL) by a linker that is too short to allow pairing between
the two domains on the same chain. Accordingly, the Vy; and V; domains of one fragment are forced
to pair with the complementary V; and Vy; domains of another fragment, thereby forming two
antigen-binding sites. Another strategy for making bispecific antibody fragments by the use of single-
chain Fv (sFv) dimers has also been reported. See Gruber ef al,, J. Immmol., 152:5368 (1994).

Antibodies with more than two valencies are contemplated. For example, trispecific
antibodies can be prepared. Tutt et al. J. Immunol. 147. 60 (1991).

IV. Conjugntes and Other Modifications of the Antibody

The antibody used in the methods or included in the articles of manufacture herein is
optionally conjugated to a cytotoxic agent. For instance, the antibody may be conjugated to a drug as
described in W02004/032828.

Chemotherapeutic agents useful in the generation of such antibody-cytotoxic agent
conjugates have been described above.
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Conjugates of an antibody and one or more smail molecule toxins, such as a calicheamicin, a
maytansine (US Patent No. 5,208,020), a trichothene, and CC1065 are also contemplated herein. In
one embodiment of the invention, the antibody is conjugated to one or more mayiansine molecules
(e.g. about 1 to about 10 maytansine molecules per antibody molecule). Maytansine may, for
example, be converted to May-SS-Me, which may be reduced to May-SH3 and reacted with modi
antibody (Chari et al. Cancer Research 52: 127-131 (1992)) to generate a maytansinoid-antibody
conjugate.

Alternatively, the antibody is conjugated to one or more calicheamicin molecules. The
calicheamicin family of antibiotics are capable of producing double-stranded DNA breaks at sub-
picomolar concentrations. Structural analogues of calicheamicin that may be used include, but are not
limited to, y,', a;', as', N-acetyl-y,’, PSAG and ¢', (Hinman et al. Cancer Research 53: 3336-3342
(1993) and Lode et al. Cancer Research 58. 2925-2928 (1998)).

-~

Enzymatically active toxins and fragments thereof that can be used include diphtheria A
chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas
aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii proteins,
dianthin proteins, Phytolaca americana proteins (PAPI, PAPII, and PAP-S), momordica charantia
inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin,
enomycin and the tricothecenes. See, for example, WO 93/21232 published October 28, 1993,

The present invention further contemplates antibody conjugated with a compound with
nucleolytic activity (e.g. & ribonuclease or 8 DNA endonuclease such as a deoxyribonuclease;
DNase).

A variety of radioactive isotopes are available for the production of radioconjugated
antibodies. Examples include A", 1", I'®, Y®, Re'®, Re'®, Sm'®, Bi*'?, P* and radioactive
isotopes of Lu.

Conjugates of the antibody and cytotoxic agent may be made using a variety of bifunctional
protein coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP),
succinimidy}-4-(N-maleimidomethyl) cyclohexane-1-carboxylate, iminothiolane (IT), bifunctional
derivatives of imidoesters (such as dimethyl adipimidate HCL), active esters (such as disuccinimidyl
suberate), aldehydes (such as glutareldehyde), bis-azido compounds (such as bis (p-azidobenzoyl)
hexanediamine), bis-diazonium derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine),
diisocyanates (such as tolyene 2,6-diisocyanate), and bis-active fluorine compounds (such as 1,5-
difluoro-2,4-dinitrobenzene). For example, a ricin inmunotoxin can be prepared as described in
Vitettn ef al. Science 238: 1098 (1987). Carbon-14-labeled 1-isothiocyanatobenzyl-3-
methyldiethylene triaminepentaacetic acid (MX-DTPA) is an exempleary chelating agent for
conjugation of radionucleotide to the antibody. See W(094/11026. The linker may be a “cleavable
linker” facilitating release of the cytotoxic drug in the cell. For example, an acid-labile linker,
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peptidase-sensitive linker, dimethyl linker or disulfide-containing linker (Chari ef al. Cancer
Research 52: 127-131 (1992)) may be used.

Alternatively, a fusion protein comprising the antibody and cytotoxic agent may be made,
by recombinant techniques or peptide synthesis.

In yet another embodiment, the antibody may be conjugated to a "receptor” (such
streptavidin) for utilization in tumor pretargeting wherein the antibody-receptor conjugate is
administered to the subject, followed by removal of unbound conjugate from the circulation using a
clearing agent and then administration of a "ligand” (e.g. avidin) that is conjugated to a cytotoxic
agent (e.g. a radionucleotide).

The antibodies of the present invention may also be conjugated with a prodrug-activating
enzyme that converts a prodrug (e.g. a peptidyl chemotherapeutic agent, see WO81/01145) to an
active anti-cancer drug. See, for example, WO 88/07378 and U.S. Patent No. 4,975,278.

The enzyme component of such conjugates includes any enzyme capable of acting on a
prodrug in such a way so as to covert it into its more active, cytotoxic form.

Enzymes that are useful in the method of this invention include, but are not limited to,
alkaline phosphatase useful for converting phosphate-containing prodrugs into free drugs;
arylsulfatase useful for converting sulfate-containing prodrugs into free drugs; cytosine deaminase
useful for converting non-toxic 5-fluorocytosine into the anti-cancer drug, 5-fluorouracil; proteases,
such as serratia protease, thermolysin, subtilisin, carboxypeptidases and cathepsins (such as
cathepsins B and L), that are useful for converting peptide-containing prodrugs into free drugs; D-
alanylcarboxypeptidases, useful for converting prodrugs that contain D-amino acid substituents;
carbohydrate-cleaving enzymes such as B-galactosidase and neuraminidase useful for converting
glycosylated prodrugs into free drugs; p-lactamase useful for converting drugs derivatized with -
lactams into free drugs; and penicillin amidases, such as penicillin V amidase or penicillin G amidase,
useful for converting drugs derivatized at their amine nitrogens with phenoxyacetyl or phenylacetyl
groups, respectively, into free drugs. Alternatively, antibodies with enzymatic activity, also known in
the art as "abzymes", can be used to convert the prodrugs of the invention into free active drugs (see,
e.g., Massey, Nature 328: 457-458 (1987)). Antibody-abzyme conjugates can be prepared as
described herein for delivery of the abzyme to a tumor cell population.

The enzymes of this invention can be covalently bound to the antibody by techniques well
known in the art such as the use of the heterobifunctional crosslinking reagents discussed above.
Alternatively, fusion proteins comprising at least the antigen binding region of an antibody of the
invention linked to at least & functionally active portion of an enzyme of the invention can be
constructed using recombinant DNA techniques well known in the art (see, e.g., Neuberger et al.,
Nature, 312: 604-608 (1984)).
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Other modifications of the antibody are contemplated herein. For example, the antibody may
be linked to one of a variety of nonproteinacecus polymers, e.g., polyethylene glycol (PEG),
polypropylene glycol, polyoxyalkylenes, or copolymers of polyethylene glycol and polypropylene
glycol. Antibody fragments, such as Fab’, linked to one or more PEG molecules are an especially
preferred embodiment of the invention.

The antibodies disclosed herein may also be formulated as liposomes. Liposomes containing
the antibody are prepared by methods known in the art, such as described in Epstein et al., Proc. Natl.
Acad. Sci. USA, 82:3688 (1985); Hwang et al,, Proc. Natl. Acad. Sci. USA, 77:4030 (1980); U.S. Pat.
Nos. 4,485,045 and 4,544,545; and WO097/38731 published October 23, 1997. Liposomes with
enhanced circulation time are disclosed in U.S. Patent No. 5,013,556.

Particularly useful liposomes can be generated by the reverse phase evaporation method with
a lipid composition comprising phosphatidyicholine, cholesterol and PEG-derivatized
phosphatidylethanolamine (PEG-PE). Liposomes are extruded through filters of defined pore size to
yield liposomes with the desired diameter. Fab' fragments of an antibody of the present invention can
be conjugated to the liposomes as described in Martin ef al. J. Biol Chem. 257: 286-288 (1982) via a

disulfide interchange reaction. A chemotherapeutic agent is optionally contained within the liposome.

See Gabizon et al. J. National Cancer Inst.81(19)1484 (1989).

Amino acid sequence modification(g) of the antibody are contemplated. For example, it may
be desirable to improve the binding affinity and/or other biological propertics of the antibody. Amino
acid sequence variants of the antibody are prepared by introducing appropriate nucleotide changes
into the antibody nucleic acid, or by peptide synthesis. Such modifications include, for example,
deletions from, and/or insertions imto and/or substitutions of, residues within the amino acid
sequences of the antibody. Any combination of deletion, insertion, and substitution is made to arrive
at the final construct, provided that the final construct possesses the desired characteristics. The
amino acid changes also may alter post-translational processes of the antibody, such as changing the
number or position of glycosylation sites.

A uscful method for identification of certain residues or regions of the antibody that are
preferred locations for mutagenesis is called "alanine scanning mutagenesis” as described by
Cunningham and Wells Science, 244:1081-1085 (1989). Here, a residue or group of target residues
are identified (e.g., charged residues such as arg, asp, his, lys, and glu) and replaced by a neutral or
negatively charged amino acid (most preferably alanine or polyalanine) to affect the interaction of the
amino acids with antigen. Those amino acid locations demonstrating functional sensitivity to the
substitutions then are refined by introducing further or other variants at, or for, the sites of
substitution. Thus, while the site for introducing an amino acid sequence variation is predetermined,
the nature of the mutation per se need not be predetermined. For example, to analyze the
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performance of a mutation at a given site, ala scanning or mndom mutagenesis is conducted at the ch(
target codon or region and the expressed antibody variants are screened for the desired activity.

Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions ranging j
length from one residue to polypeptides containing a hundred or more residues, as well as a.f)
intrasequence insertions of single or multiple amino acid residues. Examples of terminal inserti
include an antibody with an N-terminal methiony] residue or the antibody fused to a cytotoxic
polypeptide. Other insertional variants of the antibody molecule include the fusion to the N—or C-
terminus of the antibody of an enzyme, or a polypeptide that increases the serum half-life of the
antibody.

Another type of variant is an amino acid substitution variant. These variants have at least one
amino acid residue in the antibody molecule replaced by different residue. The sites of greatest
interest for substitutional mutagenesis of antibody antibodies include the hypervariable regions, but
FR alterations are also contemplated. Conservative substitutions are shown in Table 1 under the
heading of "preferred substitutions”. If such substitutions result in a change in biological activity,
then more substantial changes, denominated "exemplary substitutions" in Table 1, or as further
described below in reference to amino acid classes, may be introduced and the products screened.

Table 1

Original Exemplary Preferred
Residue Substitutions Substitutions
Ala (A) Val; Leu; [le Val
Arg (R) Lys; Gln; Asn Lys
Asn (N) Gin; His; Asp, Lys; Arg Gin
Asp (D) Glu; Asn Glu
Cys (O) Ser; Ala Ser
Gin (Q) Asn; Glu Asn
Glu (E) Asp; Gin Asp
Gly (G) Ala Ala
His (H) Asn; Gin; Lys; Arg Arg
Ile (I) Leu; Val; Met; Ala; Leu

Phe; Norleucine
Leu (L) Norleucine; Ile; Val; Ile

Met; Ala; Phe
Lys (K) Arg; Gin; Asn Arg
Met (M) Leu; Phe; Ile Leu
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Phe (F) Trp; Leu; Val; lle; Ala; Tyr Tyr \_/
Pro (P) Ala Ala
Ser (S) Thr
Thr (T) Val; Ser Ser
Trp (W) Tyr; Phe
Tyr (Y) Trp; Phe; Thr; Ser Phe
Val (V) Tle; Leu; Met; Phe; Leu
Ales; Norleucine

Substantial modifications in the biological properties of the antibody are accomplished by
selecting substitutions that differ significantly in their effect on maintaining (a) the structure of the
polypeptide backbone in the area of the substitution, for example, as a sheet or helical conformation,
(b) the charge or hydrophobicity of the molecule at the target site, or (¢) the bulk of the side chain.
Amino acids may be grouped according to similarities in the properties of their side chains (in A. L.
Lehninger, in Biochemistry, second ed., pp. 73-75, Worth Publishers, New York (1975)):

(1) non-polar: Ala (A), Val (V), Leu (L), Ile {I), Pro (P), Phe (F), Trp (W), Met (M)

(2) uncharged polar: Gly (G), Ser (8), Thr (T), Cys (C), Tyr (Y), Asn (N), GIn (Q)

(3) acidic: Asp (D), Glu (E)

(4) basic: Lys (K), Arg (R), His(H)

Altematively, naturally occurring residues may be divided into groups based on common
side-chain properties:

(1) hydrophobic: Norleucine, Met, Ala, Val, Ley, Ile;

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gin;

(3) acidic: Asp, Glu;

(4) basic: His, Lys, Arg;

(5) residues that influence chain orientation: Gly, Pro;

(6) aromatic: Trp, Tyr, Phe.

Non-conservative substitutions will entail exchanging a member of one of these classes for
another class. '

Any cysteine residue not involved in maintaining the proper conformation of the antibody
also may be substituted, generally with serine, to improve the oxidative stability of the molecule and
prevent aberrant crosslinking. Conversely, cysteine bond(s) may be added to the antibody to improve
its stability (particularly where the antibody is an antibody fragment such as an Fv fragment).

A particularly preferred type of substitutional variant involves substituting one or more

hypervariable region residues of a parent antibody. Generally, the resulting variant(s) selected for
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further development will have improved biological properties relative to the parent antibody from
which they are generated. A convenient way for generating such substitutional variants is affinity
maturation using phage display. Briefly, several hypervariable region sites (e.g. 6-7 sites) are m

to generate all possible amino substitutions at each site. The antibody variants thus generated are
displayed in a monovalent fashion from filamentous phage particles as fusions to the gene Ill prod
of M13 packaged within each particle. The phage-displayed variants are then screened for their
biological activity (e.g. binding affinity) as herein disclosed. In order to identify candidate
hypervariable region sites for modification, alanine scanning mutagenesis can be performed to
identify hypervariable region residues contributing significantly to antigen binding. Alternatively, or
in additionally, it may be beneficial to analyze a crystal structure of the antigen-antibody complex to
identify contact points between the antibody and antigen. Such contact residues and neighboring
residues are candidates for substitution according to the techniques elaborated herein. Once such
variants are generated, the panel of variants is subjected to screening as described herein and
antibodies with superior properties in one or more relevant assays may be selected for further
development.

Another type of amino acid variant of the antibody alters the original glycosylation pattern of
the antibody. Such altering includes deleting one or more carbohydrate moieties found in the
antibody, and/or adding one or more glycosylation sites that are not present in the antibody.

Glycosylation of polypeptides is typically either N-linked or O-linked. N-linked refers to the
attachment of the carbohydrate moiety to the side chain of an asparagine residue. The tripeptide
sequences asparagine-X-serine and asparagine-X-threonine, where X is any amino acid except
proline, are the recognition sequences for enzymatic attachment of the carbohydrate moiety to the
asparagine side chain. Thus, the presence of either of these tripeptide sequences in a polypeptide
creates a potential glycosylation site. O-linked glycosylation refers to the attachment of one of the
sugars N-aceylgalactosamine, galactose, or xylose to a hydroxyamino acid, most commonly serine or
threonine, although 5-hydroxyproline or 5-hydroxylysine may also be used.

Addition of glycosylation sites to the antibody is conveniently accomplished by altering the
amino acid sequence such that it contains one or more of the above-described tripeptide sequences
(for N-linked glycosylation sites). The alteration may also be made by the addition of, or substitution
by, one or more serine or threonine residues to the sequence of the original antibody (for O-linked
glycosylation sites).

Where the antibody comprises an Fc region, the carbohydrate attached thereto may be altered.
For example, antibodies with a mature carbohydrate structure that lacks fucose attached to an Fc
region of the antibody are described in US Pat Appl No US 2003/0157108 A1, Presta, L. See also US
2004/0093621 A1l (Kyowa Hakko Kogyo Co., Ltd) concerning a CD20 antibody composition.
Antibodies with a bisecting N-acetylglucosamine (GlcNAc) in the carbohydrate attached to an Fe

40



10

15

20

25

30

35

P2134R1 @q?/

region of the antibody are referenced in WO03/011878, Jean-Mairet ef al. and US Patent No.
6,602,684, Umana ef al. Antibodies with at least one galactose residue in the oligosaccharide
attached to an Fc region of the antibody are reported in W097/30087, Patel et al. See, also,
WO098/58964 (Raju, S.) and W099/22764 (Raju, S.) conceming antibodies with altered carbohydrate
attached to the Fc region thereof.

