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_ For receiving Office use only -

I

PCT
REQUEST

International Application Ma.

{nternationa! Filing Date

The undersigned requests that the present
international application be processed
according to the Patent Cooperation Treaty.

Name of receiving Office and "PCT International Application”

Agpplicant's or agent's Gle reference

(if desired) {12 characters matimum) BERLX 88§ WO

‘BoxNa.l TITLE OF INVENTION
. NOVEL [NTERFERON FOR THE TREA.TMENT OF MULTIPLE SCLEROSIS

| BoxNo. 1l APPLICANT

"Name and address: (Family aame followed by given name; for a legul entity, full aﬁicuxl designation. The addressmust | { ] This person is also inventor.
" | include pustal cade and name of country. The country of the address indicafed in this Box is the apphcam s Statg {that &
N country) of residence if uo State of residence is indicated belaw J Telephone No
SCHERING AKTXENGESELLSCHAFT - ‘
D-13342, Berlin . . . .| Foemmie N,
DE S .
Teleprinter No.
N/A
State fthat is, countrv) of nationality: ‘DE . State (that is, country) of residence: DE
- ] This_ persoa is applicaht [ 1 all designated States [x]all designated States except the United States of America
for the purposes of: [ 1 the United States of America only : [_1 the States indicated in the Supplemental Box
Box No. Il FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)
‘Name and address: (Family nmr;e  fallawed by given name; ﬁ:rulzgnl entity, full official destgnation. The nddre:: must | This person is:
include postal codg and name of country. The country of the address indicated in ihxs Baxis the applu:anr s State (tlxat is, .
country} of residence if na Sm:cafrmdencei.rmdlcatedbelow) RS applicaht only ’
CROZE, Edward M. ' . : . : \
Lafayette, California CL R + | Wl epplicant and inventar
o K . : { 1inventor o‘hly (If this check-bax
‘ ' o is marked, do nat fill In belaw.)
State (that is, country) of nationality: US State (that is, country) of residence: US
This person is applicant [ ] all designated States { ] all designated States except the United States of America
for the purposes ot [X] the United States of America only [ ]the States indicated in the Supplemnental Box
{X] Further applicants and/or (further) inventors are indicated on a continuation sheet.
Box Na. IV AGENT OR COMIMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE
“The person identified below is hereby/has been appointed to act on behalf  [X] agent [ ] common representative
of the applicant(s) befare the competent International Authorities as:
Name and address: (Family name ﬁ.:llawe:l by given name; for a legal entity, full official designarion. The address Telephone No.
must include postal code und name of country.) (703) 243-6333
ZELANO, Anthony I Facsimile No.
MILLEN, WHITE, ZELANO & BRANIGAN, P.C. : (703) 243-6410
Arlington Courthouse Plaza |
23200 Clarendon Boulevard, Suite 1400
Arlingtor, Virginia 22201 Teleprinter No.
us . N/A

[ ] Address for correspondence: Mark this ched\-box where no agent or common representative is/has been appointed and the space above
is nsed instead to indicate a special address to which correspondence should be sent.

I Py Oy vey
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Sheet No. 2

Coatinuation of Box No. Il FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTORS

If noue of the following sub-boxes is used, this sheet should not be included in the request.

Name and address: (Family name followed by given name: ,‘br a legal entity, full official designation. The address
must include postal code and name of country. The country of the address zndimled inthus Box is the applicant’s State (tluu This person is:
is, country) of residence if na State of residence is indicated below.) -

{ 1applicaatonly -

FAULDS, Daryl
gsm Vaueyf Ca»lifomia. {X] applicant and inventor
[ ] inventor only @f this check-ba
is marked, do nat fill in beloiv.)
State (that is, country) ot’nationnlitv' Us . - | State (that is, country) of residence:  US
This person is applicant - { ] all designated States ) ' { ] all designated States except the United States of America

for the purpoeses oft X] the United States of America only the States indicated in the Supplemental Box

Name and address: (Family name  followed by given name; for a legal entity, j.iill official designation. The address

wnust include postal code and name of country. The country of the address indicated in this Box s the applicant’s State (that | This person is:

Is, counury) of residgnce if no State of residence is indicated below,) i

WAGNER, T. Charis - { ] applicant only
and, California . . .

8!81!(1 Calie . . (%] applicant and inventor

[ 1 inventor only (If this check-box
is marked, do not fill in below.,)

State fthat is, country) of nationality: US State (that is, country) of residences US
This person is applicant [ Jall d::signixted States ' [ 1all designated States except the United States of America
for the purposes oft [X] the United States of America only [ 1 the States indicated in the Supplemental Box

Name and address: (Fumily aame followed by given name; for a legul entity, full official designation. The address
mustinclude postal code and nams of country. The country of the address indicated in this Boxis the applicant’s Siae (that | This persan is:
is, country) of rendmcz if no State of residence is indicuted below, y

{ 1 applicant only

'} [ ] applicant and inventor .

{ ] inventor only (if this check-box

- is marked, do not flll in below.)
State (that is, country) of nationaliry: State (that is, country) of residenca:
This person is applicant [ ] all designufed States ’ { 1all designated States except the United States of America
for the purposes of: [ 1 the United States of America only [ ] the States indicated in the Supplemental Box

Name and address: (Family name followed by given name; for a legal entity, full official designation. The address .
must include postal code and name of country. The country of the address indicated in this Baxis the applicant's State (that | This person is:
is, country) of residence if no State of residence is indicated below, )

[ ] applicant only

[ ]2pplicant and inventor

[ ] inventor only (if this check-bux
is marked, do not fill in below.)

State {that is, countrv) of nationaiig: ) State (that is, country) of residence:
This person is applicant [ ] all designated States [ ] all designated States except the United States of America
for the purposes oft [ ]the United States of America only [ 1 the States indicated in the Supplemental Box

[ ] Further applicants and/or (further) inventors are indicated on another continuation sheet.

Form PCT/RQA101 (coatinuation sheet) (July-1998; reprint January 2001) See Notes to the request Jorm



BpyNn V. DESIGNSTION (')FSTAIES
The followmg designations are hereby made under Rule 4. Q(J)(mark the applzcab(e check-boxes; at least one mus! be marAed)
. Regional Paten
[X]AP ARIPO Patent: GH Ghnm, GM Gambia, KE Kenya, LS Lesotho, MW Malawi, MZ Mozambique, SD Sudnn. SL Sierra Leone, SZ
Swaziland, TZ United Republic of Tanzania, UG Ugunda, ZW Zimbabwe, and zmy ather State which is a Contracting State of the Harare
- Protocol and of the PCT
[X] EA Eurasian Patent: AV Armenia, AZ Azerbajjun, BY Belarus, KG Kyrgyzstan, KZ Kazakstaa, VD Repubuc of Moldova, RU Russian
. Federation, TJ Tajikistan, TV Turkmenistan, and any other State which is a Contracting State of the Eurasian Patent Convention and of the
. PCT.
X1 EP European Patent: AT Austria, BE Belgmm. CH and LI Switzerland and Liechtenstein, CY Cyprus, DE Germany, DI Denmark, ES Spain, | -
FI Finland, FR France, GB United Kingdom, GR Greece, IE Ireland, IT Rtaly, LU Luxembourg, MC Monaco, NL Netherlands, PT Portugal,
SE Sweden, TR Turkey, and any other State which is a Contracting. State of the European Patent Convention and of the PCT
. [X] OA OAPI Putent: BF Burkina Faso, BJ Benin, CF Central A frican Republic, CG Congo, CI Cate d'Ivoire, CM Cameroon, GA Gabon, GN
. Guinea, GW Guinea-Bissau, ML Mali, VIR Mauritania, NE Niger, SN Senegal, TD Chad, TG Togo, and any other State which isa member
. State of OAP{ and a Contracting State of the PCT (if other kind of protection or treatment desired, speczfj' on dotted line) ............
N .momll Patent (if other kind of | protecuon or treatment desired, spectfy on dotted Ime) .
| [X}AE United Arab Emirates [X]LC Saimt Lucia
* | [X] AG Antigun and Barbuda , L " [XILK S Lanka
(X]AL Albania............... S eeees [<ILR " Liberia . ,
| (X]AM Armenia .ooiveiii vee [XTLS  LeSOthO . ieiitetntiteernereeeeeennseneeennnsenneeannns
w AT AUSID oovveeennnnennannnnnnn, e (X]LT Lithuania ‘ ‘
4 (X]AU Australin ooveeeneenennnnnnn., e (X]LU Luxembourg
| [X]AZ  Azerbaijan . (XILY Latvia
. (X] BA Bosnia and Herzegovina e eeeseenans [XIVLA MOrogeo «ovveninennennrennnnnens ereeeens P
.| (X18B Barbados (X] MD  Republic 0f Moldova .....oioviviveieinrieeeraininnnnns .
[X]BG Bulgaria .......ccoviuinnien e, (XIMG Madagasear......... R
[XIBR . Brazil .ooeieieiveiiiiiiiiiiiiiiniienneainan,s [XIMIX  The former Yugoslav Republic oancedomn ................ .
[X]BY Belarus .ovverernnninineninaninananinnnns cee[XTMIN Mongolla . o
1 [X]BZ Belize [XIMW, Malawi ..ottt iiiiiiie e eiianas Cevernenaas
[X]CA Canada : S LXIMIN  TMENIEO ontvreteetre et e e e
{X] CH and LI Switzerland and Llechx.enstcm [(X]VMZ Mozambique ’
54 odx T 1 A A {XINO Norway
[X]CR COStaRICA +evuvvuneeennnuennnnnnns. eeeeees © [XINZ  New Zealand .. ...iueniisieinseneneenieeansenaaenans
B 24 [ o o1 [ 2 P L T
[X] CZ CzechRepublic ........... eeeceeneeienarenens [XIBT  Portugal....civniiiniiiieinneeneieanrnneeoniannsnacnss
[XIDE Germmany . ueereeevetoreiesucassosactacannnns [X]IRO Romania .
[XIDK ‘Denmark ....uoviveneienieiierenesaivecacnnes "[XIRU  Russian FEderltion «....oeuneerereenrensonseesnssssacnns
[X]DM Dominica S (XISD Sudan ' Co
| XIpZ Algeria ....eiiiiiiil SO [X]SE ~ Sweden
’ TXIEE Estonis ......oocevnnnnn. e ee e [XISG.  Singapore
[(X]JES Spail coevieiieniinnnininiiennaieieaaseeesss  [X]SI Slovenia .....ovvvvvievneennnnnnns eiberenneens eseaes
[XJFl Fimland ...l ereearaaes {XISK  Slovakiz ...iiuieiiiiiiiiieiioineererionienonnonanesnes
! ‘ ' [X] GB United Kingdom (XISL " SiermaLeone .....cevvnneenennnnnnenens FOTTT -
(X] GD Grenada ' (XITI  Tafikistan ...o.iiiniiiiiiniinieeaenrererasnraecassnnes
[XIGE Gergid ...ovinieeiiinnnieerenuensenennonns {(X]TM Tuckmenistan ........... et s ieeerranrrecesnsactaerene
[X]GH Ghana............ e etateeretetestteieraenans (XITR Turkey.....oovuennnnnnn L
{X] GM Gambia . (XITT Trinidad and Tobugo oo vvvvervirrnrenennsesescacnsnsonnses
OHR Crombiz o.oouiiiiienererenneientninsinasnenes (X]TZ United Republic of Tanzania
[XIHU Hungary «coieieniinniiieiiieasneionenanncnns XJUA  UKmiNE .ottt iiniiinarencnarneentnsssonsaoasnnss
(X]1D Indonesia (XTUG UgNdd «.evvvivniniineiiiieeeennnaneenss e '
T R (T [(X]US  United States of America (CONTINUATION-IN-PART) .......
[(XIIN Indin....ooiniiiiiiiniiiiaiin,, Ceenieanaens [(XJUZ  Uszbekistan ... ..vviiiiiiniiernuieneninanesennrensenenns
(X]Is Iceland (XTVN  VielNam...ooiiiiiiiiiiiiiii i iriiiiinnnnanscrsaasees
(X]JP Japam ...oociiiiiiiiiiiiii., e x] ;1] g'ug;slnt\:i‘a ............................................
. Xz Outh AfMCa ..iuuiiie ittt rrieeronearsataanaenns
(X1 K,E Ifanyn """"""""""""""""""""""" Eg]l FAYS Zimbal;\we ‘1 ............................................
(XIKG Kyrgyastam . .covonvnenevennineninnninnnen. " Check-boxes reserved for designating States (for the purposes of a natianal
(X} KP Democratic People's Republic of Korea. ......uet patent) which have become party to the PCT after issuance of this sheet:
[X] KR RepublicofKorea ......oooiiiiiiiiiiiiiiaini [XICO  Colombia...voiiiinriiieinnierannnnsassronsassasnsansns -
[X]KZ  KazakBStn .. oooueeinnnt e teneeeneineeess (X] Any counrries available as of the filing date but not included on this form
Precautionary Designation Statement: In addition lo the designations mads above, the applicant also makes under Rule 4.9(b) all designations which
would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being excluded from the scope of this statement. The
applicant declares that those additional dem'm.lnons are subjeu to confirmation and that any desxgnmon which is not confirmed before the expiration
“tedassirn b the annlicant at the exniration of that time limit, fConfirmation {including fees) must

" Sheet No. 3




Sheet No. 4

Supplemental Box If the Sugplemental Box is not used. this sheet should not be included in tlxevrequest )

1. If, inany of the Boxes, the space is m.mj]‘ Tcient 1o furnish ull the informarion: in such case, write "Continuation gf Box Na..." [indicate the number
of the Bux] and furnish the mﬁ;rmanon in the same manner as requu-ed according to the captions of the Box in which the space was instfficiens,in
particular: . :

i} :f more thai two persens are invelved as applicants and/or inventors and ro "continuation sheer” is available: in such case, write "Continuation
"

-of Box No. [I[" and indicate for euch additional person the same type of information as required in Box No. [II. The country of the address mdicated

in this Bux is the applicant's State (that is, country) of reszdence if no State of residence is indicated below;

(ti) if in Bux No. l{ ar in any of the sub-boxes of Bax Ne. Il the indication "tle States indicated in the Supplemental Bux" is checked: in such case
write "Continuation of Box Ne. II” or "Continuation of Box No, {II" or "Continuation of Boxes No. If and No. III” (as 1/:; case may be‘) indicate th;
name of the applicant(s) involved and, next to (each) such name, the State(s) (aad/or where applicable, ARIPO, Eurasian, Euro ean or O4P! patent)
for the purposes of which the named person is applxcanf . ) i P

xu) if, in Box No. Il or in any of the sub-boxes of Box No. III, the inventor or the inventor/applicant is not inventor for the purposes of ull designuted

States or far the purposes of the United States of America: in such case, writg¢ "Continuation of Box No. {[* or "Continuation of Box No. {[” ar
“Continuation of Boses No. Il and No. {1I" {us the case may be), indicate the name of the inventor(s) and. next to {each) such name, the Statefs) {nnd/ur
where applicable, ARIPO, Eurasian, Eurapecn or OAPI pa:em') Jfor the purposes of which zhe named person is inventor;

(iv) if. in addition to the agent(s) mdzcated in Box No. {V, there are further agents: in such case, write "Continuation of Box No. [V” and indicate far
each further agent the same type of informativon as required in Box No. IV

(v} if, in Box No. ¥, the name of an State for QAPY) is accompanied by the indication "patent aj&ddizi;m, " or "cm%iﬁcéte of addition,” or if; in Box
No. 7, the name of the United States of dmerica is accompanied by an indication "continuation” or "eontinuation-in-part”: in éz:ch ca:‘e write
“Continuation of Box No. ¥ and the name of each State involved (or OAPI) and after the name of cach such State {or OAPD, the number of the parent
title or garent applicativn and tlxe date of grant of the parent title or filing of the parent application;

(vi) ifs in Box No. VI. there are mare than three earfier applications whase priority is claimed: in such case, write "Commua!wu of Box No. V1" and
indicate for each additional earlier applxcanon the same type of information as required in Box No. VI:

{vii) if. in Box No VI, the carlier applu.atwn is an ARIPO application: in such case, write “Continuation of Box No. VI*, specify the miunber of the
item corresponding to that eartier application and indicate at least one coum‘n party to the Pans Convention for the Prorec:xon aof Indu.s-mal Property
Jor which that earlier application was filed. .

2. If. with regard 1o the precautionary de.\ignauan statement contained in Box No. V, the applicant wishes to exclude a:;v State(s) from the scope of
rltar statement; in such case, write 'Desivnaaon(s) excluded from precautionary designation statement ™ and indicate the name or two-letter code oj‘

each State so excluded.

3. If the applicant claims. in respect of any designated Office. the benefits of pmvz&zonx of the national taw concerning non-prejudicial disclosures
ar exceptions to lack of novelty: in such case write “Statement concerning non-prejudicial disclosures or exceptions to lack of novelty* and fumu‘h

that statement below.

Continuation of Box Na. IV: ‘' Continuation of Box V:

AXELROD, Nancy J. T US: 60/212,046 filed 16 June 2000 (16.06.00) and
BRANIGAY, Alan E. J. US: (tbd) filed 15 June 2001 (15.06.01)

BRANIGAN, Jennifer J.
HEANEY, Brion P.
LEBOVITZ, Richard M.
MILLEN, I. William
MOSES, John R.
RULAND, fames E.
SHUBIN, Harry B.
SOPP, John A.
THOMAS, John H.
TRAVERSO, Richard J.
WHITE, John L.
ZELANO, Anthony 1.

All mer;bers,I 3&' the firm of MILLEN, WHITE, ZELANQ & BRANIGAN, P.C. at the address, telephone and facsimile numbers as indicated
in Box No. IV,

ROTH, Carol I.
WASHTEDN, Wendy L. .

Al BERLEX BIOSCIENCES, Legal Department, 15049 San Pablo Avenue, P.O. Bux 4099, Richmond, California 94804-0099.




Shesat No. 3 ”‘

Box No. VI PRIORITY CLAIM

[ ] Further priority claims are indicated in the Supplemental Bax.

Where earlier application is:

! above as item(s): (1) and (2}

Filing date Number aational application: | regional application:* | international application:
of earlier application of earlier application couny regionul Office receiving Office

{day/month/yeur) , . :
item (1) 16 June 2000 60/212,046 us

{16.06.00)
item (2) 13 June 2001 ‘TBD us

(15.06.01) ‘
item (3) (

[X] The receiving Office is requested to prepare and transmit to the lnternational Bureau a certified capy of the earlier application(s) (only if" | -
the earlier application was filed with the Office which for the purposes of the present international application is the recexvmg Office) 1dent1ﬂed

* Where the earlier applh.anon isan ARIPO appl:cnaan itis rmmdawrv to indicate in the Supplemental Box at least one country party to the Paru Convention
for the Protection olf Industrial Property for wluch that earlier apphcanan was-filed (Rule 4.10(b)(ii)). See Supplemental Box.

