SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

LA R RAANER RN

30455- -00011-0000

Fecha: 2011 04 18 14:51:13 _Dep. 2020 DIR NUEVASCR

Tra. 11 PATENTElYI Eve: 378 FASENACI
Act. 444 RESPUESTAREQUE  Folios: 27 ONALS

Clarke, Modet & C°

COLOMBIA

P-1922

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S. D.

Ref.: Expediente No. 06-30455
Solicitud de Patente a nombre de Novartis AG

Yo, DILIA MARJA RODRIGUEZ D’ALEMAN, actuando como apoderada
sustituta de acuerdo con la sustitucién adjunta, identificada como aparece al pie
de mi firma, domiciliada en la Carrera 11 No. 86-53, piso 6, obrando como
apoderada de la sociedad Novartis AG, domiciliada en Basilea, Suiza, solicitante
de'la patente de la referencia, en respuesta a su oficio No. 05166 notificado por
fijacién en lista el dia 18 de marzo de 2010, me permito acompafiat los siguientes
documentos solicitados por ese despacho:

G. AVERSA ET AL.: "A monoclonal antibody
(A6) recognizing a unique epitope
restricted to CD45R0 and —-RB isoforms of
the leukocyte common antigen family
jdentifies functional T cell subsets."
CELLULAR IMMUNOLOGY,

vol. 158, no. 2,

15 October 1994 (1994-10-15), pages
314-328, XP(002228858

the whole document

G. AVERSA ET AL.: ™"Use of monoclional
antibodies to study in vivo and in vitro
activated lymphocytes.”

TRANSPLANTATION PROCEEDINGS,

vol. 21, no. 1(1),

February 1989 (1989-02), pages 349-350,
XP008017039

NEW YORK, NY, USA

the whole document



Clarke, Modet & C°

COLOMBIA

S. GREGORI ET AL.: "Anti-CD45RO/RB mAb a
new tool for tolerance induction.”

THE FASEB JOURNAL,

vol. 17, no. 7,

14 April 2003 (2003-04-14), page C63,
XP008046594 '
BETHESDA, MD, USA

abstract 37.23

D. DUNN-WALTERS ET AL.: "Effect of
somatic hypermutation on potential
N-glycosylation sites in human
immunoglobulin heavy chain variable
regions.”

MOLECULAR IMMUNOLOGY, a

vol. 37, February 2000 (2000-02), pages
107-113, XP002258153

the whole document

Espero con esto haber dado cabal cumplimiento a lo solicitado por ese despacho
y de conformidad con lo indicado en el articulo 46 de la Decisién 486 de la
Comision de la Comunidad Andina.

Sefior Superintendente,

s q% ,
DILIA MARIA RODRIGUEZD'ALEMAN

C.C. 41.654.882 de Bogota—
T.P. 20824 CSJ



CELLULAR IMMUNOLOGY 158, 314328 {1994)

A Monoclonal Antibody (A6) Recognizing a Unique Epitope
Restricted to CD45R0 and RB Isoforms of the Leukocyte
Commaon Antigen Family ldentifies Functional T Cell Subsets’
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The mAb AS was produced by immunization of mice with human PHA-simulated PBMC.
Immunoprecipitation studies and staining of cell lines transfected with individual leukocyte com-
mon antigen (LICA) isoforms showed that A6 recognizes a unique cpitope strongly expressed on
the lower MW isoform {p180) of LCA, bun aiso weakly expressed on the pi 99 isoform coded by
exon B and the p205 coded by exons A and B. The epitope recognized by A6 was carbohydrate-
dependent in that it was neuraminidase-sensitive, but trypsin-resistant. A6 stained most TCR-
a8 cells with differential intensities, subdividing them into a bright and dim population, and
strongly stained all TCR-y§* cells, A6 did not stain CDH9™ B cells nor CD56* NK cells. Anti-
CD45 mAb such as UCHLI recognizing CD45RO have been used 10 define memory T cells,
Depletion of PBMC subsets with A6 or UCHL| mAb dramaticatly decreased proliferative responscs
10 the recall antigens anti-CD3 mAdb and alloantigen and enhanced theic nesponses 10 PHA, A6,
unlike UCHL|, also depleted alloreactive T cells that affect primary and secondary MLC and
CML. Thus, A6 was shown 1o recognize the jower MW isoforms of LCA which are expressed on
functional T cell subsets including memory, activated, and alloreactive T cells. © 1994 Academic
Press, inc

INTRODUCTION

The leukocyte common antigen (LCA) family is composed of a group of high-
malecular-weight (180-220 kDa) giycoproteins generated by the alternative splicing
of cxons 4, 5, and 6 coding for the LCA cxternal domain resuiting in the expression
of 220-, 205-, 190-, ang 180-kDa isoforms (t). Exons 4, 5, and 6 encode determinants
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termed CD45RA, CD45RB, and CD45RC, respectively, whereas the absence of all
three exons results in the peneration of the p180 isoform expressing the CD45RO
epitope (1), These isoforms are differentially expressed on leukocyte populations {1).
Numerous mAb have been developed which recognize common epitopes present on
all members of the family (2). Limited numbers of monoclonal antibodies recognizing
epitopes restricted to one or more isoforms have been described (3, 4).

The majority of peripheral T cells express either p180 or p220, and a small proportion
express both (4, 3). The p190 and p205 isoforms of LCA are also cxpressed by T cells
{1), but their precise identification is limited by the lack of specific mAb. The p220 is
expressed by naive T cells, which lose this marker and acquire the pl80 following
activation and retain it as memory cells (6, 7). The p220 form containg a trypsin-
sensitive epitope (CD45RA) that is also present on one of the p205 1soforms coded
by exons A and B (5, 8-10). UCHL!, a mAb belonging 10 the CD45RO cluster (2—
4), recognizes a carbohydrate-dependent epitope (10) present exclusively on the 180-
kDa form of the LCA molecule that is formed by the directed joining of exons 3 and
7 without the usage of the variable exons A, B, and C (4, 11). Expression of this LCA
isoform identified by the mAb UCHLI is correlated with memory T cell function (3,
7, 12, 13}. The CDD45RA™ subsct defines naive cells that respond to PHA, but not to
recall Ag or anti-CD3 mAb (14, L3).

In this manuscript we describe A6,° a mAb that recognizes an epitope strongly
expressed on the pl180 isoform of LCA but also detectable on one of the pl90 and
p205 isoforms. It is also shown that the expression of the isoforms recognized by the
A6 mAb is correlated with T cell responsiveness in MLC, in addition to memory
function.

MATERIALS AND METHODS
Source of Cells and Tissues

PBMC were obtained from normal donors. Normal spleen, kidney, thymus, and
liver were obtained from cadaver transplant donors and rejecting renal and liver biopsies
were obtained for clinical diagnosis. The sources of cells used were baboons (Papio
hamadrya) and macaque {Macaca fascicularis) lymphocytes (Animal House R.P.A,
Hospital, NSW Australia); mouse cell lines NS-1 and L929 (Dr. R, Raison, CIRCUS
University of Sydney); Molt-4, Namalwa, JP, (Ludwig Institute, University of Sydney,
Australia); RC2a, U-937, HL-60 (Dr. C. Geczy, Kolling Institute, R.N.S. Hospital,
St. Leonards, NSW Australia); and CCRF-CEM, HPB-ALL, HSB, HUT-78, PEER,
Jurkat, the alloreactive T cell clones APL 2.1, AMS B.2 and AMS H.10, and the cell
line AJY (Drs. C. Clayberger and A. Krensky, Dept. of Pediatrics, Stanford) (16).

Production of the Hybridoma

The hybridoma cell line secreting A6 was generated by the standard hybridoma
technique (17) with modifications as described (18), fusing NS-1 cells with splenocytes
from a BALB/c mouse (Blackburn Animal House, University of Sydney) immunized
with PHA-stirnulated human pooled PBMC. A6 was found to be 1gGlk by Misotest
enzyme immunoassay (CSL, Parkville, Vic. Australia).