The preferred glycosylation variant herein comprises an Fc region, wherein a carbohydrate
structure attached to the Fc region lacks fucose. Such variants have improved ADCC function.
Optionally, the Fc region further comprises one or more amino acid substitutions therein which
further improve ADCC, for example, substitutions at positions 298, 333, and/or 334 of the F¢ region
(Eu numbering of residues). Examples of publications related to “defucosylated” or “fucose-
deficient” antibodies include: US Pat. Appl. No. US 2003/0157108 A1, Presta, L; WO 00/61739A1;
WO01/29246A1; US2003/0115614A1; US2002/0164328A1; US2004/0093621A1;
US2004/0132140A1; US2004/0110704A 1; US2004/0110282A1; US2004/0109865A1,;
WO003/085119A1; WO03/084570A1; WO2005/035778; WO2005/035586 (describing RNA
inhibition (RNAi) of fucosylation); Okazaki ef al. J. Mol. Biol. 336:1239-1249 (2004);, Yamane-
Ohnuki et al. Blotech. Bioeng. 87: 614 (2004). Examples of cell lines producing defucosylated
antibodies include Lec13 CHO cells deficient in protein fucosylation (Ripka et al. Arch. Biochem.
Biophys. 249:533-545 (1986); US Pat Appl No US 2003/0157108 Al, Presta, L; and WO
2004/056312 A1, Adams ef al., especially at Example 11), and knockout cell lines, such as alpha-1,6-
fucosyltransferase gene, FUTS, knockout CHO cells (Yamane-Ohnuki ef al. Biotech. Bioeng. 87: 614
(2004)).

Nucleic acid molecules encoding amino acid sequence variants of the antibody are prepared
by a variety of methods known in the art. These methods include, but are not limited to, isolation
from a natural source (in the case of naturally occurring amino acid sequence variants) or preparation
by oligonuclectide-mediated (or site-directed) mutagenesis, PCR mutagenesis, and cassette
mutagenesis of an earlier prepared variant or a non-variant version of the antibody.

It may be desirable to modify the antibody of the invention with respect to effector function,
e.g. so as to enhance antigen-dependent cell-mediated cyotoxicity (ADCC) and/or complement
dependent cytotoxicity (CDC) of the antibody. This may be achieved by introducing one or more
amino acid substitutions in an Fc region of an antibody antibody. Alternatively or additionally,
cysteine residue(s) may be introduced in the Fc region, thereby allowing interchain disulfide bond
formation in this region. The homodimeric antibody thus generated may have improved
internalization capability and/or increased complement-mediated cell killing and antibody-dependent
cellular cytotoxicity (ADCC). See Caron et al., J. Exp Med. 176:1191-1195 (1992) and Shopes, B. J.
Immmol. 148:2918-2922 (1992). Homodimeric antibodies with enhanced anti-tumor activity may
also be prepared using heterobifunctional cross-linkers as described in Wolff et al. Cancer Research

53:2560-2565 (1993). Alternatively, an antibody can be engineered that has dual Fc regions and may
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thereby have enhanced complement lysis and ADCC capabilities. See Stevenson et al. Anti-Canc ‘

Drug Design 3:219-230 (1989). ?@
WO000/42072 (Presta, L.) describes antibodies with improved ADCC function in the presence

of human effector cells, where the antibodies comprise amino acid substitutions in the Fc region

thereof. Preferably, the antibody with improved ADCC comprises substitutions at positions 298,

333, and/or 334 of the Fc region. Preferably the altered Fc region is a human IgG1 Fc region

comprising or consisting of substitutions at one, two or three of these positions.

Antibodies with altered Clq binding and/or complement dependent cytotoxicity (CDC) are
described in W099/51642, US Patent No. 6,194,551B1, US Pateat No. 6,242,195B1, US Patent No.
6,528,624B1 and US Patent No. 6,538,124 (Idusogie ef al.). The antibodies comprise an amino acid
substitution at one or more of amino acid positions 270, 322, 326, 327, 329, 313, 333 and/or 334 of
the Fc region thereof.

To increase the serum half life of the antibody, one may incorporate a salvage receptor
binding epitope into the antibody (especially an antibody fragment) as described in US Patent
5,739,277, for example. As used herein, the term "salvage receptor binding epitope” refers to an
epitope of the Fc region of an IgG molecule (e.g., 1gG, 1gG3, IgGs, or IgG,) that is responsible for
increasing the in vivo serum half-life of the IgG molecule. Antibodies with substitutions in an Fc
region thereof and increased sorum half-lives are also described in WO00/42072 (Presta, L.).

Engineered antibodies with three or more (preferably four) functional antigen binding sites
are also contemplated (US Appin No. US2002/0004587 A1, Miller et al.).

V. Pharmaceutical Formulations

Therapeutic formulations of the antibodies used in accordance with the present invention are
prepared for storage by mixing an antibody having the desired degree of purity with optional
pharmaceutically acceptable carriers, excipients or stabilizers (Remingion’s Pharmaceutical Sciences
16th edition, Osol, A. Ed. (1980)), in the form of lyophilized formulations or aqueous solutions.
Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations employed, and include buffers such as phosphate, citrate, and other organic acids;
antioxidants including ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl
ammonium chloride; hexamethonium chloride; benzalkonium chloride, benzethonium chloride;
phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol;
resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10
residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic
polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, histidine,
arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose,
mannose, or dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose or
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sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.g. Zn-protein complexes);
and/or non-ionic surfactants such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG).

Exemplary anti-CD20 antibody formulations are described in WO98/56418. This publicati
describes a liquid multidose formulation comprising 40 mg/mL Rituximab, 25 mM acetate, 150 mM
trehalose, 0.9% benzy] alcohol, 0.02% polysorbate 20 at pH 5.0 that has a minimum shelf life of two
years storage at 2-8BC. Another anti-CD20 formulation of interest comprises 10mg/mL Rituximab in
9.0 mg/mL sodium chloride, 7.35 mg/mL sodium citrate dihydrate, 0.7mg/mL polysorbate 80, and
Sterile Water for Injection, pH 6.5.

Lyophilized formulations adapted for subcutaneous administration are described in US Pat
No. 6,267,958 (Andya ef al.). Such lyophilized formulations may be reconstituted with a suitable
diluent to a high protein concentration and the reconstituted formulation may be administered
subcutaneously to the mammal to be treated herein.

Crystalized forms of the antibody or antibody are also contemplated. See, for example, US
2002/0136719A1 (Shenoy et al.).

The formulation herein may also contain more than one active compound as necessary for the
particular indication being treated, preferably those with complementary activities that do not
adversely affect each other. For example, it may be desirable to further provide a cytotoxic agent;
chemotherapeutic agent; immunosuppressive agent; cytokine; cytokine antagonist or antibody; growth
factor; hormone; integrin; integrin antagonist or antibody (e.g. an LFA-1 antibody such as
efalizumab/RAPTIVA commercially available from Genentech, or an alpha 4 integrin antibody such
as natalizumab/TYSABRI®) available from Biogen); interferon class drug such as IFN-beta-1a
(REBIF® and AVONEX®) or IFN-beta-1b (BETASERON®); an oligopeptide such a glatiramer
acetate (COPAXONE®); a cytotoxic agent such as mitoxantrone (NOVANTRONE®), methotrexate,
cyclophosphamide, chlorambucil, or azathioprine; intravenous immunoglobulin (gamma globulin);
lymphocyte-depleting drug (e.g., mitoxantrone, cyclophosphamide, Campath, anti-CD4, or
cladribine); non-lymphocyte-depleting immunosuppressive drug (e.g., mycophenolate mofetil
(MMF) or cyclosporine); cholesterol-lowering drug of the “statin” class; estradiol; testosterone;
hormone replacement therapy; drug that treats symptoms secondary or related to MS (e.g., spasticity,
incontinence, pain, fatigue); a TNF inhibitor; disease-modifying anti-rheumatic drug (DMARD); non-
steroidal anti-inflammatory drug (NSAID); corticosteroid (e.g. methylprednisolone, prednisone,
dexamethasone, or glucorticoid), levothyroxine; cyclosporin A; somatastatin analogue; cytokine
antagonist; anti-metabolite; immunosuppressive agent; integrin antagonist or antibody (e.g. an LFA-]
antibody, such as efalizumab or an alpha 4 integrin antibody such as natalizumab); or ancther B-cell
surface antagonist/antibody; etc in the formulation. The type and effective amounts of such other
agents depend, for example, on the amount of antibody present in the formulation, the type of
multiple sclerosis being treated, and clinical parameters of the subjects. These are generally used in
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the same dosages and with administration routes as used hereinbefore or about from 1 to 99% of the

heretofore employed dosages. /l/q>

The active ingredients may also be entrapped in microcapsules prepared, for example, by
coacervation techniques or by interfacial polymerization, for example, hydroxymethylcellulose or
gelatin-microcapsules and poly-(methylmethacylate) microcapsules, respectively, in colloidal drug
delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-particles and
nanocapsules) or in macroemulsions. Such techniques are disclosed in Remington's Pharmaceutical
Sciences 16th edition, Osol, A. Ed. (1980).

Sustained-release preparations may be prepared. Suitable examples of sustained-release
preparations include semipermeable matrices of solid hydrophobic polymers containing the antibody,
which matrices are in the form of shaped articles, e.g. films, or microcapsules. Examples of
sustained-release matrices include polyesters, hydrogels (for example, poly(2-hydroxyethyl-
methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), copolymers of L-
glutamic acid and y ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-
glycolic acid copolymers such as the LUPRON DEPOT™ (injectable microspheres composed of
lactic acid-glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid.

The formulations to be used for in vive administration must be sterile. This is readily
accomplished by filtration through sterile filtration membranes.

VL Articles of Manufacture

In another embodiment of the invention, an article of manufacture containing materials useful
for the treatment of multiple sclerosis described above is provided. Preferably, the article of
manufacture comprises:(a) a container comprising a composition comprising an antibody that binds to
a B-cell surface marker (e.g. a CD20 antibody) and a pharmaceutically acceptable carrier or diluent
within the container; and (b) a package insert with instructions for administering the composition to a
subject suffering from multiple sclerosis to the subject to provide an initial antibody exposure of
about 0.5 to 4 grams followed by a second antibody exposure of about 0.5 to 4 grams, the second
exposure not being provided until from about 16 to 60 weeks from the initial exposure; or instructions
for administering the composition to a subject suffering from PPMS.

The article of manufacture comprises a container and a label or package insert on or
associated with the container. Suitable containers include, for example, bottles, vials, syringes, etc.
The containers may be formed from a variety of materials such as glass or plastic. The container
holds or contains a composition that is effective for treating the multiple sclerosis and may have a
sterile access port (for example the container may be an intravenous solution bag or a vial having a
stopper pierceable by a hypodermic injection needle). At least one active agent in the composition is
the antibody. The label or package insert indicates that the composition is used for treating multiple
sclerosis in a subject suffering therefrom with specific guidance regarding dosing amounts and
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intervals of antibody and any other drug being provided. The article of manufacture may further
comprise a second container comprising a pharmaceutically acceptable diluent buffer, such as
bacteriostatic water for injection (BWFI), phosphate-buffered saline, Ringer's solution and

solution. The article of manufacture may further include other materials desirable from a commercial
and user standpoint, including other buffers, diluents, filters, needles, and syringes.

Optionally, the article of manufacture herein further comprises a container comprising an
agent other than the antibody for treatment and further comprising instructions on treating the
mammal with such agent, such agent preferably being a chemotherapeutic agent or
immunosuppressive agent, interferon class drug such as IFN-beta-1a (REBIF® and AVONEX®) or
IFN-beta-1b (BETASERON®); an oligopeptide such a glatiramer acetate (COPAXONE®); a cytotoxic
agent such as mitoxantrone (NOVANTRONE®), methotrexate, cyclophosphamide, chlorambucil, or
azathioprine; intravenous immunoglobulin (gamma globulin); lymphocyte-depleting drug (e.g.,
mitoxantrone, cyclophosphamide, Campath, anti-CD4, or cladribine); non-lymphocyte-depleting
immunosuppressive drug (e.g., mycophenolate mofetil (MMF) or cyclosporine); cholesterol-lowering
drug of the “statin” class; estradiol; hormone replacement therapy; drug that treats symptoms
secondary or related to MS (e.g., spasticity, incontinence, pain, fatigue); a TNF inhibitor; disease-
modifying anti-rheumatic drug (DMARD); non-steroidal anti-inflammatory drug (NSAID);
corticosteroid (e.g. methylprednisolone, prednisone, dexamethasone, or glucorticoid); levothyroxine;
cyclosporin A; somatastatin analogue; cytokine or cytokine receptor antagonist; anti-metabolite;
immunosuppressive agent; integrin antagonist or antibody (e.g. an LFA-1 antibody, such as
efalizumab or an alpha 4 integrin antibody such as natalizumab); and another B-cell surface marker
antibody; etc.

Further details of the invention are illustrated by the following non-limiting Examples. The
disclosures of all citations in the specification are expressly incorporated herein by reference.

EXAMPLE 1
TREA Y R L LEROSIS (PPMS

A subject with diagnosis of PPMS as defined by McDonald et al. Ann Newrol 50:121-7
(2001) is treated with a CD20 antibody in this example.

Rituximab, commercially available from Genentech, is formulated for IV administration as a
sterile product in 9.0 mg/mL sodium chloride, 0.7 mg/mL polysorbate 80, 7.35 mg/mL sodium citrate
dehydrate, and Sterile Water for Injection (pH 6.5).
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The first course of treatment will consist of a dose of 1 g intravenous (IV) Rituximab ,ba\lx
administered on each of Days 1 and 15. Subjects will receive acetaminophen (1 g) and

diphenhydramine HCI (50 mg), or equivalent, by mouth 30-60 minutes prior to the start of each

infusion.

Subsequent courses of treatment will be administered starting at Week 24 (Day 169), Week
48 (Day 337), and Week 72 (Day 505). The second infusion of the subsequent courses of treatment
will be 14 V' 1 days after the first infusion.

Subjects who experience a first relapse may receive rescue treatment with IV or oral
corticosteroids. Systemic corticosteroids may be administered using a regimen that does not exceed
exposure or duration of treatment appropriate for an MS relapse. A relapse is defined as all of the
following:

e An acute appearance of a neurologic abnormality that persists for at least 24 hours

¢ A change not attributable to fever, infection, trauma, concomitant medications, or other
etiology

e An event with objective change on examination by the blinded examining investigator,
including a minimum of 1-point change on one of the following FS scales: pyramidal,
cranial nerves, cerebellar, sensory, vision, or gait

The following regimen of corticosteroids may be used: 1 g IV methylprednisolone daily for 3
days, followed by 60 mg prednisone daily for 5 days, and decreasing by 10-mg increments each day
thereafter. If IV methylprednisolone is not available, then 150 mg IV dexamethasone daily for 3 days
may be substituted. Only one course of corticosteroids should be administered for an exacerbation.
Subsequent immunological studies and MRI scans should be obtained at least 4 weeks after
completion of the corticosteroid regimen. Corticosteroid inhalers (oral and nasal) or intra-articular
injections may be used.

Additional treatments to be optionally combined with the CD20 antibody include IFN-beta,
glatiramer acetate, methotrexate, cyclophosphamide, or mitoxantrone.
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The primary efficacy outcome measure is the time to confirmed disease progression. Disease
progression is defined as an increase of 3 1.0 point from baseline Expanded Disability Status Scale
(EDSS) (Kurtzke J. Neurology 33(11):1444-52 (1983)), if the baseline EDSS is between 2.0 and 5
points (inclusive), or an increase of 3 0.5 point if the baseline EDSS is 3 5.5 points (inclusive), for

S5  which change is not attributable to another etiology (e.g., fever, concurrent illness, MS relapse or
exacerbation, or concomitant medication). Confirmation of disease progression may occur at a
regularly scheduled visit that is at least 12 weeks (84 days) after the initial progression.

Secondary efficacy outcome measures include:

- Change from baseline to Week 96 in the total volume of T2 lesions on brain MRI scan

10 - Change from baseline to Week 96 in brain volume on brain MRI scan

Optionally, improvement in any one or more of:

- Multiple Sclerosis Functional Composite Scale (MSFCS)
- EDSS

15 - Proportion of subjects with confirmed disease progression at Week 96, as determined using
EDSS

- Upper extremity function, as measured by the 9-Hole Peg Test (a subscale of the MSFCS)
- Ambulation, as measured by the Timed 25-Foot Walk (a subscale of the MSFCS)

- Cognition, as measured by the Paced Auditory Serial Addition Test (3 seconds only; a
20 subscale of the MSFCS)

- Total volume of brain T2 lesions on MRI scans (Weeks 48 and 122)
- Total volume of brain T1 lesions on MRI scans

- Cross sectional area of the cervical spinal cord on MRI scans

- Brain volume on MRI scans (Weeks 48 and 122)

25 The subject treated with Rihximab as described herein will show improvement in the signs,
symptoms or other indicators of PPMS according to any one or more of the above outcome measures.
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EXAMPLE2 N

TREATMENT OF RELAPSING-REMITTING MULTIPLE SCLEROSIS

Subjects with RRMS as defined by McDonald et al. Ann Neurol 50:121-7 (2001) are treated
with a CD20 antibody in this example, where the antibody exposures are approximately 6 months
apart.