Box No. VII_ INTERNATIONAL SEARCHING AUTHORITY

Choice of International Searching Authority (ISA) (if twe
or more Internationul Searching Authorities are competent to carry
| out the internutional search, indicate the duthority chosen; the two-
letter code may be used):

ISA/EP

Request to use results of earliersearch; reference to that search (j if an earlier
search has been carrfed out by or requested from the Internationa! Searching
Authority):

Date (day/month/year)

Number ) Country (or regional Qffice)

Box No. VIII CHECK LIST; LAN GUAGE OF FILING

This international applxcnuon contzins the following number
of sheets .

. 1. [X[ fee calculation sheet (duplu.ntc)
request : 5 sheets | .[ ]separate signed power of attorney
description (excluding 3.( ]copy of general power of attorney; reference number, if any:
. sequence listing purt) T 46 sheets | 4.[ ]statement explaining lack of signature
claims I A 1 ‘sheets | 5.( ] priority document(s) identified in Box No. VI as item(s):
abstract ) : 1 sheet | 6. ] translation of international apphcauon into (language)
drawings : 15 sheets | 7.( ]separate indications concerning deposited rmcroorgnmsm or other
sequence listing part ’ biological material
of description ' E sheets | 8. ]nucleotide and/or amino acid sequence listing in computer readable form
L ) . . 9. [X] other (specify): Transmittal :
Total number of sheets : . 63 sheets ’

This international application is accompanied by the item(s) marked below:

Figure of the drawings which
should accompany the abstract: 3

Language of filing of the -

international application: ENGLISH

Box No. IX SIGNATURE OF APPLICANT OR AGENT

 —

G. NO. 27,969

ANTHONY J. ZELANO,

Next 10 each signature, indicute the me signing and the cupacity in which the person signs (if such capacity is not obvious from reuding the rey

Agent for the Applicant
/s

1. Dale of actual receipt of the purported
international application:

For receiving Office use only

2. Drawings:

3. Corrected date of actual receipt due to later but
timely received papers or drawings completing

[ ]received:

[ ] not received:

the purported international application:

4, Date of timely receipt of the required
corrections under PCT Article 1 E{2):

5. International Searching Authority (if two or
: more are t:metent): A/

il Dosmanses

6.[ 1 Transmittal of search copy delayed

unnl senrch fee is pmd




This sheet is nol part of and does not count as a sheet of the international application. N
: _ For receiving Office use only

PCT

FEE CALCULATION SHEET ¥ 1nemational application No.
Annex to the Request :

Applicant's or agent's ' Date stamp of the receiviﬁg
file reference BERLX 38 WO : Office

Applicant .
' SCHERING AKTIENGESELLSCHAFT

CALCULATION OF PRESCRIBED FEES | .
I. TRANSMITTAL FEE ....... SR PR : 240 | T

({f two or more International Searching Authorities are competent in relation to the international application,
‘ indicate the name of the Autharity which is chosen to carry out the international search.) .

3. INTERNATIONAL FEE

. Basic Fee . .
The international application contains __68§ sheets,

first 30 Sheets . o.onintii i it o

33 X: 9.00 . _
remaining sheets X additional amount =

Add amounts entered at bl and b2 and enter total atB .......

Designation Fees . )
The intzmational application contains ALL _designations.

6 - X 8200
number of designation fees X amount of designation fee . =

payable (maximum 6)

Add amounts entered at B and D and enter total at 1 ceenenasy

’ (Applicants from certain States are entitled 1o'a redzwtfon‘of 75%
: of the international fee. Where the applicant is (or: all applicants*

are) so entitled, the total to be entered at [ is 25% of the sum of

2. SEARCHEFEE ,........covenne crereeiaan eeaeraaes 846 | S §
laternational search to be carried out by _EP ‘

‘ the amounts entered at B and D.) ' ‘
4, FEE FOR PRIORITY DOCUMENT (if applicable) . ... .. .- 4 30|p
5. TOTALFEESPAYABLE ................. e USD $2332.00
Add amounts entered at T, S, [ and P, and enter total in the 5D $2332.00
TOTAL box TOTAL

[ ] The designation fee is not paid at this time,

MODE OF PAYMENT S
{X] autharization to charge { ] bank draft [ ] coupons

deposit account (see below)
) [ ] cash [ ] other (specify):
[X] cheque

' . [ ] revenue stamps
[ ] postal money order

DEPOSIT ACCOUNT AUTHORIZATION (this mode of pavment may not be available at all receiving Offices)
The RO/US [ ] is hereby authorized to churge the total fees indicated above to my deposit account. .
[X] (this check-box may be marked only if the conditions for deposit accounts of the receiving Office so permit) is hereby authorized to
charge any deficiency or credit any overpayment in the total fees indicated above to my deposit account.
(X] is hereby authorized to charge the fee for preparation and transmittal of the priority document to the,Inférnational Bureau of WIPO
to my deposit account. e




WO 01/95929 P . - . PCT/USONM410Z2 ¢

NOVEL INTERFERON FORTHE TREATNENT OF MULTIPLE SCLEROSIS

BACKGROUND OF THE INVENTION
Interferons are intercellular signaling pfoteins that play an important tole in variety

of biological processes involving, e.g., cell proliferation and the immune responsé.

v BRIEF DESCRIPTIO‘I OF THE DRAWINGS - .

Flg 1 shows the nucleonde sequence of human mterferona-bcta- mciuding 5 aod .
3 sequences ' ' ' | ' o | o
. " Fig. 2 shows the amino acid seqitence of humzm mterferon-beta-Z The translauon
. of'the open readuw frame for IFN-BZ is shown. The 31gna1 sequence is shown italicized"
and the two potential N—glycosyla.non sites as well as the cystemes capa.ble of fox:rnm<r 2
 disulfide bond are shown underlined and inbold font. )
' Fig. 3 shows the three-dimensional structures of type I mterferons All three ]FNs
share 2 common 5 -helical bundle motif characteristic of human type I IFNs In addltlon,
IFN-B1b and IFN—]B') are similar to each other in the locatlon of their potentlal N-
Aolycosyla.hon sites and proposed disulfide bonds. A umque C-terminal a.mmo “acid
sequence is present only in IFN-2.

Fig.4isa protem ahgnment compa.n:na human mterferon—beta-Z to other
.mterferon types.’

Fig.5isa phylocenetm companson of IFN-B2 to human type I and type I
interferons. Based upon the pattern of cysteme conservation, potential N-.glycosylauorl
.sites and a phylogenetic analy'sis,‘lFN-BZ is more closely related to IFN-8 thao to any of

- the other interferons.

Fig. 6 shows a type I IFN dependent ISRE-Iuc1ferase reporter assay for a human ‘
_ interferon-beta-2. ‘

Fig. 7 shows the results of inhibition of binding of IFN-B2 to human type I '
interferon receptor with an @t_i—-IF’N— g2 polf/clonal antibody.

Fig. 8 (A and B) shows the effect of interferons on cell proliferation. .

Fig. 9 illustrates the antiproliferative activities of IFN-$2 on human cells.
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Fig. 10 shows the antiviral activity of mterferons on human cells.
Fig. 11 shows competition between IFN-2 and IFN-B2 for binding to the type I .
interferon receptor. . R . o
. Fig. 12is 2 5" genomic nucleo’clde sequence of human IFN- {3”
- Fig. 13isa nucleotide sequence codmcr for 2 57 region of human IFN- -B2.
Fig. {4isa5’ polypeptlde sequence of human IFN-B2.
Fig. 15 shows the antlprohferatlon of human fetal astmcytes in response to IFN—
p2. (A) is fetal brain culture 1 with no shmulatlon and (B) is fetal brain culture 1 with”
. EGF sbmula’uon (C) is fetal bram cultm:e 2 with no stimulation and D)is fetal brain

culture 2 with EGE st1mulat10n. '

DESCRIPT ION OF THE INVENTION .

Novel nucleic acids, polypeptide sequences ; and mucleic ac1d regulators thereof,
have been identified which code for an mterferon—beta-’7 ("IFN {37") a class of
. intercellular signaling polypeptldes which exert a myriad of biological eﬂ'ects mcludm
eg., antitumor action, antiviral action, and J.mmunoregulatory action. See, e.g., Cirelli and
" Tyring, Clin. Immgmotﬁerf 3, 27-.§7, 1995. An interferon polypeptide of the present
invention, ﬁ'agﬁlents thereof, and derivaﬁves thereof, have one or more of the following o,
biological actlvmes, mcluchng, but not hmlted to, IFN-B2 b1oa.ct1v1ty, and an IFN g2- |
" specific immuno genic actmty " '

An "IFN~(37 b1oact1v1ty" means e.g ﬁmctlonal effects such as, alteratlons n ce]l
.membranes, antl-oncogene regulation, antitumor activity, antiviral actmty, cell growth
inhibition or antigrowth activity, anti-proliferation, enhancement of c};totoxicity .of
lymphocytes, immunoregulatory activity, i:uducemeﬁt or inhibition of differentiation of
target cells, Iﬁacrophage activation, down-regulation of onco genes, etc.; immunological
eﬂ’ecte, such as, reducing antibody formation, increasing cell membrane components
(major histocompatability complex, Fe receptor, f2-microglobulin), modulating cell-
mediated imm1._mity, iﬁcreasing cytokine (e.g., ipterleuld.n) production, increasing '
cytotoxic T cell effects, increasing‘macrephage effects, and increasing natural dlling;

intérferon receptor binding activity, such as binding to mterferon type I receptof,
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"particularly an IFNAR2c chain thereof, and cellular effects stimulated by such receptor

binding; activation and/or association with intracellular signaling molecules, such as J 51«:1,
Tyk?2, Statl, Stat2, IRS-1, IRS-2, an.L,' Cikl, Vav, etc., and other downstream effectors'
(e.2, MAPK). See, e.g, Platanias and Fish, Exp. Hematology, 27:1583-1592, 1999.

By the phrase "enﬁ-proﬁferation acﬁﬁW", it 'is meant that an IFN-B2 in accofda;ice'
with the preeent invention inhibits cell growth, or induces apoptosis. This is illustrated in, '.
the Examples below. See, ais,d, Figs; 8,9, and 15. For instance, IFN-B2 inhibits the »

( proliferation of astrocytes in the brain. This activity is useful; e.g., in treating multiple

scle;béis since astrocyte proliferation can lead to the neuronal inflammation which is _

- characteristic of the disease. By inhibiting the growth of astrocytes, IFN-B2 reduces

inﬂammétion and ameliorates the disease. Thus, the present invention relates to methods

) of treating multxple sclerosis compnsmc administering amounts of IFN-B2 which are

effective to inhibit astrocyte proliferation and/or reduce inflammation. '

An "TFN- -B2-specific immunogenic activity" means, e.g., that an IFN-2
polypeptlde elicits an 1mmunolo gical response whs.ch is selective or preferential for IFN
B2, e.g., an immunological response W]:uch is selecnve for mammahan TFN-g2. Thus the

stimulation of antibodies, T-cells, macrophages, B~cells dend.ntlc cells etc., by an amino

' aciel seqlience selected from 2 mammalian IFN-B2, e.g., an IFN-f2 in F1g 2,isa spemﬁc

1mmuno genic act1v1ty These responses can be measured routinely.”

IFN -p2 is a full-length mammalian polypeptxde havmo an amino acid sequence

th.ch is obtainable from a natural source and whlch has one or more of the

aforementioned bioactivities. It can have a sequence as shown in Fig. 2, having an
open-reading frame that begins with'an im'.tiation .codon and ends with a stop codon. It
includes naturally occurring normal, nateraHy occurring mutant, and naturally occﬁn'ing
polymorphic, including single nucleotide polymorphisms (SNP), etc., sequences. Natural
sources include, e.g., living ceils, e.g., obtained from ﬁesues or whole organisms, cultured
cell lines, including primary and immertalized cell lines, biopeied tissues, etc.

Tﬁe present inven‘don also relates to fragments of 2 mammalian IFN-2. The
fragments are preferably T'biologieaﬂy active". By "biologically active", it is meant that

the polypeptide fragment possesses an activity in a living system or with components ofa
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hvmg system. onlogmal activities include those mentmned, e.g., IFN-B2-bioactivity and -
IFN-f2-specific i immunogenic activity. Fragments can be prepared accordm° to any

.desired method, mcludmg, chexmcal synthesm, genetic engineering, cleavage products, -

etc. A biclogically active fragment of an IFN-2 includes polypeptides whlch havehad

amino acid sequences removed or modified at either the carboxy- or amino-terminus of

‘ the protein.

Preferably, the nucleic acids, and ﬁ:agments thereof, in Figs. 12 'and 13 are

-excluded. Preferably, the‘polypeptldes, -and fragments thereof, in Fig.14 are excluded.v

“However, polypeptides which contain or comprise these sequences are not excluded, e.g., "

full-length IFN-B2; a polypeptide having two oﬁ; more of these mentionied fragments, or a
polypeptide having one of the mentioned fragments and additional amino acid sequences,

' elther from TFN-B2 or from another source.

The present invention also relates to an IFN-B2 having a deduced sequence of

armno acids 1 to 208 as shown in F1g 2. Its calculated molecular we1ght is about 23,000

,daltons and the predicted isoelectric point is 8.1. Itis an acid stable protem having a

molecular Welaht of about 26,000 daltons as measured by SDS-PAGE. The 4
unglycosylated foi:m produced in E. coli has a molecular weight of about 20,500 ddtoﬁs. '

: ~Seze, E*camples below.

Asshown in Fig. 2, ithas a predlcted signal sequence from amino acid -1 to -21
two potential N-olycosylanon sites at ammo acids 74-77 and 83-86, and cysteine remdues

| at3z, 142, and 154. A~ chsulﬁd: bond is predlgted to form between cysteine residues 32
- and 142, It compriseé a helix A at aming acid positions 7-24, helix B at 55-69, helix C at
'83-05, helix D at 118-134, and helix E at 143-158.

Mature IFN-B2 refers to an IFN-B2 which lacks amino acids from -1to~21 as
shown in Fig. 2 and is 187 amino acids in length. It also has a unique 18 amino acid
extension at the C-terminus when compared to other known interferon types. Such
extension can be used as marker for IFN-B2, at both .nucleotidg and amino acid Ie\feL and
can be ﬁ.tsed to heterologous polypeptides. o

An IFN-2 polypeptide of the invention, e.g., having an amino acid sequence as
shown in Fig. 2, can be analyzed by any suitable-methods to identify other structural
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and/or fungtidnal domains in the polypeptide, including membrane spanning regions,
hydrophobic regions. For example, an IFN-E»?. polypeptide can bé ﬁnalyzed .b}'f methods
_disclosed in, e.g., Kyte and Doolittle, J. Mol Bzol 157:105, 1982; EMBL Protein Predict;
Rost and Sander, Protezns 19:55-72, 1994, ' _

B Other homologs of IEN- -p2s of the present mven’uon can be obtained from
. mammahan and non-mammalian sources according to various methods. 'For example, ‘
hybridization with oliconucleoti‘des; (e.g., primers to amplify the codmc region - 5°-ATG
. ATT ATC AAG CACTICTIT GGA-3’ and 5’-CTA CCT CGG GCT TCT AAACIC
"TGT-3"). Primers used for expression in E. coli ~ -GGA ATT CCT ACT ACC TCG
GGC TTC TAA-3"and 5’-GCG CGC GCA TAT GCT AGATIT GAA ACT GAT TAT-
3"." Primers for the full length known sequence including 5° and 3’ untranslated genomic
sequence — 5'-TTT AGG TGA CAC TAT AGA AT-3" and 5'-TAA AAT GGA TAG
j AAT ATATAA-3" -canbe employed to select homologs, e.g., a;s described in Sambrook
etal, Molecular Cloning, Chapter 11, 1989. Such hbmologs can have varying amounts of
nucleotide and amino acid sequence identity and mmlla.nty to JFN-2. Mammalian
or'ia:nisms iﬁclude e.g., rodent, m@i:.se rét, harﬁster ‘monk'ey, ape, pig, cow.' horse, dog,

cai, etc Non-mammalian organisms ; mclude e. g., vertebrates, mvertebrates zebra fish,

" -chicken, Drosophila, C. elegans, Xenopus yeast such as S. pombe S. cerev1s1ae .

;oundworms, prokaryotes, plants, A:ab1d0p§15, Crustacea, artemia, viruses, etc. To select

o _oﬁgﬁnucleoﬁdes for hybridization, an effective method can be used. For example, IFN- | '

p2-specific regions can be identified by comtparing an IFN-B2 of the present invention
with other IFN-B2 types and selecting those amino acid sequences which onlf{ appearin .
the former (i.e., noﬁiconserved,' or, "specific-for" IFN-B2). See, e.g., Fig. 4 showing |
'conse.rVed and 'nonfc;onserved regions between the different interferon types. Noz-
c~onserved amino écid sequences ‘can be chosen (e.g., KSLSP) and degenerate probes can
be designed based on such sequences. See aIso Venkataraman et al., Proc. Natl. Acad,
Sei., 96:3658-3663, 1999. Other specific (i.e. non—conserved) and/or conserved amino
acid sequences can be found routinely, e.g., by searching a genefprotein database using the

BLAST set of computer programs.

(¥ 3
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The invention also relates to IFN-B2-specific amino acid sequences, e.g., a deﬁﬁed
- amino 4acid sequence which is found in the particular sequence of Figs. 2 and 4, but not in
other interferon types. Preferred polypeptides are at least about eight contiguous amino |
" acids, e.g., about 9, 10, 12, 15, 20, 21, 22, 25, 30, 40, 50, etc. Such polvpeptndes can

" comprise, e.g KHFF GTV, IIFQQRQV, KSLSP, FRANI, AEKLSGT, CLFFVFS, and
QGrRPLI\IIDl\/IKQELTjI']E*lF{RSPR7 and fragments thereof. An IE'N-BZ-Speeiﬁc amino aeid
sequernice or motif can be useful to produoe peptides as antigens to generate an immune

' response spec1ﬁc forit. Antibodies obtamed by such immunization can be used asa

" specific probe for a mammalian IE'N—B” protem for dlag.nostlc or research purposes |

- including as expression markers. '

As mentioned, polypepngies of the present invention can comprise various amino
acid sequences for an IFN-BQ (e.g., 2 full-length sequence, i.e., hé.ving a start aod step
 codon as showninFig 1, a meﬁlre amino acid sequence (i.e., where the I.FN-BZ'

polypeptide 1s produced as a precursor Which'is processed into a mature polypeptide, or
fragments thereoi) Useful fragments include, e.g fracrmeo‘rs comprisih or consmtmg.
essentially of, any of the aforementloned doma.ms and specn_ﬁc or conserved amino acld
sequences such as those shown in Figs. 2 and 4. '
A fragment of an IF'N [32 polypeptide of the present mventlon can be selected to
' have a spec1f1c blologma.l act1v1ty, e.g., antnnral, mmunomodulatory, antigrowth, etc.
The measurement of these activities can be performed as known. See, below. These
pept1des can also be identified and prepared as descnbed in EP 496 162,
.A polypeptide of the present invention can also have 100% or less amino acid
sequence identity to the amino acid sequence set forth in Fig. 2. For the purposes of the
_following discussion, sequence identity means that the same nucleotide or amino acid
which is found in the sequence set forth in Figs. 1 and 2 is found at the corresponding
position of the compared sequence(s). A polypeptide having less than 100% sequence
identity to the amino acid se@uences set forth in Figs. 1 and 2 can contm'n. various
substitutions from the naturally occurring sequence, including homologous ax;d
non-homologous amino acid substitutions. See below for examples of homologous amino

acid substitution. The sum of the identical and homolo gous residues divided by the total
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number of ;esidues in the sequence over which the IFN-2 polypeptide is compared .is.

equal to the percent sequence similarity. For purposes of calculating sequence identity -
and simﬂgﬁty, the compared sequences can be aligned and calculated according to any
desired method, alcori;:hm computer program, etc., including, e.g ~I"‘AS.'I‘A, BLASTA.