© At the recent Fifth International Workshop on Leukocyte Diflerentiation Antigens, A& was designated
a unique "CD45RO-like™ cluster.
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Indirect Immunofluorescence Staining of Cells

Standard techniques were used for one- and two-color staining using fluorochrome-
labeled mAbs or unlabeled mAbs followed by shecp anti-mouse Ig-FITC (Silenus,
Hawthorne, Vic. Australia} or biotin-conjugated mAbs followed by streptavidin-PE
(Becton Dickinson, San Jose, CA). The cells were analyzed with a FACS IV or a
FACScan (Becton Dickinson). Anti-CD45 mAb used included UCHLI1 {CD45RO,
180-kDa isoform) (2, 3), a gift of Dz, P. C. L. Beverley (ICRF Tumour Immunology,
London, UK); UCHLI-FITC (Pharmingen, San Diego, CA); 2ZH4 (CD45RA, 220- to
205-kDa isoforms) (2), a gift of Dr. C. E. Rudd (Dana Farber Cancer Institute, Boston
MA); DAKO LCA (2B11, 220-, 190-, and 180-kDa isoforms) (2); PD 7/26 CD45RB
(220-, 205-, and 190-kDa isoforms; purchased from DAKOPATTS Glostrup, Den-
mark) (2); and G22.4 and C76.5 (CD45 mAbs were a gift of Dr. C. Clayberger, Dept.
of Cardiac Surgery, Stanford). CD45 mAb 4.14, reactive with a carbohydrate-dependent
epitope present on some members of LCA, was produced in our laboratory (unpub-
lished data). FITC- or phycoerythrin (PE)-conjugated anti-Leu-18 (CD45RA), anti-
HLe-1 (CD45), anti-Leun-12, anti-Leu-19, anti-TCR-1, anti-TCR-v81, anti-Leu-3a
(CD4), anti-Leu-2-PE (CD8), anti-Leu-4-PE (CD3), control mouse Ig-PE, and control
mouse Ig-biotin were all purchased from Becton Dickinson. RPA-T4 (CD4) and RPA-
T8 (COB) were produced in our laboratory {19, 20). For double immunofluorescence
and blocking studies A6 was conjugated with FITC or biotinylated as described (21).
Transfected murine cell lines were stained as described (4).

Isolation of Cell Popufations

PBMC were isolated by centrifupation over Ficoll {Pharmacia, Uppsala, Sweden).
Depletion of T cell subsets was performed using a previously described panning tech-
nigue (22), using A6, RPA-T4 and RPA-T8, and MRC-OX8 (specific for rat CD8; a
gift of Dr. A. Williams, MRC Cellular immunology Unit, Oxford, UK) as a control.
The panned cells were analyzed by flow cytometry.

Immunoperoxidase Staining of Tissue Sections

A previously described four-step indirect immunoperoxidase technique was
used (23).

Radioiodination and SDS-PAGE

The HLA-A2-specific T cell clone AMS HI0 and PBMC were radiolabeled with
1251 using the lactoperoxidase-catalyzed reaction as described (24). SDS—polyacrylamide
gel electrophoresis was performed using a modification of the Laemmli procedure
(25), using full-sizc custom-made gels (7% acrylamide) or minigels (10% acrylamide;
Integrated Separation Systems, Netick, MA). Autoradiography was performed using
Kodak X-AR-5 film and a Kodak X-Omatic C2 cassette with Lanex intensifying
screens {Kodak, Sydney, Australia). A Phosphorimager (Molecular Dynamics, Menlo
Park, CA} was used to analyze the minigels afler exposure of these to the screen of a
Phosphorlmager casseite.

Protease and Glycosidase Treatments

Freshly isolated (Ficoll) PBMC were washed four times and resuspended in PBS at
§ X 10%ml, treated for 1 hr at 37°C with neuraminidase (Bochringer-Maanheim,
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Indianapolis, IN), trypsin (Sigma Chemical Co., St. Louis, MO), protease (Sigma), or
left untreated. One milliliter of FCS was added at the end of the incubation, and the
cells were washed three times in PBS and stained by indirect immunofluorescence
with various mAb. The cells were analyzed with a FACScan (Becton Dickinson, San
Jose, CA).

Proliferation and CML Assays

PBMC depleted of cell subsets by panning were resuspended at | X 10%/mlin RPMI
1640 (Irvine Scientific, Irvine, CA), supplemented with 10% human AB serum (lrvine),
penicillin, and streptomycin, and dispensed in U-bottom 96-well trays containing one
of the following; tetanus toxoid at 1:4000 (Department of Health Massachusetts, Bos-
ton, MA.), 50 ng/ml recombinant hepatitis B antigen (Merck, Sharp & Dohme, West
Point, PA), 5 ug/ml PHA (Sigma)}, or 10 ng/ml purified OKT?3 produced from ATCC
cell line. Proliferation was assessed 72 hr later by thymidine incorporation (26). MLC-
CML was assayed using the standard method {26). Allogenic stimulators were irradiated
with 3000 rads from an X-ray source (Philips) and target cells for CML were Con A
stimulated PBMC blasts. CTL activities of whole and the subset-depleted MLC pap-
ulations were assessed by *'Cr release of lysed specific allogencic target cells. *'Cr
release was measured with the use of 2 gamma counter and the percentage target cell
lysis (Y axis) was calculated as

. ER-S8R
% Lysis TR — SR % 100,
where ER is the experimental release, SR is the spontaneous release, and TR is the
totzl release.

RESULTS
Biochemical Analysis of the Antigen Precipitated by A6

Figure 1A compares the molecules immunoprecipitated by A6 (lane 4) with those
precipitated by DAKO LCA mAbs PD7 and 2Bl {lane 2), UCHLI (lane 3), 2H4
(lane 5), and other CD45 mAb (lanes 6, 7, 8) from radiolabeled cell lysates of a cytotoxic
CD8* T cell clone (AMS HI10). A6 precipitated a molecule forming a dense band
around 160-170 kDa and extending into the 180-kDa region {lane 4}, The former
band was similar to that precipitated by UCHLI1. The 4.14 (lane 6) and C76.5 (lane
8) precipitates formed two major bands at {90 and 180-kDa. DAKO LC (lane 2)
precipitated 2 180-kDa molecule. No major bands were detected by immunoprecip-
itation with 2H4 (lane 5) or the control mAb (lane 9). These results are consistent
with the mAb reactivity with AMS H10, an alloreactive T cell clone, that stained with
the mAb tested except 2H4, showing it only expresses the lower MW isoforms of LCA
consistent with its activation state,

Following T ccll activation, other proteins associate with CD435 and are precipitated,
as described (27-30). Two fainter bands were present in the 130- and 120-kDa arcas
with A6, G22.4, and 4.14 and only at 130 kDa with DAKO LC and at 120 kDa with
UCHLI1. No bands were observed in these regions in the 2H4 or control mAb lanes.
Additional bands at 80 and 65 kDa were precipitated by A6, G22.4, and C76.5. Bands
were also present at ~46 kDa, but most of them were nonspecific as they were present
in all lanes, including the controls, although one could be CD2 known to associate
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FI1G. 1. (A) SDS-PAGE of molecules precipitated from '**liabeled AMS H10 T cell line by various mAb.
Immuneprecipitation was performed with SaC cells coated with mAbs as indicated. Autoradiography was
performed as indicated under Materjals and Methods, by cxposing the gel for 24 hr. | (B) SDS-PAGE of
molecules precipitated from '[-labeled PBMC, under reducing conditions, Lanes | and §, MW markers;
lane 2, control rabbit anti-mouse Ig-coated 3aC; lane 3, A6; lane 4, UCHLI; lane 5, 2H4; lane 6, anti-HLe-
I33ane 7, 4.14 mAb. All lanes represent overnight exposure 10 a screen of 3 Phosphorlmager casselte, except
for lane 6 which represents a 3-hr exposure.

with CD45 (27). A prominent 33-kDa band was identified and this is consistent with
CDS8 (28) and another band at ~30 kDa. These bands were seen with all anti-LCA
mADb but werg most prominent with A6, G22.4, and 4.14,

Preclearing of AMS H10 cell lysates with G22.4, an unrestricted CD45 mAb, abol-
ished the subsequent precipitation of proteins with either A6 or UCHLI (data not
shown). Preciearing with A6 or UCHLI greatly reduced protein precipitation with A6
and UCHLI (data not shown). These findings indicated that the Ags recognized by
A6 are also members of the LCA family and include the p180 isoform also recognized
by UCHLI.

Both A6 and UCHL precipitated a single molecule of about 180 kDa from radio-
labeled cell lysates of PBMC (Fig. 1B), consistent with the lower MW isoform of LCA.
Asexpected, the CD45RA mAb 2H4 precipitated a molecule of about 220 kDa, whereas
the CD45 mAb anti-HL¢-1 precipitated several molecules spanning the whole 180-
to 220-kDa range, consistent with all isoforms of LCA (Fig. I B). The mAb 4.14 pre-
cipitated molecules in the region of 180 and 200-210 kDa, consistent with the lower
and intermediate isoforms of LCA.

A6 Staining of Mouse Cells Transfected with Individual Human LCA Constriicts

A6 was tested on a panel of mouse pre-B 300-19 cells transfected with individual
human LCA constructs (4, 9). Staining of these cells with A§ was compared to that
of UCHLI and GAP 8.3, a CD45 mAb that reacts with all LCA isoforms (Fig. 2).
Both A6 and UCHLI strongly stained LCA.1, the cell line expressing the pl180
(CD45RO) product of the construct which does not use any of the varable exons. A6
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A6 UCHL1 GAP8.3 NEGATIVE

300-19(LCAB) i .
300-19[LCA.338}I ; | .
200-18(LCA.260) i

300-19(1.%523;]
300-19(LCA.1)] |

300-19{p2ip)

|

b |}

FiG. 2. Cytofluorographic analysis of murine pre-B cefl line expressing individual human leukocyte common
antigen 1soforms as previously described (4, 34), All mAb were in ascites form except for the negative control,
which was purified mouse Ig (5 gg/stain), The ascite dilutions were as follows: GAP 8.3 = 1:400; UCHLI
= 1:300; A6 = 1:800. The cclls were stained by indirect immunafluorescene and analyzed with an Epics V
flow cytometer {Coulter Electronics, Hialcah, FL). The A axis shows the fluorcscence intensity (Log scale),
the ¥ axis shows the cell number (Log scale; those data were generously provided by Dr, M. Streuli).

also weakly stained LCA.623, expressing a pi90 isoform coded by exon B, and
LCA 338, a p205 construct containing exons A and B. This latter weak staining was
not found with UCHLI.