Rituximab, commercially available from Genentech, is formulated for IV administration as a
sterile product in 9.0 mg/mL sodium chloride, 0.7 mg/mL polysorbate 80, 7.35 mg/mL sodium citrate
dehydrate, and Sterile Water for Injection (pH 6.5).

The first course of treatment will consist of a dose of 1 g intravenous (IV) Rituximab
administered on each of Days 1 and 15. Subjects will receive acetaminophen (1 g) and
diphenhydramine HCI (50 mg), or equivalent, by mouth 30-60 minutes prior to the start of each
infusion.

Subsequent courses of treatment will be administered starting at Week 24 (Day 169), Week
48 (Day 337), and Week 72 (Day 505). The second infusion of the subsequent courses of treatment
will be 14 V' 1 days after the first infusion.

Preferably Rituximab is the only agent administered to treat the RRMS. However, subjects
may optionally receive IV or oral corticosteroids, [FN-beta, glatiramer acetate, methotrexate,
cyclophosphamide, or mitoxantrone,

Subjects who experience a first relapse may receive rescue treatment with IV or oral
corticosteroids. Systemic corticosteroids may be administered using a regimen that does not exceed
exposure or duration of treatment appropriate for an MS relapse. A relapse in this Example is defined
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The appearance of new or recurrent neurclogical symptoms consistent with MS
lasting more than 48 hours in a subject who has been in a relatively stable or
improving neurologic state for at least 30 days. The change in neurologic symptoms
must be accompanied by objective neurologic worsening consistent with an increase
of at least half a step on the EDSS, or 2 points on one of the appropriate functional
system scores (FSS), or 1 point on two or more of the appropriate FSS. The change
must be verified by the examining investigator and must affect the selected FS scales
(i.e., pyramidal, gait, cerebellar, brainstem, sensory, or visual). Symptoms must
persist for> 24 hours and should not be attributable to confounding clinical factors
(e.g., fever, infection, injury, adverse reactions to concomitant medications). A
single episode of a paroxysmal symptom (e.g., tonic spasm) is not a relapse, but the
new onset of multiple occurrences of a paroxysmal symptom over at least 24 hours
can be a relapse if accompanied by new, corresponding objective manifestations.
Sensory symptoms with no change on clinical examination, fatigue, mood change, or
bladder or bowel urgency or incontinence will not be sufficient to establish a relapse.

The primary efficacy outcome measure is the MRI endpoint of gadolinium-enhancing
lesions, or time to confirmed disease progression (defined as an increase of 3 1.0 point from baseline
Expanded Disability Status Scale (EDSS); Kurtzke J. Neurology 33(11):1444-52 (1983)). The
primary efficacy endpoint may be the total number of gadolinium-enhancing T1 lesions observed on
serial MRI scans of the brain at Weeks 12, 16, 20, and 24.

Secondary efficacy outcome measures include frequency of relapse; change from baseline to
Week 96 in the total volume of T2 lesions on brain MRI scan (e.g. change in total volume of T2
lesions on MRA scans of the brain from screening to weeks 24 and 36); change from baseline to
Week 96 in brain volume on brain MRI scan; Multiple Sclerosis Functional Composite Scale
(MSFCS) and its subscales; upper extremity function, as measured by the 9-Hole Peg Test (a subscale
of the MSFCS); ambulation, as measured by the Timed 25-Foot Walk (a subscale of the MSFCS);
cognition, as measured by the Paced Auditory Serial Addition Test (a subscale of the MSFCS),
Multiple Sclerosis Quality of Life—54 (MSQOL-54) questionnaire; total volume of brain T1 lesions
on MRI scans (e.g. total number of gadolinium-enhancing T1 lesions observed on serial MRA scans
of the brains at weeks 20, 28, and 36); cross sectional area of the cervical spinal cord on MRI scans;
proportion of subjects relapsing by weeks 24 (i.e between week 0 and week 24) and 36 (i.e. between
week 0 and week 36); the Combined Unique Activity Measure at week 24 and 36.

The patient treated with Rituximab as described above will display an improvement in any
one or more of the above outcome measures.
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EXAMPLE 3 | 60‘
TREATMENT OF RE ING-REMITTING MULTIPLE SCLER!

A subject with RRMS as defined by McDonald et al. Ann Neurol 50:121-7 (2001) is treated
with a CD20 antibody herein. In this example, the antibody exposures are approximately 1 year apart.

Rituximab, commercially available from Genentech, is formulated for IV administration as a
sterile product in 9.0 mg/mL sodium chloride, 0.7 mg/mL polysorbate 80, 7.35 mg/mL sodium citrate
dehydrate, and Sterile Water for Injection (pH 6.5).

The first course of treatment will consist of a dose of 1 g intravenous (IV) Rituximab
administered on each of Days 1 and 15. Subjects will receive acetaminophen (1 g) and
diphenhydramine HCI (50 mg), or equivalent, by mouth 30-60 minutes prior to the start of each

infusion.

Subsequent courses of treatment will be administered starting at Week 48, and Week 96. The
second infusion of the subsequent courses of treatment will be 14 V 1 days after the first infusion.

Preferably Rituximab is the only agent administered to treat the RRMS. However, subjects
may optionally receive IV or oral corticosteroids, IFN-beta, glatiramer acetate, methotrexate,
cyclophosphamide, or mitoxantrone.

Subjects who experience a first relapse may receive rescue treatment with IV or oral
corticosteroids. Systemic corticosteroids may be administered using a regimen that does not exceed
exposure or duration of treatment appropriate for an MS relapse. A relapse in this Example is defined
as:
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The appearance of new or recurrent neurological symptoms consistent with MS goz
lasting more than 48 hours in a subject who has been in a relatively stable or
improving neurologic state for at least 30 days. The change in neurologic symptoms
must be accompanied by objective neurologic worsening consistent with an increase
of at least half a step on the EDSS, or 2 points on one of the appropriate functional
system scores (FSS), or 1 point on two or more of the appropriate FSS. The change
must be verified by the examining investigator and must affect the selected FS scales
(i.e., pyramidal, gait, cerebellar, brainstem, sensory, or visual). Symptoms must
persist for>> 24 hours and should not be attributable to confounding clinical factors
(e.g., fever, infection, injury, adverse reactions to concomitant medications). A
single episode of a paroxysmal symptom (e.g., tonic spasm) is not a relapse, but the
new onset of multiple occurrences of a paroxysmal symptom over at least 24 hours
can be a relapse if accompanied by new, corresponding objective manifestations.
Sensory symptoms with no change on clinical examination, fatigue, mood change, or
bladder or bowel urgency or incontinence will not be sufficient to establish a relapse.

The primary efficacy outcome measure is the MRI endpoint of gadolinium-enhancing lesions,
or time to confirmed disease progression (defined as an increase of 3 1.0 point from baseline
Expanded Disability Status Scale (EDSS); Kurtzke J. Neurology 33(11):1444-52 (1983)). The
primary efficacy endpoint may be the total number of gadolinium-enhancing T1 lesions observed on
serial MRI scans of the brain at Weeks 12, 16, 20, and 24.

Secondary efficacy outcome measures include frequency of relapse; change from baseline to
Week 96 in the total volume of T2 lesions on brain MRI scan (e.g. change in total volume of T2
lesions on MRA scans of the brain from screening to weeks 24 and 36); change from baseline to
Week 96 in brain volume on brain MRI scan; Multiple Sclerosis Functional Composite Scale
(MSFCS) and its subacales; upper extremity function, as measured by the 9-Hole Peg Test (& subscale
of the MSFCS); ambulation, as measured by the Timed 25-Foot Walk (a subscale of the MSFCS);
cognition, as measured by the Paced Auditory Serial Addition Test (a subscale of the MSFCS);
Multiple Sclerosis Quality of Life—54 (MSQOL-54) questionnaire; total volume of brain T1 lesions
on MRI scans (e.g. total number of gadolinium-enhancing T1 lesions observed on serial MRA scans
of the brains at weeks 20, 28, and 36); cross sectional area of the cervical spinal cord on MRI scans;
proportion of subjects relapsing by week 24 (i.e between week 0 and week 24) and week 36 (i.e.
between week 0 and week 36); the Combined Unique Activity Measure at week 24 and 36.

The patient treated with the above with Rituximab will display an improvement in any one or
more of the above outcome measures.
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EXAMPLE 4
HUMANIZED 2H7 VARIANTS 503

This example describes humanized 2H7 antibody variants for use in the methods disclosed
herein. The humanized 2H7 antibody preferably comprises one, two, three, four, five or six of the
following CDR sequences:

CDR L1 sequence RASSSVSYXH wherein X is M or L (SEQ ID NO. 18), for example SEQ ID
NO:4 (Fig. 1A),

CDR L2 sequence of SEQ ID NO:5 (Fig. 1A),

CDR L3 sequence QQWXFNPPT wherein X is S or A (SEQ ID NO. 19), for example SEQ ID NO:6
(Fig. 1A),

CDR H| sequence of SEQ ID NO:10 (Fig. 1B),

CDR H2 sequence of AIYPGNGXTSYNQKFKG wherein X is D or A (SEQ ID NO. 20), for
example SEQ ID NO:11 (Fig. 1B), and

CDR H3 sequence of VVYYSXXYWYFDV wherein the X at position 6§ is N, A, Y, W or D, and the
X as position 7 is S or R (SEQ ID NO. 21), for example SEQ ID NO:12 (Fig. 1B).

The CDR sequences above are generally present within human variable light and variable
heavy framework sequences, such as substantially the human consensus FR residues of human light
chain kappa subgroup 1 (V6I), and substantially the human consensus FR residues of human heavy
chain subgroup III (VyllI). See also WO 2004/056312 (Lowman et al.).

The variable heavy region may be joined to a human IgG chain constant region, wherein the
region may be, for example, IgG1 or IgG3, including native sequence and variant constant regions.

In a preferred embodiment, such antibody comprises the variable heavy domain sequence of
SEQ ID NO:8 (v16, as shown in Fig. 1B), optionally also comprising the variable light domain
sequence of SEQ ID NO:2 (v16, as shown in Fig. 1A), which optionally comprises one or more
amino acid substitution(s) at positions 56, 100, and/or 100a, e.g. D56A, N100A or N100Y, and/or
S$100aR in the variable heavy domain and one or more amino acid substitution(s) at positions 32
and/or 92, e.g. M32L and/or §92A, in the variable light domain. Preferably, the antibody is an intact
antibody comprising the light chain amino acid sequences of SEQ ID NOs. 13 or 16, and heavy chain
amino acid sequences of SEQ ID NO. 14, 15, 17, 22 or 25.

A preferred humanized 2H7 antibody is ocrelizumab (Genentech).

The antibody herein may further comprise st least one amino acid substitution in the Fc
region that improves ADCC activity, such as one wherein the amino acid substitutions are at positions
298, 333, and 334, preferably S298A, E333A, and K334A, using Eu numbering of heavy chain
residues. See also US Patent No. 6,737,056B1, Presta.

Any of these antibodies may comprisc at lcast one substitution in the Fc region that improves
FcRn binding or serum half-life, for example a substitution at heavy chain position 434, such as
N434W. See also US Patent No. 6,737,056B1, Presta.
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Any of these antibodies may further comprise at least one amino acid substitution in the Fc
region that increases CDC activity, for example, comprising at least a substitution at position 326,
preferably K326A or K326W. See also US Patent No. 6,528,624B1 (Idusogie ef al.).

Some preferred humanized 2H7 variants are those comprising the variable light domain
SEQ ID NO:2 and the varisble heavy domain of SEQ ID NO:8, including those with or without
substitutions in an Fc region (if present), and those comprising a variable heavy domain with
alteration N100A; or DS6A and N100A; or D56A, N100Y, and S100aR; in SEQ ID NO:8 and a
variable light domain with alteration M32L; or S92A; or M32L and §924; in SEQ ID NO:2.

M34 in the variable heavy domain of 2H7.v16 has been identified as a potential source of
antibody stability and is another potential candidate for substitution.

In a summary of some various preferred embodiments of the invention, the variable region of
variants based on 2H7.v16 comprise the amino acid sequences of v16 except at the positions of amino
acid substitutions that are indicated in the table below. Unless otherwise indicated, the 2H7 variants
will have the same light chain as that of v16.

Exemplary Humanized 2H7 Antibody Variants

tﬂ" chain [Light chain [Fc changes

ersion mhngu t:lf)hchngu

16 for

reference -

31 - - 298A, E333A, K334A
73 |NIOOA 32L

75 IN 100A P‘BZL [S298A, E333A, K334A
D6 IDSGA, N100A FQZA

114 PssA, N100A|M32L. S92A |SZ98A, E333A, K334A

115 [D56A, NI100A |MJzL. S92A |5298A. E333A, K334A, E356D, M358L
116 |D56A, NI100A IM32L, S92A |5298A. K334A,K322A

138 'DSGA, N|00A|M32L, S92A F298A, E333A, K334A, K326A

W77 pssA, NI100A M32L, S92A |5298A. E333A, K334A, K326A, N434W

375 - - IK334L

588 - - F298A., E333A, K334A, K326A
56A,
100Y,

|Sll 100aR |M32L, S92A [S298A, E333A, K334A, K326A

One preferred humeanized 2H7 comprises 2H7.v16 variable light domain sequence:
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DIGMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIYAPSNLASGVPSRFSG
SGSGTDFTLTISSLQPEDFATYYCQQWSFNPPTFGQGTKVEIKR (SEQ ID NO:2);

and 2H7.v16 variable heavy domain sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTV
SS (SEQ ID NO:8).

Where the humanized 2H7.v16 antibody is an intact antibody, it may comprise the light chain
amino acid sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIYAPSNLASGVPSRFSG
SGSGTDFTLTISSLQPEDFATYYCQQWSFNPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSG
TASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKH
KVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:13);

and the heavy chain amino acid sequence of SEQ ID NO. 14 or:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSG
LYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRV
VSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY TLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPG (SEQ ID NO:22).

Another preferred humanized 2H7 antibody comprises 2H7.v511 variable light domain
sequence:

DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQQKPGKAPKPLIYAPSNLASGVP
SRFSGSGSGTDFTLTISSLQPEDFATYYCQQWAFNPPTFGQGTKVEIKR (SEQ ID NO:23)
and 2H7.v511 variable heavy domain sequence:

EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGN
GATSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSYRYWYFDVWGQ
GTLVTVSS (SEQ ID NO. 24),

Where the humanized 2H7.v511 antibody is an intact antibody, it may comprise the light
chain amino acid sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQQKPGKAPKPLTY APSNLASGVPSRFSGS
GSGTDFTLTISSLQPEDFATYYCQQWAFNPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGT
ASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHK
VYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:16)

and the heavy chain amino acid sequence of SEQ ID NO. 17 or:
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EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGATSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSYRYWYFDVWGQGTL
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSV
FLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNATYR
VVSVLTVLHQDWLNGKEYKCKVSNAALPAPIAATISKAKGQPREPQVYTLPPSREEMTKNQ
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS
CSVMHEALHNHYTQKSLSLSPG (SEQ ID NO. 25).
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WHAT IS CLAIMED IS: :

1. A method of treating multiple sclerosis in a subject comprising administering an effective
amount of a CD20 antibody to the subject to provide an initial antibody exposure of about 0.5 to 4
grams followed by a second antibody exposure of about 0.5 to 4 grams, the second exposure not being
provided until from about 16 to 60 weeks from the initial exposure, and each of the antibody
exposures is provided to the subject as one or two doses of antibody.

2. The method of claim | wherein the second exposure is not provided until from about 20 to 30
weeks from the initial exposure.

3. The method of claim 1 or 2 wherein the initial and second antibody exposures are each
provided in amounts of about 1.5 to 2.5 grams.

4. The method of any one of claims 2-3 additionally comprising administering to the subject an
effective amount of the CD20 antibody to provide a third antibody exposure of about 0.5 to 4 grams,
the third exposure not being administered until from about 46 to 60 weeks from the initial exposure.

5. The method of claim 4 wherein the third antibody exposure is provided in an amount of about
1.5 t0 2.5 grams.

6. The method of claim 4 or 5 wherein the third exposure is not provided until from about 46 to
54 weeks from the initial exposure.

7. The method of any one of claims 4-6 wherein no further antibody exposure is provided until
at least about 70-75 weeks from the initial exposure.

8. The method of claim 1 wherein the second exposure is not provided until from about 46 to 60
weeks from the initial exposure.

9. The method of any one of claims 1-8 wherein each of the antibody exposures is provided to
the subject as one dose of entibody.

10. The method of any one of claim 1-8 whercin each of the antibody exposures is provided to
the subject as two doses of antibody, wherein the two doses constitute a first dose and a second dose.