A polypeptlde having less than 100% amino 2cid sequence identity to the ammo
acid sequence of Fig. 2 can have about 99%, 98%, 97%, 96%, S5%, 94%, 93%, 9%, i
91%, 90%, 88%, 85%, Q%, 5% 70%, or as low as about 53% sequence identity.

The present invention also relates to polypeptide muteins of an TFN-f2, ie., aﬁy

. polypeptide which has an amino acid seqﬁénce which differs in amino acid éequence from

an amino acid sequence obtainable from a natural source (a fragment of a mammalian
IFN-p2 does not diﬂ'er in amino acid sequeﬁce from a2 naturally occurring IFN-2
although it differs in amino acid oumber). Thus, IFN-B2 polypeptide muteins comprise
amino acid substitutions, insertions, and deletions, including non-ﬁaturally occurring
amino acids. | | | |

‘Muteins to an IFN-B2 an:nno acid sequence of the invention can also be prepared
based on homology searching ﬁ'om gene data b:mLs e.g., Genbauk, EMBL. Sequence

. homology searching can be accomphshed using various methods, mcludmg algorithms
~ described in the BLAST family of computer programs, the Smith-Waterman algorithm,~ v A .

etc. A mutein(s) can be mﬁoduced into a sequence by identifying and ahgnmg amino

acids within a domam whlch are identical and/or homolo gous between polypeptides and

then modlfymg an ammo acid based on such alignment. For instance, IFN-B2 of the

present invention shares sequence identity with various known interferons as shown in

| Fig. 4. Alignments between these polypeptides at conserved amino acid residues can

identify residues whose modification would be expected to reduce, decrease, or, eliminate
a biological activity of an TFN-2, such as a'receptor binding activity, etc. F or instance,

" where alignment reveals identical amino acids conserved between two or more domains,

elimination or substitution of the amino acid(s) would be expected to adversely affect its
biological activity. o
Amino acid substitution can also be made by replacing one homologous amino

acid for another. Homobéous amino acids can be defined based on the size of the side
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- chain and degree of pola.rizaﬁo_n, includjng; small nonpolar: cystéine, proline, alanine,

threonine; small polar: serine, glycine, aspartate, asparagine; large polar: glutamate, |

glutamine, lysine, arginine; intermediate polarity: tyrosine, histidine, tryptophan; large

. nonpolaf: phenylalanine, methionine, Ieucin;a,' isoleucine, valiné. Homologous acids can
also be groilped as follows: uncharged p’olar R croups glycine, serine, threoﬁine cysteine,

' tyrosme, asparagme glutamme amdlc amino acids (negatively charced) aspartic acid arid

v .glutaunc acid; basic amino acids (posmvely charcred), lysine, arginine, histidine. = -

Homologous ammo acids also mclude those described by Dayhoff in Atlas of Protem

Sequence and Structure 5, 1978 and by Argos in EMBO.J,, 8, 779785, 1989.

Muteins can be prepared which have no effect on act1v1ty, or which reduce or.

increase the activity of IFN-f2 as compared to the wild-type. Mutations can be madein .

analogy to other IFN- -p2s, suéh as fibroblast interferon (beta-1) and ‘alﬁlia'-interferons For
example, IFN-B2 folds in the characteristic five helical bundles typical for mterferon

_ helix A at amino acid positions 7-24, helix B at 55-69, helix C at 83-95, heh.\ D at 118-

. 134, and hehx E at 143-158. These hahxeg are tethered together by random cotl or loop

regions. See, Fig. 3, Mutations to the helical structures can bé made in analogy to IFN-f1 |

- (fibroblast), e.g., as described in Runkel et al., Biochemistry, 39:2538-2551, 2000. For

‘instance’ parts of the A helix, the AB 16015, and the E helix are involved in receptor

~ binding. Sce, also Piehler and’ Schre1ber J. Mol. Biol., 294:223-237, 1999.

| - The IFN 92 of the present mventlon, like fibroblast mterferon, has three cysteme

'res1dues at amino acid positions 32, 142, and 154. The cysteine residues at positions 32
and 142 are smnlar in Iocatmn to the cysteine residues known to form a disulfids bond in
fibroblast mterferon. In analogy to fibroblast interferon, the amino acid at position 154

' can be deleted or subsntuted with a neutral amino acid, such as glycine, valine, alamne,
leﬁch;e, isoleucine, tyrosine, phenylalanine, histidine, iryptophan, serine, threonine, or

methionine. Serine and threonine are preferred because of their chemical similarity to
cystein.e. Removal of the impaired cysteine can prevent the formation of incorrect
intramolecular and intermolecular disulfide bonds. See, e.g., U.S. Pat. No. 4,588,585.
Mutations can also be made in accordance with U.S. Pat. Nos. 4,914,033, 5,545,723, and
5,580,723, See, a}sp, e.g, Fishetal, J Interferc){l Res., 1é:257-66, 1992; Figh et al,, J.
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' Inte;j’eron Res., 9:97;114, 1989; Dmlarco et al., J. Interferon Res., 13:139; 1993 , Mitsu et

al., Pharmacol. Therap., 58:93-132, 1993; Wang et al., J' Immunel., 152:705-715, 1994.
The invention relates to mutein nucleic acids coding for such mutein polypeptides.
Thus, the present invention relates to nucleotide sequences of Flg 1, wherein said nucleic

acids code fora polypepnde and one or more amino acid positions are substituted or

: deleted, or both, and the polypepude coded for by the nucleic acid has ablolog;cal

4 act1v1ty, such as enhanced TeCOVErY from bacteria cells when expressed recombmantly, or

enhanced b10act1v1ty A polypepnde mutem and its corresponch.nﬁr nucleotlde coding
sequence, can have an amino-acid sequence as set forth in Flg 2 except where oneor
mo_reposmons are substltuted by homologous amino ac1ds, €.g., where there are 1, 5, 10, .

15, or 20 substitutions. How a modi.ﬁeatien 'aﬁ'ects the mentioned activities can be

‘measured accordmcr to the methods descn'bed above, below, and as the skilled wodcer n

the field would know

) Vanous methods of : assaying forIFN 52 actmty are known. For e*cample useful ,
assays include: antmral assays, such as CPE (e.g., U.S. Pat. No. 5,545,723 and 4,914, 033 '
- Examples below); receptor bmchng (e.g., U.S. Pat. No. 5,545,723 and Ex_amples below;-.
© STAT activation (e.g., Examples below); activation of IFN-B2 responsive éenes (e.g.,_'an
. interferon—stimulated response element (ISRE) is operably ]inleed toa reporter gene, such -
. as lucxferase, as shown in the Examples below) phosphorylatxon of a type I receptor

(Examples below); a.nnprohferatlve u.s. Pat. No 4,914,033, assessing ability of IFN-f2
to inhibit replication of cell lines; Examples below); immunomodulatory (U.S. Pat: No.
4,914,033, antibody-dependent cellular cytotomcnty; Noronha et al., J. Neuroimmunol.,

46: 145-154 1993, mhibmon of T-lymphocytes and their production of JTFN-gamma

("IFN-y"); experimental allergic encephalomyelitis ("EAE") (e.g., Louboutin et al., Acta
Neurol. Scand., 88;97-99, 1993; Rott et al., Eur. J. Immunol., 23:1745-1751, 1993;
Examples below). . '

A mammalian IFN-B2 of the present invention, fragments, or substituted
polypeptldes thereof, cah also comprise various madifications, where such modifications
mclude lipid modification, methylanon, phosphorylation, glycosylation, covalent

modifications (e.g., of an R group of an amino acid), amino acid substitution, amino acid

%
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deletion, or amino acid addition. Medj_ﬁcations to the polypeptide can be accomplished :
according to vanous methods, including recombmant, synthetrc chermcal, etc.

Polypeptides of the present invention (e.g., full—length, fragments thereof, -
mutations thereof) can be used in various ways, e.g., in assays; as immunogens for *
antibodies as descn“bed below, as biolegicaﬂy-acﬁve acrerlts (e , having ore or more of
the activities assoc1ated with an IFN-p2 of the present mventron) )

A polypeptide coding for ari IFN- -§2 of the present mventlon, a derivative thereof,
ora fragment thereof, can be combined with one or more structural domains, functional
domams detectable domains, antxvemc domains, and/or a desired ponpeptLde of mterest
mm an arrangement which does not occur in nature, 1 e., not naturally occurring. A

polypeptide comprising such features is a chimeric or fusion polypeptrde Such a’

. chimeric polypeptide can be prepared according to various methods, including, chemical,

synthetic, quasi-synthetic, and/or recombinant methods. A chimeric nucleic acid coding

for a chimeric polypeptide can contain the various domains or desired polypeptides in a

- continuous (e.g., with multiple N—ferminal domains to stabilize or enhance activity) or

interrupted open reading frame, e.g., containing introns, splice sites, enhancers, etc. . The

~ chimeric nucleic acid can be ‘produced. accordmc to va.nous methods. See, e.g., U.S. Pat.
No. 5 439, 819 A domain or desired polypeptide can possess any desired property
including, a blologrcal finction such as mgnalmg, growth promoting, cellular targeting -

" (e.e. , signal sequence, tzu:getma sequence, such as targeting to the endoplasrmc reticulum

or nucleus), etc., 2 structural function such ds hydrophobic, hydmphlhc,
membrane—spanning, etc., reeeptor-ligand functions, and/or detectable functions, e.g.,
combined with enzyme, fluorescent polypeptide, green fluorescent protein, (Chalfie et al.,
Science, 263:802, 1994; Cheng et al., Nature Biotechnology, 14:606, 1996; Levy et al,
Nature Biotechnology, 14:610, 1996), etc. A dome.in can also be an immunoglobulin, €.g.,
to enhance stability, etc., such as an mmunoglobuhn heavy, hc,ht chain, and/or Fe region,
or an epitope tag sequence.

In addition, a polypeptide, or a part of it, can be used as a selectable marker Wherr
introduced into a host cell. For example, a nucleic acid coding for an amino acid

sequence according to the present invention can be fused in-frame to a desired coding

10,
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sequence and act as a tag for purification, SeleCthIl, or marking purposes. The region of
fusion can encode a cleavage site to famhtate e*cpressmn, isolation, purification, etc. .

An IFN-2 polypeptide of the present invention, or a fragment thereof, can also be

-combined with other cytokines, such as interferons, to make chimeric or hybﬁd TFN-B2s.
Such hybrid IFN-82s can be between any class of interferon, including alpha, omega,

gamma, “epsilon, trophoblast, fetal etc. Hybrds (and muteins as dzscussed above) can be
made Whlbh have reduced or restricted activities as compared to the hybnds from which

they are produced eg resmcted to cell growth regulatory achwty, antiviral actmty, or
Jmmunomodulaiory actlvlty See, e.g., U.S. Pat. No 4,758 478 for hybrids between

fibroblast mterferon and alpha~mterferon, e.g., using about ammo acids 47-1 87 74-187 1-

73, etc., of fibroblast mterferon.

A polypeptlde according to the present invention can be produced in'an e*cpressmn

; éystem, e.g., in vivo, in vitro, cell-free, recombinant, cell fusion, etc., according to the
' present invention. Modiﬁcations to the polypeptide imparted by such systems include

glycosylation, ammo acid substitution (e.g., by differing codon usage), polypeptlde

pmcessm*7 such as dloestxon, cleavage, endopeptidase or exopeptidase activity, attachment '

of chemical moieties, including lipids and phosphates, etc. ,
A polypepb.de accordmg to the present invention can be recovered from natural

: sou;ces,'transfomied host cells (culture medium or cells) according to the usual metheds,

e.g. methods applied to other interferons and other recombinant proteins, including,

. -detergent eﬁctractipn (e.g., non-ionic detergent, Triton X—iOO, CHAPS,‘ octylglucoside,

Igepal CA-630), phase extraction, n-butanol extraction, ammonium sulfate or ethanol
precipitation, acid extraction, anion or cation exchange chromatography, phosphocellulose
chromatography, Sephadex, hydrophobic interaction chromatography, hydroxyapatite”
chromatography, lectin chromato graphy, gel electrophoresis, affinity chromatography,
SDS PAGE, controlled pore glass chromatography (CPG), antibody affinity
chromatography, gel filtration, blue sepharose, phenyl-agarose chromatography, CPG and
zinc-chelate chromatography (e.g., Heine and Billiau, Methods in Enzymology, 78 (Part
A): 448-456, 1981), Cibacron Blue F3GA-Agarose and HPLC (Kenny et al., Methods in
En“azn;ology, 78 (Part A):435-447, 1981). Ses, also, Innis and McCormick, Methods in

11
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Enzvmology, 119 397—403 , 1986; Dembmskl and Su&owsh Preparam'e Bzochemz.rtry
16:175- 186, 1986; Fnesen et al Methods in En:)nnology, 78 (Part A):4330-435, 1981);
Pestka et al,, Annu. Rev. Biochem., 56: 7?7-77 1987. Protem ref:'okh;no steps can be used,
as necessary, in completxnv the conﬁouratlon of the mature protem.
. The present invention also rélates to nucleic a01ds such as DNAs and RNAs
. codmc for IFN -[32 polypepndes and fragments thereof, of the present invention. AnIFN- )
. B2 nucleic acid, or fragment thereof, is a nucleic acid having a nucleotide sequence .
obtainable from a natural source. It therefore includes naturally occmnng, normal,
natura]ly occumng mutant, and naturally occurring polymorphlc alleles (e , SNPs), etc. .
Natural sources include, e.g., living cells obtamed from tissues and whole organisms,
tumors, cultured cell lmes, including primary and immortalized cell lines.
* A nucleic acid sequence of the invention can contain the complete coding
sequence as shown in Fig. 1 degenerate sequences thereof, and fragments thereof A
nuclexc acid according to the present invention can also comprise a nucleotide sequence
which is 100% eomplementary, e.g., an anti-sense, to any nucleotide sequence mentioned '
| e.bpve and below. | | \ | v
~Anucleic acid, i.e., a polymer of nucleotides or a polynucleotide, eccording to the
- preseﬁt invention can be obtsined from a variety of different sources. It can be obtained
from DNA or RNA., such as polyadenylated mRNA, €.g., isolated from tissues, cells, or -
whole organism; The nucleic acid can be ebtaine@ directly from DNA or RNA, or from e
cDNA. library. The nucleic acid can be ebta'ined from a cell or tissue (e.g., from an |
embryonic or adult cardiac cells or tissues) at a partlcular stage of development, having a
' desired genotype, phenotype etc. .
As descnbed for the IFN-§2 polypeptlde descn"bed above, a micleic acid
‘ comprising a nucleotlde sequence codmo for a polypeptide accordmg to the present
invention can include only coding sequence; a coding sequence and addmonal coding
sequence (e.g. sequenues coding for leader, secretory, taroetmg, enzymatlc fluorescent or
other diagﬁosnc peptides), coding sequences and non-coding sequences, e.g. , untranslated
sequences at either a 5’ or 3' end, or dispersed in the coding sequence, e.g., introns. A

nucleic acid compnsmc a nucleotide sequence z:odmfr without mterrupuon fora

12
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polypentide means that the nucleotide sequence contains an amino acid coding sequence

foran ]?N—ﬁZ with no non-coding nucleotides interrupting or intervening in the coding

_ sequence, €.g ., absent mtron(s) Such a nucleotide sequence can also be described as _4

contiguous. A Orenormc DNA cochng fora human mouse, or other mammahan
mterferons, etc., can be obtained routmely '

A nucleic ac1d accordingto the presen.t invention also can comprise an e*cpressmn

control sequence operany linked toa nucleic acid as descn‘bed above. The phrase )

e\pressmn control sequence means a nucleic acid sequence which regulates. expression

" fa polypepnde coded for by a nuc1e1c acid to which it is operably linked. Expressmn can

be reoulated at the level of the mRNA or polypeptide. Thus, the expression control
sequence includes mMRNA related elements and protein-related elements. Such elements
include promoters, enhancers (viral or cellular), ribosome binding sequences,

. transcriptional terminators, etc. An expression control sequence is op erably linked to a

nucleotide coding sequence when the expression control sequence is positioned in such a

manner to eﬁ‘ect or achieve expressmn of the coding sequence For example, when a
promuoter is operably linked 5' toa codmg sequence, expression of the coding sequence is
driven by the promoter. Expression control sequences can be .heterologous or endo genous
to the normal gene. o |

A nucleic acid in accordance mth the present mventlon can be selected on the

_basis of nucleic acid hybridization. ‘The ability of two, s1n°Ie~stranded nucleic ac1d

. preparations to-hybridize together is a meastire of their nucleotide sequence

complementarity, e.g., base-pairing between nucleotides, such as A-T, G-C, etc. The

* invention thus also relates to nucleic acids, and their complements, which Bybridize toa

nucleic acid comprisfng a nucleotide sequence as set forth in Fig. 1. A nucleotide
sequence hybridizing to the latter sequence will have a complementary nucleic acid
strand, or act as etemplate for one in the presence of a polymerase (i.e., an appropriate
nucleic acid synthesizi.ug7 enzyme). The present invention includes both strands of nucleic
acid, e.g., a sense strand and an anti-sense strand.

Hybndizaﬁon conditions can be chosen to select nucleic acids which have

desired amount of nucleotide complementarity with the nucleotide sequence set forth in

13
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Fig.1. A nucleic acid capable of hybridizing to such sequence preferably, possesses e.g.,
- about 85% %4, more preferably, 90%, 929, and even more preferably, 95%, 97 %, or 100%

complementarity, between the sequences. The present mvennon particularly relates to .
 nucleic acid sequences which hybnchze to the nucleotide sequence set forth in Fig. 1
under low or high stnnaency conditions. .

~ Nucleic acids which hybnd1ze to IFN-Q” sequences can be selected n vanous
ways. For instance, blots (i.e, matrices containing nucleic acid), chip arrays, and other
 matrices comprising nucleic acids of interest, can be incub ated in a prehybridization
solution (6X SSC, 0.5% SDS 100 p.a/ml denatured salmon sperm DNA, 5X Denhardt's
solution, and 50% formamide), at 30° C overnight, and then hybridized with a detectable

hgonucleotldes probe, (see below)ina hybndlzauonsolunon (e.g., 6X SSC, 0.5% SDS,
" 100 pg/ml denatured salmon sperm DNA and 50% formamide), at 42°C, overnight in
accordance with known procedures. Blots can be washed at high stringency conditions
that allow, e.g., for less than 5% bp mismatch (e g., wash twice in 0.1X SSC and 0.1%
SDS for 30 min at 65°C), i.e., selecting sequences having 95% or greater sequence
1dent1ty Other non-limiting eramples of lnah strmcency condmons includes a ﬁnal »veeh
at 65 Cin a.queous buffer cont:umnc 30'mM NaCl ancl 0.5% SDS. Another example of
high strmoent conditions is hybridization in 7% SDS 0.5 M NaPQ,, pH 7, 1mM EDTA at
SO C, e.g., overnight, followed by one or more washes witha 1% SDS solution at 4’7'C

Whereas high stn.ngency washes can allow for less than 5% mismatch, relaxed or
low stnngency wash cond1t10ns (e.g., wash twice in 0. 2X SSC and 0.5% SDS for 30 min
at 37°C) can permit up to 20% mismatch. Another non-limiting exa.mple of low
stringency conditions includes a final wash at 42'C in a buffer containmg 30 mM NaCl
and 0.5% SDS. Waslung and hybridization can also be performed as described in
Sambrook et al., Molecular Cloning, 1989, Chapter 9.