A6 and UCHL]1 did not stain the p220-expressing cell line LCA.6 nor LCA.260,
the celi line expressing the construct which uses exons B and C. These studies
indicated that A6 bound an epitope that was not identical to that bound by UCHLI1.

A6 Blocks the Binding of UCHL! (CD45RQ), but Not CD45RA or CD45 mAb

Preincubation of a T cell clone {Fig. 3A) or PBL (Fig. 3B) with A6 totally blocked
the binding of FITC-conjugated UCHL1? or A6. Preincubation with UCHL1 par-
tially blocked A6-FITC binding {but also did not completely block the binding of
UCHLI-FITC), indicating that the two mAb recognize the same or close epitopes
but that the binding affinity of A6 was much greater. Binding of the CD45 mAb
anti-HLe-1 and the CD45RA mAbD anti-Leu-18 was not affected by pretreatment
of the cells with A§ or UCHL 1, whereas their binding was almaost completely blocked
by unlabeled anti-HLe-1 and anti-Leu-18, respectively (Figs. 3A and 3B). These
findings indicate that the epitopes recognized by A6 and UCHL} arc very closely
located.
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Fi1G. 4. Enzyme sensitivity of the epitope recognized by A6 and other LCA mAb, Normal PBMC were
treated for 1 he at 37°C with toypsin, protease, or neuraminidase or lefi uatreated and then stained by
indirect immunofluorescence with various mAb as described under Matenials and Methods. The cells were
analyzed with 3 FACScan.

Effect of Enzyme Treatment on A6 Bindings

Trcatment of normal PBL with neuraminidase decrcased the intensity of A6 and
UCHL.I stains and virtually abolished DAKO LC staining, but had no effect on 2H4
staining (Fig. 4, fourth row). Trypsin treatment removed 2H4 reactivity, but increased
the staining with A6 or UCHLI (Fig. 4, second row), Protease treatment moderately
decreased A6, DAKQ LC, and 10 a lesser extent UJCHL1 reactivities while it abolished
2H4 staining (Fig. 4, third row). These data suggested that A6 and UCHL1 epitopes
are at least in part carbohydrate dependent.

Staining of Cell Populations with A6

Staining of normal PBL with Aé by indirect immuncfluorescence and FACS
analysis showed three populations with most donors: a negative, a dim, and a
bright population. A6 and 2H4 stained mostly reciprocal populations, although
double-positive ceils were seen (Fig. 5), a pattern also reported for UCHLI1 and
2H4 (5). The proportion of cells stained by A6 also varied between normal indi-
viduals. All UCHLI™ cclls stained with A6 (25-40%) and the majority had high
UCHL{ and A6 expression. There was a subpopulation that had intermediate to
low staining with A6 {40-55%) that was UCHL 1~ but some of which (approximately
15%) was 2H4*. 2H4"%, A6 cells constituted 15-25% of cells. A6 atso bound to
maost CD3™ and TCR-a8™ cells, while it strongiy stained all the TCR-v$" cells (Fig.
5). A6 did not stain CD19" (Leu-12) B cells, CD56* (Leu-19) NK cells (Fig. 5),
nor EBV-transformed B cell lincs (not shown). A6 stained over 80% of CD4* cells

FiG. 3. Blocking of fluorescinated mAbs binding to a T cell clonc or PBL by unlabeled mab. Cells from
B21 CD4* T cell clone (A} or PBL {B) were incubated with oversalurating concentrations of mAbs for ! hr
at 4°C and then stained with FITC-conjugated mAb as indicated and analyzed by 2 FACScan. The solid
histograms represent the staining with the test mAb, and the dotted histograms represent staining with a
control mAb.

|0
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FiG. 5. Two-color analyses of PBL stained with A6 and other mAb, 10° PBMC were stained by indirect
immunofleorescence with the various mAb and goat anti-mouse Ig-FITC, Biotinylated A6 was added followed
by avidin-PE as described under Materials and Methods and then analyzed with a FACScan; the ordinate
shows the A6 staining {red fluorescence).

and 60-70% of CD8™#" cells (Fig. 5). A6 also stained monocytes (90-96%) and to
a lesser extent granulocytes (55-99%). When PBL were activated with PHA orin
MLC, nearly all cells (80~97%}) from all donors stained brightly with A6, showing
a similar profile to the one observed with UCHL! (not shown). A6 also stained
20% of macaque PBL and monocytes, but it stained neither resting nor PHA-
stimulated baboon PBMC.

A6 stained four of six human tumor T lymphoblastoid lines, including CEM, HSB,
Jurkat, and MOLT 4 but not HPB-ALL, HUT-78, or the TCR-v6* line PEER (Table
1). One difference between A6 and UCHLI1 was that UCHL], as previously described
(3), did not stain the Jurkat cell line, but A6 did. In other experiments Jurkat lines
from different laboratories had low UCHLI expression never as high as A6. This
suggested that this line may express high levels of p190 but low levels of p180. A6
also stained a promyelocytic line {HI.-60) and one of two monocytic lines (RC2a not
U937). All three long-term alloreactive T cell clones (APL 2.1, AMSB2, and AMSH10)
and the alloreactive T cell line AJY stained with A6,

In normal thymus A6 stained ncariy all cortical thymocytes and about half of
the medullary thymocytes, a similar pattern to that we observed with UCHL!, In
lymph nodes, A6 stained the majority of cells in paracortical areas and occasional
cells in follicles. In spleen, A6 stained the majority of cells in the periarteriolar
lymphoid sheath. In normal kidney A6 stained few dendritic cells in intertubular
areas, and in liver it stained Kupffer cells and some tissue macrophages {(not
shown). In rejecting renal and liver (not shown} allografts nearly alt infiltrating

W
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TABLE 1
Reactivity of A6 with Human Cell Lines and Clones

Cell line Type % Cells staining with A8
Tumor cell lines
CCRF-CEM T 10¢
HPB-ALL T Q
HSB T 92
HUT-78 T 1
Jurkat T 99
MOLT-4 T 92
PEER T (TCR-v§") 100
NAMALWA B 3
JP B 60
RC2a Monocyte 93
U937 Monocyte 2
HL-60 Promyelocyte 50
Alloreactive T cell line and clones
AJY T eelt line (CD8*) 98
APL 2. T cell clone (CD4Y) 97
AMS B2 T cell clone {CD8*) 93
AMS H10 T cell clone {CD8*) 99

Note. The cells were labeted with mAb followed by sheep anti-mouse Ig-FITC and analyzed by flow
cviometry. The values are the correcied {minus control) percentages of cells stained with A6, Control staining
was in the range of 0.5-2.5%.

monanuclear cells stained with A6. A6 also stained T cells in paraffin-fixed tissues
as described (31).

Proliferative Responses of A6"®" and A6™ Cells 1o Recall Ag, Mitogenic CD3,
and PHA

Freshly isolated PBMC from donors sensitized to tetanus toxoid and hepatitis B
were depleted of cell subsets using A6, UCHLI, or 2H4 mAb in a panning technique.
The populations of cells remaining after depletion with A6 and UCHIL 1 were analyzed
by FACS. A6-depleted cclis (herein referred 10 as A6 -depieted cells) were 50-60%
CD3%, ~30% CD4™, ~65% CD45RA™, and <5% CD45RO* {UCHL1) and contained
~20% A6 cells but <5% AGYH cells, UCHL1-depleted cells were 70-80% CD3*,
~50% CD4*, ~55% CD45RA*, and <5% UCHL!" and contained ~70% A6 cells
but <5% A6 cells,

These subset-depleted cells were cultured for 4 days with tetanus toxoid, recombinant
hepatitis B antigen, and mitogenic concentrations of OKT3 or PHA. Figure 6a shows
a representative experiment, in which depletion of PBMC A6"8" or UCHLI' popu-
lations markedly reduced their proliferative responses to both recall antigens. Depletion
of the complementary 2H4™ subset increased cell proliferation, indicating that the
A6 and the UCHLI1* subsets contain the memory cells. Depletion of AGY#" or
UCHL1™ cells markedly reduced OK T 3-induced protiferation, and depletion of 2H4*
cells enhanced proliferation probably by enrniching the memory cell concentration
{Fig. 6b). Control panning with irrelevant MRC-OX8 also moderately increased pro-
liferation compared to untreated controls, showing that the panning procedure did
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RG. 6. {a) Protiferation 1o recall antigens of PBMC afier depletion with specified mAb. (b and ¢) Proliferation
in response 10 polyclonal mitogens, OKT3I, or PHA. The Y axis shows the beta counts per minute {cpm).
The bars represent the mean cpm of triplicate wells; the error bars are the standard deviations.

not account for the reduced proliferation to OKT3 of populations depleted of AGM®"
cells (Fig. 6). PHA-induced proliferation showed converse results, with 2H4*-depleted
populations having diminished responses and A6"#. and UCHL1*-depleted popu-
lations having increased responses (Fig. 6¢). Thus, A6 was shown Lo recognize a func-
tional subset which includes memory T cells.