1. The method of claim 10 wherein the second dose is administered from about 3-17 days from
the time the first dose was administered.

12 The method of claim 11 wherein the second dose is administered from about 6-16 days from
the time the first dose was administered.

13. The method of claim 12 wherein the second dose is administered from about 13-16 days from
the time the first dose was administered.

14. The method of any one of claims 10-13 wherein the first and second dose of antibody are

cach about 0.5 to 1.5 grams.
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15. The method of any one of claims 10-14 wherein the first and second dose of anti
each about 0.75 to 1.3 grams.

16. The method of any one of the claims 1-15 wherein three or more antibody exposures are
administered to the subject.

17. The method of any one of claims 1-16 wherein four or more antibody exposures are
administered to the subject

18. The method of any one of claims 1-17 wherein a second medicament is administered with the
initial exposure or later exposures, wherein the CD20 antibody is a first medicament.

19, The method of claim 18 wherein the second medicament is selected from the group consisting
of an interferon, glatiramer acetate, a cytotoxic agent, chemotherapeutic agent, mitoxantrone,
methotrexate, cyclophosphamide, chlorambucil, azathioprine, gamma globulin, Campath, anti-CD4,
cladribine, corticosteroid, mycophenolate mofetil (MMF), cyclosporine, cholesterol-lowering drug of
the statin class, estradiol, testosterone, hormone replacement drug, a TNF inhibitor, disease-
modifying anti-theumatic drug (DMARD), non-steroidal anti-inflammatory drug (NSAID),
levothyroxine, cyclosporin A, somatastatin analogue, cytokine or cytokine receptor antagonist, anti-
metabolite, immunosuppressive agent, integrin antagonist or antibody, LFA-1 antibody, efalizumab,
alpha 4 integrin antibody, natalizumab, and another B-cell surface marker antibody.

20. The method of any one of claims 1-19 wherein the multiple sclerosis is relapsing-remitting
multiple sclerosis (RRMS).

21, The method of any one of claims 1-19 wherein the multiple sclerosis is primary progressive
multiple sclerosis (PPMS).

22, The method of any one of claims 1-21 wherein the subject has never been previously treated
with a CD20 antibody.

23. The method of any one of claims 1-22 wherein the antibody is a naked antibody.
24, The method of any one of claims 1-22 wherein the antibody is conjugated with another

molecule.
25. The method of claim 24 wherein the other molecule is a cytotoxic agent.
26.  The method of any one of claims 1-25 wherein the antibody is administered intravenously.

217. The method of claim 26 wherein the antibody is administered intravenously for each antibody
exposure,
28, The method of any one of claims 1-25 wherein the antibody is administered subcutaneously.

29, The method of any one of claims 1-25 wherein the antibody is administered intrathecally.
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30. The method of any one of claims 1-29 wherein the CD20 antibody is the only medicam
administered to the subject to treat the multiple sclerosis.

3L The method of any one of claims 1-30 wherein the antibody is Rituximab.

32 The method of any one of claims 1-30 wherein the antibody is humanized 2H7 comprising
the variable domain sequences in SEQ ID NOS. 2 and 8.

33. The method of any one of claims 1-30 wherein the antibody is humanized 2H7 comprising
the variable domain sequences in SEQ ID NOS. 23 and 24,

4. The method of any one of claims 1-32 wherein the subject has elevated anti-myelin basic
protein (MBP), anti-myelin oligodendrocyte glycoprotein (MOG), anti-ganglioside and/or or
anti-neurofilament antibody level(s).

35. The method of any one of claims 1-33 wherein elevated levels of B cells are present in
cerebrospinal fluid (CSF), multiple sclerosis lesion, or serum of the subject.

36.  An article of manufacture comprising:
(n) a container comprising a CD20 antibody; and

(b) a package insert with instructions for tresting multiple sclerosis in a subject,
wherein the instructions indicate that an amount of the antibody is administered to the
subject that is effective to provide an initial antibody exposure of about 0.5 to 4
grams followed by a second antibody exposure of about 0.5 to 4 grams, the second
exposure not being administered until from about 16 to 60 weeks from the initial
exposure, and each of the antibody exposures is provided to the subject as one or two
doses of antibody.

37. The article of claim 36 further comprising a container comprising a second medicament,
wherein the CD20 antibody is a first medicament, and further comprising instructions on the package
insert for treating the subject with the second medicament.

38. The article of claim 37 wherein the second medicament is selected from the group consisting
of an interferon, glatiramer acetate, a cytotoxic agent, chemotherapeutic agent, mitoxantrone,
methotrexate, cyclophosphamide, chlorambucil, azathioprine, gamma globulin, Campath, anti-CD4,
cladribine, corticosteroid, mycophenolate mofetil (MMF), cyclosporine, cholesterol-lowering drug of
the statin class, estradiol, testosterone, hormone replacement drug, a TNF inhibitor, discase-
modifying anti-theumatic drug (DMARD), non-steroidal anti-inflammatory drug (NSAID),
levothyroxine, cyclosporin A, somatastatin analogue, cytokine or cytokine receptor antagonist, anti-
metabolite, immunosuppressive agent, and another B-cell surface marker antibody.
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METHOD FOR TREATING MULTIPLE SCLEROSIS 6\-0

ABSTRACT OF THE DISCLOSURE

Methods for treating multiple sclerogis (MS) with a CD20 antibody using special dosing
5 regimens and protocols are described. Articles of manufacture for use in such methods are also
described.
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a: JUAN PABLO CADENA BARMIENTO y/o BEATRIZ
JARAMILLO yo CARLOS H. PALACIO EASTMAN wo
HECTOR GOMEZ MEJIA,, domicillado(s) en la Camera 7
No. 18-58 Plac 8, mis {(nuestros) apoderados en Colombia,
con facutades para rechir nolfficacionss y designar
apoderados Judiclales o extrajudiciales.

Otorgado y firmado en
hoy . de de 200_
Firma
Nombre
s s Notwln Casranta de ste
Cargo otahla poessets fotovapla
of evigiol g 21 s ld: M
4 2 OCT. 2008
NOTARIO CUARENTA
Nocky Fermando Mora
Soyodd, D.C, Calmmilly

POWER OF ATTORNEY

1 We) Genentech, Inc.

1 DNA Way

.domiciedin  South San Francisco, California 54080-4990
USA

Hereby appoints JUAN PABLO CADENA BARMIENTO
andor BEATRIZ JARAMILLO and/or CARLOS H.
PALACIO EASTMAN and/or HECTOR GOMEZ MEJIA, of
Bogotd, Colombia, my {our) true and lawiul atioreys with
spacial, ample and sufficlent power fo obtain from the
Colomblan administrative, judicial and police offices and
authorities, In any instance, privages of palents of
invention, regletration of trademarks, industrial designe and
utiity models; registration of commerclal names and
emblems, registration of copyright and contracts related
thereto, certificates of obtainers of vegetables varietles, as
well as sxiensions, renewnls and recordal of assignments
and changes of nama and domiclle related to the above; to
prapare, prosacula and register licenses of any kind; to act
as plaintitf or defendant in any Instance ar recourse, and
before any Judge, corporation, public officlal or authority in
judiclal, edministrative and police actions, such as:
oppositions to the reglstration of trademarks; caducily,
cancellation and nuliity actions; clalm actions derived from
the obtaining or explotation of Ecenses, acton of unfalr
compatition; criminal proceedinga, actions for payment of
damages: clafms or obgervations on patent applications,
modele, industrial designs and uifiity models; in the exarcise
of preventive measures and In other actions or similar
proceedings.

To that effect they hareby empowered to fils applications,
formulate descriptions, amendments, protests, declarations,
oppositions, cancelletions, nulliies, appeals and claims; to
pay iaxes, quotas and mssesamenis pmescribed by law,
renounce or waive the rights grantad or In the proceas of
granting; to receive al kinds of documents and valuables,
giving the respective releass of recelpt, and, In general, to
take befors sald authorities the necessary eteps to such
effect, and any measures that they mey deem pertinent o
the saleguard of my (our) Inerssat(s) with all the other
necessaly legal powsra.

This power inciudes the faculty to ratlly or confirm dealst,
settie and compromise on my (our) behalf, and 1o substitute
this power In whole or in part and to revoke substitutions. At
the same time | (We) hereby appoinis JUAN PABLO
CADENA BARMIENTO and/or BEATRIZ JARAMILLO
and/or CARLOS H. PALACIO EASTMAN and/or HECTOR
QOMEZ MEJIA, domiclied in Carrera 7 No. 18-58, Pleo 8,
my (our) attoney(s) In fact, with powers to receive
notifications and to designate judiclal and extrajudiclal

atiomeys.

Granted and signed n m&&nm California
ths 6th da Decmbm

Signature

Timothy R. Schwartz, Ph
fection Patent Coungel
Authorized Corporate Signatory
Ga-.nentech, Inc.
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AUTHORIZATION 6
Genentech, Inc. hereby authorizes any of Janet E. Hasak, Mark T. Kresnak, Jeffrey S.
Kubinec and Timothy R. Schwartz, for'so long as they remain employees of Genentech,
Inc., to execute, on its behalf, any submissions associated with the filing, prosecution,
granting, and-extension and maintenance of grant of patent and trademark applications in
the U.S. and foreign countries, contracts relating to biological deposits with the American

Type Culture Collection, and assignments to publishers of copyrights covering works
authored by Genentech employees.

_ August27.2002 Acas Yhamaton
Dated Sean A. Johnston

Vice President,Intellectual Property
Genentech, Inc.




TRADUCCION AL ESPANOL del Documento de Poder otorgado por Genentech,
Inc. domiciliada en 1 DNA Way, South San Francisco, Californla 94080-4990,
Estados Unidos de América.

ESTADO DE CALIFORNIA
SECRETARIA DE ESTADO

APOSTILLA
(Convencion de La Haya del 5 de Octubre de 1981)

1 Pals: Estados Unidos de América
Esta documento piiblico
2. ha sido firmado por AIDA MICLAT GUIAM
3. actuando en capacidad de Notario Publico, Estado de California
4 lleva el selloftimbre de AIDA MICLAT GUIAM, Notario Pdblico
Estado de Caiifomia

CERTIFICADO

5. en Sacramento, California

6. el 15 de diciembre de 2005

7. por el Secratario de Estado Delegado, Estado de California
8. No. 267083

8. Sello/Timbre

10. Fima

(Firma)
Secretario de Estado

2\



RECONOCIMIENTO TODO-PROPOSITO DE CALIFORNIA

Estado de Califomia )
" }ss.
Condado de San Mateo )

E! 6 de diciembre de 2005, ante mi, AIDA MICLAT GUIAM, aparecid personaimente
Thimoty R. Schwartz

O a quien conozco perscnaimente

quien demostrd ante mi en base a
evidencia satisfactoria ser la persona cuyo

Hay un sello que dice. nombre esta suscrito en el instrumento y
g@ﬁlggﬂnfg;% 2 quien reconocié ante mi que ejecutd el
Notario Publico-California mismo en su capacidad autorizada, y que
Condado de San Mateo por su firma en el nstrumento la persona o
Mi comisidn expira Dic. © de 2007 la entidad a nombre de la cual la persona

actuo, ejecutd el instrumento.
Atestigua mi firma y sello oficial,
AIDA MICLAT GUIAM

OPCIONAL

'Amhhhmdm-ldludhmum-ﬂlwhq.p.ldandurnvinupnhmq.uhunmdmym
prevenir s mociin y madhesiin feuxiulems de esta forma a ofro documenio

Descripcién adiclonal de cualquler documento anexo
Titulo o tipo de documento:
Fecha del Documento: . Namero de paginas:
Firmante(s) diferente(s) a (los) nombrado(s) amiba:

Capacidad(es) Relvindicada(s) por el {los) firmante(s)
Nombre dal firmante;___
Individuo

Funclonario Corporativo - THulo(s):

0o

Sodla - [1 Limitado OJ General Huela Indice
Abogado de hecho deracho dal firmante

Guendifin o conservador
Otro:

firmanie representa:

a
(]
O Fidelcomisario Parie alta dal dedo aqul |
a
O
El




AUT RIZACI

Genentech, inc. por ia presante autoriza a cualquiera de Janet E. Hasak, Mark T.
Kresnak, Jeffrey S. Kubinec y Thomity R. Schwartz, mientras permanezcan como
empleados de Genentech, Inc., a ejecutar, a su nombre, cualquier solicitud
asociada con presentacién, procesamiento, consecucion, y extension y
mantenimiento de concesion de solicitudes de patente y marca registrada en los
Estados Unidos y palses extranjeros, contratos relaclonados con depésitos
bioléglcos con la Coleccién Americana de Tipo de Cultivo, y cesiones a publicistas
de derechos de autor que cubran los trabajos de autoria de los empleados de

Genentech.
. 27 de Agosto de 2002 (Firma)
. Fechado Sean A. Johnston -
. Vicepresidente, Propiedad Intelectual
Genentech, Inc.
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Apostille

(Convantion de La Hayw du 5 Octobre 1961)
Country: Unlited States of America
This public document:
hag bean signed by Harriet Smith Windsor

acting in the capacliy of Sacretary of State of Delaware

bears the seal/simmp of Offica of Secretary of Siata

W ertified

at Dover, Delaware

tha twenty-fourth day of May, A.D. 2005

by Secretary of Stata, ihlarare Depariment of State
No. 0254030

Seal/Stamp: 10. Signature:

Secretoary of State




- _Delaware .Z)

The First State

I, HARRIET SMITH WINDSOR, SECRETARY OF STATE OF THE STATE OF
DELAWARE, DO HEREBY CERTIFY THE ATTACHED IS A TRUE AND CORRECT
COPY OF THE RESTATED CERTIFICATE OF "GENENTECH, INC.", FILED IN
THIS OFFICE ON THE TWENTY-SECOND DAY OF JULY, A.D. 1999, Aé 9
O'CLOCK A.M.

Harriet Smith Windsor, Secretary of Stata
ADTHENTICATION: 3900384

DATE: 05-24-05

2112549
050426506
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AMENDED AND RESTATED 3 2 |

CERTIFICATE OF INCORPORATION -
GENENTECH, INC.

Geacntech, Inc. (the “Cerporatien”™), a corporation orgenized and existing .
under and by viruue of the Geaeral Corporation Law of tho State of Delaware,

, does hereby smend the Certificate of Incarporstion of the Corporation, which was

origimally filed on December 23, 1986 under the name “Genentech Delaware,
Inc.”, and subsequenty amended.

" ‘The Certificats of Incocpotstion of the Corporation is hereby rostated and
further emendead to read in ils entirety as follows:

ARTICLE1

‘The nama of the Corporstion is: Genentech, Inc.
ARTICLE2

The address of the registered office of the Corporaticn in the Stato of
Delsware is Corporation Service Company, 1013 Centre Road, City of
Wilmington, County of Now Castls, Delaware 19805, The name of Its reglstered
agont st such address ls Corporation Service Company.

ARTICLE3

mm#thbmthno\:m
for which corporations may be arganired vades the Gentral Corporstion Law of
the State of Delaware as the sama exists or may hareaftar be amended (“Delaware
Law™),

STATR OF DELIANARE
SECRETARY OF STATE
DIVISION OF CORPORATIONS |

FILED 09:00 AN 01/22/1999
901302331 - 2112549
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ARTICLE4

SECTION4.01. Capiral Stock. (a) The Corperation is suthoried to issue
two clasves of stoek 16 be designated, respectively, preferred stook and common
stock. The total number of shares which the Corporation is authorized to tssue ia
four hundred million (400,000,000) shares. One hundred million (100,000,000)
shares shall be designated praferred stock, par value 30.02 por share (“Proferred
Stoek™). Timee hondred million (300,000,000) shares shall be designaed

common stook, par valus £0.02 per share ("Commson Stuck™ The Commeon

Stock of the Coxporation shall be all of one olass.
(b) The nizmber ol authurized shares of any class or classes of stock may

" be increased or decressad (but not below the munber of shares thereof thea

outstanding) by the affirmative vote of a majority in voting power of the
outstanding stock of the Corporation enititled to vote thereon irvespective of the
provisions of Section 242(b)(2) of Delaware Law.

Becrion 4.02. Conmumon Siock. () Issuance and Consideration. Any
unlasved or treasury shares of the Common Stock mey be issued for such
considerstion as sy be fixed in accordance with spplicable law from time to
time by the Board of Directors.

() Dividends. Suhi-:tbthlllllmoﬂnldmoﬂhlmw

. the holders of the Common Stock shall be extitied to receive, when snd as

qumamseugouahmdﬂuw'bhhm
by law svailable thersfor, dividends payable sither in cash, in mropexty, orin
shares of stock and the holders of the Prefesred Stock shall not be antitied to
pesticipate in eny such dividends (unleas otharwise provided by the Boand of
Directors in any resolition providing for the issus of a sexies of Preferred Stook).