Hybridization can also be based on a calculation of melﬁng temperature (Tm) of
the hybrid formed between the probe and its target, as described in Sambroaok et al.
Generally, the temperature Tm at which a short oligonucleotide (containing 18 nucleotides
or fewer) will melt from its target sequence is given by the following equation: Tm =
(number of A's and T's) X 2°C + (number of C's and G's) X 4'C. For longer molecules,

14
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 Tm=81.5 +16.6log, [Na'] + 0.41(%GC) - 600/N where [Na*] is the molar concentration
of sodium ions, %GC is the percentage of GC base pairs in the probe, and N is the length.

Hybridization cari be carried out at several degrees below this temperature to ensure that -
the probe and taraet can hybndlze Mismatches can be allowed for by lowering the
temperature even further. ‘

Stringent conditions can be selécted to isolate sequences, and their complements

~Whmh have, e. g., at least about 95%, 97%, 98%, 99%, nucleotide complementanty
" between the probe (e.g., an oligonucleotide of an IFN-B2) and target nucleic acid.

Accordmc to the present invention, a nucleic ‘acid or polypeptide can comprise one

or more differences i in the nucleotide or amino acid sequence set forth in Figs 1 and 2.

Changes or modifications to the nucleotide and/or amino ac1d sequence can be

accomplished by any method available, including’ dII‘CCth or random mutavenesrs .
A nucleic acid coding for a rnammahan IFN-B2, such as human IFN-f2 according

to the invention can comprise nucleotides which occur in a naturally occurring gene, e.g.,

' . naruréﬂy occurring polymorpbisms,,normal or mutant alleles (nucleotide or amino acid),

mutations which are discovered in a natural population of mammals, such as humans,

_ monkeys, pigs, mice, rats, or rabbits. By the term "npaturally occurring”, it is meant. that

the nucleic acid is obtainable from a natural source, e.g., animal tissue and cells, body

" fluids, tissue culture cells, forensic samples. Naturally occurring mutations can include

deletions (e.g., a truncated amino- or carboxy-terminus), substitutions, inversions, or

additions of mucleotide sequence. These gefies can be detected and isolated by nucleic

acid hybridization according to methods which one skilled in the art would know. A
nucleotide sequence coding for a mammalian IFN-f2 of the invention can contaiin codons
found in a na.turally oceurring gene, transcript, or.cDNA, for example, e.g., as set forth in
Fig. 1, or it can contain degenerate codons coding for the same amino acid sequences. Far
instance, it may be desirable to change the codons n the sequence to optimize the
sequence for expression in a desired host. . '

A nucleic acid according to the present invention can comprise, e.g., DNA, RNA,
syﬁthetic nucleic acid, peptide rlucleic acxd, medified nucleotides, or mixtures. A DNA

ean be double- or sirlgle-straoded. Nucleotides comprising a nucleic acid can be joined
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via various known linkages, e.g., ester, sulfa.mate sulfamide, phosphorothloate
phosphormdate me‘chylphosphonate carbamate, etc., depending on the desired purpose
e.g., resistance to nucleases, Such as RNAase H, mproved in vivo stability, etc. See, e.g
U.S. Pat. No. 5,378,825,
‘Vario‘us mediﬁcations can be made to the nucleic 'acids, sueh as atta’chiné’
detectable markers (aﬁdin, biotin,)ra.dioactive elements), moieties which improve
hybridization, detection, or stability. The nuclerc acids can also be attached to solid

’supports e.g., nitrocellulose, magnetlc or paramagnetic mlcrospheres (e.g., as described in
"U.S. Pat. No. 5,411,863; U.S. Pat. No. 5,543,289; for instance, comprising ferromagnetlc,
' supermagnetrc paramagnetic, ‘siperparamagnetic, iron oxidea.nd poi}'sacchande) nylon,

.agarose, diazotized cellulose, latex solid rmcrospheres polyacrylamdes etc., zu:cort.’nncr to

a desired method See, e.g., U. S Pat. Nos. 5,470,967; 5,476,925, 5,478,893.
Another aspect of the present invention relates to oligonucleotides or nucleic acid

probes Such ohconucleo‘ndes or nucleic acid probes can be used, e.g.; to detect,

: quantltate, or isolate a mammalian IFN-B2 nucleic acid in a test sample, or to identify

IFN-[H homologs. In a preferred embodiment, the nucleic acids can be utilized as '
oligonucleotide probes, e.g., in PCR,. differential display, gene chips (e.é., Affymetrix,
GeneChips; U.S. Pat. No. 5 143 854, U.S. Pat. No, 5,424,186; U.S. Pat. No. 5,874,219;
PCT WO 92/10092; PCT WO 90/ 15070) and other. available methods." Detection can be
desuable fora variety of different purposes, including research, diagnostic, and forensic.
For diagnostic purposes, it may be desirable to 1dent1fy the presence or quantxty ofa

- nucleic acid sequence in a sample, where the sample is obtained from tissue, cells, body

fluids, etc. In a preferred method, the present invention relates to a method of detecting a
nucleic acid comprising, contacting a target nucleic acid in a test sample with an
oligonucleotide under conditions effective to achieve hybridization between the target and
oligonucleotide; and detecﬁng hybridization. An oligonucleoti&e in accordance with the
invention can also be used in synthetic nucleic acid amplification such as PCR (e.g., Saiki
et al,, Science, 241:53, 1988; U.S. Pat. No. 4,683,202; PCR Protocols: A Guide to
Methods and Applications, Innis et al., eds., Academic Press, New York, 1990);

16.



WO 01195929 . | . PCI/USOL/41022

dlﬁ'erennal chsplay (See e.g., Liang et al., Nucl. Acids Res., 21:3269-32 75 1993; U.S. Pat.’
No. 5,599,672; W097/18454); linear PCR; or other amplification methods.
. Detection'cqn be accomplished in combination with oligonﬁcleotides for other
geﬁes, e.g., genes involved in signal transduction, growth, cancer, apoptosis, or any of the
’ géhes mentioned above Sr beloy%/, etc. Q]igoﬁucleotides_can also be used to test for _
mutations, e.g., using mismatch DNA fepair technology as described in U.S.Pat. No. f.
~ 5,683,877; U.S. Pat. No. 5,656,430; Wu et al., Proc. Natl. Acad Sci., 89:8779-8783, 1997.
‘ Ohoonucleotldes of the present mventlon can compnse any continuous nucleotlde ' -
sequence of F1g lora complement thereto, or any of the sequences or complemmts
‘ thereto as mentioned above. These oligonucleotides (nuclem acid) according to the
present invention can be of any desu'ed size, e.g., about 10-200 micleotides, i2-100,
12-50, 12:25, 14-16, at least about 15, at.least about 20, at least about 25, at léast about
30, etc. The oligonucleotides can have non-naturally occurring nucleotides, e.g;, i;msine,
AZT 3TC, etc. The olicdnucléotides can have 100% identitylor complementarity to a
sequence of Fig. 1, or it can have mismatches or nucleo‘ude substitutions, e.g., 1;2, 3, 4, or
S subs’nmtlons In accordance with the present invention, the oligonucleotide can
+ cormprise a kit, where the kit includes a desired buffer (e.g., phosphate, Tris, etc.),
detectioﬁ compositions, etc. The oligonucleotide caﬁ be labsled or unlabéled, with
_ radioactive or non-radioactive labels as known in the art. )
Arother asi:ect of the presént invention is a nucleotide seciuénce which is unique to
a mammaha.n IFN-B2. By a-unique sequence to an IFN- -f2, it is meant a defined order of
nucleondes which occurs in IFN- -B2, e.g., in the nucleotide sequeﬁses of Fig 1, but rarely
or mﬁ'equently in other nucleic acids, especially not in an animal nucleic acid, preferably
mammal, such as human, .rat, mouseg, etc. Unique nucleotide sequences include the '
' sequendes, or complements thereto, coding for amino acids KHFFGTYV, OFQQRQYVY,
KSLSP, FRANI, AEKLSGT, CLFFVFS, and QGRPLNDMKQELTTEFRSFR, and
fragments thereof as shown in Fig. 1. Such sequences can be used as probes in any of the
methods described herein or incorporated by reference. Both sense and antisense
nucleotide sequences are included. . A unique nucleic acid according to the present

invention can be determined routinely. A nucleic acid comprising such a unique sequence

. 17



o

WO 0195929 S - _PCT/US01/41022

can be ‘used as a hybridization probe to identify the presence of, e.g., human or Tmouse
IFN-§2, in.a sample comprising a mixture of nucleic acids, e.g., on a Northem blot.
Hybridizaﬁon can be performed under high stringent conditions (see, above) to select
ucleic acids (and their complements whicli can contain the coding sequence) having at
least 95% identity (i.e. complementaﬁty) to the pfobe but less sﬁneent cenditions can .
‘also be used A unique IFN-137 nucleotlde sequence can also be fused m—ﬁ'ame at either
its 5' or 3' end, to various nucleotide sequences as m.entloned throuohout the patent,

; mcludmg coding sequences for other parts of IFN-§2, enzymes GFP etc, e‘cpressmn ,

| control sequences, etc. ' . v -

As a.lready discussed, hybnd.xzatlon can be performed under different condmons,
dependmg_ on the desired selectivity, e.g., as described in Sambrook et al., Molecular
Cloning, 1989 For example, to specifically detect IFN- (3;’ of the present invention, an
ohcronucleonde can be hybridized to 2 target nucleic acid under conditions in which the
.oligonucleotide only hybndlzes to 1t, e.g., where the oligonucleotide is 100%
complementary to the tzcrget. Dﬁerent conditions can be used if it is desired to select
‘target nucleic acids which have less'than 100% nucleotide complementarity, at least
- shout, &.8, 99%, 7%, 95%, 90%, 86.4%, 85%, 70%, 67%.

Annsense nuclem acid can also be prepared from a nucleic acid according to the
' present mventlon, preferably an antz-sense to a sequence of Fig. 1. Antisense nucleic ac1d
can be used in various ways, such as to regulate or modulate expression of IFN-82, e. g -
inhibit 1t to detect its expressmn., or for in situ hybndlzanom These oligonucleotides can
be used analogously to U.S. Pat. No. 5,576,208. For the purposes of regulating or
rnodulating expression of IFN-B2, an anti-sense oligonncleoﬁde can be operably linked to
,. an expression control sequence. ‘ : . '

For the inhibition of IFN-f2, an oligonucleotide can be designéd to the
con‘esponding sense position along cDNA. See, e.g., J. Milligan et al., Current Concepts
in Antisense Drug Design., J. Med. Chem. 36(14): 1923-1937, 1993; Helene and Toulme,
Biochim. Biophys. Acta, 1049: 99—125 , 1990; Cohen, I. S, Ed., Oligodeoxynucleotides as

Antisense Inhibitors of Gene Expression, CRC Press: Boca Rator, Fla., 1987; Crooke, S.,
Basic Principles of Antisense Therapeutics, Springer-Verlag Berlin, Heidelberg, New
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York, Jul. 1993. Such oligonucleotides can be nuclease—remstant, e.g., usﬁc the various
chemical linkages disclosed in U.S. Pat. No. 6 040,296 or in the aforementloned
references. A total length of about 35 bp can be used in cell culture with cationic
liposomes to facilitate cellular uptake, but for in vivo use, preferably shorter
oligonucleotides are administered, e.g., 25 nucleotides.

The nucleic ac1d according to the present invention can be labeled according to' |

any desired m¢fhod. The nucleic acid can be labeled using radioactive tracers such as *P,

B8, WL, or “C, to mention some commonly used tracers. The radioactive labeling can .
be carried out acbbrdinv to 'ariy method such as, for example, terminal labeling at the 3'or -
=) end using a radmlabeled nucleotide, polynucleotlde kmase (with or without ‘

: dephosphorylatlon with a phosphatase) or a hgase (dependm0 on the end to be labeled) A

non-radioactive labehncr can also be used, combmmg a nucleic acid of the present
invention with residues having immunological propernes (antigens, haptens), a specific |
afﬁnity for certain reagents (ligands), properties eﬁablincr detectable enzyme reactions t'o‘
be completed (enzymes or coenzymes, enzyme substrates, or other substances mvolved in
an enzymatlc reactlon), or characteristic physical properties, such as fluorescence or the
emission or absorp'uon of light at a desired Wavelength, ete.

A nucleic acid according to the present invention, mcludiﬁg oligonucleotides,

anti-sense nucleic acid, etc., can be used to detect expression of IFN-f2 in whole organs,

- tissues, cells, etc., by various'techniques including Northern blot, PCR, in sitn -

hybridization, dmﬂ'erennal dlsplay, nucleic acid’ arrays (e.g., "gene chips"), ‘dot blots, etc.

_ Such nucleic acids can be particularly useful to detect disturbed expression, e.g.,

cell-specific and/or subcellular alterations, of IFN-B2. The levels of IFN-B2 can be

determined alone or in combination with other gene products, especially other gene

* products involved in cytokine production.

A nucleic acid according to the present invention can be expresséd in a variety of
different systems, in vitro and in vivo, aécording to the desired purpose. F or example, a
nucleic acid can be inserted into an expressioﬁ vector, introduced into a desired host, and
cultured under conditions effective to achieve expression of a polypeptide coded for by

the nucleic acid. Effective conditions include any culture conditions which are suitable
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for ach1 evmg production of the polypeptlde by the host cell, mmcluding eﬂ‘ectrve
temperatures pH, medium, addmves to the media in 'Whlch the host cell is cultured (e. g .
additives which amplify or mduce expression such as butyrate or ‘methotrexate if the
codm° nucleic acid is adjacent o a dhfr gene), cyclohemde cell densities, culture .
dishes, etc. A nucleic acid can be introduced into the cell by any effective method ‘

, mcIudmg, e.g., naked DNA, calcium phosphate prec1p1tat10n, elecmpomnon, mJectron, g

DEAE-De*ctran mechated transfection, fusion with liposomes, association with agents ’

| ‘, v whrch enhance its uptake into cells viral transfection. A cell into which a nucleic acid of )
- the present mvenilon has been introduced is a transformed host cell. The nucleic acid can

be extrachromospmal of integrated into a chromosome(s) of the host cell. It can be stable

' or transient. An eXpression vector is selected for its compatibility with the host cell. Host

‘ cells include, mammalian cells, e.g., COS, CV1, BHK, CHO, Hela, LTK, NIH 3T3, 293, -
PA.E humag, human fibroblast, human primary tlJmor cells, testes glia, neurons,
oligodendrocytes, astrocytes, neuroblastoma, glioma, etc., insect cells, such as Sf9 (S.
frugipeda) and Drosbphila, blacteria, such as E. coli, Streptococcus; bacillus, yeaet, such as
Sacharomyces s, cerevisiae, fungal cells‘l plant cells, embryonic stem cells (e.g., '

-mammalian, such as mouse or human) neuronal stem cells, fibroblasts, muscle cells,
cardiac cells and T-cells. . '

EXpressmn control sequences are smnlarly selected for host compatrblhty and a
desiréd purpose, e.g., high copy number high amounts, induction, amphﬁcatron,
controlled expressron. Other sequences which can be employed include echancers such as
from SV40, CMV, RSV, mduc;fble promoters, cell-type specific elements, or sequences
which allow selective or specific cell expression. Promoters that can be used to drive its
expression, include, e.g., the endogenous promoter, promoters of other genes in the cell
signal transduction pathway, MMTV, SV40, trp, lé.c, tac, or T7 promoters for bacterial
hests; or alpha factor, alcohol oxidase, or PGH promoters for yeast. RNA promoters can
be used to produce RNA transcripts, such as T7 or SP6. See, e.g., Melton et al., Nucleic
Acids Res., 12(18):703577.056, 1984; Dumm and Studier, J. Mol. Biol.; 166:477-435, 1984;
U.S. Pat. No. 5,891,636; Studier et al., Gene Expression Technology, Methods in
Enzymology, 85:60-89, 1987. '
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A nucleic acid or polypeptide of the presénf invention can be used as a size marker

' in nuclelc acid or protem electrophoresm cbromatography, etc. Defined restriction

- fragments can be determmed by sc:a.nnmﬂr the sequence for restncnon sites, calculating the

size, and performmc' the co::respondmg restnctlon digest.
An IFN-g2 polypeptlde and nucleic acid of the present invention can be "1solated“
By the term “1solated", it is meant thatjtisina fo:m_ in which it is not found in its ong:.nal

sﬁvironment_ ‘or in nature, e.g., more concentrated, more purified, separated from -

: components present in a lysate'of a cell in Which a heterologous IFN-B2 gene is

e*(pressed. When IFN—[32 is e*{pressed as aheterolowous nucleic acid in a transfected cell

line, a nucleic acid in accordance with the present invention is mtroduced mto acell as

described above, under conditions in which the nucleic acid is expressed. ,The term

"heterologoﬁs" means that the nucleic acid has been introduced into the cell line by the
"hand-of-ma.n"l. Tntroduction of a nucleic acid into a cell line is discussed abové. The
transfeéted (or transfom‘:te.d) cell éxpressing the IFN-B2 nucleic acid can be lysed as
described in the e:("amples and used in the method as a lysate (i.e., "isolated") or the cell
line can be used intact. '

- Generally, the term "effective c0nd1t10ns méans, e.g., a milieu in which the
desired effect is achieved. Such a milieu, mgludes, e.g., buffers, oxidiziﬁg agents,

reducing agents, pH, co-factors, temperature, ion concentrations, suitable age and/or stage

of cell (such as, in particular part of the cellAc'ycl,e, or at a particulir stage where particular

genes are being expressed) where cells are being used, culture conditions (including
substrate, oxygen, carbon dioxide, etc.).
The present invention also relates to a method of modulating, preferably inhibiting,

expression of a nucleic acid coding for an IFN-82 of the present invention, comprising:

contacting a cell expressing an IFN-B2 of the present invention with an amount of agent, .

such as an antisense oligonucleotide or antisense RNA. of a IFN-B2, which is effective to

. sequence-specifically inhibit expression of said nucleic acid.