Alloreactive T Cells are Contained in the A6"®" Population

Depletion of A6™® cells markedly reduced primary MLC responses, whereas, in
agreement with previous reports (12), depletion of UCHL1* cells had no effect on
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FiG. 7. (a} Primary MLC proliferative responses of PBMC depleted of various subsets, PBMC were depleted
by panning with the indicated mAb. Countis represent means and standard deviations of triplicate cultures.
(b) Specific CTL acliviny of alloreactive T cells penerated in MLC and depleted of cell subsets. Various
subsets (X axis) were depleted from a 7-day MLC by panning with mAb, and the remaining cells were used
as effector celis in CML against specific PHA-stimulated allogeneic target cells in a standard *'Cr release
assay.

alloreactivity nor did depletion of 2H4™ cells (Fig. 7a). Addition of A6 to MLC did
not alter the proliferative responses (data not shown). In secondary MLC, response
rechallenge with specific donor antigen was greater than with third party. Depletion
of A6"E" or UCHL!* cells but not the 2H4* subset markedly reduced responsiveness
to both specific and third-party stimulators.

Remaoval of A6"#" or UCHL1* cells from a 7-day MLC dramatically reduced CTL
activity against >'Cr-labeled specific target cells to a degree comparable to that of CD8*
cell depletion {Fig. 7b). Enrichment of the A6"8" population by removal of the com-
plementary 2H4" subset enhanced CTL activity, which showed that most if not all
CTL generated are A6"®, However, addition of A6 mAbD to cultures prior to CML
assays did not alter specific or third-party target cell lysis (not shown), indicating that
the epitope recognized by A6 is not directly involved in the CTL effector mechanism.

DISCUSSION

Although the molecular mechanisms generating the various LCA isoforms have
been elucidated {9, 11, 32), the regulation of expression and functional significance
of these glycoproteins is not fully resolved. Although several mAb 1o CD45RA have
been produced (2), so far UCHLI has been the only mAb identifying an epitope
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present exclusively on the p180 isoform of LCA (4), the form expressed on memory
T cells (3, 7, 12, 13). We now report the generation of A6, a mAb with a very high
affinity for the p180 LCA molecule, which binds an epitope very close to the UCHLL
epitope. SDS-PAGE studies of the alloreactive cell clone AMS H10 showed that A6
precipitated a 160- to 170-kDa as well as a2 180-kDa molccule. The peptide of 160-
170 kDa was similar in MW 1o the 165-kDa molecule precipitated by UCHL1. This
is the same MW reported by other laboratories for UCHLI (2), although other reports
indicate a MW of 180 kDa for this antigen (6). The vanation in MW may be related
to the degree of glycosylation of LCA isoforms in different cell lines or clones, Pre-
clearing with a CD45 mAb removed both bands showing that they were members of
the LCA family. In these studies, immunoprecipitation with A6 also showed copre-
cipitation of molecules of similar MW 1o those reported to precipitate with UCHL1
and other LCA mAb. Previous reports have shown that LCA molecules are associated
and coprecipitate with other cell surface molecules, including CD2, CD4, and CDS3,
and a 30-kDa phosphorylated protein (27-30). Bands of molecular weight consistent
with these molecules were also precipitated by A6. Immunoprecipitation studies of
unstimulated radiolabeled PBMC cell lysates showed that A6, like UCHL}, precipitated
a single molecule of 180 kDa, consistent with the Jower molecular weight isoform of
LCA. No additional bands were detected.

Staining transfected cell lines expressing specific isoforms of CD435 showed expression
of the A6 epitope on the CD45RO (180 kDa) isoform. Unlike UCHLI, A6 also weakly
stained two other isoforms of LCA: a p190 (using exon B) and a p205 (using exons A
and B). This weak staining probably reflects low affimty of the A6 mAb for these
isoforms and is consistent with the lack of immunoprecipitation of these isoforms
from PBMC-radiolabeled cell lysates. A6 was not expressed on transfectants expressing
the p220 {exons A, B, and C) or those including exon C. These studies showed the
A6 epitope belonging predominantly to the CD45RO and CD45RB but not RA
or RC,

Enzyme sensitivity studies showed that the epitopes recognized by both A6 and
UCHLI1 are partially dependent on carbohydrates. These results are in accordance
with those of Pulido et al. (10), who found that the UCHL1 epitope was trypsin and
pronase resistant and neuraminidase sensitive, while the opposite was true for the
2H4 epitope. Carbohydrate structures are believed 1o be the functionally important
component of LCA molecules (1), in that mAb CT1 and CT2 directed to carbohydrate
structures or murine LCA block CTL-mediated cytolysis (33). A6 did not block CTL
which suggests it is not a human homologue for CT1 or CT2.

Staining studies showed that A6 compiletely blocked UCHL1 binding ta PBMC or
to a T cell clone which suggests that the epitopes bound by the two mAb are very
closely located. A6 consistently stained more cells and with stranger intensity than
UCHL.1 in both PBL and tissue sections from various organs and this is consistent
with the observation that A6 weakly recognizes p190 and p205 LCA isoforms that are
expressed by some T cells. The bright population seen in FACS analysis of PBL stained
by indirect immunofluorescence with A6 probably represents the memory T cells
expressing the p180 isoform also identified by UCHLI and the intermediate fluores-
cence population probably represents T cells which express low levels of p1 80 together
with intermediate isoforms of CD45. However the A6~ and A6'™ populations represent
cells expressing the 220-kDa and possibly othcr intermediate isoforms including a
subpopulation of T cells, B cells, and NK cells. A6 stained the majority of TCR-a8*
cells and all the TCR-vé* cells, aithough the proportion of cells staining may vary
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with age. Our studies are consistent with other repaorts (35, 36) showing that UCHL|
stains a proportion of T cells with lower intensity than the clearly defined high-staining
population. Tissue staining with A§ was similar in distribution to UCHLI (37) in
thymus, lymph nede, and spleen, but A6 recognized a greater number of cells than
UCHL1. Similar to UCHL 1, A6 stains cells in parafin-fixed sections (31).

Ab stained cells in thymus, lymph node, and spleen, a distribution similar to that
described for UCHL1 (10, 37). Staining of tumor cell lines with A6 and UCHL1 was
1dentical with the exception of Jurkat cells which were stained weakly by UCHL ] but
strongly by A6. The difference is probably due to the lower p180 expression on this
cell line but higher expression of the pi90 and/or the p205, consistent with previous
reports that Jurkat cells predominantly express an intermediate (200 kDa) isoform of
LCA (3, 38).

The high affinity of A6 for the pi80 molecule enabled the subdivision of T cells
into memory (A6"®") and naive (A6'*) cells in a similar way to UCHLI (8, 13). The
A6"# cells proliferated maximally to recall antigens and to OKT3, but only moderately
to PHA. The complementary 2H4™ celis responded strongly 1o PHA but only weakly
to OKT3 and were unresponsive to recall antigens, consistent with previous reports
using UCHL1 (8, 12, 13) or anti-LFA-3 (15). In alloimmune responses, PBMC depleted
of A6™#" cells had differing responses to those depleted with UCHLI. Particularly in
primary MLC, cells depleted with UCHLI responded normally (8), while the response
after A6"# depletion was markedly reduced. Populations depleted of 2H4* cells had
normal primary and secondary MLC responses. None of the mAbs tested blocked
MLC responses. Depletion of A8™E" cells from alloreactive T cell populations removed
specific cytotoxic T cells, although the mADb alone had no capacity to block cytotoxicity.
These studies demonstrate that A6 is a mAb with characteristics similar but not identical
to UCHL1 (8, 12, 13). The major functional difference in the subpopulations identified
by the two mAbs is that depletion with UCHLI1 has little effect on MLC reactivity
while depletion with A6 removes alloreactive cells. This suggests that the subpopulation
identified by A6 binding CD45RB™ cells may be the principal mediator of alloimmune
responses and this possibility was investigated (Berger et al., paper submitted for pub-
lication). Briefly, the differences in proliferative responses of A6"®- and UCHL1*-
depleted populations were not due to a greater depletion of CD4* and CD3* celis per
se, but due to depletion of the population staining with intermediate intensity with
A6. Qur studies also confirmed that some LCA isoforms associate with other func-
tionally important T cell surface molecules, such as TCR, CD3, CD2, CD4, or CD8,
and p30 molecule, whose function remains 1o be determined. Recent studies show
that it is the intermediate isoforms that associate with TCR/CD3 (27-30), and this
suggests that cells expressing these 1soforms, which can be identificd by A6, may be
functionally important.
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itro-Activated Lymphocytes

Aversa, J.A. Waugh, G.A. Bishop, and B.M. Hall

WCTIVATED T lymphocytes play a central role in allo-
graft rejection, directly mediating cytotoxic eflector
ions or by amplifying the host’s immune response to the
“via the release of lymphokines. During activation,
acquire new molecules or increase the expression of

» 1986 on their surface. Although the function of some of
%3 proteins, such as the interleukin-2 receptor (IL-2R)
I Acad en determined,' the role of most of these activation
' ns remains to be elucidated. We describe the use of

ret ‘monoclonal antibodies (mAb) for identifying activa-

K et ntigens on Ilymphocytes and to visualize activated

Is in rejected renat allografts.