SECTION 4.03. Preferred Siock.
-[n) Series and Limits of Variarions betwesn Serles. Any wissued or

' treasury shaves of the Prefenred Stock may be lssued from time to thue in ene or

more geries for such consideration as mxy be fixed from time t0 time by the Board
of Directors, Before any shares of Preferred Stock of any particular series shall be
issued, & cextificate shall be filed with the Sacretary of State of Delaware setting
forth the designation, rigits, privileges, restrictions, and conditions to be aitached
to the Prefierred Stoak of sach series and such other matiers as may be roquired,
and the Bosrd of Directors shal] fix and determine, and is hereby expremly
empowered to fix and deterniing, in the menmer provided by law, the perticolars of

ol edginil e nhﬂn

4 2 OCT,




the aharcs of such serles (so fiar as not inconsistent with the provisions of this
Article 4 applicable to all sexios of Preferred Stock), lncllldlnl. but not Jimitsd to,

the following:

(i) the distinctive designation of such sexies and the rmumber of
shares which shall constitute such series, which oumber may be increased
(exoept where otherwise provided by the Board of Directors In crosting
sech series) or deoreased (but act below the number of shares (heveof then
outstanding) from thme to time by like action of the Board of Directors;

() the nnual mte of dividends payable on shares of such series,
the conditions upon which such dividenda shall be payable and the date
flom which dividends shall be cumulative tn the event the Board of
Directors detorminex tha1 dividends shall be comulstive;

(i) whether such perics shall have voting rights, in additien to the
voting rights provided by law and, if sa, the terms of sush voting rights:

(iv) whether such serles shall have conversion privileges snd, if
50, the serms snd conditions of such conviersion, including, but not limited
to, provision for adjustment of the conversion rate upon such ovents s In
. ncl:_mm.ﬂnﬂoudofbinﬂonululldmaﬂnq

~ (v) whether or not the sharcs of such secies ahall be redecmable
and, {f s0, the terms and conditions of such redemption, including the date
ot dates upon or xfter which they shall be redesmable, and the amount per
share paysble in case of redemywion, which amount may vary under
different conditions and at different redemption dates;

(vD whether such sexics shall have a sinking find for the
redemption ar purchass of shares of tha: serias and, if' 50, the terms and
arnount of such sinking fund;

(vii) therights of the shares of such secies in the event of
- vohmtary or involuaiary liquidation, dissolution or winding up of the
Ompmdﬁ.nhnnnmofm if anty, of payment of shares
of that sevies; and

(vid) mny other relative rights, preforences and Hmitations of such




@
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’
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. ARTICLES | ' qu

SecTiON 5.01, Amendment of Bylaws by Direciors. (a) In fixtherance and
not in limitation of the powers conferred by matute, the Board of Direstors is
exprassly suthorized to make, aloer, amend, repeal and rescind the bylaws of the
Corporarion, subject o Sections 5.01 (b) and 5.01(c) hereof.

(b) Sections 2.02, 3.02, 3.03(a), 3.03(b). 3.04, 3.05, 3.14, and 5.05 of the
bylaws may only be altered, amended, repealed, or restinded by the affirmative
vote of holders of capital stock emtitied to vote thereon represcuting more than
60% of the shares entitled to be voted thereon.

(c) Sections 3.03(c) and 3.13 of the bylews may only be altered,
amendcd, repesled, or rescinded by the afficmative voto of holders of capital stock
muﬂedbwtthmmmhumhn%ofﬂnﬂwumﬂdmh
‘voted thereon.

Sacnon 5.02. Amendnent of Certificate of Incorporation. Bection
5.01(b) of this Certificate of Incotporation may only be altercd, amended, -
ropealod, or rescinded by the affirmative vote af holders of capital siock emtitled
to voto thereon representing mare than 60% of the shares entitled to be voted
thereon. Section 5.01(c) and Articles 8 and 9 of this Certificate of T
may anly be altered, mmended, ropealed, or roscinded by tho affimative vote of
holders of capital stook entitied 1o vote thereon representing more than 90% of the
shares antitied to be voted thereon.

ARTICLE 6

Secrion 6.01. Hection of Directors by Holders of Preferred Stock.

_During any period whan the holders of any Preflerred Stock or ey one or more

series thereof, voiing as a clasy, shall be entitied to elect a specified number of

. directors, by reason of dividend streamages or other provislons giving them the

right to do 30, then and duxing such tims as auch right continues (3) the then
otherwise anthorized number of directors shall be Increased by such specified
wumber of directors, and the holders of such Proferred Stock or such seties
thereof, voting as & cless, shall be entitied to elect the additional directars so
provided for, prrsuant to the pxovisions of soch Preferred Stock or sexles; (if) onch
such additional director ahail serve for such term, and have such voting powers, as
shall be statad In the provisions pertaining to such Prefinred Stock or secfes; and
(imwhmvwdnhlmwnymmm«mw“
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divestad of such rights to elect a specified numbor of divectors, voling as a class,

pursuant to the provisions of such Prefesred Stock or scrics, the terms of offics of

afl direciors elected by the holders of such Preferred Stock or series, voting asa

class pursuant 1o such provisions or elested 10 fill any vacancies resulting from the

death, resignation or removal of directors $0 electad by the holdes of such

Prefemed Stock or series, shall forthwith terminate and the authorized aumber of

directons shall be reduced accardingly.

SucTion 6.02. Baliots. Mdﬁmummuwﬂ
meeduofmkhold-:nndmtbsbywdmhllotmdunhbthnfﬁn
Corporation shall provide otherwiss.

SICI'IGN 6.03. Elimimation of Certain Personal Liability qf Directors. (a)
A dircctor of the Corporation shall not be lisble to the Corporation or its

stockholders for monstary damages for breach of Gduciary duty as & director to
the fullest extant permilted by Delaware Law.

(b} Each person (and the heirs, cxooutors or administrators of such
person) who was or is a party or is Gueatened to be made » party to, or is-involved
in any threstened, panding or completsd action, suit or proceeding, whether civil,
criminal, administrative or investigative, by reason of the fact that such person is
or was a director of the Corporstion or is or was serving at the request of the
Corporation as a director of another corporation, partnership, joint venture, trust
or other enteipdse, shall be indemnified and held harmiess by the Corporation to
the fullest extent permittad by Delaware Law. The right to indemnifiestion
conferred in this Section 6.03 shall also include the vight to be psid by the
Corporation the expenses incured in connection with soy such proceeding in
advance of its final disposition to the fullost extept authorized by Delaware Law.
%ﬁﬂuﬁhﬂnﬁﬂuﬁmm ln this Sectlon 6.03 shall be a contract

t

(c) The Corpomation may, by action of its Bosrd of Directors, provids
Indemnification to such of (he officers, enployees and agents of the Corporation
to such extent and to such affect a3 the Board of Directors shall detesine to be
appropriste and suthorized by Delaware Law.

(d) The Corporation shall have power to purchass and maint=in
insurance on behalf of any person who Is or was a director, afficer, employee or
agent of the Cotporetion, or is or was ssving at the requast of the Corporation as
a director, officer, employes or agent of ancther carporstion, partnership, jolnt
Venture, rust or other enterprise against any expense, liability or loss inourzed by
such persun in ey sach capacity or arising ont of his statis asauch, whether or




B megp o w

i
not the Corporalion would bave tho power to indemnify him against such liability
undor Delaware Law.

() The rights and muthority confeered in this Section £.03 shall not be
cxclusive of suty other right which any purson may otherwise have or hercafter -
aoqLiTe. .

(f) Neither the alteration, smendment, repeal ar recission of thiy Section
6.03, nor the adoption of any provision of this Certificate of Incorporstion or the
bylaws of the Corporstion, nor, to the fullest extsnt permitied by Delsware Law,
any modification of law, shall cllminate or redoce the effect of this Section 6.03 in
respect of axy acts or omigyions occurring pror to such alterstion, amendment,
repeal, recission, adoption or modification.

ARTICLE7

SECTION 7.01. Section 203 of Delaware Law. The Corporation hereby
elects nat 10 be governed by Section 203 of Delaware Law.

ARTICLES

Secion 8.01. Relationship With Rocke. 1 snticipation that the
Corporation will ccase to be n wholly owned subsidiary of Roche Holdings, Inc.,

. but that Rochs (a8 dafinec] in S8ecrion 8.05) will remsin & stockhelder of the

Corporstion, and in anticipsation that the Corporation (a3 defined in Section 8.05)
and Boche may engage In the sama ar shnilar activities ar lines of businegs and
have e interest in the same treas of corporate opportunities, and in ecognition of
(1) the bensfits 0 be derived by the Carportion twrough ity continued contractusl,
corporats and business relstions with Roche (including seevioe of officers and
directors of Roche as directors of the Corporation) and (i) the dificulties
attendaut 10 eny director, who destres and eudesvors fully to sstisty such
dixector’s fiduclary duties, In determining the full scope of such duties in any
particular sitmation, the provisions of this Article 8 arv set forth to regulate, define
and guide the condnet of osrtain affiirs of the Corporation as they may involve
Roche and its officers and diroctors, and the powers, rights, duties snd liahitistes




O
of the Corporation and its officers, directors and stockholders in connection therewith. 006 '

Secrion 8.02. Similor Business Activitias. Except as Roche Holdlngs,
Inc. may otherwise agree {n writing, -

() Roche shall ot have a duty $0 refiain from engaging directly or
indirectly in the same or sfmilar business activities or lines of business as the
Corporation, end

(b) neithar Roche nor any officer or director thereof shall he lisble to the
Corporation or its stockholders for breach of any fiduciary duty by reason of any
such activities of Roche or of yuch person's particlpation therein.

In the event that Roche acquires knowledge of a potential transaction or
maiter thut tuay be a corporste opportunity for both Roche and the Corpomation,
Rocha shall have no duty to communicate or offer such corporate opportunity to
the Corporation and shall not be lisble 1 the Corporation ot its stockholders for
breach of any fiduciary duty as a stockhokler of the Corporation or comtrolling
pessan of a stockholder by renson of the fact that Roche pursues or acquires such
corporits opportumity for itself, directs auch corporate opportunity to ancther
persan or entity, or does not communicats information regarding, or offier, such
mmoppcﬂnhyhh(!omanﬂon.

Smcrion 8.03. Corparate Opporttities. In the event that a divector, ' v
officer or employes of the Corporstion who is also s direotor, officer ar employeo -
of Roche acquires knowledgs of & potential transaction or matver that may be a

corpotate opportonity for the Corporation snd Roche (whether such potestial

transaction or matter is proposed by & third-parry ar is conceived of by sch

director, otticer or employee of the Corporation), such director, officer or

employee shall be entitisd to offor such corporate opportuaity to the Corporation”

or Rache as sooh director, olficer or employee deems appropriate under the
mwﬂsnhdlmvﬂmmdmuehdmﬂuambyu

thall be lishie to the Corporation or ira stoekholders for breach of any Sduciary

duty or duty af loyalty or failure 10 a1 in (or not opposed to) the best interests of

the Corporation or the dertvation of sy improper personal benefit by veason of
mﬁuma)mddﬁm.cﬁe-ormﬁnyuomdmhm

oppartunity to Roche (rather than the Corparation) or did not commumicate

information reganding such corporste opportunity to the Corporation ar (if) Roche

pursues ar acquires such corporaie oppartunily far itself or diracts such corporate

opportimity to another porson or does not communicate information regarding

such corporate oppoxtuxity to the Corporstion.

-~




SECTION 8.04. Desmed Consent of Stockholders. Any persem or entity
purchasing or otherwise acquiring any inlerest in any shares of capltal stock of the
Corporation ahall bs deemed to have notice of and 10 have consexted to the
provisions of this Asticle &

SECTION 8.05. De/finitions. For purposes of this Asticle 8 end Asticle 9
only, () the term “Corporation” shall mean the Corporation and all corparations,
parinerships, jolat ventures, associations and other eatties in which the
Corporution benaficially owns (divectly or: ladlrectly) fifty percent or move of the
outstanding voting stock, voting power or similer voting intesests, and (if) the
torm “Rochse” shall mean Roche Holdings, Inc. and all corporations, partaerships,
Joint ventures, assoclstions snd other entilies (other than the Corporation, defined
in accordsnce with clmse () of this Section 8.05) that are “affilintes”™ (as defined
in Rule 12b-2 under the Becuritios Exchange Act of 1934, as amended) of Roche
Holdings, Inc.

SBcTiON 8.06. Termination: Binding Effect. Notwithstanding snything in
this Cextificats of Incorparation to the contrary, the foregoing provisions of this
Article § shall expire an the date that Roche cesscs to own beneficlally Common
Stock ropresenting at least 5% of the number of outstanding shares of Coxnmon
Stock of the Carporation and no person who is a director or officer of the
Corporation is alsa a director or officer of Roche. Neithor such expiration, nor e
alteration, amendment, change or repeal of any provision of tis Article § nor the
adoption of any provision of this Amended and Restated Cartificats of
Incorparation inconsistent with asty provision of this Article 8 shall ellminste or
reduse the effect of Giis Astiels 8 in respest of axy. matter cocurring, or amy csuso
of action, suit or claim that, but for this Articls 8, would asorus or arise, prior to
ﬂchemhlﬁon.dhuﬁm.mdmﬂ.lwulondopﬁon.

Sacrmlfﬂ Article 9, Thpudnouofﬂmﬂ:dr.lelmhdd:ﬂmln
the provisions of Article 9.

AKTICLEY .

S8CTION 9.01. Contracts Not Void, No contmct, agreement, arrangemnant
or trexsaotion (or axy smendmen, mxdification or termination thereof) betwesn
the Cosporstion and Rochs shall be void ar voidable solely for the reason that
Roche is a party thereto, or saloly becsuas say directors or offioers of the
Cotporetion who aie affiliated with Roche are present at or puticipate in the

) -

?
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meeting of the Board of Directors or committes thereof which authorizes the (b%
coniract, agrocment, Arrangement, tmnsaction, amoendment, modification or -

termination ar solely bocmse his or their votes are counted for such purpose, but

any such contact, agresmant, mrangement or transaction (or any amendment,

modification or termination thereof) shall be governed by the provisions of this

Amended and Restated Cortificate of Incorporstion, the Corporation’s Bylaws,

Delaware Law and other applicable law. For purposas of this Article 9, the tarms

the “Corporstion™ and “Roshe” have the meanings set forth In Section 8.05.

SEcTION 9.02. Quorsan. Directors of the Corparation who are also
dircctors or officers of Roche may be counted in determining the presencs of a
quorum sl a meeting of the Board of Direstors or of & committee thet suthotizes
or approves any such contract, agrocment, arangement or transaction {or
amendment, modification or termination thereof). Outstanding shares of Common -
Stook owned by Roche may be countad in detecmining the presence of a quornm
at a meeting of stockholders that muthorizes or approves any such contract,
agreement, arrengement or tansaction (or smendment, modification or
terminstion thercof).

SecTion 9.03. No Liability For Good Faith Actions, Neither Roche nor
apy officer or director thereof shall be lisble to the Coxporation or its stodkholders .
for breach of any Sduciary duty or duty of loyalty or failure to act In (or not
opposed (0) the best intsrests of the Corpomtion ar the derivation of any improper
personal benefit by reason of the fact that Roche or an officer of divector thereof
In good faith takcs any action or exercises any rights or gives or withholds any
consent in conncotion with, eny agresment or oontract betwoen Rochs and the
Corporazion. No vote cast or other action taken by any person who is an officer,
director or other representative of Roche, which voos is cast or action is taken by
such person in his capacity as a director of this Corporation, shall constitate an
Mdummdnmw“nmdmm&hmdw
such agreement or contract.

SECTION 9.04. Deswmd Consant by Stockholders. Any person or antity
purchasing or otherwise aequiring sny interest in any shares of capjtal stock of the
Corporarion shall be deamed to have notice of and w0 have consented to the
provisions of this Article 9.

SECTION 5.05. Contracts Coversd. For purposes of this Article 9, any
confiract, agreement, srrangement or trasaction with the Covporation or any
corpomation, partaership, joint venture, sssoclation or other entity in which the
Corporation beneficlally owns (divectly or indiraetly) fifty percent ar more of the
outstanding voting stock, voting power or similer voling interesty shall be deemad
mbeneomu.lmnt.lmnymnorwvﬂﬁd\a&wdm.

Be In Motarly Cogrents da wie
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SECTION 9.06. Binding Effecs. Nefther the alteration, smendment, change %ﬁ
or repeal of any provision of this Article 9 nor the sdoption of any provision 9
Inconglstent with any provision of this Articie 9 shall eliminate or reduco the

effect of this Articls 9 in respect of any maiter coouzing, or sy cause of aclion,

sult or claim that, but for this Articlo 9, wiould accrus ar arise, prior to such

alteration, amendment. change repeal or adoption.