Sequence-specific inhibition of a nucleic acid can be accomplished conventionally
using antisense nucleic acid, such as antisense oligonucleotides or RNA. For example,

antisense oligonucleotides, such as phosphodiester or phosphorothio ate
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deoxyoligdnllcledtides can be desigeed to specific regions of a IFN-B2 RNA, such as to
the traﬁslation initiation site, and can then be administered to cells expressing such genes
in quantities effective to inhibit their expresswn Generally, an antisense mucleic acid is a
aucleic acid which is complementary to the sense or coding strand of a given nucleic acid,
and as a result are also complementary and thus able to specifically hybridize with mRNA
transcripts of the nucleic acid. ‘Preferred antisense oligonucleotides compnse the 5' region
ofa tarcret gene, espec1ally the regmn containing the initiation codon.
To enhance stability, the admmlsterednuclelc ac1d can be modified, e. g- to make
it re51stant to cellular enzymes oxzdatlon, reductxon, nucleases, etc, or to enhance its
uptake mto cells. Any sulta.ble modlﬁcatlon can be used, mcludm e.g.,
phosphorothloates methylphosphonates, phosphodlester oligonucleotide linked to an
| acridine intercalating agent and/or a hydrophoblc tail, psoralen derivatives, 2'-ribose
mod1ﬁcatzons, pentose sugar derivatives, nitrogen ba.se derivatives, etc. See, e.g., US. |
Pat. No.5 576 208, 5,744,362, 6,040,296, and 6,046,319 for antisense oligouucleotideé
. modlﬁcauons, ete. Wthh can be useful in the invention. In general, an antisense nuclelc
. acid of the present mvennon can comprise monomers of naturally occurring nucleotides,
non~natura11y occ:umn«7 nucleotldes and combmanons thereof to enhance ce]_lular uptake
and/or stability. ’ '

Antisense can be ad.rmmstered as naLed nucleic acid, complexed or encapsulated
‘ W1th and by other agents which facﬂltate 1ts uptake into a cell, an jected into cells, or r any
sultable dehvery means.’ -

The present invention also relates to methods of using an IFN- ﬁ’) ‘of the present’
invention, such as human IFN-B2, for treatmg any conditions, dlsorders diseases, etc. for
‘which an IFN-f2 bloac’nwty is desired. Such methods involve aclrrnmstenncr an effectlve
amount of an IFN-P2 of the present invention to a host in need of treatment for one or
more the following purposes: anti-oncogene regulation, antitumor activity, antiviral
activity, cell grqwth mmhibition or antigrowth activity, anti-proliferation (e.g., amounts of
IFN-B2 which are effective to inhibit the proliferation of astrocytes), enhancement of
cytotoxicity'of lymphocytes, immunoregulatory activity, inducement or i.nhibitio:l of _

differentiation of target cells, macrophage activation, down-regulation of oncogenes, &tc.;
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. immunological effects, such és, reducing antibody formation, increasing cell membrane
, éomp onents (major histocompatability complex, Fc receptor, f2-microgiobulin),
. modiﬂating cell-mediated lmmumty, increasing cytokine (e.g., interleuldﬁ) pproduction,

increasing cytotoxic T cell effects, increasing macrophage effects, and increasing natural

. alling. IFN-B2 can be administered to treat, e.g., cancer, autoimmune disorders, and viral

infections See e.g., Cirelli and Tyring, Clin Immunbother 3:27-87, 1995, for vadous

dJsorders which can be treated with IFN- [3” of the present invention; in partcular see uses

- for alpha- and beta-mterferons
IFN 137 can be admmlstered asa polypeptlde orit can be adm.lmstered as a nucleic

ac1d, e.g as m gene therapy. When adrmmstered as anucleic acid, it can be prov1ded m .

. any fox:m which is effective to achieve expresmon, e.g., as naked DNA, as a vector (such
. as viral vector, e.g., adenovirus), complexed in liposomes or other carrier agents,
microbubbles, ete. See, above for more information on administration of nucleic acids,
their expression in a host, etc. '

A.ny cancer can be treated in accordance w1th the present mvennon e.g., cervical
mtraep1thehal neoplasm and cemcal cancer (e.g., see, DePalo et al , Int. J. Tissue React.,
6: 573-5‘77 1984, for. dosaves admmlstranon routes, regimes, etc.), melanoma and
: 'metastauc melanoma (e g- see, Beiteke ef al Hautarzt, 44:365-371, 1994, for dosages,
administration routes, regimes, etc.), hairy cell leukemia, Kaposi's sarcoma, basal cell

carcinoma, squamous cell carcinoma, renal cell carcinoma, carcinoid tumors, cutaneous T

cell lymphoma, xion-Hodg]dprs lymphoma (for other cancers, see, aiso, Dorr, Drugs,
45(2):177-211, 1993).

"Autoimmune diseases can also be treated in accordance with the present invention,

e.g., multiple sclerosis (see, e.g., Yong et al., Neurology, 51:682-689, 1998, for dosages,

administration routes, regimes, etc.), theumatoid arthritis, etc. Multiple sclerasis ("MS"™)”

is an autoimmune disease pathologically characterized by perivascular and periventricular
inflammation leading to demyelination, axonal destruction and subsequent gliosis. The

hallmark of chronic MS lesions is demyelinateci gliotic plaques formed as a result of local

astrocytic hypertrophy and hyperplasia. These astrocytic plaques interfere with normal

axonal conduction and present a physical barrier to remyelination. Therefore, the factors
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that inhibit ash:ocytosis have beneficial therapeutic implications, espec:iall}.f in the latter
stages of a disease. Thus the ablhty of ]FN—BZ to m]n"blt astocytes 1s especxally useful to
treat MS. ' _ : .

Viral disease and infections can also be treated in accoi‘dance with the preseni invention,
. e.g., human papilloma virus (e.g., Puligheddu et al., Eur. J. Gynaeeol. Oncol., 9:161-162,

* 1988; Costa et al., Cervix, 6"703;712, 1988, for dosacres administration routes, reg:,:mes,

etc.), condylomata acu:mnata (Schenfeld et al., Lancet, 1:1038-1042, 1984, for dosages,
) administration routes, regimes, etc.), hepatms B, C, and D, HIV, etc. .

* By the term "adm.lmstermg", it is meant that IEN-B?., or other aetive agent, is
.delivered to the target, e.g., the tumor, the immune system, the btain lesion (e.g., a site of
brain inflammation, such as sites of:served in multiple sclerosis or other brain )

_ m.ﬂammatory conditions), etc.. IFN-B2 can be administered to any target (e.g., in vivo, in
vitro, or in sfcu) including cells in culture and hosts having an injury, condmon, or disease

 to be treated, by an eﬁ'ectlve route smtable to achieve an effect as described above, e.g., an

IFN-B2 formulation can be administered by inj jection directly into, or closeby, a target

site, It eaﬁ also be administered toﬁcally, enterally, parenterally, intravenously, ‘

inu'ae:uscularly, subeutaneously, orally, nasally, intracerebrally; ‘infraventricularly, etc.,

- e.g., dependi.ng upon the location 'of the target site to be treated. An IFN-p2 cad also be

admlmstered asa nuc1e1c acid for uptake by cells. Methods to adxm.mster nucleic acid

. include those descn'bed above, and other conveutlonal state~of-the- art techmques )

_An effective amount of an IFN-B2 is administered to the target. Effective amounts
are such amouats which are usefitl to achieve the desired effect, preferably a beneficial or
therapeutic effect,' e.g., an amount effective to inhibit astrocyte proliferation. Such
_amount can be determined routinely; e.g., by performing a dose-response experiment in
which varying doses are administered to target cells to determine an effective amount in
achieving the des1red purpose, e.g., producing antiviral effect, producing an '
lmmunomodulatory effect. Amotmts can be selected based on various factors, mcludmg )
the milieu to which the IFN—132 is administered (e.g., a patient with a multiple sclerosis,
animal model, tissue culture cells, etc.), the site of the cells to be treated, the age,.healtb,
gender, and weight of a patient or animal to be treated, etc. Useful amounts include, e.g.,
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1.6 MIU' (million International Units according to the international reference standard) -
and 8 MIU administered subcutaneously on alternate days. By the term "treating”, it is
- meant any effect tﬁat results in the improvement of the condition, disease, disorder, etc.
An effecﬁve amount of IFN—{S'J'ean be administered with otﬁer effective a.:rents
e.g., eﬁ'ectwe aaents for trea.hnc cancer, viruses, MS, hepatms and any other condmons
" which can be h‘eated W1th IFN- [32 Such awents can be cytotomc an antiviral agent, a
) chemotherapeutlc acrent etc. ‘ ‘
~ The present mventxon also relates to antibodies WhICh speclﬁcally recognize a
{3’7 of the present mvenmon An antibody specific for IFN-2 means that the antfbody
recognizes a deﬁned sequence of amino acids w1thm or including an IFN-B2, e.g., the
.sequence of Fig. 2." Thus, 2 specﬂic antibody will generally bmd with h.l:hel‘ affinity to an
amino acid sequence, i.e., an epitope, found in Fig. 2 than to a dlﬁerent epitope(s), e.g., as
detected and/or measured by an munobl‘ot assay or other conventional immunoassay.
Thus, an antibody which is speciﬁc fer an epitope of ‘human IFN-R2 is useful to detect the
presence of the epitope in a sample e.g.,  a sample of tissue containing human IFN~I3”

- gene product, d1stmcrmshmcr it from samples in which the epitope is absent A useful

; -antibody is to the umque C-terminus of IF'N—£32 e.g., QGRPLNDMKQELTTEFRSPR, or

a fragment thereof ‘Such antibodies 'are useful as descnbed in Santa Cruz B1otechnolocy,
Inc., Research Product Catalog, and can be formulated a.ccordmcly

;. Anﬁbodles, e.g., ponclonaI, monoclonal, recombmant, chimeric, humanized, can
be prepared accordmo to any desired method. See, also, screemng recombinant |
mlmunoglobulm hbranes (eg., Orland1 et al., Proc. Natl. Acad. Sei., 86:3833-3837, 1989
Huse etal, Science, 256: 1275-1281, 1989) in vitro shmulatxon of Iymphocyte

" populations; Winter and Milstein, Nature, 349 293-299, 1991 For example, for the

\ producuon of momnoclonal dntibodies, a polypeptide according to Fig. 2 can be
administered to mice, goats, or rabbits subcutaneously and/or intraperitoneally, with or
without adjuvant, in an amount effective to eﬁcit an immune response. The antibodies can
also be single chain or Fab fragments. The antibodies can be IgM, TeG, subtypes, [gG2a,
IgGl, etc. Antibodies, and immune responses, can also be generated by administering
naked DNA. See, e.g., U.S. Pat. Nos. 5,703,055; 5,589,466; 5,580,859. '
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" Interferon, or fragments thereof, for use in the induction of antibodies do not need

to have bioacﬁvit;ghoWever, they must have immunogenic activity, either alone or in

combination with a carrier. Peptides for use in the induction of IFN-B2-specific

antibodies may have an amino sequence consisting of at least five amino acids, preferably
at least 10 amino acids. Short stretches of amino acids, e.g., five amino acids, can be
fused with those of another protein such as keyholeiljmpe't hemocyaqin,‘ or another usefiil |
canief, and the ‘chimeric molecule used for antibody production. Regions of IFN-2

useful in making antibodies can be selected empirically, or, e.g., an amino acid sequence

" of IFN-B2, as deduced from the cDNA, can'be analyzed to determine regions of high

immunogenicity. Adalysis to select appropriate e.pitopes is described, e.g., by Ausubel,
FM. et al. (1989, Curent Protocols in Molecular Biology, Vol. 2. John Wiley & Sos).
Particular JFN-f2 antibodies are useful for the diagnosis of prei:athologic

. conditions, and chronic or acute diseases which are characterized by differences in the

amount or distribution of IFN-B2. Diagnostic tests for IFN-B2 include methods utilizing

. the antibody and a label to detect IFN-B2 in human (or mouse, etc, if using mouse, etc.)

body fluids, tissues or extracts of such tissues. Antibodies can be neutralizing and utilized

- in assays for IFN-ﬁ2 activity, e.g., as controls to neutralize the interferon activity.

. The polypeptides and antibodies of the present invention maybe used with or

‘without modification. Frequently, the polypeptides and antibodies will be labeled by

jolning them, either covalently or noncovalently, with a substance which provides fora
detectable signal. A wide variety of labels a‘.nduéonjugation techniques are known and

have been reported extensively in both the scientific and patent literature. Suitable labels

* include radionuclides, enzymes, substrates, cofactors, inhibitors, fluorescent agents,

chemiluminescent agents, magnetic particles and the like. Patents teaching the use of such
labels include U.S. Pat. Nos. 3 ;817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,437,

4,275,149; and 4,366,241,

Antibodies and other ligands which bind TFN-B2 can be used in various ways,

including as therapeutic, diégnostic, and commercial research tools, e.g., to quantitate the

" levels of an interferon polypeptide in animals, tissues; cells, etc., to identify the cellular

localization and/or distribution of it, to purify it, or a polypeptide comprising a part of if, |
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' to modulate the finction of it, in Western blots, ELISA, immunoprecipitation, RIA, etc.

.The present invention relates to such assays, compositions and kits for performing them,

gtc. Utilizing these and othér methods, an antibody according to the present invention
can be used to detect IFN-B2 polypeptide or fragments thereof in various samples,
including tissue, cells, body fluid, blood, urine, cerebrospinal fluid.

In addition, ligands which bind to an IFN-B2 polypeptidé according to the prese‘ﬁt

. _invention, or a derivative thereof, can also be prepared, e.g., using synthetic peptide

.]ibrm.'ies or aptamers (e.g., Pitrung et al.,, U.S . Pat. No. 5,143,854; Geysen et aI.',' J

' Immunol. Mez‘hods, 102:259-274, 1987; Scott et al., Sciéncg, 249:386, 1950; Blackwell et

al,, Science, 250:1104, 1990; Tuerk et al., 1990, Science, 249:505).

The present invention also relates to an IFN-P2 polypeptide, prepared according to
a desired method, e.g., as disclosed in U.S. Pat. No. 5,434,050, A labeled polypeptide can_
be‘us'ed, e.g., in binding assays, such as to idéntify substances that bind or attach to IFN-

. P2, to track the movement of IFN-B2 in a cell, in an in vitro, in vivo, or in situ system, etc.

A nucleic acid, polypept_ide, antibody, IFN-§2, etc., can be isolated. By "isolated"
means that the material is in a form in which it is not found in its orig@nal environment or
in nature, e.g., more concentrated, more purified, separated from qomponerif, etc.. An
isolated nucleic acid includes, e.g., 2 nucleic acid having the sequence of IFN-p2

separated ﬁ:om the chromosomal DNA found in a living animal, e.g., as the complete R

- gene, a transeript, or a cDNA. This nucleic acid can be part of a vector or inserted into a

chromosome (by specific gene targeting or by randon integration at a position other than
its normal position) and still be isalated in that it is not in a form which it is found in its
natural environment. A nucleic acid or polypeptide of the present invention can also be

substantially purified. By substantially purified, it is meant that nucleic acid or

“polypeptide is separated and is essentially free from other nucleic acids or polypeptides,

i.e., the nucleic acid or polypeptide is the primary and active constituent,

. The present invgntion also relates to a transgenic a.nirﬁal, e.g., 2
non-human-mammal, such as a mouse, comprising an IFN-§2. Transgeﬁic animals cax be
prepafed according to known methods, including, e.‘g., by pronuclear injection of

recombinant genes into pronuclei of 1-cell embryos, incorporating an artificial yeast

27



s

WO 01195929 . B - PCT/USO/41022

" chromosome into einbryonic stem cells, gene ta'rgetiﬁg. methods, embryonic stem cell
methodology. See, e.z., U.S. Patent Nos. 4,736,866; 4,873,191; 4,873.316; 5,082,775;
5,304,489; 5,174,986; 5,17 5,384; 5,175,385; 5,221,778; Gordon et al., Proc. Nail. Acad.
Sei., T7:1380-7384, 1980; Palmiter et &L, Cell, 41:343-345, 1985; Palmiter et al, drnu.

, " Rev. Genet., 20:465-499, 1986; Askew et al, Mol Cell. Biol., 13 4115-4124, 1993;

‘Games et al, Nature, 373:523-527, 199%5; Va.lancms and Smltb.les Mol. Cell Bial.,

11: 1402- 1408 1991; Stacey et al., Mol. Cell. Biol., 14:1009-1016, 1994; Hasty etal.,

Namre, 350: ?43-746 1995 Rubmstem et al,; Nucl. Acids Res., 21:2613-2617, 1993. A.

nucleic acid accordmg to the present invention can be introduced into any non-human -

mammal, mcludmcr a mouse (Hogan et al., Mampulannv the Mouse Embryo A ‘

Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spnng Harbor, New York,
19865, pig (Hammer et ai., Nature, 315:343-345, 1985), sheep (Ha.mmer et al., thure,.

315:343-345, 1985), cattle, rat, or primate. See also, e.g. Church, Trends in Biotech.,

- 5:13-19, 1987, Clark et al., Trends in Biotech., 5:20-24, ‘1987); and DePamphilis gt al.,
BioTechniques, 6:662-680, 1988). In additioh, e.g., custom transgenic rat and mouse
production is commercially available. These tranégenic animals can useful animals
rodels to test for TFN-f2 function, as food for a snake, as a genetic marker to detect strain -
oricrizi (i.e., where an IFN-f2, or fragment thereof ~ham beeﬁ inséi‘ted)' etc. Such transgenic -
animals can further comprise other transgenes. TraDSgemc animals can be prepared and
used accordmg to any suitable method.

The present invention also relates to'a mammalian cell in which e'cpressmn ofa
gene coding for an TFN-B2 has been "knocked out” or disrupted. Such gene dlsruptmn can
be accomphshed by an eﬂ’ectwe means, including, e.g., antisense, or by the insertion of a
nucleotlde sequence into it Whlch is effective to suppress the crene 's expression. The term
"gene" is used in this sense to mean the IFN-B2 coding sequence as it exists on the_
chromosome, and is to include its promoter séquence.and ather regulatory regions.

The invention especially relates to a mammal containing one or moré cellsin

“which expression of the gené is functionally inactivated or disrupted. Functional
inactivation or disruption referé, e g.,toa partial or complete reduction of the express.ion

ofat least a portion of a polypeptide encoded by an endogenous IFN-B2 gene of a single
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cell, selected cells, or all of the cells of a mammal. The term "knockout“ is a synonym for |

‘functional inactivation of the gene.
_In one embodlment, a gene targeting strategy is utilized that facilitates the

introduction of a desn:ed nucleotide sequence into a IFN-B2 gene. The gene targeting

- . strategy preferably ut:.h.es double rec1procal recombination and a positive selectable

_marker to assist in the insertion ‘of the nucleotide sequence into a target nucleic acid. The
, targef_ nucleic acid is preferably a géne; Amo‘re ﬁreferably a gene at its particular
cb:omésomal locus. The desired nuclebtide éequence is inserted into the gene in such a
way that the gene 1s ﬁmctlonally dlsrupted, i.e., ifs expression is partially or completely
- reduced. o 4 .