ERIALS AND METHODS

oclonal Antibodies

yoridoma lines secreting At, A4 and A6 (all IgGl) were
kd from three fusions as deseribed.? OK T26a (anti-IL2-R) was
ed from Ortho (Raritan, NJ). MUD-1 (anti-D, discoideur)
FX-8 (anti-rat CD8) were used as controls.

Lcml blood mononuclear cells {PBMC) were obtained and
ted as previousty described.?

yiometry

of activated PBMC were labeied with mAb followed by a
Ab conjugated to FITC as described® and analysed with a
CStar (Becton and Dickinson, Mountain View, CA) cell sorter.

noperoxidase Staining of Tissue Sactions

sections from renal specimens were fixed in acetone at RT,
tained as described.

oiodination and SDS-PAGE

activated (day 6) lymphoblasts were radioiodinated using the
rd lactoperonidase-catalyzed reaction. The cell membranes
c solubilised with 0.5% NP 40 and precipitated with Pansorbin
ochem), coated with rabbit-anti mouse Ig, and the mAb. The

es were run on 2 10% polyacrylamide gel as described.*
£ adiography was performed using Kodak X-AR-S film.

t Reactivity of A1, A4 and A6 In Flow Cytometry

reacted strongly with mitogen and alloactivated T cells,
not with resting T cells.? A4 reacted moderately with
vated T (44%-74%) and B (30%) cells, but not with
ing leukocytes. A6 reactivity with donors T cells showed
ability (36%-80%), but it reacted strongly with most of

of Monoclona!l Antibodies to Study In Vivo and

activated T-cells (88%-97%). It also weakly stained mono-
cytes (B0%-96%) and granutocytes (55%-99%).

Kinetics of Activation Antigens Expression

Flow cytemetric analyses of T-cells activated by PHA
showed that the expression of Al and A4 and the increase in
A6 expressions were late compared to that of the IL-2R
(which peaked at day 3), peaking at day 8, day 6, and day §,
respectively. The kinetics of expression in MLR were
delayed peaking at day 16, 10 and 20, while the IL-2R
expression peaked at day 8 of MLR. ‘

Immunoperoxidase Staining of Tissuae Seciions

Sections from rejected renal allografts showed that Al and
A6 strongly stained the cellular infiltrate, whereas their
reactivity in normal kidneys was mostly confined to dendrit-
ic-like cells in intertubuiar areas. Al also stained vascular
endothelium and glomeruli.? A4 stained large blastlike cells
in rejected kidneys, but its staining was weaker than that
observed with Al and A6. A4 did not stain normal kidneys.

SDS-PAGE

Al precipitated a peptide of 78 kDa in both reduced and
unreduced form from the surface of PHA-activated T-cells.
A4 precipitation showed twe major bands of 83 and 44 kDa
in the unreduced form, but only one band of 44 kDa observed
in the reduced gel, indicating that the 83 kDa peptide could
be the dimeric form of the 44 kDa protein. A6 precipitated a
major diffused band in the 160-200 kDa zone and a minor
band of 33 kDa in the unreduced form and z main band of
186 kDa and two minor bands of 44 and 33 kDa in the
reduced form.

DISCUSSION

We have described 3 mADb reactive with lymphocyte activa-
tion markers. Al recognizes 2 unique 78 kDa peptide on
activated T-cells distinct from those so far described. The
peptide precipitated by A4, suggests some similarities with
CD 28 (T90/44) recognized by 9.3.' However, this remains
to be confirmed. A6 reactivity with a subset of resting
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lymphocytes and the m.w. of the main peptides precipitated
by it, indicate that it may recognize components of the CD 45
complex, similar to UCHL-1.* The cxpression of the antigens
identified by these mAb in cells infiltrating rejected renal
allografts may. signify an involvement of these structures in
the mechanism of allograft rejection. These reagents may be
useful in the diagnosis of allograft rejection and possibly as
therapeutic agents in the selective elimination of alloreactive
T-cells.
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37.24

Exposure to Non-Inherited Maternal Antigens affects mouse fetal
and neonatal T cell development, i an MHC class 1 transgenic
mouse model

Stephane Maurice Caucheteux', Yoshincbu Akiyama®, Cecile
Vermnochet!, Marie-Claude Gendron', Annick Guimezanes’, Gilles
Benichou?, Coletie Kancllopoulos-Langevin'. 'J. Monod Institute,
CNRS, pl. Jussieu, Paris, 75005 France, *Massechusetts General
Hospital, Boston, MA, 'CIML, Marseille, France

During fetal and neonatal life, the immune system is exposed to non-
inherited maternal antigens (NIMA} absent from fetal self tissues. We
are interested in the consequences of such an exposure on Iymphoid cell
development and adult immune function. We have analysed the
influence of the MHC class | molecule H-2Kb as NIMA, in BM3.3 anti-
H-2Kb T ccll receptor-transgenic (TcR-Tg) animals from day 16 of
gestation to day 3.5 afler birth. Control mice included BM3.3 TeR-Tg
animals that were not exposed to H-2Kb and animals that expressed H-
2Kb as a self MHC antigen inherited from the mother {IMA).
NIMA-exposed TeR-Tg animals had a iwo-fold reduction in their
number of DP and CD8-SP thymocytes during gestation, After birth, an
increased percentage of thymic cells, compared to negative controls, was
in cycle and had  larger size, suggesting an activated status. Messenger
RNA analyses by RT-PCR on whole thymus cells revealed an
upregulation of IL~4, IL-10, Fas-L and Bel2. Further analysis of the
functional status of such activated T cells and of their maturation in the
periphery is in progress. Qur results show for the first time that cxposure
to NIMA significantly affects early T eell development. Current work is
in progress to determine the mechanisms of NIMA influence on the
progeny’s immune system and whether it is dependent upon life in utero
and/or lactation. Supporicd by FRM, ARC, MENRT and the NATO
Science programme.
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Induction of telerant allogeneic CD8" T cells by soluble MHC Class
I tetrnmers depends on MHC/TCR avidity

Robert' Maile, Catherine A Siler, Samantha Elliott Kerry, Jeffrey A
Frelinger. Microbiology and Immunology, University of North Carolina
at Chapel Hill, CB #7290, Manning Drive, Chapel Hill, NC 27599

We have previously reparted that fernale C57BL/% mice injected with
three doses of soluble HY (male antigenic peptide)}D* MHC Class 1
tetramer rejected male skin grafls more slowly than naive mice. Using a
female HYTCR RAG™ transgenic mice model we found that the initial
phase of tolcrance induction resulted in a non-proliferative population of
allospecific CD3'TCR™CD4CDE"T cells (CD8®TC) which correlated
with general non-responsiveness to HY antigen. CD8"TC are able to
mediate dose-dependent inhibition of nstve HY CD8" T cell
proliferative responses to HY antigen in vitro, In order fo investigate the
role of MHC/TCR affinity in tolerance induction, we have defined
weak-zgonist (K1A) and super-agenist (C2A) altered peptide ligands
{APL) of HY in proliferation and cytolytic assays. We have measured
the affinity (Kp) and dissociation constants (Typ) for wildiype
(Kp=200nM, T;p=60min), C2A (Kp=200nM, Tiz=110min} and KI1A
(Ke=1000nM, T\z=60min)-tetramers for HYTCR. Three injections of
C2A tetramer into HYTCR RAG™ mice is superior in inducing CD8* T
cell activation, but induce lower numbers of inhibitory CD8®TC (5% of
CDE+ T cells) than wildtype HY -tetramer (15%). Interestingly, K1A-D*
doss not yield measurable CD8YTC. Interestingly, three doses of C2A-
D* pMHC induces a highly responsive CD8'CD44" CDg2L'CD25"
CD6% memory population. These daa allow us to correlate the
contribution of initial antigen avidity to the generstion of atlospecific
tolerance.

37.25

Anti-CD45RO/RB mAb a new toal for tolerance induction

Silvin Gregori#', Patrizia Mangia', Rosa Bacchetta', Gregorio Aversa?,
Federica Botlazzoli', Jost Carballido?, José Carballide®, Catia
Traversari’, UIf Korthacuer’, Maria Grazia Roncarolo'. 'San Raffaele
Telethon Institute for Gene Therapy (HSR-TIGET), Milan, Milan 20132
Haly, *Novarlis Research Institute, Vien, Austria, *Molmed S.p.A.,
Milan, ltaly .