SECTION 9.07. Article 8. The provisions of this Asticle 9 arc In addition to
the provisions of Article 8,




TN WITNESS WHERREOF, this Amended and Rostated Certificate of 3
Incorporation, having been duly adopted in accordance with Sections 242 and 245
of the Geacral Corpatstion Lew of the State of Delsware and by the wrilten

consent of the yole stockholder of the Corporation in accordance with Section 228

of the General Corporation Law of the State of Delaware, has been exsculed this
22nd day of July, 1999.

GENENTECEH, INC.

By: /a/ Jisphen G. Jusiagsexd

Name: Stophsn G. Fuclegaard

Tide: Senior Vico President,
General Connsel and Secretary
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" TRADUCCION AL ESPARNOL del Certificado de Incorporacidn de Genentech, Inc. (535

APOSTILLA
(Convencién de La‘Haya del 5 de Octubre de 1861)

1. Pals: Estados Unidos de América
Este documento publico

2. ha sido firmado por Harriet Smith Windsor ;

3. actuando en capacidad de Secretaria de Estado de Delaware
lleva el selloftimbre de la Oficina del Secretario de Estado

Certificado

5. en Dover, Delaware

6. el veinticuatro de mayo, A. D. 2005

7. por el Secretario de Estado, Departamento de Estado de Delaware
8. No. 0254030

9. Sello/timbre 10. Fima

Harriet Smith Windsor (Firma)
Secretaria de Estado




DELAWARE
El. PRIMER ESTADO

YO, HARRIET SMITH WINDSOR, SECRETARIA DE ESTADO DEL
ESTADO DE DELAWARE, CERTIFICO POR LA PRESENTE QUE EL ANEXO ES
UNA COPIA AUTENTICA Y CORRECTA DEL CERTIFICADO VUELTO A
REDACTAR DE "GENENTECH, INC", PRESENTADO EN ESTA OFICINA EL‘
VIGESIMO SEGUNDO DIA DE JULIO, A. D. 1999, A LAS 8 EN PUNTO DE LA
MARANA.

Harrjet Smith YWindsor (Firma)
Harriet Smith Windsor, Secretaria de Estado
AUTENTICACION: 3900384

FECHA: 05-24-05



CORREGIDO Y VUELTO A REDACTAR
CERTIFICADO DE INCORPORACION
GENENTECH, INC.

_ %%

. Genentech, inc (la “Corporaclén”), una corporacién oréanlzada y existente
bajo y por virtud de la Ley General de Corporacién del Estado de Delaware, por la
presente corrige el Certificado de Incorporacién, el fue presentado originalmente el
23 de diciembre de 1986, bajo el nombre “Genentech Delaware, Inc.®, y corregido
subsiguientemente.

Por la presente se vuelve a redactar el ceriificado de incorporacién de Ia
Corporacién y se corrige aun méds para que diga en su totalidad lo que sigue:

ARTICULO 1
El nombre de la Corporacién es: Genentech, Inc.
ARTICULO 2

La direccién de la oficina registrada de la Corporacién en el Estado de
Delaware es Corporation Service Company, 1013 Centre Road, Ciudad de
Wilmington, Condado de New castie, Delaware 16805. E! nombre de su agents
registrado en tal direccién es Corporation Service Company.

ARTICULO 3

El propdsito de a Corporacién es el de participar en cualquier acto o
actividad legal para las cuales |as_corporaciones pueden ser organizadas bajo la
. Ley General de Corporacién del Estado de Delaware como existe o puedg sa
modificada 1a misma en adelante ("Delaware Law").

ARTICULO 4

l

SECCION 4.01. Acciones de Capital. (a) la Corporacién estd autorizatisrs
emitir dos clases de acciones que deben designarse, respectivamente, acciones
preferenciales y acciones comunes. El nimero total’ de acciones que la
Corporacion esta autorizada a emitir es de cuatrocientos miliones (400,000,000)
de acciones. Cien millones (100,000,000) de acciones serén designadas acciones
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., Genentech, Inc (la “Corporaclén”), una corporacidn organizada y existente
bajo y por virtud de la Ley General de Corporacién del Estado de Delaware, por la
presente corrige el Certificado de Incorporacién, el fue presentado originaimente el

23 de diclembre de 1986, bajo el nombre “Genentech Delaware, Inc.”, y comegiio
subsiguientemente.

Por la presente ae vuelve a redactar el certificado de Incorporacién de la
Corporacién y se corrige aun méas para que diga en su totalidad lo que sigue:

ARTICULO 1
El nombre de la Corporacion es: Genentech, Inc.
ARTICULO 2

La direccién de la oficina registrada de la Corporacién en el Estado de
Delaware es Corporation Service Company, 1013 Centre Road, Ciudad de
Wilmington, Condado de New castle, Delaware 18805. El nombre de su agents
reglstrado en tal direccion es Corporation Service Company.

ARTICULO 3

El propédsito de a Corporacién es el de participar an cualquier acto o
actividad legal para las cuales las corporaciones pueden ser organizadas bajo |
Ley General de Corporacién del Estado de Delaware como existe o pued
modificada la misma en adelanta ("Delaware Law").

ARTICULO 4

SECCION 4.01. Acciones de Capital. (a) la Corporacion estd autorizikia a
emitir dos clases de acciones que deben designarse, respectivaments, acciones
preferenclales y acciones comunes. El numero total de acciones que la
Corporacion esta autorizada a emitir es de cuatrocientos millones (400,000,000)
de acciones. Cien millones (100,000,000) de acciones serdn designadas acclones
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" particularea de las acciones de tal serle (slempre y cuando no sean inconsistentes

con las condiciones de este Articulo 4 aplicables a todas las series de Acciones %@

Preferenciales), incluyendo, perv sin limitarse a, las sigulentes:

(i) la designacion distintiva de tal serie y el nimero de las
acciones que han de constituir tal serie, numero que puede incrementarse
(excepto cuando lo determine de otro modo la Junta Directiva al crear tal
serie) o reducida (psro no por debajo del nimero de accionas de [as
mismas que estdn vigentes) cada cierto tiempo por una accién semejante
de la Junta Directiva;

(i) latasa anual de dividendos a pagar sobre las acclones de tal
serie, las condiciones sobre las cuales se pageardn tales dividendos y le
facha a partir de la cual los dividendos serdn acumulativos en el evento que
la Junta Directiva determine que los dividendos serdn acumulativos;

(i) si la serie tendrd o no derechos de voto, ademés de los
derechos de voto provistos por la ley, y de ser asl, los términos de fales
derechos de voto;

(lv) si tal serie tendra o no privilegios de conversién y, de ser asl,
los términoe y condiciones de tal conversidn, incluyendo, pero sin estar
limitado a, la condicion para ajuste de la tasa de conversién en tales
eventos y de tal forma como la Junta Directiva lo determine;

(v) silas acciones de tal serie serdn o no redimibles y, de ser asl,
los términos y condiciones de tal redencién, incluyendo la fecha o fechas en
Ias cuales o después de las cuales pusden ser redimibles, y la cantidad a
pagar por accién en caso de‘fedencién, cantidad que variard bajo diferentes
condiciones y en diferentes fechas de redencidn;

(vl) sital serle tendrd o no un fondo de inversién para la redencién
o compra de acciones de esa serie y, de ser asl, los tdrminos y la cantidad
de tal fondo de inversion;

{vil) los derechos de las acciones de tal serien caso de una
liguidacion, disolucién o cierre voluntaria o involuntaria de la Corporacién, y §




los derechos relativos de prioridad, de haber, de pago de acclones de esa
serie; y

(viii) cualquier otro derecho relativo, preferencia y limitacién de tal
serie.

ARTICULO 5

SECCION 5.01. Enmiendas a los estalutos por los Direciores. (a) En

adicion y no limitando ios poderes conferikdos por estatutos, la Junta Directiva esta -

expresamente autorizada para hacer, alterar, enmendar, rechazar y rescindir los
estatutos de la Corporacién, sujetos a las secclones 5.01(b) y 5.01(c) a
continuacién.

(b) Las secciones 2.02, 3.02, 3.03(a), 3.04, 3.05, 3.14 y 5.08 de los
estatutos solo pueden alterarse, enmendarse, repelerse, o rescindirse por el voto
afimativo de los accionistas de capital con derecho a votar las mismas que
represenien més de! 60% de las acciones con derecho a votar las miamas.

(c) Las secciones 3.03(c) y 3.15 de ios estatutos solo pueden ser alteradas,
enmendadas, repelidas, o rescindidas por le voto afirmativo de los accionistas de
capital con derecho a votar las mismas que representen més del 90% de las
acciones con derecha a votar las mismas.

o

SECCION 5.02. Enmienda del Cerlificado de Incorporacién. La seccién
5.01 (b) de este Certificado de Incorporacién solo puada ser alterada, enmendada,
repelida, o rescindida por el voto afimativo de ios accionistas de capital con
derecho a voto sobre la misma que representen a mas del 60% de las acclones
con derecho a votar la misma. La“seccion 5.01(c) y loa Articulos 8 y 9 de este
Certificado de Incorporacién solo pueden alterarse, enmendarse, repelerse, o
rescindirse por el voto afimativo de los accionistas de capltal con derecho a votar

la misma que representen més del 80% de las acciones con derecho a votar la
misma.

ARTICULO B

SECCION 6.01. Eleccién del Directorio por los Accionistas de Accién
Preferencial. Durante cualquier periodo cuando los accionistas de cualquier
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" gecién preferencial cualquiera de una o més seres de las mismas, que voten

como una clase, tengan derecho a elegir un nimero especifico de directores, por
razén a atrasos en los dividendos u ofras condiciones que les dan el derecho a
hacer!o, entonces y durante el tiempo que continiie el derecho (i) el nimero de
directores autorizado de otro modo seré incrementado por tal nimero de directores
especificado, y los acclonistas de tales Acclones Preferenciales o tales serles de
las mismas, que votan como una clase, tendrdn derecho a elegir los directores
adicionales para lo que se provee, de acuerdo con las condiciones de tales
Acciones Preferenciales o series; (ii) cada uno de tales directorss adicionales
sarvira durante tal termino, y tendra tales poderes de voto, como se han de otorgar
en las provisiones pertinentes a tales Acciones Preferenciales o series; y (li)
slempre que los accionistas de cualquiera de tales Acciones Preferenclales o
series de las mismas estdn desprovistos de tales derechos a elegir un nimero
especlfico de directores, votando como clase, de acuerdo con las condiclones de
tales Acciones preferenciales o series, loa tdrminos de oficlo de todos los
directores elegidos por los accionistas de tales Acciones preferenciales o series,
que votan como clase, de acuerdo con las condiciones o elegidos para llenar
cualquier vacante resultante de la muerts, renuncia o remocién de directores asl
elegidos por los acclonistas de tales Acciones Preferenciales o series, terminarén
en adelanta y el nimero autorizado de directores seré reducido en concordancia.

SECCION 6.02. Votacionss. Las elecciones de directores en una reunién
anual o especlal de accionistas necaesaria no seran por votos escritos a menos que
los estatutos de ia Corporacién digan lo contrario.

SECCION 8.03. Eliminacién de clerta responsabilided personal de los
direcfores. (a) Un director de la Corporacién no serd responsable ante Ia
Corporacién o sus accionistas por dafios monetarics por violacién del 'deber
fiduciario como director hasta dondé lo permita la Ley de Delaware.

(b) Cada persona (y sus herederos, ejecutores ¢ administradores de tal
persona) quien fue o es una parie o esta amenazado de ser parte de, o esta
involucrado en cualquiar accién, demanda o proceso amenazado, pendiente, o
completado, ya sea civil, criminal, administrativo o Investigativo, por razén del
hecho de que esa persona es o fue un director de la Corporacién o es o estaba
sirviendo por solicitud de la Corporacién como un director de otra corporacién,
sociedad, sociedad de rlesgo compartido, fidelcomiso u otra empresa, serd
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permita la Ley de Delaware. El derecho a la indemnizacién concedido en esta
seccién 6.03 también debe incluir el derecho a que la Corporacion le pague los
gastos incurridos en conexién cuna cualqulera de tales procesos por adelantado
de su decision final hasta donde los autoriza la Ley de Delaware. El derecho a
indemnizacién conferido en esta seccién 6.03 serd un derecho contractual.

(c) La Corporacién puede, por accién de su Junta Directiva, proporcionar
indemnizaciéon a tales funcionarios, empleados y agentes de la Corporacidn hasta
tal punto y a tal efecto como lo determine apropiado la Junta Directiva y lo autorice
Ia Ley de Delaware.

(d) La Corporacién tendrd el poder de comprar y mantener un seguro a
nombre de cualquier persona quien es o fue director, funclonario, empleado o
agents de la corporacidn, o esta o estuvo en servicio por pedido de la Corporacién
como director, funcionario, empleado o agente de otra corporacién, saclaedad,
sociedad de rieago compartido, fideicomiso u otra empresa contra cualquier gasto,
responsabilidad o pérdida incurrida por tal persona en cualquier capacidad o que
surge de su estado como tal, ya sea si la Corporaciotn tiene o no el poder de
indemnizario contra tal responsabilidad bajo la ley de Delaware.

(e) Loa derechos y autoridad conferidos en esta Seccién 6.03 no serén
exclusivos de ningdn otro derecho el cual cualquier otra persona pueda tener o
adquirir de aqul en adelants.

(f) Ni la alteracién, enmienda, rechazo o rescisioén de esta Seccidn 6.03, ni
la adopcidn de ninguna condicién de este Certificado de Incorparacién o de los
Estatutos de la Corporacién, ni, hasta donde lo permmite la Ley de Delaware,
ninguna modificacién de la ley, debe eliminar o reducir el efecto de esta Secclén
6.03 respecio a ninguno de los -dctos u omisiones que ocuman antes de tal
alteracién, snmienda, rechazo, rescision, adopcién o modificacion.

ARTICULO 7

SECCION 7.01, Seccidn 203 de /a Ley de Delaware. Por la presente la
Corporaclon elige no ser gobemada por la Seccién 203 de la Ley de Delaware.

24
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ARTICULO B

SECCION 8.01. Relacién con Roche. Anticipandose a que la Corporacién
cese de ser un subsidiaria completamente de propledad de Roche Hoklings, inc.,
pero que Roche: (como se define en Ia secclén 8.05) permanezca siendo un
acclonista de la Corporacién, y anticipdndose a que la Corporacién (como se
define en la Seccién 8.05) y Roche puede entrar en actividades o Iineas de
negoclos semejantes o simllares y tener un interés en las mismas édreas de
oportunidades corporativas, y en reconocimiento de (i) los beneficios a ser
derivados por la Corporacibn a trevés de sus relaciones contractuales,
corporativas y de negocios ton Roche (Incluyendo el serviclo de funcionarios y
directores de Roche como directores de la Corporacion) y (ii) las dificultades
concomitantes a cualquier director, qulen desea y se propone satisfacer
completamente tales deberes fiduclarios del director, al determinar el alcance
completo de tales deberes en cualquier situacién particular, 'as condiciones de
este articulos 8 se establecen para regular, definir y guiar la conducta de clertas
cuestiones de la Corporacién ya que pueden Involucrar a Roche y sus funcionaros
y directores, y los poderes, derechos, deberes y responsabilidades de la
Corporacién y sus funcionarios, directores y acclonistas en conexién con éste.

SECCION 8.02. Actividades en Negocios Similares. Excepto que Roche
Holdings, Inc. pueda de otra forma acordarlo por escrito,

(a) Roche no tendré el deber de abstenerse de entrar directamente o

indirectamente en actividades de riegocios o lineas de negoclios semejantes o

simllares a lae de la Corporacién, y

(b) ni Roche ni ninguno de sus funclonarlos o director de la misma seré
responsable a la Comporacion o sus-“acclonistas por violar cualquier deber fiduciario
por razén de alguna de tales actividades de Roche o de la participacién de tal
persona en las mismas.

En el evento que Roche adquiera conocimientos de una transacclén o
materia potencial que pueda ser una oportunidad corporativa tanto para Roche
como para la Corporaclén, Roche no tendrd el deber de comunicar u ofrecer tal
oportunidad corporativa a la Corporacibn y no serd responsable ante Ia
Corporacién o sus accionistas por violar ningin deber fiduciario como acclonista
de la Corporaclén o la persona que controla a un-accionista por razén del hach
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" que Roche prosigue o adqulere tal oportunidad corporativa para si misma, dirige

tal oportunidad corporativa a otra persona ¢ entidad, o no comunlea informacion
respecto, u ofrece, tal oportunidad corporativa a la Corporacién.