In one aspect of the invention, a targeting vector is employed to insert a selectable
marker into a predeﬁned position of an IFN-B2 gene. The position is selected to achiéve
functional disruption of the gene upon insertion of the selectable marker. For such
purposes, 2 preferred embodiment is a recombinant nucleic acid molecule comprising: (1)

2 5 nucleotide sequence which is eﬂ’ectwe to achieve homologous recombination at a ﬁrst

. predefined position of a mammahan JFN-B2 gene, operably linked to (2) the §' termmus of .

a first selectable micleotide sequence whlch confers a first selectmn charactensnc ona celI
in whlch itis present, and (3) a3 nucleohde sequence which is effective to achieve
"homologous recombmatlon at a second predefined position of the mammalian IFN-f2

. gene, e.g., IFN-A2 gene, operably linked to the 3' terminus of the first selectable
nucleotide sequence. The recombinant nucleic acid molecule is effective to achieve
homologous :ecombinatioﬁ in a mammalian chromosome at predefined locaxio.n. -
Fragments of the targeting vector are also within the scope of the invention, e. g.,
recombinant nucleic acid molecules compnsmv elements (1) and (‘7) or comprising
elements (2) and (3), etc. ‘

The term recombinant ‘refers, e.g., to a nucleic acid molecule which has been
modified by the hanc‘i-o f-man, e.g., comprising fragments of nucleic acid from different
sources or 2 nucleic acid molecule from one source which has been engineered. Thus, the
nucleic acid molecule is reqombina:nt, e.g., because it compﬁées nucleotide sequences'

_from 2 mammalian IFN-§2 gene and selectable marker gene. A molecule is also
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~ recombinant when it contains sequences from the same gene but arranged in a manner that
does not occur in nature, i.e., a ﬁon—naturally occurring arrangement.

Homolodoué recombination refers to the process in which nucleic acid molecules
' with similar geneuc information line up side-by-side and e\chancre nucleotide strands A

nucleotide sequence of the recombinant nucleic acid which is effecnve to achieve

- homologous recombination at a predefined posmon ofa target nucleic acid therefore :

. mdlcaies 2 nucleotide sequence which facilitates the exchange of nucleotide strands.

: berween the recombinant nuc1e1c acid molecule ata deﬁned position of a target gene, e.g -
‘amouse [FN- B2 gene. The effective nucleoude sequernce generally comprises a

nucleotide sequence which is complementary to a desired target nucleic acid molecule

(e.g. the gene locus to be modLﬁed), pron:wtm*7 nucleotide base pairing, Any nucleoude
- sequence can be employed as long as it famhtaies homologous recombination at a specxﬁc "
and selected posiﬁon along the target nucleic acid moleculo. Geﬁerally, thereisan ..
exponential dei: enderice of targeting efﬁc@eﬁcy on the extent or length of homology
between the taréeting vector and fhe targef locus. Selection and use of sequences effective
for homologous i‘ecoﬁbination is described,‘é"g m Deng and Capecchi, Mol. Cell. ﬁz’ol '
12:3365-3371, 1992; Bollag et al., Annu Rev. Genet., 23:199-225, 1989, Waldman and
Liskay, Mol. Cell. Biol., 8:5350-5357, 1988 ‘

_An aspect of the present mventlon is to suppress or ﬁmcnonally dnsrupt expression

ofa IFN p2 gene. The phrases "disruption of the: gene", "gene disruption,” "suppressing
expressnon " "gene suppressmn," "functional inactivation of the gene or "functional gene
mactwatmn refer to modification of, the gene in manner which decreases or prevents
expression of that gene and/or its product in a cell. The expression of the gene's product
‘can be completely or only pamally suppressed, e.g., reduced by 70%, 80%, 85%, 90%,
95%, 99%, or more. A functionally d1smpted gene, e.g., 2 functionally disrupted IFN-B2
gene, includes a modiﬁed gene which exprossés a truncated polypeptide having less than -
the entire coding sequence of the wild-type gene. Such a gene is illustrated Fig. 1. A

gene can also be functionally disrupted by affecting its mRINA structure in such a way to
create an untranslatable message, e.g., frame-shift, decreased stability, etc.
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‘ In accordance with t]:re present invention, a IFN-B2 gene is modified in such a
manner which is effective to disrupt expression of the corresponding gene product. Thus,
e.g.,2 ﬁmoﬁonaﬂy disrupted recombinant JFN-B2 gene does not express a functional IFN-
g2 polypeptide or expresses a fimctional TFN-B2 polypeptide at levels which are less than
wild-type levels ofIFN-;az e.g., reduced by 70%, 80%, 85%, 90%, 95%, 99%, or more.
By "not functional” or "functionally inactive" IFN-A2 polypeptide, it is meant, e.g., that °
the IFN- B2 lacks one or more its bmactmhes The gene can be modified in any eEectwe
posmon, e.g., enhancers promoters recrulatory regions, noncodmo sequences codmg ’
sequences, introhs, exons, etc., 5o as to decrease or prevent expression of that gene in the
cell. Insertion into a regmn of a IFN-p2 gene, e.g., 2 munne IFN-B2 gene, canbe -
accomphshed by homologous recombination. A recombmant nucleic acid molecule

" comprising regions of gene homology and a nucleotrde sequence coding for a selectable
- 'marker gene is mserted into the promoter and/or codmv region and/or noncoding regions
ofa IFN—ﬁ Whereby expression of the gene is funcﬁonally disrupted. When this -
lmockout construct is then inserted into a cell, the constmct can integrate int6 the genomlc
DNA. Thus, progeny of the cell will only express only one functional copy of the gene;
the other copy will 1o longer express the gene produot, or will express it at a decreased
level, as the endo gonous nucleotide soquencé of the gene is now disrupted by the inserted
'nucleo;cido sedﬁence. It ,desired,. the fimctional gene.can be‘inactivated in a second
analogous step. - R | -

' The nucleotide sequence effecnve for homolo gous recombination can be operably
linked to a rrucleotrde sequence, prefera.bly a selectable marker nucleotide sequence or
‘gene, which is to be inserted into the desired target nucleic acid. . ' .

The recombinant nucleic acid is preferably inserted into a'c‘oll’with chromosomal
DNA that contains the endo genous gene to be knocked out. In the cell, the recombinant
nucleic acid molecule can integrare by homologous recombination with the DNA of the
cell in such a position so as to prevent or interrupt transcription of the gene to be knocked
out. Such insertion usuzilly oceurs by homologous recombination (i.e., regions of the
targeting vector that are homologous or complimentary to endogenous DNA sequences |

hybridize to each other when the t:argeting vector is inserted into the cell; these regions
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can then recombine so that pé.rt of the targeting vector is incorporated into the
dorylispansbdgqsitanert thedrdtidermmmuBliNes)can be inserted into a gene to suppress its

‘ éxprgssion. It is desirable to determine the presence of the inserted mucleotide sequencein

the gene. This can be accox:ﬁplished in various ways, in}sluding by nucleic acid

_ hybridization, annbody binding to an ep1tope encoded by the inserted nuclem acid, or by
~ selection fora phenotype of the inserted sequence. Accordingly, such an inserted
- nucleotide sequence can be referred to as a first selectable nucleotide sequence. A first

. selectable nucleotlde sequence preferably confers a first selection characteristic ona  cell

in which it is preserit. By the phmse' "selection charactedstic,” it is meant, e.g.,a . -
characteristic which is expressed'in a cell and which can be chosen in preferencé té
another or other characteristics. The selectable nucleotide sequence, also known as -
selectable marker gene, can be any nucleic acid molecule that is detectable and/or
assayable after it has been incorporated into the génoinic DNA of the mammal. The
selection characteristic can be a positive characteristic, i.e., a characteristic which is
éxpfessed or acquired by cells and whose presence enables selection of such cells. A -
positive selection characteristic can enable survival of the cell or organism, e.g., antibiotic
resistance, ouabam—resmtance (a gene for a ouabain-resistant sodmm/p otassium ATPase
protein). Examples of posmve selection characteristics and a corresponding selectlon
agent include, e. g., Neo and G418 or Lanomycm, Hyg and hygromyecin, hlSD and
histidinol; Gpt and xanthine; Ble and bleomycin; Hprt and hypoxanthme. See, e.g., U.S.
Pat. No: 5,464,764 and Capecchi, Science, 244:1288-1292, 1989. The presence of the -
selectable gene in the targeted sequen;:.e can also be identiﬁed by using binding ligands
which recognize a product of fhe selectable gene, e.g., an antibody can be used to identify
a polypeptide product co‘.d.ed for by the'selectable gene, an appropriate ligand can be used
to identify expression of a receptor polyiaeptide coded for by the selectable gene, or by
assaying for expression of an enzyme coded for by the selectable gene. Pfeferably, the
selectable marker gene encodes a polypeptide that d.ges not naturally occur In the
mammal. :

The selectable marker gene can be operably linked to its own promoter or to
another promoter ﬁorﬁ any source that will be active or can easily be activated in the cell
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into which it is inserted. However, the selectable marker gene need not have its own
_promoter aftached, as it may be transcribed using the promoter of the gene into which it is
- mserted The selectable marker gene can compnse one or more sequences to drive and/or -
assmt in its expression, including, e.g. n‘bosoma-reco gnition sequences, enhancer
N sequences, sequences that confer stablhty to the polypeptide or RNA, an'd)o'r apolyA
* sequence attached to its 3' end to terminate tmnscnptlon of the gene.
A posmve selectable marker facilitates selection for recombinants in which the
: posmve selectable marker has integrated into the target mucleic acid by homologous
‘recombmatlon. A gene tapgetmg vector in accordance with the present invention can also -
 further com?ﬁse a second selection cﬁaractcrisﬁc coded for by a second selectable gene to
ﬁlrther assist in the selection of correctly targeted recombinants. A negative selection |
marker permits selection against cells in whicl:x, only non-homologous recombination has
occurred. In one préfeb:ed embodiment, the second selectable marker gene confers a
hegaﬁﬁe selection characteristic upon a cell in which it has been introduc.ed. ‘Such
: negétive selection chara:cteristicé can be arranged in th§ targeﬁng vector in such a way that
it can be utiliz;ad to discriminate between random integration events énd hon:iolo gous
. recombination. By the term pegative selection, 1t is meant a selectlon charactensnc .
- which, When acquired by the cell results 1 in its loss of v1ab1hty (i.e., it is lethal to the cell)
A nucleos1de analog, oancyclowr, which i preferennally toxic to cells e\'pressmg HSV tk
(herpes sxmple\: vuus thymdme kinase), can be used as a negative selection agent, as it
~ selects for cells Wh.lCh do not have an integrated HSV tk selectable marker. FIAU (1 2-
‘ deoxy-z-ﬂuoro-.alpha.-d—ambmofuransyl—sfxodomcﬂ) can also be used as a selection
agents to select for cells lacking HSV tk. Other negative selectable markers can be used
analogously. Examplés of negativ:a selection chmcteﬁsﬁcs and a corresponding
thymidine kinase (HSV tk) énd acyclovir, gancyclovir, or FIAU; Hprt and 6-thioguanine
or 6-thioxanthine; diphtheria toxin; ricin toxin; cytosine deaminase énd 5-fluorocytosine.
The negative selectable maflcer is typically arranged on the geﬁe targeting vector 5'
or 3' to the recombinogenic homology regions so that double-crossover replacement
recombination of the L;omolo gy regions transfers the positive selectable marker to 2

predefined location on the target nucleic acid but does not transfer the negative selectable
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- marker. For example, a tk cassette can be located at fhe 3' end of a murine geﬁe, ch_)ut
150 base pairs from the 3' stop codon. More than one negative selectahle marker can also
‘ be utilized in a targeting vector. The posntxomng o£ for example two negative selection -
vectors at the 5’ and 3' ends of a targeting vector further enhances selection against target
cells which have randomly integrated the vector. Random integration sometimes results _ -
in the rearrangement of the vector, resulting in excision of all or part of the negative -
selectable marker prior to random integraﬁon.. When thJ.s occurs, negative selection
cannot be used to‘. eliminate those cells Whic,l‘;'hm)e i.;icorporated the ta:;gefing \%ector but
. byrandom integr'é.tion rather than homologousf recdmbinaﬁon. The use of more than oné
-negative selectable marker substahﬁally enhances the likelihood that random integration
will result in the insertion of at least one of the negatwe seléctable markers. For such
purposes, the negative selectable markers can be the same or different.

. Theuse ofa positive-negative selection scheme reduces the background of cells
having incbrrectly infégrate’d targeted construct sequénces. Posiﬁ\}e~n.egaﬁve_ seleétion
 typically involves the use of two active selectable markers: (1) a positive selectable
" marker (e.g., neo) that can be Stably exﬁressed following random integration or
homologous targeting,.,. and (2) a negative éelectable marker (e.g., tk) that can only be

stably expressed following random integration. By combining both positive and negative

 selection, host cells having the correctly targeted homolo gous reéombina{iori event can be

efficiently obtamed. Posxtwe-neaanve selection schemes are descnbed, e.g,nU. S Pat.

" No. 5,464,764; WO 94/ 06908. It is recognized, however that one or more neoahva
selectable markers are not required to carry out the present invention, e.g., produce a .
transgenic animal in which an IFIN-B2. gene is functionally inactivated or disrupted.

A recombinant nu.qléic acid molecule according to the preseﬁt invention can also

| comprise all or part of a vector. A vector is, e. g, a nucleic acid molecule which can
replicate autonomously in a host cell, e.g., containing an origin of replication. Vectors can
be useful to perform manipulations, to propagate, and/or obtain large quantities of the
recombinant molecule in 2 desired host. A skilled worker can select a vector depending
on the purpose desired, e.g., to propagate the recombinant molecule in bacteria, yeast,

insect, or mammalian cells. The following vectors are provided by way of example.
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Bacterial: pQE70, pQE60, pQE-9 (Qiagen), pBS, pD10, Phagescript, ©X174, pBK
Phagemid, pNHSA, pNE16s, pNH18Z, pNH46A. (Stratagene); Bluescript KS'T
. (Stratagene); ptrc99a., pKK223-3, pKK.233-3 pDR540, pRITS (Pharmacm) Eukaryotic:
- PWLNEO, pSV2CAT, pOG44, pXT1, pSG (Stratagene), pSVK3, PEPV, PMSG, pSVL
(Pharmacia). However any other vector, e.g., plasrmds viruses, or parts thereoﬂ may be
. used as long as they are rephcable and viable in the desired host. The vector can also
comprise sequences whlch enable it to replicate in the host whose' genome is to be'
modlﬁed The use of such vector can expand the mtemcuon period during which
recombination can oceur, increasing the targe.hng efficiency. An example of a gene | .
targeting vector that can be used in accordance with the present invention is described in
Molecular Biology, ed. by Ausubel, F.M,, et al., Unit 9.16, FIG. 9.16.1 (zNTK).
In accordance with an aspect of the present invention, the function of an IFN-82
* gene can be disrupted or knocked out by the insertion of an exogenous or heterologous
sequence into ii, interrupting its function. For éxan;ple, the exogenous or heterolog'qils
sequence can be inserted into a region of the IFN—BZ géne before its first start codon. The
nucleotide éequencé coding for a selectable characteristic ean be msertad into the IFN-p2 .
gene in such a manner by homolo gbué recombination so that it is operably linked to the.
' endogenous prométcr of the IFN-B2 gene. Upon integration of the selectable m:ctrk.er gene
into the desired predefined position of the IFN-B2 gene, e*{pressmn of the selectable
| charactensuc is driven by the endogenous IFN-B2 gene promoter, permitting its detectlon
_ i;ito those cells into which it has i;ntegrat‘ed_.’ o
The selectable marker gene can also be iﬁtegrated at positions downstream of 3' to
the first start codon of the IFIN-32 gene. The IFN-B2 gene can be integ'raiéd out-of-
reading frame or in-reading frame with the IFIN-B2 polypeptide so that a fusion
polypeptide is made; where the fusion polypeptide is less active than the normal product.
By detecting only those cells which express the characteristic, cells can be selected which
contain the int;grated sequence at the desired location. A convenient way of carrying out
- such selection is using antibiotic resistance. In the examples belc.Jw, neomycin resistance
is utilized as the selectable characteristic. Cells grown in the presence of a toxic

concentration of neomycin will normally die. Acquisition of the neomycin resistance
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gene by homologous recombmatlon rescues cells from the lethal effect, thereby
. facilitating their selectmn, v
The IFN-p2 gene is knocke_d out or functionally interrupted by the integration
event. The insertion of the selectable gene ahead of the IFN-B2 coding sequence
effectively isolates it from opromoter éequence, disabling its expression. If the selectable
geﬁe contains a transcription tenniﬁa.tor, then transcription of the gene 4using the IFIN -[32 .
' pmniotef will terminate immediately after if and will rarely result in the tré;nScﬁption of
the K’N—BZ coding: seqﬁence. The IFN-B2 gene can also be knocked out by a deletion
without a replacement, such as a site;direc’:ed deletion' ofa part of tho gene; Deleted
regions can be coding regions of regulatmg reg.lons of the gene
A IFN-B2 gene can be modlﬁed at any desired posmon It can be mod1ﬁed 50 that
a truncated IFN—BZ polypopude is produced having one or more activities of the complete
TFikfredotppemsddion(s) can be removed from the recombinant gene. In the example, 2
neomycin cassette replaced exons of the mouse jFN—ﬂé gene to functionally inactivate it.
- The neoﬁn.ycin cassette can be subsequently removed from the IFN-B2 gene, e.g., using 2
recombiﬁase system. The Cro-lox site-specific recombination system is especially useful
for Iemovmg sequences ﬁom a recombmant gene. To utilize the Cre-lox system,
recomibinase recogmnon sites are integrated into the chromosome along with the
selectable gene to facilitate its removal at a subsequent time. For guidance on
recombinése expi'sion‘syste'ms, see, e.g., U.S. Pat. Nos. 5,626,159,‘5,527',695, and

-,

5,434,066. See also, Orban, P.C,, et al., "Tissue-and Site-Specific DNA Recombination in. -

Transgenic Mice", Proc. Natl. Acad. Sci. USA, 89:6861-6865, 1992; O'Gorman, S., et al,
"Recombinase-Mediated Gene Activation and Site-Specific Integration in Mammalian
Cells", Science, 251:1351-1353, 1991; Sauer, B., et al, "Cre-stimulated recombination at
loxP-Containinv DNA sequences placed into the mammalian genome", Nucl Acids Re.s:_.,'
17(1):147-161, 1989, - | T

For other aspects of the nucleic amds reference is made to standard textbooks of
molecular biology. See, e.g., Davis et al., Basic Methods in Molecular Biology, Elsevir
Sciences Publishing, Inc., New York, 1986; Hames et al., Nucleic Acid Hybridization, IL
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Press, 1985; Sambrook et al. Molecular Cloning, CSH Press, 1989; Howe, Gene Clom:n'J
and Mampulanon, Cambridge Umvermty Press 1995.

E‘LAMPLES

. Expression and Purxﬁcnnon of IFN-B2. Punﬁed TFN-B2 was compared to IFN ﬁlb by '
SDS-PAGE. IFN-f2 has an apparent molecular weight of 26 kDa as detemned by SDS- '

PAGE -while TFN-B1b has an apparent molecular weight of approximately 20.5 kDa. -
'Method PCR primers (5'-GGA ATT CCT ACT ACC TCG GGC TTC 'I‘AA—3’ and 5'-
GCG CGC GCA TAT GCT AGA TTT GAA ACT GAT TAT-3") were de51gned to
- armplify the codmc region of IFN-$2, minus the signal sequence, from 2 human genomic
DNA preparanon for subsequent ligation into an IPTG inducible pet5a expression vector
(Promega Corp). After induction, IFN-B2 was isolated from E. coli inclusion bodies and
. ._solublhzed usmg Zwittergent 3-14 (Russell-Harde et al., J. Interferon Cytokine Res., 15,
31-37, 1995). Purification of [FN-B2 from solﬁbi]ized inclusion bodies was achieved by
using ion e*{change chromatography followed by size exclusmn chromatography The 26
kDa band, corresponding to IFN-f2, was eluted from the SDS—PAGE gel and analyzed by
- N-terminal protein se:quex:«:mcr The first 10 ammo acids corresponded to those expected
 for IE'N-BZ ' Furthermore, cyanogen bromde dlgestlon was performed. yleldmg several
. fragments _W}noh_were sequenced and found to have the predicted protein sequences,
N ~ demonstrating that the full protein has been successfully exﬁréssegi and purified.