Lymphocytes simultancously express multiple CD45 isoforms which are
transmembrane protein tyrosine phosphatases. We studied the effect of a
monoclonal antibody, A6 mAb, which has a unique specificity for bath
the CD45RO - and CD45RB isoforms. A6 mAb is a potent
immunesuppresant that inhibited allogeneic and polyclonal responses.
High concentrations of A6 mAb induced apoptosis in CD4'CD4SRO/RB
bright cells, which is not activation dependent. A6 mAb also modulated
antigen(Ag)-specific CD8* and CD4" T-cell responses. CDE* T eell lines
specific for the Flu peptide MP58-66 generated in the presence of the A6
mAb beceme unresponsive to re-challenge with the same Ag, Both [FN-
% preduction and eytotoxic activity were suppressed in these T cell lines,
The anergized CO8' T cell lines suppressed IFN-y production by Flu-
specific T cell lines, ‘indicating that they act as T regulatory cells.
Similarly, CD4" T cell lines obtained after repetitive stimulations with
TT in the presence of A6 mAb became unresponsive =nd suppressed the
proliferation of TT-specific CD4™ T cell lines. Recent dats suggest that
A6 mAb modulates the effector function of mature DCs. DCs maturated
in the presence of A6 mAb and approprinte stimuli induced the
differentiation of a regulatory T cell population, which suppressed the
proliferative response of autelogous naive CD4* T cells to alloantigenic
mature DC. Taken together, these results suggest that A6 mAb may
represent @ new immunomodulant agent able to induce tolerance,
threugh specific deletion (apuplosis) of recently activated cells, anergy
and induction of T regulatory cells.

Struetural and functional heterogencity in the CD200R family of
immunoregulatory molecules

Lydia Lee', Zhigi Chen', Simon Wong?, Gary YuKai', Philip A
Marsden®, Reginald M Gorczynski'. 'Transplant Division, Toronta
General Hospital, 200 Elizabeth St, Toronto, On M5G 2C4 Canada,
Yepariments of Surgery & Immunology, University of Toronto,
Torento, Ontario Canada

We have previously reported that engagement of CD200-CD200R
trigpers immunoregulatory signals in several different rodent models,
including an allatransplant model and one measuring autoimmune
arthritis, We hypothesized that intrecellular signaling was mediated
mainly by motifs in the cytoplasmic domain of CD200R. We have
identified four isoforms of CD200R (R1 to R4), in the mousc gene bank.
Our current goal was to chamcterize structurally these CD200Rs, and
examine Lheir expression in different cells and fissues. We have
produced heterologous (rabbit) and rat mAbs to the different isoforms
following synthesis of peptides conforming to unique sequences in the
CD200Rs, and immunizing animals with KLH-peptides. Antibodies
were screened for specificity using CHO cells transformed with cDNAs
encoding the various isoforms. Thereafter, single cell suspensions from
different tissues (spleen, thymus, bone marrow and blood) were screcned
by indirect FACS analysis. Expression data was confirmed by Western
blotting. Distinet tissue distributions were observed for CD200R1/R4
and CD200R2/3. Using the antibodics as blocking reagents, preliminary
functional characterization of the different CD200R isoforms confirmed
that CD200R| delivered &n immunosuppressive signal in mouse MLCs.
The full implications of the tissue-restricted expression of (functionally
unique) CD200R isoforms remains to be determined.

Supported by grant from the CIHR (#MT14678) to RMG
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An intact host MHC class [ pathvway is necessary for lonp-term islet
allograft survival .
Joshua Beilke', Zachary Johnson', Ronald G. Gill%. Immunology,
Univeristy of Colrado Health Sciences Center, 4200 E. 9th Aveune, Box
B-140, Denver, CO 80262, Medicine and Tmmunology, Univeristy of
Colrado Health Sciences Center, Denver, CO

The purpose of this study was to determine the role for CD8 T cells
versus generalized MHC class [-restricted antigen presentation in islet

w0




Molecular
Immunology

www elsevier.com/locate/molimm

PERGAMON Molecular Immunology 37 (2000} 107-113

Effect of somatic hypermutation on potential N-glycosylation sites
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Abstract

Immunoglobulins are known to be variably glycosylaled. Although most carbohydrate is likely 1o be associated with the
constant region, the variable region may also bc glycosylated. Variable region glycosylation is known to be associated with
antigen binding; in one model, the presence of carbohydrate on the external surface of CDR2 was shown 10 increase the affinity
by up to ten-fold. In this study we have studicd the effect of somatic hypermutation on potential sites of N-glycosylation in
IgVy genes used by mucosal plasma cells scercting IgM, IgA and IgG in adults and children. Mucosal plasma cells secreting
IgM, IgA and IgG are all heavily mutated from childhood. We have obscrved a tendency to lose the germline encoded N-
glycosylation sites in all populations studied (a range of 43-67% of genes showing loss of the site). The tendency to lose the site
was associated with a higher frequency of somatic hypermutation. We have also analysed the tendency to create potential M-
glycosylation sites, and observed that this was greater in IgA and IgG than IgM and was again associated with the high
frequency of somatic hypermutation. We observed no evidence of selection for either loss or gain of potential N-glycosylation
sites, The changes in potential glycosylation $tatus associaled with a high frequency of somatic hypermutation is likely to
increase the diversity of mucosal immunoglobulins, but is not as likely to affect the peripheral immune system where the
frequency of somatic hypermutation is generally lower. € 2000 Elscvier Science Lid. All rights reserved.

Keywords: Immunoglobulin; Hypermutation; Glycosylation; Intestine; Plasma cells

1. Introduction

Immunoglobulins are glycoproteins which are
known to wvary in their carbohydrate content.
Although most analyses of the degree of immunoglo-
bulin glycosylation in health and disease are concerned
with constani rcgion glycosylation, it is known that
the variable region may also be glycosylated (Wright
and Morrison, 1993; Mattu et al., 1998). A minority of
human variable regions genes have a potential N-gly-
cosylation site (Asn-X-Ser/Thr, where X is any amino
acid excepl Pro, Asp or Glu) in CDR2 or FR3 (Tom-
linson et al., 1992). The actions of glycosidases and

* Corresponding author. Tel.; +44-207-928-9292 ext. 3562; fax:
+44-207-401-3661.
E-maif address: jo.spencer(@kceb.ac.uk (I. Spencer).

glycosyl transferases are not c¢learly understood, and
the factors which control whether a potential glycosy-
lation site is used are not known. However, in some
cases it has been possible to demonstrate that these
sites are functional and that the carbohydrate added is
cxposed to potential antigen (Wallick et al., 1988;
Wright ct al., 1991).

Variable region glycosylation is known to affect
antigen binding in various systems. One of the most
thoroughly investigated 1s the binding of «{l1-6) dex-
tran, where the presence of carbohydrate on the exter-
nal surface of CDR2 increases binding by up to ten-
fold (Wright ct al., 1991). It i1s thought that this could
be due to the additional effect of hydrophilic carbo-
hydrate/carbohydrate interaction between antibody
and antigen. It is important to determine whether
there is potential variability in the degree of glycosyla-

0161-5890/00/3 - see front matter © 2000 Elsevier Science Lid. All rights reserved.
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tion generated during the life of plasma cell precursors,
and whether this might be subjected to selcctive press-
ure.

Somatic hypermutation introduces predominantly
single nucleotide substitutions into immunoglobulin
variable region gencs (Jacob et al, 1991). There are
hotspots which are frequently mutated and coldspots
which are rarely mufated, but most bases fall into
neither of these categories, being mutaied occasionally
(Yelamos et al., 1995). The most commonly mutated
G and C nucleotides are generally located in second
and third positions, respectively, within  4mer
sequences  (Dunn-Walfers et al.,, 1998), onginally
observed as RGYW motifs (where R = A/G, T = C/f
T and W = A/T) (Rogozin and Kolchanov, 1992).
The flanking sequence around the A and T nucleotides
which are preferentially mutated is not so clear. The
role of somatic hypermutation is thought to be to
increase immunoglobulin variability, following acti-
vation of B cells by T cell dependent antigens. The res-
cuc of high affinity variants from apoptotic death is
thought to be the basis for affinity maturation of the
humoral response (MacLennan, 1994),

Human intestinal plasma cells are the effector cells
of the mucosal humoral response. The genes encoding
the variable regions of mucosal IgM, IgA, and IgG are
very highly mutated from childhood, though the basis
for this is not known (Dunn-Walters et al, 1997;
Boursier et al.,, 1999). In this study we have analysed
the frequency with which potential N-glycosylation
sites in immunoglobulin variable regions are lost, or
gained, in the intestinal plasma cell population as a
result of somatic hypermutation. We have focused pre-
dominantly on the plasma cells expressing lgVy4-34
because this is a relatively non-polymorphic genc
which can be studied without the additional concern
of base changes resulting from polymorphism rather
than somatic hypermutation, and also because it has
an Asn-His-Ser potential N-glycosylation site in CDR2
(codons 52-54).