SECCION 8.03. Oportunidades Corporativas. En el evento que un director,
funcionario o empleado de la Corporacién quien tamblén es director, funclonario o
empleado de Roche adqulera conocimiento de una transaccidén o materia potencial
que pueda ser una oportunidad corporativa para la Corporacién y Roche (ya se si
esta transaccién o materia potencial es propuesta por un tercero o es concebida
por tal director, funcionario o empleado de ia Corporacién o no), tal director,
funcionario o empleado debe tener el derecho a ofrecer tal oportunidad corporativa
a la Corporaclén o Rache como tal director, funclonario o empleado los considere
aproplado bajo las circunstancias de su discracion, y tal director, funcionario o
empleado no seréd responsable a la Corporacién o sus acclonistas por violar
ningun deber fiduciario o deber de lealtad o faltar en actuar en (o no oponerse a)
los mejores intereses de la Corporaciéh o la derivacibn de ningin bensficio
personal inaproplado por razén del hecho que (i} tal director, funcionario o
empleado ofrecld tal oportunidad corporativa a Roche (en lugar de a la
Corporaclén) o no.comunicéd informacién respecto a tal oportunidad corporativa a
la Corporacién o (i) Roche busca o adquiere tal oportunidad corporativa para sl
misma .o dirige tal oportunidad corpomativa a otra persona o no comunica
informaclén respecto a tal oportunidad corporativa a la Corporacién,

SECCION 8.04. Consentimiento estimado de los accionisias. Se
considerard que cuaiquier persona o entidad que compre ¢ de otro modo adquiera
algan interés en cualquiera de las acciones de capital de la Corporacién ha tenido
noticia o ha estado de acuerdo con las condiciones de ests Articulo 8.

SECCION 8.05, Definicione§. Para propdsitos de este Articulo 8 y el
Articulo 8 solamente, (i) el término “Corporacién” debe significar la Corporaclén y
todas las corporaciones, sociedades, sociedades de riesgo compartido y otras
entidades en las cuales la Corporacién posee con beneficio (directa o
indirectamente) cincuenta por ciento 0 més de las acciones con voto, poder de
voto o Intereses de voto similares, y (ii) el tdrmino “Roche” dabe significar Roche
Holdings, Inc y todas las corporaciones, sociedades, sociedades de resgo
compartido, asociaciones y ofras entidades (diferentes a la Corporacion, definida

de acuerdo con la cléusula () de esta seccldn 8.05') que son “afiliados” (como ee '




" define en la Regla 12b-2 bajo el Acta de Intercambio de Valores de 1834, como

se enmendd) de Roche Holdings, Inc.

SECCION 8.08, Finalizacién: Efecto Obligante. Son conelderacién con
nada en esie Certificado de Incorporacidn que lo contradiga, las condiclones
anteriores de este Articulo 8 deberin expirar en la fecha que Roche cese de
poseer con beneficlos Acciones Comunes gue representen al menos 5% del
nimero de acciones vigentes de las Acciones Comunes de la Corporacion y nadle
que se director o funclonario de la Corporacién sea también director o funcionario
de Roche. NI tal vencimiento, nl la alteracién, enmienda, cambio o rechazo de
alguna de las condiciones de este Articulo 8 asl como tampoco ninguna condicién
de este Certificado de Incorporaclién Enmendado y Vuelto a Redactar
inconsistente con alguna de las condiciones de este Articulo 8 eliminard o reducird
el efecto -de este Articulo B respecto a cualquier materia, o cualquier causa de
accién, demanda o reclamo que, excapto por este Articulo 8, pueda acaecer o
surgir, antes de tal vencimiento, alteracién, enmienda o adopclén.

SECCION B8.07. Arfculo 9. Las condiclones de este Articulo son
adicionales a las condiclones del Articulo B.

ARTICULO ®

SECCION 8.01. Coniralos no nulos. Ningan contrato, acuerdo, ameglo o
transaccion (o cualquier enmienda, modificacién o finalizacién de los mismos)
entre la Corporacién y Roche sera nulo u anulabie solamente por razdén de que
Roche es parte del mismo, o solamente porque cualquiera de los directores o
funcicnarios de la Corporacion quienes estdn afiliados a Roche estin presentes en
o participan en la reunién de la Junta Directiva o comité de la miama que autoriza
el contrato, acuerdo, arreglo, transdccién, enmienda, modificacién o finalizacién o
solamente porque su o sus votos se cuentan para tal propdsito, pero cualquiera de
tal contrato, acuerdo, armeglo o transaccidn ( o cualquier enmienda, modificaclén o
finalizacién del mismo) estara gobemado por las condiciones de este Cerificado de
Incorporacién Enmendado y vueito a Redactar, los Estatutos de la Corporacion, la
Ley de Delaware y otras leyes aplicables. Para propésitos de este Articulo 8, los

términos "Corporacidén® y "Roche” tienen los significados establecidos en
Seccién 8.05.




SECCION 9.02. Quérum. Los Directores de la Corporacidn que son
también directores o funclonarios de Roche pueden contarse al determinar la
presencia de un gquérum en una rauniﬁn de la Junta Directiva 0 de un comité que
autoriza o aprueba cualquiera de tal contrato, acuerdo, arreglo o transaccién (o
cualquler enmienda, modificacion o finalizacién del mismo). Las acclones vigentes
de las Acclones Comunes de propledad de Roche pueden contarse al determinar
la presencia de un quérum en una reunién de acclonistas que autorice o apruebe
tal contrato, acuerdo, amreglo o transaccién (o cualquler enmienda, modificaclén o
finallzaclén del mismo).

SECCION 9.03. No responsabilidad por acciones de buena fe. Ni Roche ni
ningln funclonario o director de la misma eerd responsable ante la Corporaclén o
sus accionistas por violar cualquiera de los deberes fiduclarios o deberes de
lealtad o por fallar en actuar en (0 no oponerse a) los mejores Intereses de la
Corporacién o por derivacién de cualquier beneficio parsonal por razén del hecho
que Roche o un funcionario o director de [a misma de buena fe tome cualquler
accién o ejerza cusiquier derecho o de o retenga cusalquier consentimiento en
* conaxldn con cualquier acuerdo o contrato entre Roche y la Commﬁén. Ningdn
voto dado u otra acclén tomada por cualquler persona que es un funcionario,
director o representante de Roche, donde el voto o accién es tomado por tal
persona en su capacidad como director de esta Corporacion, constituird una
accién de o el ejercicio de un derecho o un consentimiento de Roche para los
propdsitos de cualquiera de tal acuerdo o contrato.

SECCION 9.04. Consentimiento estimado de los accionistes. Se
considerard que cualquier persona o entidad que compre o de otro modo adquiera
algin interés en cualqulera de las acciones de capital de la Corporacién ha tanido
noticia o ha estado de acuerdo con las condiciones de este Articulo 9.

-~

SECCION 9.05. Contralos cubierfos. Para propéeitos de este Articulo 9,
cualquier contrato, acuerdo, arreglo o transaccién con la Corporacién o cualquier
corporaclén, sociedad, socledad de riesgo conjunto, asociacién u otra entidad en
la cual la Corporacién posee con beneficio (directa o indirectaments) el cincuenta
por ciento o mas de las acciones con voto, poderes de voto o intereses de voto
similares vigentes se conskierard un contfrato, acuerdo o transaccién con la
Corporacion.




.

SECCION 9.06. Efecfo obligants. Ni la alteracién, enmienda, cambio o
rechazo de alguna de las condiciones de este Articulo 9 nl la adopcién de alguna
condicién inconsistente con cualquier condicin de este Articulo 9 eliminard o
reducird el efecto de este Articulc 8 respecto a cualquler materia que ocurma, ©
cualquier causa de accién, demanda o reclamo que, a no ser par este Articulo 8,

pueda acaecer o surgir, antes de tal alteracién, anmienda, cambio, rechazo o
adopcion.

SECCION 9.07. Arifculo 8. Las corndiciones de esta Articulo 8 son
adicionales a las condiclones del Artlculo 8.

EN TESTIMONIO DE LO CUAL, este Cerlificado de Incorporacién
Enmendado y vuelto a Redactar, el cual ha sido adoptado de acuerdo con las
secclones 242 y 245 de la Ley General de Corporacién del Estado de Delaware y
por consentimiento escrito de el Gnico accionista de la Corporacién de acuerdo

con la seccién 228 de Ley General de Corporacion del Estado de Delaware, ha
sldo ejacutado este 22 de Julio de 1988,

GENENTECH, INC.
Por: /s/ Stephen G. Juelsgaard
Nombre: Stephen G. Juelsgaard
Tltulo: Vicepresidents

Consejo General y Secretaria
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I, HARRIET SMITH WINDSOR, SECRETARY OF STATE OF THE STATE OF
DELANARE, DO HEREBY CERTIFY THE ATTACHED IS A TRUE AND CORRECT
COPY OF THE CERTIFICATE OF AMENDMENT OF "G.EHE'NTECH, INC.", FILED

IN THIS OI-:TICE ON THE FIFTEENTH DAY OF MAY, A.D. 2000, AT 5
O'CLOCK P.M.

~
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Harriat Smith Windsor, Secratary of Stata
AUTHENTICATION: 3900385
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050426506 DATE: 05-24-05
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Genentech, Inc. a corporation organized and mstmg under and by virtue of the General
_Corporation Law of the Statc of Dcluwarc

CERTIFICATE OF AMENDMENT
OF AMENDED AND RESTATED
CERTIFICATE OF INCORPORATION

DOES HEREBY CERTIFY:

FIRST: That at 8 meeting of the Board of Directors of Genentech, inc. resolutions wero duly
adopted setting forth a proposed amendment of the Amended and Restated Certificate of
Incorporation of said corporstion, declaring said amendment to be advisable and calling a
meeting of the stockholders of said corporation for consideration thereof. The resolution setting
forth the proposed amendment is as follows:

RESOLVED, that the Amended and Restated Certificate of Incorpomtion of this corporation be
amended by changing “Section 4.01(s)” of Lhe Article thereof numbered “4” so that, as amended,
said Section of said Article shall be and read as follows:

“Section 4.01. Capital Stock. (a) The Corporation is authorized to issuc
two classes of stock to be designated, respectively, prcfelred stock and.common
stock. The total number of shares which the Corporation is autharized to issus is
scven hundred million (700,000,000) shares. One hundred million (100,000,000)
shares shall be designated preferred stock, par value $0.02 per share (“Preferred
Stock™). , Six hundred million {600,000,000) shares shall ba designated common
stock, par value $0.02 per share (*Common Stock™). The Common Stock of the
Corporation shall be all of one class.”

SECOND: That thereafter, pursuant to resolution of its Board of Directory, the regular meeting
of the stockholders of said corporation was duly called and held upon notice in accordance with
Section 222 of the General Corporation Law of the State of Delaware at which meeting the
necessary number of shares as required by statute were voted in favor of the amendment.

THIRD: That said amendment was duly adopled in accordance with the provisions of Section
242 of the General Corporation Law of the State of Delaware.

FOURTH: ‘I'haf the capila] of said corporation shall not be reduced under or by reason of said
amendment.

IN WITNESS WHEREOQF, said Genentech, Inc. has cuused this Certificate of Amendment to be
signed by Stephen G. Juelsgasrd, an Authorized Otficer, this 15th day of May, 2000,

GENENTECH, INC.
oy [l N eeaboge
Nmne Stephen Q. Juelsgeard

Title: Senior Vice President, Genecal Counsel
and Scorctary

T34 |




TRADUCCION AL 'ESPANO.L del Certificado de Incorporacién de Genentach, Inc.

APOSTILLA )
(Convenclén de LaHaya del § de Octubre de 1961)

" 1.  Pals: Estados Unidos de América
Este documento publico
2. ha sido firmado por Harriet Smith Windsor
3. actuando en capacidad de Secretaria de Estado de Delaware
4.  lleva el sallo/timbre de la Oficina del Secretario de Estado

Certificado

an Dover, Delaware
el veinticuatro de mayo, A. D. 2005

por el Secretario de Estado, Departamento de Estado de Delaware
No. 0254031

Sello/timbre 10. Fima

o
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Harriet Smith Windsor (Firma)
Secretaria de Estado

\\




DELAWARE —(4-2-7/

EL PRIMER ESTADO

YO, HARRIET SMITH WINDSOR, SECRETARIA DE ESTADO DEL
ESTADO DE bELAWARE, CERTIFICO POR LA PRESENTE QUE EL ANEXO ES
UNA COPIA AUTENTICA Y CORRECTA DEL CERTIFICADO VUELTO A
REDACTAR DE "GENENTECH, INC", PRESENTADO EN ESTA OFICINA EL
DECIMOQUINTO DIA DE MAYO, A. D, 2000, A LAS 5§ EN PUNTO DE LA TARDE.

Harlet Smith Windsor (Firma)
Harriet Smith Windsor, Secretaria de Estado
AUTENTICACION: 3800385

FECHA: 05-24-05



CERTIFICADO DE ENMIENDA DEL
CERTIFICADO DE INCORPORACION
CORREGIDO Y VUELTO A REDACTAR

Genentech, Inc. una corporacién organizada y existente bajo y por virtud de la Ley
Genera! de Corporacién del Estado de Delaware.

CERTIFICA POR LA PRESENTE:

PRIMERO: Que en una reunién de la Junta Diractiva de Genentech, Inc. se
adoptaron debidamente restluciones que establecen una enmienda propuesta del
certificado de Incorporacion Corregido y vuelto a Redactar de dicha corporacién,
declarando dicha enmienda como aconsejable y llamando a una reunién de
accionistas de dicha corporacién pam conslderacion de la misma. La resolucién
astablece la enmienda propuesta de |la sigulente manera:

RESUELVE, que el Certificado de Incorporaclén Corregido y vuelto a Redactar de
esta corporacion se enmiende cambiando “la Seccién 4.01(a)" del Articulo alll
numerado “4" tal que, como ee enmienda, dicha Seccidn de dicho Articulo se lea
de la siguiente manera:

SECCION 4.01. Acciones de Capltal. (a) la Corporacion estd
autorizada a emitir dos clases de acciones que deben designarse,
respectivaments, acciones preferenciales y acciones comunes. El
namero total de acciones que la Corporacion esta autorizada a emitir
es de setecientos millones (700,000,000) de acciones. Cien millones
(100,000,000) -de acciones serin designadas acciones
preferenciales, por un valor de $0.02 por acclén ("Acclén
Preferencial”). Seisciento8 millones {(800,000,000) de acclones
serén designadas acciones comunes, por un valor de $0.02 por
accién ("Acclé6n Comin®). La acclén comin de la Corporacién serd
toda de una misma clase.

SEGUNDO: Que por lo tanto, de acuerdo con la resoluclén de su Junta Directiva,
la reunioén ordinaria de accionistas de dicha corporacién se convocd debidamente
y se sostuvo al ser anunciada de acuerdo con la seccién 222 de la Ley General de
Corporacion del Estado de Delaware, en donde el niimero necesario de acciones
requerido por los estatutos votaron a favor de la enmienda.




e

TERCEROQO: Que dicha enmienda se adopté debidamente de acuerdo con lo

previsto en la Seccién 242 de la Ley General de Corporacién del Estado de /566(
Delaware.

CUARTO: Que el capltal de dicha corporacién no sera reducido bajo o por razén
de dicha enmienda

EN TESTIMONIO DE LO CUAL, dicha Genentech, Inc. ha causado este
Certificado de Enmienda para que sea firnado por Stephen G. Juelsgaard, un
Funcionario Autorizado, este 15 de Mayo de 2000.

GENENTECH, INC.

Por: (Firma)

Nombre: Stephen G. Juelsgaard

Titulo: Viceprasidents, Consejo
y Secretaria General.

Bn la Motasty Copranty 3
laprasamte otopts oo o O
o el o 10 bty g ol
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- - Apostille

(Convention deo La Haye du 5 Octabre 1961)
1. Country: United States of America
This public document:
2. bag been signed by Harriaet Smith Nindsor

3. acting in the capacity of Secretary of State of Delaware

4. Dbears tbe seal/stamp of Office of Secretary of State

ertified

“ 5. at Dover, Dalawvaxs
6. the twanty-fourth day of May, A.D. 2005
7. Dby Secretary of State, Delaware Department of State

8. No. 0254033

9. Seal/Stamp: 10. Signaturae:
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The First State-

I, HARRIET SMITH WINDSOR, SECRETARY OF STATE OF THE STATE OF
DELANARE, DO HEREBY CERTIFY THR ATTACHED IS A TRUE AND CORRECT
COPY OF THE CERTIFICATE OF AMENDMENT OF "GENENTECH, INC.", FILED

IN THIS OFFICE ON THE SIXTEENTH DAY OF APRIL, A.D. 2004, AT 7:39
O'CLOCK P.M.