Actxvatxon of an Interferon Dependent ISRE-Luciferase Reporter by IFN-B2. T9SG

cells were tmnsfected with a plasmid containing an ISRE-Luciferase construct anda

stable clone expressing the construct was isolated. 3X10* cells were plated ovemlaht and
- purified IFN~[3’7 was added at the indicated concentrations.. After four hours, the cells

were aésa){ed for Iuciferase activity using a luciferase assay kit as described in the kit

protocol (Promega Cat. #81501). IFN-B2 specifically activated the interferon dependent

ISRE reporter. See Fig. 6. Utilizing this assay, IFN-B2 demonstrated finctional
properties similar to those of IFN-§1b.
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Inhibition of Binding of IFN-E2 to the Human Type I Interferon Receptor with an
anti-IFN-P2 Mouse Polyclonal Antibody. A peptide comresponding to the unique C-
" terminal region of IFN-B2 (KLSKQGRPLNDMEQELTTEFR) was synthesized, coupled

to KILH and used to mmumze Swiss-Webster mlce for a tota] of four immumizations over

two months. After mmumzanon, sera was collected and shown to contain an’cibodles
which specxﬁcally bind IFN-B” Furthermore, the anti-IFN-2 sera blocLecl the mductlon .
. of an IFN dependent ISRE-Luclferase reporter by IFN-B2." Utilizing this assay, ]I*'N p2

| ‘demonstrated functional propemes similar to those of IFN-§1b.

Method 3X10* cells were plated overmght and 20 ng of IFN- ﬁ” was added exther m the .

presence of antx-IFN -p2 sera or normal miouse sera for four hours and then assayed for fhe

+ presence of induced luciferase using a Juciferase assay kit and the stancl_a:d protocol from " B

Promega Corp. SeeFig. 7.

The Eﬁect of IFN—ﬁlb and IFN-B2 on Human HT1080 Cell Prohferntlon IE"N Blb

_ and IFN-B2 have an antlprohferanve effect in both the HT1080 cells and -
HT1080IFNAR2c cells. This was evident in both the Alamar Blue assay panels (FIUS SA

‘and B) as well as by visual inspection. The annprohferahve effect correlated with an
mcrease n receptor number as evidenced by an increased eff‘ect in the HT1080IFNAR2¢
cells which have five tlmes the muraber of IFN bmdmg sztes when compared to the
HT1080 cells Utilizing this assay, IFN ﬁ2 demonsu'ated functional properties similar to

“those of IFN-B1b. .
Method: HTlOSOIFNARZc cells are F'T1080 cells which over express IFNAR..c These
cells exhibit a five fold greater number of binding sites for IFN than the parental HT1080

cells. 2-5X10* cells/ml were plated ovemnight and either unstimulated, or stimulated with -

1 pg/ml, 500 ng/ml, 200 ng/ml or 50 ng/m! of IFN-B2. However, HT1080 cells were
stimulated with 1 pg/ml, 500 ng/mt or 200 ng/ml of IFN-B, while HT1080IFNAR2¢c cells
were stlmulated with 500 ng/ml, 200 n;,/ml or 50 ng/m! of IFN-B. ‘Alamar Blue (U.S.

Patent No. S ) Ol ,959) was nsed to measure cell proliferation using the standard protocol,,

and photos were taken at each time point ofa representative field. Media containing
interferon was replaced daily. All treatments were done in triplicate. See Fig. 8.
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Antiproliferaﬁve Activiﬁes of IFIN-82 on Humﬁn HT1080 Cells as Vleasured by Short
Term 3'[]EI] Thymldme Incorporation. Inoorporatlon of *[H] thymidine was measured 48
hours after addmon of IFN-B2 (striped cobum) or buffer control (filled columm). [H]

' thymidine incorporation is presented as CPM mcorpora’;ed/ 10%ells. Data (Fig.9)
| represent mean values of n =3 and variations between felz;licaies were less than 15%.
IFN-B2 decreased thymidine incorooration significantly, e.g., by about 86%. Utilizing ‘
- this assay, IFN—B” deﬁomtated functional properties similar to those of IFN. flb.
© Methods: Cells were seeded (2x10* cellshwell) m a24—we11 cell culture plate, mcubated
overnight and then stzmulated with IFN-2 (1 pg/ml) for 24 hours Cells were tben
mcubated in complete media containing *[H] thyxmdmo ([methyl*H] thymidine, spec:1ﬁc
actmty 40 60 Cﬂmmol, Amersham Life Science) and harvested af:er 24 hours: Cell§
were washed with phosphate—buﬁ‘ered saline (PBS), followed by 10% tnchloroacetm
(T CA) acid and 100% ethanol. Prior to determining mcorpomtlon of radioactivity, cells

were solubilized in 1M potassium hydroxide and mixed with Ecolume scintillation fluid.

.Tf/pe 1 IFN Receptor Acﬁvaﬁon by IFN-82. IFN-82 induced tyrosine phosphorylation-
of the IFINAR2c receptor chain of the human type I TFN receptor.  Cells were either
unstxmulated (unstn:n) or stimulated with human IFN-¢2, IFN-B1b or IFN-$2 (1000 —
2000 relative umts/ 10% cells for 15 mmutes) PhosPhorylauon was observed in the =
presonce but not absence of mterferon. Utlhzm° this assay, IFN (3” demonstrated
fimctional properties similar to thosz of IFN-B1b. .
Methoda Daudi cells expressmg IFNARZc (5X1 07 cells) were solublhzed il 1ys18 buﬂ'er
(”0 mM Tns—H.Cl pHT. 5 containing 1% Nonidet-40 (v/v) (NP-40), 150 mM sochum
chloride, 1 mM EDTA, 2.5% glycerol (v/v) 1.0 mM sodium fluoride, 1.0 mM sodium
orthovanadate, 1.0 mM pheny]methysulfonyl ﬂuonde (PMSF), 0.5 wg/ml leupeptm and
5.0 pg/ml trypsin inhibitor) for 30 mmutes at 4°C and msoluble matenal was removed by
centrifugation. For i 1mmunopremp1tatlon IFNAR2c antisera (+) or negative control’
aﬁtisefa (-) was added to each safuple, incubated overnight, mixed with Protein-G agarose
(Boehringer-Mannheim), and resolved by SDS-PAGE (10% Novex gels). Proteins were
' transferred to polyvinylidene difluoride filters (Pro-Blot) and incubated in blockiﬁg buffer
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(20 M Tris-EIC, pH 7.5 containing 0.1% Tween 20 (v/%), 150 mM sodium chloride, 1
mM EDTA, 1.0 mM sodium flaoside, 1.0 mM sodium orthovanadate, 1.0 mM PMSF, 0.5
+ pg/ml leupept_in and 5.0 pg/ml trypsin inthibitor) overnight at 4°C, incubated with an anti-
phosphotyrosine antibody (b PY99, Santa Cruz Biotechnology, Inc. Saata Cruz, CA)
antibody a:ld washed in blocking buffer. Following washing, the membr@é was
incubated with a specific second antibody (l '1000 dilution) coupled to horseradish
peroudase (HRP) for 1 hour, washed 3 times in blocking buffer and developed using a

chezmlummescent detecuon method ('P1erce)

| STAT1 and STAT2 Activation in Dandi Cells by Stimulation with IFN-A2. Dandi. |
cells Were stimulated with IFN-B1b or [FN-f2 (1 000 - 2000 relative units/1 08 cells) for 15
 minutes, solubilized in lysm buffer and STAT] and STAT2 were Jmmunoprec1p1tated
Following unmunOpre01p1tat10n, tyrosine phosphorylation of STAT1 and STAT2 was
detected using a phosphotyrosme specific antibody, for both IFN types. Utilizing this
assay, [FN-{2 demonsh'ated functional propernes sn:mlar to those of IFN—ﬁlb
Methods: Daudi cells (1X10 cells) were solubﬂlzed mn lysis buffer (20 mM Tris-HCl, pH
15, containing 1% Nonidet-40 (v/v) (NP-40) 150 mM sodium chloride, 1 mM EDTA,
2.5% glycerol (v/v), 1. 0 mM sodium ﬂuonde 1.0 mM sodium orthovanadate, 1.0 mM
phenylmethysulfonyl fluoride (PMSF), 0.5 pg/ml leupeptin and 5.0 pg/m! trypsin
inhibitor) for 30 minutes at 4°C and insoluble material was removed by cenmﬁlganom
For mmunoprec1p1tatmn, STAT1 and 2 antibodies (Statl p91 and Stat2 (C-20)
respectively, Santa Cruz Biotechnology, Inc. Santa Cruz, CA) were added to each sample
incubated overmight, mixed with Protein-G agarose ('Boelmnger—Mannhe]m), and resolved
by SDS-PAGE (10% Novex gels). Proteins were transferred to polyvinylidene difluoride
filters (Pro-Blot).and incubated in blocking buffer (20 mM Tris-HCI, pH 7.5 centaining .
0.1% Tween 20 (v/v), 150 mM sodium chloride, 1 mM EDTA, l.O mM sodium fluoride,
1.0 mM sodium orthovanadate, 1.0 mM PMSF, 0.5 j1g/m! leupeptin and. 5.0 pg/m! trypsin
inhibitor) overnight at 4°C, incubated with an anti-phosphotyrosine antibody (PY99 , Santa
Cruz Biotechnology, Inc. Santa Cruz, CA) ‘;anl washed in blocking buffer. Following
washing, the membrane was incubated with a specific second antibody (1:1000 dilution)
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' coupled to horseradish peroxidase (HRP) for 1 hour, Washed 3 times in bloclcmcr buffer

and developed using a chem.llummescent detection method (Pierce).

Antiviral Activity of IFN-2 and IFN-p1b. Human WISH cells were stimulated with
cither IFN-B1b or IFN-p2 followed by infection with vesiculer stomatitis virus (VSV).
Viral cytopathic effect (CPE) was measured usmg the redox dye Alamar Blue. | Units of
amivira.l.acﬁvity corresponding to IFN- ﬁlb'are plotted along the X-axis. Specific antm.ral
activity of IFN-B2 was detemnned tobe 4.0 - 8.0X10° International Units ('TU") permg,
~ SeeFig. 10. Utlhzm this assay, [FN-B2 demonstmted functional properties similar to

' " those of IFN-B1b.

' Methods WISH cells (30, 000 eells/well) were plated n 96—we11 Falcon microtiter plates .
and allowed to attach overmz,ht. Cells were stimulated with JTFN-f1b (1000 IU in first |
well; specific activity = 2.5X107 IU/ml) or EN—B” (1 pg in first well), dilu;ted 1:1 across
the plate, for 6 hours followed by addition of VSV (7‘{103 plaque formmg umts/well :
(PFUS)) for 18 hours. Following incubation, media was removed, and 100 plof Alamar “
" Blue (Biosource International) (1:10 dilution of the manufactures supplied stock solution -
n medla.) was added to each well. After incubation for 30 — 60 minutes at 37°C, CPE was |

‘ detenmned by measurmg the absorbance at 600 nm.

IFN-QZ Competes with TFN-2 for Binding to the Type L IFN Recepto-r on HT1080

. cells. 1X10¢ HT1080 cells were incubated for 90 minutes with 15 ng/ml 3p._labeled IFN-
¢2 (Pestka Biomedical #51100) in full cell culture media (10% FBS, DMEM). After
ineubatiori, the cells were washed twice with cell culture media, solubilized in 1% SDS,

-mixed with scintillation fluid and counted. 15 pg/ml IFN-§2 competed more than 90% of
the labeled IFN-B2 bound to HTiOSO cells. Assays were performed in triplicate and:

| standard deviations were less than 10 percent. See f‘ig. 11.

‘Competitive Binding of IFIN-82 to the Type I IFN Receptor on Daudi cells.
Competitive ligand binding assays are performed with a phosphorylated form of IFN-¢:2.
The ligand is phosphorylated (specific activities of 6062 pCi/pg) as degcn’bed in Croze,
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B, et ol J. Biol. Chem., 271:33165-13168, 1996. Binding data are analyzed described in
Scatchard, G., Ann. N. Y. 4cad. Sci, 51, 660-672, 1965. Nonspec1ﬁc binding is
deten:mned yisl the presence of 100-fold excess of unlabeled IFN. Competmve binding of
dlfferent IFNs is determined by incubating increasing amounts of ynlabelled IFN—cu., IFN- .
Blb or IFN-B2 with a constant amount of phosphorylated IFN-«2. Utilizing this assay,
IFN-B2 demonstrates functional properties similar to those of IFN-B1b, .

IFN B Spec1ﬁc Assembly of the Type ITFIN Receptor ]FN-(Slb interacts ‘Wlth the type I R
IFN receptor in a manner distinguishable from IFN-«2. Utilizing this’ assay, T.FN—[37 .
demonstrates functional propertles similar to those'of IFN-B1b.

Méthods Cells (1X10% are stimulated with TN at a concentration of700 TU/106 cells at
37°C for 15 minutes in a CO, incubator. Afcer treatment, cells are qmckly harvested at

' 4°C by centrifugation (3000 x g, 3 mmutes) and mmedaately solubilized in ice cold lysis

" buffer (100 mM Tis, pH 8.0, contammcr 150 mM NaCl, 10% glycerol (v/v), 1% NP-40

" (v/v), | mM orthovanadate, 1 mM sodlum pyrophosphate 1 mM sodium: fluoride, 1 mM
EDTA, 1mM phenyhnethylsulfonyl flouride, 5 p.D/ml leupeptin and 5 pg/ml trypsin
inhibitor). The lysate is centrifuged (16,000 x g, 30 minutes) at 4°C and the supematant 15
‘collected. Cell lysates are mmunoprecxpltated using antl—IFNA.Rl antiboches as. '
descn"bedmCroze E., et al., J. Biol. Chem., 271, 33165-33168, 1996, or IFNAR2.2 rabbit

- polyclonal antisera (10 p.l of antlsera/ 10 cells), followed by SDS-PAGE analysis usmg

Nove\ 8% Tris-glycine g c=rels Afcer electrophorems protems are transferred to
o polyvmyhdene fluoride (PVDF) filters (Pro-Blot) and blocked with 20 mM Tris, pH 8.0,
‘ containing 150 mM NaCl, 1 mM orthovanadate, 1 M sodium pyrophosphate, 1 mM

. sodium fluoride, 1 mM PMSF, and 0.1% Tween 20 overnight at ambient temperature.
The filters are subsequently incubated with antibodies directed aaamst IFNARI] (40H2,
0.1 pg/ml, as described in Croze, E., et al., J. Biol. Chem., 271, 33165-33168, 1996) or
IFNAR2 (10 |J:1 antisera/10 ml blocking buffer) for 2 to 3 hours at ambient temperature
followed by four 10 minute washes with blocking buffer. The washed filter is then
incubated with the corresponding hor&:.eradish peroxidase (HRP) conjugated second

antibody for 2 to 3 hours at ambient temperature, washed and developed using
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chemiluminescence (Enhanced Chemiluminescence Detection Kit, Pierce).

- I"referential.lnducﬁon .of Geoeé by Different Classes of Interferons. Interferons
. - induce overlapping, distinct sets of genes in cuitured cells. Daudi or HT1080 cells are
‘stimulated with either human IFN-e2 (1000 TU/10° cells), IFN-B1b (1000 I0/10° cells),

" TFN-y (1000 TU/10° cells), or IFN-B2 (1000 TU/108 cells) for 17 hours, and whole cell
| pellets co].lected and processed for TaqMan® analysis as described in the TagMan® Gold -

RT-PCR Protocol Manual Apphed onsystems, Peer-E]mer Corporatlon P/N 402876 - -
“Rev. A 1997 "For RNase protecnon assays of zene expressmn, cells are stimulated and
~ harvested as descnbedeandhya,R. etal, J. Biol Chem 271, 22878-22884, 1996.
" Genes preferentially mduced by IFN-B1b are oo;mahzed to the expression of ISG 6-16,2
. gene induced equally by IFN-¢. and IFN-B. Utilizing this assay, IFN-B2 demonstrates
. ﬁmoﬁonal properties sir_nilai' to those of IFN-1b. |

~A.nt1prohferatlon of human fetal astrocytes in response ‘to IFN- -B2. Astrocytes

contribute to the development of MS legions, and here we show that IFN-B2 inhibits the

prohferatlon of human fetal astrocytes in v1tro This observation snggests that IFN-B2 can

actasa growth revulator of astrocyte proliferation and therefore prevent the formanon of-

reactwe gliotic lesions in MS. Utthan' thlS assa.y, IFN- B'? demonstrated f\mctxonal

‘ _properties similar'to those of IFN-B 1b.

Methods: N .