2. Materials and methods
2.1. Sequences analysed

Expressed, in-frame, sequences analysed were all
generated by RT-PCR using RNA isolated from snap
frozen human tissues. Normal jejunal biopsies were
obtained from five children aged 4.2, 5.2, 5.5, 7, and
13.5 years, respectively. Normal jejunal biopsies from
five adults and normal parotid salivary gland from two
adults were also studicd. Since the majority of cells of
B lineage in these specimens are likely to be plasma
cells, and since plasma cells contain more RNA than
small B cells, the sequences studied are almost cer-

tainly those used by plasma cell populations. Different
isotypes were studied using a semi-nested PCR method
using the following constanl region-specific primers;
Cu (5-CAGGAGACGAGGGGGAA-3"), Cua (5-
GGAAGAAGCCCTGGACCAGGC-3') and Cy (5-
CACCGTCACCGGTTCGG-3") (Boursier et al., 1999;
Dunn-Walters et al., 2000). Variable region primers
were used as described previously (Dunn-Walters ct
al., 1997; Boursier et al., 1999},

Genes which are known to be relatively non-poly-
morphic were studied. Since a number of sequences
were studied from each patient, 1t was possible to ob-
serve that not all sequences shared the same base
change. We are therefore confident that these base
changes were a consequence of somatic hypermutation
and did not represent genetic polymorphism.

Genbank accession numbers for this group of
sequences are AJ253020-23, 25-33, 35-38, 41, 43-50,
53, 57, 59-63, 66-70, 72-75, AJ222870-76, 80-83, 85-
88, 90-93, 95, 96, 98, 99, AJ240570, 72, 73, 78, 80-82,
86, 83-92, 94, 95, AJ240600, and AJ276982-88.

Unused sequences of 1gVy4-34 used for analysis of
the distribution of mutations in the absence of selec-
tion were out-of-frame between Vy and Jy and were
obtained from analyses of DNA. The DNA was
obtained by microdissection from immunohistochemi-
cally stained tissue sections of human intestine. This
enabled analysis of DNA isolated specificalty from the
plasma c¢ell population (Dunn-Walters et al., 1997).
Genbank accession numbers for these sequences are:
X87032, Y13169, 72 Y16646-9, Z738020-21, Z80339,
Z8(708, 293132, 34, 38, 41, 53-54, 56, 58-59.

2.2. Statistical methods

The number of mutations within groups of penes
was comparcd using Student’s 7-test because the
populations were normally distributed. Differences in
the tendency for different populations to retain or cre-
ate potential N-glycosylation sttes were compared
using y°.

3. Results

3.1. Loss of the Asn-X-Ser/Thr site {codons 52-54) in
CDR2 of IgV pd-34

The DNA sequence in codons 52-34 of IgVy4-34
(Fig. 1) was analysed in n and o heavy chains from
adult and paediatric intestinal plasma cells and adult
salivary gland plasma cells. In addition, ¥ heavy chains
were analysed in the adult lamina propria plasma cell
population, We observed that in most groups, more
than half of the scquences had lost this potential N-
glycosylation site and that there was no significant

1T
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GTT"GAAGC'CTTCG'GAG' %V/

T‘G'II'ATTAC

'TCTGTG*AC_GGCCGCQGAC

-

Yo

f.

Fig. 1. Sequence of IgVy4-34 illustrating the location of sites, numbered 1-9 which could become glycosylated as a consequence of 4 single repla-
cement mutation. The bases which would need to be replaced to produce an N-glycosylation site are in bold type. Sites 1-9, respectively, which
are all hatched, are codons 17-19, 33-35, 54-56, 58-60, 60-62, 68-70, 72-74, 76-78 and §1-82a. Potential sites of giycosylation which were ¢re-
ated most frequently are haiched vertically. The germline encoded NHS site at codons 32-54 is boxed but unshaded.

difference between the groups studied (Table 1). In a
group of eight 1gVy32 genes (seven IgA, one lgM)
which also have an N-glycosylation site encoded in the
germline (codons 58-60; Tomlinson ct al., 1992), seven
had lost this site as a consequence of somatic hyper-
mutation. When all used sequences in the study were
divided into those which had lost the N-glycosylation
sitc and those which had not, therc was a significant
difference in the frequency of somatic hypermutation
over the entire V region studied within the two groups.

Table 1

The mean frequency of somatic hypermutation in the
sequences which had lost the ¥-glycosylation site was
10.1 compared to 6.0 in the sequences which had not
lost the site (p < 2 x 10~% using Student’s T-test; both
groups were normally distributed) (Fig. 2).

We analysed the total number of mutations which
occurred in this potential N-glycosylation site in the
group of genes studied and in a set of out-of-frame
genes which are mutated, but which are not expressed
and therefore can be considered to be unselected. We

Number of lgVy4-34 scquences used by plasma cells from salivary gland or lamina propria which lost or gained potential N-glycosylations sites

due to the effect of somatic hypermutation™

Number of sequences ai which the N-H-§
potential glycosylation site is [ost/total

Number of sequences in which one new
potential glycosylation site was generated/ potential glvcosylation sites were

Number of sequences in which (wo new

total generated/lotal
Paediatric  6/10 {60%) 0/10 010
gut IgM
Pacdiatric  7/13 {53%) 413 (31%) 1713 (8%)
gut IgA
Adull gut  14/25 (56%) 2/25 (B%) 0/25
IgM
Adult gut  17/26 (56%) 126 (27%) 0/26
IgA
Adull gut  7/16 (43%) 4/16 (25)H £16 (6%)
1gG
Adult 5/11 {45%) 0/11 0/11
salivary
1zM
Adult 10/15 (67%) 2/15 {13%) 0/15
salivary
IgA
Total IgM  25/46 {54%) 2/46 (4.3%)F 0/46
Total 1gA  34/54 (63%) 13/54 (24%)" 1/54 (2%)

" Fipures marked # (p = 0.016) and thosc marked » (p = 0.003) were significantly different when compared using 72 analysis.
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observed that there was no single hotspot and no
apparently selected mutation likely to be rcsponsible
for loss of the N-glycosylation site (Fig. 3).

3.2. Creation of new potential N-glycosylation sites

N-Glycosylation sites were created by somalic
hypermutation in 19 of the total of 116 sequences
studied (Table 1}. Although there was no significant
difference between the tendency to create N-glycosy-
lation sites in individual groups of IgA and IgM
sequences, there was a significantly greater tendency
for these sites to be created in IgA than in IgM,
when the groups were pooled (p =0.003 using x?).
Therc was also a greater tendency for these to be
be created in IgG than in IgM (p =0.016 using
¥?). When the sequences were divided into those
which had gained an N-glycosylation site and those
which had not, the group which had a new poten-
tial N-glycosylation site was significantly more

Frequency of somatic hypermutation

0. Dunn-Walters et al. [ Molecular Immunology 37 (2000) 107-113

highly mutated overall (mean frequency of mutation
9.4%) than the group which had not (p=
0.00075 wusing Student’s 7-test; both groups were
normally distributed) (Fig. 2). There was no differ-
ence between the frequency of mutation in the
groups which had created and lost the potential M-
glycosylation site.

Two new potential N-glycosylation sites were cre-
ated in each of the two sequences. These had Jost the
germline encoded glycosylation site and therefore had
a total of two sites. Only four sequences which had
gained a new glycosylation site had retained the glyco-
sylation sitc encoded in the germline. Therefore, out of
the total 116 sequences studied, only six had two po-
tential sites for N-glycosylation, and none had more,

No new potential N-glycosylation sites were created
in a group of 26 IgV5-51 genes used by intestinal
plasma cells, This group had a mean frequency of mu-
tation of 5.2%. The frequency of mutation within this
population was not significantly different to that of the

25+
x
20 - »
X
x
% %
15 + X
i x :
i ¥ .
X X X x
10 + — x x
: <=
x
g X x
x % >§< - -
X X »
5+ g x 3
X x %
x x : §
x % X
X
x ¥
0 X &
N-H-§ N-glyc No No
site Jost site created change change
IgVH4-34 1gVH5-52

Fig. 2. Frequency of somatic hypermutation in groups of IgVy4-34 sequences which pained and lost sites of potential N-glycosylation, and

groups of 1gVyd-34 and 1gVy5-51 sequences which remained unchanged in terms of sites of potential V region plycosylation. The sequences
which lost the N-H-$ potential site of N-glvcosylation and the sequences which pained a sile had a significantly higher frequency of somatic
hypermuiation than ihe sequences which had no change. All in-frame genes derived from analysis of all isotypes are pooled in this figure.
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b
codon: 58 59 60
(4]
A ACTATCA AASTC
In frame A 3 1 1 - 0
C 1 8 301 0 i
G 3 6 8 0 0 0 0K 4
T 2 2 8 2 5 2 1 14
TOTAL 6 16 19 4 3 6 0 9 18
Out of frame A 0 0 0 0
C 0 0 1 0 0
G 1 1.0 1 0 0 0 0
T 0 0 0 0 0 0 1
TOTAL 1 1.0 2 0 0 0 1
c d
codon: 62 81 82 B2a
9
A cC C A AGCTGAGC
In frame A 0 1 14 2 0 3 17 2
cC |0 6 2 fia} 0 2 4 %%
G |2 0 0 7 15 5 0 5 10
T {0 0 2 0o 1 [Z818 2 2 2 7
TOTAL | 2 0 3 13 18 32 25 0 7 11 45 19
Outoffame A 2 0 0 2 1 0 0 1 0
C {0 o0 1 0 0 0 0 0 7
G |0 2 0 0 1 0 3 1 0 0 1
T [0 0 1 0 0o o E0Y 1 0 0 0 2
TOTAL | ¢ 2 3 1 1 0 3 3 3 0 0 0 4 3

Fig. 3. Analysis of the events at the germline encoded potential N-glvcosylation site in IgVg4-34 atl codons 52-54 and at the sites 4, § and 9
identified in Fig. 1 at codon 58—60, 60-62 and 81-82a. The number of events in used (in-frame) and unused (oul-of-frame} alleles have been com-
pared. A total of 1826 mutations in the entire V region were in the used data set, and 245 mutations in the unused data set. Base changes which
would result in a change in the potential glycosylation status of the gene are shaded in grey. An interesting hotspot in codon 82a, at which a con-
servalive change can be observed in both the in-frame and out-of-frame alleles, is halched. There is no evidence of selection either for or against

the generaiion of sites of potential N-glycosylation.