R OTHENTTCATION . 3300387

2112549

050426506 TREIENE . DATE: 05-24-05
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CERTIFICATE OF THIRD AMENDMEN MRV 040281669 - 2112549 FOIX

OF AMENDED AND RESTATED
CERTIFICATE OF INCORPORATION

Genentech, Inc., s corporation ommud and existing under and by virtue of
Corporation Law of the State of Delaware,

DOES HEREBY CERTIFY: ‘

FIRST: That at n meeting of the Board of Directors of Genentech, Inc. resolutions were duly
adopted setting forth a proposed amendment of the Amended and Restated Certificate of
Incorporation of said corporation, declaring said amendment to be advisable and calling a
meeting of the stockholders of said corporation for consideration thereof. The resolution setting
forth the propased amendment is as follows:

RESOLVED, that the Amended and Restated Certificate of Incorporsation of this corporation be
amended by chunging “Section 4.01(a)"” of the Article thereof numbered “4” 3o that, as amended,
snid Section of sald Articlc shall be and read as follows:

Section 4.01. Capital Stock. (a) The Corporation is suthorized 1o issue two chassss of stock to be
designated, regpootively, prefisyed sfock and comman stock. The 1ogel nomber of shares which the
Corpomtion Is suthorized to Isane is three billion ope hundred million (3,100,000,000) shares. One hondred
million (100,000,000) shares shall be designated preferred stock, par valus $0.02 per share ("Prefarred
Stock"). Three billion (3,000,000,000) chares shail be designated common stock, par valve $0.02 per share
("Common Stock”). The common siock of the Corporation shall be alt of one class.

SECOND: That thereafter, pursuant to resolution of iis Board of Directors, the rogular meeting
of the stockholders of said corparation was duly called and held upon notice in accordance with
Section 222 of the General Corporation Law of the State of Delaware st which meeting the
necessary number of shares as required by statute were voled in favor of the amendment.

THIRD: That ezid amendment was duly adopted in uccordance with the provisions of Section
242 of the General Corporation Law of the State of .Delaware.

FOURTH: That the capital of said corporation shall not be reduced under or by resson of said
amendmont.

IN WITNESS WHEREOF, said Genentech, Inc. has cavsed this Third Certificate of Amendment
to be signed by Stephen G. Juelsgaard, an Authorized Officer, this 16th day of April, 2004,

GENENTECH, INC.

By: ﬂ“"o"“"‘l
Nume: Siephen G. Jielsgn
Title: Executive President, General Counsal
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" TRADUCCION AL ESPANOL del! Certificado de Enmienda de Genentech, Inc.
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APOSTILLA
(Convencién de La-Haya del 5 de Octubre de 1661)

Pals: Estados Unidos de América

Este documento publico

ha sido firnado por Harrlet Smith Windsor

actuando en capacidad de Secretaria de Estado de Delaware
lleva el selloftimbre de la Oficina del Secretario de Estado

Certificado

en Dover, Delaware
el veinticuatro de mayo, A. D. 2005

por el Secretario de Estado, Departamento de Estado de Delaware
No. 0254033

Sellotimbre 10. Fima

Harriet Smith Windsor (Firma)
Secretaria de Estado
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DELAWARE
EL PRIMER ESTADO

"YO, HARRIET SMITH WINDSOR, SECRETARIA DE ESTADO DEL
ESTADO DE DELAWARE, CERTIFICO POR LA PRESENTE QUE EL ANEXO ES
UNA COPIA AUTENTICA Y CORRECTA DEL CERTIFICADO DE ENMIENDA DE
"GENENTECH, INC®, PRESENTADO EN ESTA OFICINA EL DECIMOSEXTO DIA
DE ABRIL, A. D. 2004, A LAS 7:39 EN PUNTO DE LA TARDE.

Hairiet Smith Windsor (Firma)
Harriat Smith Windsor, Secretaria de Estado

AUTENTICACION: 3800387
FECHA: 06-24-05
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CERTIFICADO DE TERCERA ENMIENDA DEL
CERTIFICADO DE INCORPORACION
CORREGIDO Y VUELTO A REDACTAR

Genentech, Inc. una corporacién organizada y existente bajo y por virtud de la Ley
General de Corporacion del Estado de Delaware.

CERTIFICA POR LA PRESENTE:

PRIMERO: Que en una reunién de [a Junta Directiva de Genentech, Inc. se
adoptaron debidamente resocluciones que establecen una enmienda propuesta del
certificado de Incorporacién Corregido y vuelto a Redactar de dicha corporacién,
declarando dicha snmienda como aconsejable y llamando a una reunién de
accionistas de dicha corporacién para consideracién de la misma. La resolucién
establece la anmienda propuesta de la sigulente manera:

RESUELVE, que el Certificado de Incorporacién Corregido y vuelto a Redactar de
esta corporacién se enmiends cambiando “la Secclén 4.01(a)" del Asticulo alif

numerado “4" tal que, como se enmienda, dicha Seccién de dicho Articulo se lea
de la siguiente manera:

SECCION 4.01. Acciones de Capital. (a) la Corporacién estd
autorizada a emitir dos clases de acciones que deben designarse,
respectivamente, acciones preferenciales y acciones comunes. El
namero total de acciones que la Corporacién esta autorizada a emitir
es de tres mil clen millones (3,100,000,000) de acciones. Cien
millones (100,000,000) de acciones serdn designadas acciones
preferenciales, por un valor de $0.02 por accién ("Acclén
Preferenclal”). Tres mil millénes (3,000,000,000) de acciones serdn
desigmadas- acclones comunes, por un valor de $0.02 por acclon
("Accién Comdn®). La accidn comln de la Corporacién serd toda de
una misma clase.

SEGUNDO: Que por lo tanto, de acuerdo con la resolucién de su Junta Directiva,
la reunion ordinaria de acclonistas de dicha corporacién se convocod debidamente
y se sostuvo al ser anunciada de acuerdo con la seccién 222 de la Ley General de
Corporacién del Estado de Delaware, en donde el nlimero necesari
requerido por los estatutos votaron a favor de la enmienda.




TERCERO: Que dicha enmienda se adopté debldamente de acuerdo con lo

previsto en la Seccién 242 de la Ley General de Corporacién del Estado de %‘
Delaware.

CUARTO: Que el capital de dicha corporacidn no serd reducido bajo o por razén
de dicha enmienda

EN TESTIMONIO DE LO CUAL, dicha Genentech, Inc. ha causado este
Certificado de Enmienda para que sea fimado por Stephen G. Juelsgaard, un
Funclonario Autorizado, este’ 16 de Abril de 2004,

GENENTECH, INC.

Por: (Firma)

Nombre: Stephen G. Juelsgaard

Titulo; Vicepresidents, Consejo
¥ Secretaria General.
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{Convantion de La Haye du 5 Octaobre 1961)
Country: United States of America
This public document:
has bean signed by Harriet Smith Nindsor

acting in the capacity of Sacretary of State of Delaware

bears the seal/stamp of Office of Secretary of Stata

(extified

at Dover, Delawsre

the twanty-fourth day of May, A.D. 2005

by Secreisry of Stata, Delsware Dapariment of State
No. 0254032

Seal/Stamp: 10. Signature:

Beocoratary of Btate
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The First State : ()

I, HARRIET SMITH WINDSOR, SECRETARY OF STATE OF THE STATE OF
DELANARE, DO HEREBY CERTIFY THR ATTACHED IS A TRUE AND CORRECT
COPY OF THE CERTIFICATE OF AMENDMENT OF "GENENTECH, INC.", FILED
IN THIS OFFICE ON THE TENTH DAY OF MAY, A.D. 2001, AT 2:05
O'CLOCK P.M.

\z@AA*Lt-;J;uARdbée&iui44*J
Harrist Smith Windsor, Secretary of $
ADTHENTICATION: 3900386

DATE: 05-24-05
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- 050426506
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CERTIFICATE OF AMENDMENT %A(

Tay

. OF AMENDED AND RESTATED
CERTIFICATE OF INCORPORATION

Genentech, Im a corporation organized and existing under and by vimue of the General
Corporation Law of the State of Delaware,

DOES HEREBY CERTIFY:

FIRST: That at a meeiing of the Board of Direciors of Genentech, Inc. redolutons were duly
adopted satting forth & proposed amendment of the Amended and Restmed Cenificate of
Incorporaiion of said corporation, declaring sald umendment to bl advisahle and calling a
meeting of the stockholders of said corporarion for consideration thereof. The resoluuon seting
forth the proposed amendment is as follaws:

RESOLVED, that the Amended and Restated Cantificate of incorporation of this corperation be
amended by changing “Section 4.01(a)" of the Anicie thereof numbered ~4" 30 that, as amended,
suid Scction uf anid Article shall be and read as follows:

“Section 4.01. Capiral Stock. () The Corporation is authonzad 10 issus
two clusses of siock ro be designared, respecrively, preferred stock asd commeon
scock. The total number of shares which the Corporation is authorized to issue is
one billion three huadred million (1,300,000,000) shares. One hundred million
(100,000.000) shares shall be designared preferred stock, par value $0.02 per
share (“Preferred Stock™). One billien two hundred million (1,200,000,000)
shares shall be designated common stock, par value $0.02 per share (“Common
Stock™). The Common Siock of the Corporarion shall be all of one class.”

SECOND: That theresfier, pursuant 1o resolution of irs Board of Directors, the regular meeting
af the stockholders of said carporation was duly called and beld upoa notice in accordance with
Section 212 of the General Corporution Luw of the Swute of Deluwuro at which meeling the
necessary number of shares as tequirad by statute were voled in favor of the amendment.

THIRD: That suid umendment was duly adopted In accordance with the provisions of Section
242 of the General Corporation Law of the Swute of Deluware.

FOURTH: That the cupital of said corporaiton shall not be reduced under or by psason of said
smendment

IN WITNESS WHEREQF, said Genentech, Inc. has caused this Certificuts of Amendment 1o be
signed by Siephen G, Juelagaard, an Autharired Officer, this 10th day of May, 2001.

' GENENTECH, INC.

_ By )&:D\A- SF'-Q“!-‘HK
-"’ Name: Stephen Q. Juels
Tile:  Senior Vice President,

wad Secretary

Counse!

7 1 B Bn Ja Botzh Comanta da osta
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o afghal g 2 ba ke & n
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by Fammando dlore
Bogutd, D.C., Colamiis




TRADUCCION AL ESPI.\NOL del Certificado de Enmlenda de Genentech, Inc. l

APOSTILLA ' - 65
(Convencion de La Haya del 5 de Octubre de 1081) %

1. Pals: Estados Unidos de América
Este documento puablico
2. ha sido fimado por Hamiet Smith Windsor
3. actuando en capacidad de Secretaria de Estado de Delaware
4. fleva el sellotimbre de la Oficina del Secretario de Estado

‘Certificado
5. en Dover, Delaware
8. el veinticuatro de mayo, A. D. 2005
7. por el Secretarlo de Estado, Departamento de Estado de Delaware
8. No. 0254032
9. Sello/timbre 10. Fima

Harriet Smith Windsor (Firma)
Secretaria de Estado




DELAWARE
EL PRIMER ESTADO

YO, HARRIET SMITH WINDSbR, SECRETARIA DE ESTADO DEL
ESTADO DE DELAWARE, CERTIFICO POR LA PRESENTE QUE EL ANEXO ES
UNA COPIA AUTENTICA Y CORRECTA DEL CERTIFICADO DE ENMIENDA DE
"GENENTECH, INC", PRESENTADO EN ESTA OFICINA EL DECIMO DIA DE

" MAYO, A. D. 2001, A LAS 2:05 EN PUNTO DE LA TARDE.

Harriet Smith Wldsor, Secretarid™e Estado
AUTENTICACION: 3800386

FECHA:  05-24-05
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CERTIFICADO DE TERCERA ENMIENDA DEL
CERTIFICADO DE INCORPORACION
CORREGIDO Y VUELTO A REDACTAR

Genentech, Inc. una corporacion orgamzada y existente bajo y por virtud de la Ley
General de Corporacidn del Estado de Delaware.

CERTIFICA POR LA PRESENTE:

PRIMERO: Que en una reunidon de la Junta Directiva de Genentech, Inc. se
adoptaron debidaments rescluciones que establecen una enmienda propuesta del

certificado de Incorporacién Corregido y vuelto a Redactar de dicha corporacién,
declarando dlcha enmlenda como aconeejable y Hamando a una reunién de
acclonistas de dicha corporaclén para consideraclén de la misma. La resolucion
establece la enmienda propuesta de la siguiente manera:

RESUELVE, que el Certificado de Incomporacidn Corregido y vuelto a Redactar de

-esta corporacion se enmiende cambiando “la Secclén 4.01(a)" del Articulo allf

numerado “4" tal que, como se enmienda, dicha Seccién de dicho Articulo se lea
de la sigulente manera:

SECCION 4.01. Acclonss de Capilal. (a) la Corporacibn esti
autorizada a emitir doa clasea de acciones que deben designarse,
respectivamente, acciones preferenclales y acciones comunes. El
numero total de acciones que la Corporaclén esta autorizeda a emitir
es de mil trescientos millones (1,300,000,000) de acclones. Clen
miliones (100,000,000) de accionea serdn designadas acciones
preferenciales, por un valor de $0.02 por accién ("Acelén
Preferenclal”). Ml dosclentés millones (1,200,000,000) de acciones
seran designadas acclones comunes, por un valor de $0.02 por

accién ("Acclén Comiin®). La accidn comin de la Corporacion seré
toda de una miama clase. -

-

SEGUNDO: Que por |o tanto, de acuerdo con la resolucién de su Junta Directiva,
la reunion ordinaria de accionlstas de dicha corporacién se convocd debldaments
y se sostuvo al ser anunclada de acuerdo con la seccién 222 de la Ley General de
Corporacién del Estado de Delaware, en donde el nimero necesarlo de g
requerido por los eatatutos votaron a favor de la enmlenda.
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TERCERO: Que dicha enmienda se adopté debidamente de acuerdo con lo
previsto en la Seccién 242 de la Ley General de Corporacion del Estado de
Delaware.

CUARTO: Que el capital de dicha corporacién no serd reducido bajo o por razén

de dicha enmienda

EN TESTIMONIO DE LO CUAL, dicha Genentech, Inc. ha causado este
Certificado de Enmienda para que sea firnado por Stephen G. Juelsgaard, un
Funcionario Autorizado, este 10 de Mayo de 2001.

GENENTECH, INC.

Por: (Firma)

Nombre: Stephen G. Juelsgaard

Titulo: Vicepresidente, Consejo
y Secretaria General. -

- - —
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REIVINDICACIONES

SE REIVINDICA ES:

Un método para tratar esclerosis miltiple en un sujeto gue
comprende administrar una cantidad efectiva de un
anticuerpo CD20 al sujeto para suministrar una exposicién
inicial a anticuerpc de aproximadamente 0.5 a 4 gramos
seguido por una segunda exposicién de anticuerpo de
aproximadamente 0.5 a 4 gramos, la segqunda exposicién no se
suministra hasta aproximadamente 16 a 60 semanas a partir
de la exposicién iniclal, y cada una de las exposiciones de
anticuerpo se suministra al sujeto como una o dos dosls de

anticuerpo.

El método de la reivindicacién 1 en donde la segunda
exposicién no se suministra hasta de aproximadamente 20 a

30 semanas partir de la exposicién inicial\

El método de la reivindicacién 1 o 2 en donde la exposicién
inicial y la sequnda exposicidn de anticuerpo cada una se
suministran en cantidades de aproximadamente 1.5 a 2.5

gramos.

El método de una cualquiera de las reivindicacién 2-3 que.

comprende adicionalmente administrar al sujeto una cantidad

efectiva del anticuerpo CD20 para suministrar una tercera
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Doctor (a)

CADENA BARMIENTO JUAN PABLO
Apoderado(a) y/o Representante de
GENENTECH, INC.

REFERENCIA Radicaciém No. 6 121070
8olicitud internacional PCT/UB2005/019641
Fecha iniclo fase naciomal 04/01/2007

Trémite 11

Evento 378
Actuacidm . 430
oficio No. Jhud..1879

Como resultado del examen de forma, realizado con fundamento al articulo 38 de
la Decisién 486 de la Comlsién de la Comunidad Andina, articulo 27 del Tratado de
Cooperaciém en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Onica de la Supearintendencia de Industria y Comercio, se le commica que:

1. La sclicitud no contiens la copia del documanto en que consta la cesién del
derecho a la patente del inventor al solicitante ¢ a su causante. (Art. 2&-k)
Decisitn 486.

En cumplimiento de 1lo dispuesto por el articulo 39 de la Decisién 486, se le
raquiere para que dentro del término de dos meses sigulentes a la fecha de
notificacién del presemte oficio, complete los requisitos anteriormente enunciadoa.
En caso de no dar cumplimiento al presente regquerimiento, la solicitud se
congiderard abandonada y perderi su prelacidnm.

Notifiquese el presente
a), del capitulo guinto

icig conforme a lo dispuesto en el numeral 5.2, literal
1 titulo primero de la Circular Unica No.10 de 2001.

ALIX CARMENZA 7 PEDES DE VERGOEL
Jefe da la div,‘l.sibn de Ruevas Creaciocnes

El anterior requerimiento fue mnotificado por fijacién en 1lista da
£echa

eress+ O 2y
/