IgVy4-34 genes which did not have N-glycosylation
sites either created or destroyed (Fig. 2).

3.3. Location of N-glycosylation sites created by
somatic hypermutation

We identified nine places in the l1gVy4-34 sequence
where a single base change would result in the creation
of a potential N-glycosylation site which we numbered
1-9 (Fig. 1). Of these nine places, potential N-glycosy-
lation sites were only cver observed in six. The ma-
jority occurred at three sites only (Fig. 1, Table 2). To
determine whether these represent hotspots for somatic
hypermutation and te identify any evidence of selective
pressure we analysed the frequency of mutation in the
relevant codons in the sequences used for this study
and a group of out-of-framec sequences which are

mutated, but unseclected for comparison (Fig. 3). The
potential glycosylation sites generated at sites 4 and 5
were not hotspots for mutation and there was no evi-
dence of selective bias in the distribution of mutations.

Table 2

Location of codons which become sites of potential N-glycosylation
as a resull of somalic hypermutation in 19 gt and two salivary
gland sequences

Potential created N-gly siic Gui Salivary gland
3" codons 54-56 0 1/2

4, codons 58-62 6/19 1/2

5, codons 60-61 6/19 0

0, codons 68-70 1/i9 0

9. codons 81-82a 6/19 0

* Number of site in Fig. 1.
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Site 9 was of interest. The Gs in codons 81 and 82a
are both hotspots for mutation, and are both in
RGYW motifs. The G in codon 81 is that which
results in the creation of the N-glycosylation site. Since
this is also mutated in the out-of-frame alleles, it is
likely to be due to targeting rather than selection. The
hotspot at codon 82a is the most highly mutated base
in IgVy4-34 in this scries of sequences. 1t is interesting
to note that the most common base change is a trans-
version from G to C (G most commonly mutates to A;
Yelamos et al., 1995). This trend is apparent in both
the in-frame and the out-of-frame data. This substi-
tution would result in an amino acid change from ser-
ine to threonine, a conservative change in terms of any
potential N-giycosylation sites generated by changes at
codon 81,

4. Discussion

It 1s clear from this analysis that a high frequency of
somatic hypermutation, as observed in the humanp in-
testinal plasma cell population, can destroy and create
potential sites of N-glycosylation in immunoglobulin
variable regions. The loss and gain of potential glyco-
sylation sites does not appear to be specifically tar-
geted by somatic hypermutation, but to be a
consequence of changes in bases which are neither hot-
spots nor coldspots. There are sites in the sequence
designated ‘9" in Figs. | and 3 which are hotspots for
somatic hypermutation. However, the overall effect on
potential glycosylation is no different to that in sites 4
and 5, where no hotspot is apparent. This suggests
that the changes which occur at high frequency in
sequence 9, which may have gencrated a potential N-
glycoslation sitc, are neutralised by changes in the
flanking sequence. Since the loss of potential sites of
N-glycosylation appears to be related to the high fre-
quency of somatic hypermutation and not to targeting
of hotspots, we would predict that the peripheral
repertoire, where the frequency of somatic hypermuta-
tion is much lower, would not show similar changes in
potential AN-glycosylation. Consistent with this, only

20% of 1gVy4-34 genes used by I[gM plasma cells .

from the spleen, which are mutated with a lower fre-
quency (2.3% in 13 sequences), had lost the Asn-X-
Ser/Thr site.

Intestinal IgM, IgA and IgG all tended to lose the
potential A-glycosylation site. In the intestine, IgM,
IgA, and IgG are all highly mutated from childhood,
though IgA and IgG are significantly more highly
mutated than [gM. Il appears paradoxical then that,
despite the association between the frequency of
somatic hypermutation and loss of the germline
encoded N-glycosylation site, there is no difference
between the isotypes in the tendency to losc this site.

However, therc 18 a range in frequency of somatic
hypermutation within each isotype and the data in
Fig_ 2 represent a tendency for the N-glycosylation site
to be lost in the more highly mutated sequences within
the individual groups. There was no such paradox
when the tendency to create sites was analysed; 1gA
and IgG had by far the greatest tendency to create
sites. This is, again, likely to be due to the higher fre-
quency of somatic hypermutation associated with these
isotypes.

We have considered whether the potential changes
in variable region glycosylation may have been
selected, by comparison of the data with a set of out-
of-frame pgenes, which being unused alleles are
mutated, but not subjected to selective pressure, A
comparatively small number of sequences was avail-
able for the database of unselected genes. However,
the relative frequency and distribution of mutations in
this set of sequences sugpests that the potential
changes in glycosylation are not a consequence of
selection since the same trends arc apparent in the in-
frame and out-of-frame genes.

Although somatic hypermutation can generatc and
remove sites of potential MN-glycosylation, the strongest
overall trend is to remove germline encoded potential
sites of N-glycosylation. These are present in a min-
ority of variable region genes, including IgVy4-34
which is thought to represent approximately 10% of
the total repertoire. Somatic hypermutation removes
the potential N-glycosylation site in over 40% of these
genes when they are used by infestinal plasma celis,
This is likely to broaden the antibody repertoire since
the presence or absence of carbohydrate in CDR2 is
known to affect antigen binding (Wallick et al., 1992;
Wright et al., 1991; Coloma el al., 1999). It is difficult
to understand the biological significance of this poten-
ttal change in the carbohydrate content, however. In a
model investigating the effect of CDR2 linked carbo-
hydrate on binding to a(l-6) dextran, the presence of
carbohydrate was reported to enhance binding, and it
was considered possible that this may be due to carbo-
hydrate interactions bectween antigen and antibody
(Wright et al.,, 1991). By the same logic, it might be
expected that the presence of carbohydrate in CDR2
may enhance binding to other antigens rich in carbo-
hydrate, such as bacterial wall components. It is diffi-
cult to understand why such potentially enhanced
binding should be lost from the antibodies secreted by
intestinal plasma cells. Similarly, it is possible that gly-
cosylation of IgA may protect IgA from attack by pro-
teases in the intestinal lumen, However, this is not a
factor which could be selected for or against in the
germinal centre microenvironment,

The question of whether intestinal antibodies are
selected for specificity is not fully answered (Dunn-
Walters and Spencer, 1998). Intestinal antibodics arc

o
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encoded by genes which have some hallmarks of selec-
tion, such as an excess of silent mutations in the
framcwork regions compared to out-of-frame, unse-
lected alleles. However, selection for functional viabi-
lity by conservation of the framework rcgions and
selection for antigenic specificity may be different
issues. The question of whether there is selection for
cflicient antigen binding of intestinal immunoglobulin
generally, to which the change in affinity caused by
carbohydrate content could contribute, is unanswered
at present.

The difference in the characteristics of the IgVy5-51
and the 1gVy4-34 genes used by intestinal plasma cells
is of interest, The former has a fower frequency of
somatic hypermutation (Boursier et al., 1999), which is
equivalent to the frequency of mutation in the lgVy
genes which did not undergo changes in potential gly-
cosvlation status. Like IgVy 4-34, 1gV5-51 has sites
which could result in the generation of potential N-gly-
cosylation sites as a consequence of single base
changes. It is possible that there is selection against
such changes in IgVy5-51. The V5 family is known
to be preferentially associated with IgE responscs
(Snow et al., 1995). The difference in the frequency of
mutation and glycosylation may reflect functional
differences between the different IgVy families.

In conclusion we have shown that the high fre-
quency of somatic hypermutation observed in the
human gut can potentially change variable region gly-
cosylation by either the loss or gain of N-linked carbo-
hydrate, though the tendency to lose carbohydrate is
the greatest. These changes appear not to be specifi-
cally targeted, or selected for or against in the intesti-
nal plasma cell population. However, they are likely to
contribute significantly to the functional diversity of
the intestinal immunoglobulin repertoire.
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