(9] Prep aration of nstrog]ioi cultures: Astrocyte enriched cultures from fetal human
brains were prepared from 2 different fetal brains of 17-22 weeks gestation. Tissue was
obtained from Advanced Bioscience Resource Inc. following legal therapeutic abortion.
After ﬂle.meﬁnges were removed, the brains were dissected and di.ssociaied into single'
cell suspension by gentle pipeting followed by passing them through sieves. Cells were
resuspended in Iscove’s media containing 10% FCS in the presence of an antibiotic

:cocktail containing penicﬂﬁn,'sn'eptomyoin and fungizone, and microglia were removed:

every day for a weels by a differential adhesion technique. Astrocytes were then grown -
for at least 8-10 weeks and fed twice a week. :Contafhimting microglia, neurons and
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. oligodendrocyte progenitors cannot éurvive these lo.r'lgéterm cﬁlture conditions. At the end
y ofthisAperiod cultures were s)tained with GFAP, O4 and nestin antibodies and conﬁl:med :
to be more than 95% pure astrocytes Cultures were frozen in hqmd N, bcfore they were
used for prohferanon assay. o
(B) Proliferation assay: Astrocytes were started from the frozen stock and grown mthe '
above-descn'bed media for at least two passages before they were used for the
 proliferation assay. Cells were plated in 96-well plates at 2X10* cells/m! with or Wlthoui
- 10 nJml EGF (R&D Systems). The assay was performed in low serum media (2% FCS);

' Cultures were treated w1th IEN-B'7 L mg/ml stock)-or a buffer control at the indicated |
--dilutions. After 4 da.ys of incubation cultures were mcubated overnight with *H-
Thymlquand the plates were frozen before ha:;vestmg. '

Actmty of IFN-ﬁ in Ro dent Models of Multiple Sclerosm Experimental allerglc
encephalomyehhs (EAE) is widely used as an animal model for multiple sclerosis
(Swanborg, G., Clin. Inmunol. Immunopathol., 77, 4—13, 1995; Martin, R. and McFarland;
H., Springer Semin. Immunopathol., 18, 1-24, 1996). TFN-B1b shows in vivo efﬁcacyin
these releva.ntMS models. Utilizing these models, IFN- -B2 demonstraies functxonal
' propernes similar to those of IFN-B1b. ‘
Methods: ' . ‘

(A) Passive trmisfer experimental allergic encephalo_xhyeliti;s in SJL mice:

Animals and materials: § week old female STL, mice (J ackson Laboratories); RPMI 1640,
with L-glutamine and 25 mM HEPES, 1X, 0.1 micton filtered (Life Techaologies, Cat #

" * 22400-089); FBS, defined (Hyclone, heat inactivated, Cat#SHJOO7O 01); MEM Non-

essential amino acids solutlon, 10 mM, 100X (Life Technologles Cat # 11140-05 0); 2
mercaptoethanol, 1000X, 5.5X10? M in D-PBS (Life Technologies, Cat # 21985-023); -
Pemcmm/Streptomycm, 10,000 Ulp.g perml (Blo-'Whlttaker Cat # 17-602 E); Hank's
Balauced Salt Solution, 1X, 0.1 micron filtered (Life Technologies; Cat # 24020-117);
Expenment: 8-week-old female SJL mice are immunized with 0.1 ml subcutaneous
(divided between base of tail and upper.back) injection containing 150 y.g proteolipid

- protein ("PLP") in complete Freund's adjuvant ("CFA") with 200 pg M. tuberculosis
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'H37Ra (ground). 11 days later, axial, brachial and inguinal lymph node cells are excised
from the rﬁice and cultured at 6X10° cells/m! in the following media tto 450 ml RPMT
1640 (with L-glutamine plus HEPES) add 50 ml FBS, 0.455 ml 2-mercaptoethanol, 5.0 ml
Pen/Strep and 5.0 ml non-essentil amino acids.” Add PLP to the cells to obtain a final
| ooncentratlon of 50 p.a/m.l Cells are incubated for 72 hours at 37°C, 7% CO,. Cells are
_ haryested and Washed tmce in HBSS. Vlabﬂlty of the lymph node cells is assessed by -
Trypan Blue exclusion. The concentration of lymph node cells is adjusted to 4x107 cells
per ml. 2X1 07 lymph node cells are inj ected mtrapentoneally (dose volume = 0.5 ml) per
mouse into naive § week old fernale STL Imce Thé miice are weighed and scored daily.’
Treatment with IFN- B” and IFN-B1b is adm.1mstered as needed. Clinical evaluatlon (EAE
.score/symptoms) O/normal; 1/limp ta.11 2/d1£ﬁoulty righting; 3/mcomp1ete paralysis of
one or both hind hmbs 4-/complete paralysxs of one or both hind limbs; S/n:mnoblle
moribund or dead. :

(B) Acute expenmental allercrlc encephalomyehtls in Lewis rats:
- Animals and materials: female Lems rats (Cha.rles River), immunized at 8 weeks of age;
stal cord homo genzj.te preparation (from male Hartley guinea p1gs,. Simonsen Labs,
 Gilroy): . ’ - ‘
500-700 gram gumea p1crs are euthamzed with CO,. The spinal cords are removed using
- sharp bone scissors fo cut the vertebrae, rinsed in saline, blotted once, and stored at -80°C .
- until the day of use. Spinal cords are then weighed and homogenized with saline at 1 g/ml
* of saline; antigen emulsion: gumea. pig spmal cord homogenate is mixed 1:1 with CFA
(Difco, Detroit, Michigan) with 1 mg/ml Mycobacterium tuberculosis (ground with a
mortar and pestle). 0.05 ml is injected into each hind limb footpad for a total of 0.1 ml per .
rat. Experiment: rats are immunized with a single bolus injection on daly 1. Rats are
weighed and scored daily. Treatrhent with IFN-B2 and IFN-B1b is administered as
needed. Clinical Evaluation (EAE score/symptoms): O/normal; 1/limp tail; 2/incomplete
paralysis of oxde or both hind limbs; 3/ complete paralysis of one hind limb or both hind
limbs can move but do not help m movement of the body; 4/ complete paralysis of both
hind limbs; 5/complete paralysis of hind limbs and wealcness of one or both forehmbs or
moribund, or death.
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. The preceding descnptlon, utilize the present invention to its fullest extent. The
precedmg preferred spemﬁc embodments are, therefore to be construed asmerely
_ ‘ﬂlustratlve and not hmtmg the remainder of the disclosure i m any way whatsoever. The
entire disclosure of all apphca.hons patents and pubhcatmns cited above and in the

 figures are hereby mcorporated by reference in their entxrety
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What is claimed:

" 1A pharmaceuﬁcal composition usefil in treating multiple sclerosis in mammals,
which composmon comprises a phmmaceuncally acceptable excipient and a
therapeuﬁcaﬂy effective amount of a human IFN- P2 polypeptide of Fig. 2, 2 biologically-

active fragment thereof, or a biolo glcaﬂyfactlvg derivative thereof.

The pharmaceuncal composmon of Claim 1 wherem the mammal in need

‘ thereof isa humaJ:L

3. Amethod of administeﬁng toa mammal m need thereof 2 phanﬁac_:euﬁcal |
composiﬁon useful in multiple sclerosis in mammals, whiéli composition comprises a
pharmaceuncally acceptable excipient and 2 therapeutlcally effective amount of 2 human
.IFN B2 polypeptide of Fig. 2, a biologically-active fragment thereof, or a biologically- -

| act1ve denvatwe thereof.
4. The method of Claim 3 wherein the mammal in need thereof is 2 human.

5. A pharmaceutical composition useful i:n~trea;cing ﬁi}llﬁple sclerosis in
_ ‘mammals which cdmpoéiﬁoﬁ. comprises a pharﬁ:xaceutically é.cce’ptable e*ccipient and a
_ therapeuncally effectlve amount of 2 iman IFN—B” polypeptxde a b1olog10:111y—act1ve
; fragment thereof, ora blologmally-actlve denva.twe thereof.

6. Amethod of administering to a maﬁmﬂ in need thereof a pharmaceutical
composition useful in multiple sclerosis in mammé.ls, which composition comprises a
pharmaceuﬁcally accepi:able éxcipient and a therapeutically effective amount of 2 human
IFN-2 polypeptide, a biologically-active &agment thereof, or ablolomcaﬂy-acnve

derivative thereof.
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NOVEL INTERFERON FOR THE TREATMENT OF MULTIPLE SCLEROSIS

ABSTRACT

IFNB2 IFNG ' IFNc

_ This invention relates to novel nucleic acids and palypeptide sequences, which code for an interferon-beta-2
("I[EN-B2"). A pharmaceutical composition, which comprises a pharmaceutically acceptable excipient and a therapeutically
effectivaamount of a human IFN-B2 polypeptide, biologically-active fragment thereot, or biolagically-active derivative thereof,
is usef: treating multiple sclerosis in humauns.
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mediante pruebas de rutina.

El IFN-B2 es un polipéptido de longitud completa de mamifero que
comprende una secuencia de aminoacidos que se puede obtener de una fuente
natural y que presenta una o varias de las bioactividades mencionadas
previamente. Puede tener la secuencia que se muestra en la Figura 2, con un
marco de lectura abierto que comienza con un codén de inicio y finaliza con un
codon de terminaciéon. Incluye secuencias normales naturales, mutantes
naturales y polimérficas naturales, incluyendo polimorfismos de un solo
nucledtido (SNP), etc. Las fuentes naturales incluyen, por ejemplo, células
vivas, tales como las que se obtienen de tejidos u organismos completos,
lineas celulares cultivadas, incluyendo lineas celulares primarias e
inmortalizadas, tejidos de biopsias, etc.

La presente invencion también se relaciona con fragmentos de un IFN-
B2 de mamifero. Se prefiere que los fragmentos sean “biolégicamente activos”.
El término “biolégicamente activos” significa que el fragmento de polipéptido
presenta actividad en un sistema viviente o en componentes de un sistema
viviente. Las actividades biolégicas incluyen las que ya se mencionaron, por
ejemplo, bioactividad IFN-B2 y actividad inmunogénica especifica de IFN-p2.
Los fragmentos se pueden preparar de acuerdo con cualquier método deseado,
incluyendo, sintesis quimica, manipulacién mediante ingenieria genética,
productos de clivaje, etc. Un fragmento biolégicamente activo de un IFN-B2
incluye polipéptidos en los cuales hubo supresion o modificacién de secuencias
de aminoacidos ya sea por el extremo carboxilo o amino terminal de la
proteina.

Preferentemente, se excluyen los acidos nucleicos, y fragmentos de los

fa



mismos, de las Figuras 12 y 13. Se prefiere asimismo excluir los polipéptidos, y
fragmentos de los mismos, de la Figura 14. No obstante, no se excluyen los
polipéptidos que contienen o comprenden estas secuencias, por ejemplo, el
IFN-B2 de longitud completa; un polipéptido que posee dos o varios de los
fragmentos mencionados o un polipéptido que contiene uno de los fragmentos
mencionados y secuencias de aminoacidos adicionales, ya sean del IFN-B2 o
de otra fuente.

La presente invencién también se relaciona con un IFN-B2 que posee la
secuencia deducida de los aminoacidos 1 a 208 que se muestra en la Figura 2.
El peso molecular calculado es de aproximadamente 23.000 daltons y el punto
isoeléctrico predicho es de 8,1. Es una proteina estable en medio acido con un
peso molecular de 26.000 daltons aproximadamente medido por SDS-PAGE.
La forma no glicosilada producida en E. coli tiene un peso molecular de 20.500
daltons aproximadamente. Véase, mas adelante en los ejemplos.

Tal como se muestra en la Figura 2, tiene una secuencia sefial predicha
que comprende los aminoacidos -1 a -21, dos sitios potenciales de N-
glicosilacién que comprenden los aminoacidos 74-77 y 83-86, y residuos de
cisteina en los aminoacidos 32, 142 y 154. Se predijo la formacién de un enlace
disulfuro entre los residuos de cisteina 32 y 142. Comprende una hélice A en
las posiciones de aminoacidos 7-24, una hélice B en 55-69, una hélice C en 83-
95, una hélice D en 118-134 y una hélice E en 143-158.

El IFN-B2 maduro se refiere a un IFN-BZ gue no contiene los
aminoécidos -1 a -21 como se muestra en la Figura 2 y que es de 187
aminoacidos de longitud. También posee una extension Gnica de 18

aminoacidos en el extremo C terminal cuando se compara con otros tipos de



interferon conocidos. Dicha extension se puede usar como marcador para IFN-
B2, tanto a nivel de nucleétidos como de aminoacidos, y se puede fusionar a
polipéptidos heterdlogos. ~

El polipéptido IFN-B2 de la invencién que posee, por ejemplo, la
secuencia de aminoacidos que se muestra en la Figura 2, se puede analizar
mediante cualquier método adecuado para identificar otros dominios
estructurales y/o funcionales en dicho polipéptido, incluyendo regiones que
abarcan la membrana o regiones hidrofébicas. Ademas, el polipéptido IFN-B2
se puede analizar mediante los métodos que se describen, por ejemplo, en
Kyte y Doolitile, J. Mol. Biol., 157: 105, 1982; EMBL Protein Predict, Rost y S
Sander, Proteins, 19: 55-72, 1994.

Se pueden obtener otros homoélogos de los IFN-B2 de la presente
invencion provenientes de fuentes de mamiferos y que no son de mamiferos
utilizando diversos métodos. Por ejemplo, por hibridacion con oligonucleétidos
(por ejemplo, con cebadores para amplificar la region de terminacion -5'-ATG
ATT ATC AAGCACTTC TTT GGA-3' y 5-CTA CCT CGG GCT TCT AAA CTC
TGT-3’). Los cebadores utilizados para la expresion en E. coli fueron -5-GGA
ATT CCT ACT ACC TCG GGC TTC TAA-3' y 5-GCG CGC GCA TAT GCT
AGA TTT GAA ACT GAT TAT-3'. Para seleccionar homologos, los cebadores
para la secuencia de longitud completa conocida, incluyendo la secuencia
genomica no traducida 5’ y 3’, que se pueden emplear son -5-TTT AGG TGA
CAC TAT AGA AT-3’ y 5-TAA AAT GGA TAG AAT ATA TAA-3’-, por ejemplo,
como se describe en Sambrook et al., Molecular Cloning, Capitulo 11, 1989.
Dichos homdlogos pueden tener valores de identidad y similitud variables de la

secuencia de nucledtidos y de aminoacidos con el IFN-f2. Los mamiferos
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incluyen, por ejemplo, roedores, ratones, ratas, hamster, monos, cerdos, vacas,
caballos, perros, gatos, etc. Los organismos que no son mamiferos incluyen,
por ejemplo, vertebrados, invertebrados, cebrita, pollos, Drosophila, C. elegans,
Xenopus, levadura, tal como S. pombe, S. cerevisiae, ascaridos; procariontes,
plantas, Arabidopsis; Crustaceos, artemia, virus, etc. Para seleccionar los
oligonucledtidos para la hibridacién, se debe emplear un método efectivo. Por
ejemplo, se pueden identificar regiones especificas del IFN-$2 por comparacion
del IFN-B2 de la presente invencidén con otros tipos de IFN-B2 y seleccion de
aquellas secuencias de aminoacidos que solamente aparecen en el primero (es
decir, no conservadas o “especificas del” IFN-B2). Véase, por ejemplo, en la
Figura A donde se muestran regiones conservadas y no conservadas entre los
diferentes tipos de interferones. Se pueden seleccionar las secuencias de
aminoacidos no conservadas (por ejemplo, KSLSP) y luego se pueden disefiar
sondas degeneradas basadas en dichas secuencias. Véase, ademads,
Venkataraman et al., Proc. Natl. Acad. Sci., 96: 3658-3663, 1999. Se pueden
hallar otras secuencias de aminoacidos especificas (es decir, no conservadas)
y/o conservadas utilizando métodos de rutina, por ejemplo, mediante basqueda
en una base de datos de genes/proteinas con los conjuntos de programas para
computadora BLAST.

La invencién también se relaciona con secuencias de aminoécidos
especificas de IFN-B2, por ejemplo, una secuencia de aminoacidos definida
presente en la secuencia particular que se muestra en las Figuras 2 y 4, pero
no en otros tipos de interferén. Los polipéptidos preferidos son de al menos
ocho aminoacidos contiguos aproximadamente, por ejemplo, de

aproximadamente 9, 10, 12, 15, 20, 21, 22, 25, 30, 40, 50, etc. Dichos



polipéptidos pueden comprender, por ejemplo, KHFFGTV, IFQQRQV, KSLSP,
FRANI, AEKLSGT, CLFFVFS, y QGRPLNDMKQELTTEFRSPR, y fragmentos
de los mismos. La secuencia o motivo de aminoacidos especifico de IFN-B2
puede ser de utilidad para producir péptidos que actuaran como antigenos en
la generacién de una respuesta inmune especifica de los mismos. Los
anticuerpos obtenidos con dicha inmunizacién se pueden usar como una sonda
especifica para una proteina IFN-B2 de mamifero con fines de diagnostico o de
investigacion, inclusive como marcadores de expresion.

Como ya se menciond, los polipéptidos de la presente invenciéon pueden
comprender diversas secuencias de aminoacidos para un IFN-B2 (por ejemplo,
una secuencia de longitud completa, es decir, que posee un codon de inicio y
de terminacion como se muestra en la Figura 1, una secuencia de aminoacidos
madura (es decir, donde el polipéptido IFN-B2 es producido como un precursor
que sera procesado en un polipéptido maduro, o fragmentos del mismo). Los
fragmentos que son de utilidad incluyen, por ejemplo, fragmentos que
comprenden, o que consisten esencialmente de, cualquiera de los dominios
mencionados previamente y secuencias de aminoacidos especificas o
conservadas, tal como las que se muestran en las Figuras 2 y 4.

El fragmento de un polipéptido de IFN-B2 de la presente invencion se
puede seleccionar para que tenga una actividad biologica especifica, por
ejemplo, actividad antiviral, inmunomoduladora, anticrecimiento, etc. La
medicién de estas actividades se puede llevar a cabo como es de conocimiento
para el especialista. Véase, mas adelante. Estos péptidos también se pueden
identificar y preparar como se describe en la publicacion EP 496 162.

El polipéptido de la presente invencién también puede tener un 100% o

B
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menos de identidad de secuencia de aminoacidos con la secuencia de
aminoacidos que se muestra en la Figura 2. A los fines de la siguiente
descripcién, la identidad de la secuencia se refiere al mismo nucledtido o
aminoacido que se halla en la secuencia de las Figuras 1 y 2 en la posicion
correspondiente de la o las secuencias comparadas. Un polipéptido que
presenta menos que un 100% de identidad de secuencia con las secuencias de
aminoacidos que se muestran en las Figuras 1 y 2 pueden contener numerosas
sustituciones con respecto a la secuencia natural, incluyendo sustituciones de
aminoacidos homélogas y no homoélogas. Véase mas adelante por ejemplos de
sustituciones de aminoacidos homodlogos. La suma de los residuos idénticos y
homdlogos dividida por la cantidad total de residuos de la secuencia con la cual
se compara el polipéptido IFN-B2 es igual al porcentaje de similitud de
secuencia. A los efectos de calcular la identidad y similitud de secuencia, las
secuencias comparadas se pueden alinear y calcular utilizando cualquier
método, algoritmo, programa para computadora, etc. que se deseara,
incluyendo, por ejemplo, FASTA, BLASTA.

Un polipéptido que tenga menos que un 100% de identidad de secuencia
de aminoécidos con la secuencia de aminodacidos de la Figura 2 puede tener
aproximadamente un 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%,
88%, 85%, 80%, 75%, 70% o tan poco como un 53% de identidad de
secuencia.

La presente invencidon también se relaciona con muteinas de
polipéptidos de un IFN-B2, es decir, cualquier polipéptido cuya secuencia difiera
en cuanto a secuencia de aminoacidos de una secuencia de amino4cidos que

se puede obtener de una fuente natural (un fragmento de un IFN-B2 de
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mamifero no difiere en cuanto a secuencia de aminoacidos de un IFN-p2
natural aunque difiera en cantidad de aminoacidos). Por consiguiente, las
muteinas de polipéptidos del IFN-B2 comprenden sustituciones, inserciones y
supresiones de aminoacidos, incluyendo aminoacidos no naturales.

Las muteinas de una secuencia de aminoacidos del IFN-B2 de la
invencion también se pueden preparar mediante una bisqueda por homologia
en bancos de datos de genes, por ejemplo, Genbank, EMBL. La busqueda por
homologia de secuencias se puede llevar a cabo usando diversos métodos,
incluyendo los algoritmos descriptos para la familia de programas BLAST, el
algoritmo de Smith-Waterman, etc. Es posible introducir una o varias muteinas
en una secuencia por identificacion y alineacién de los aminoacidos de un
dominio que son idénticos y/u homologos en los polipéptidos y luego modificar
un aminoacido sobre la base de dicha alineacion. Por ejemplo, el IFN-B2 de la
presente invencién comparte identidad de secuencia con diversos interferones
conocidos como se muestra en la Figura 4. Las alineaciones entre estos
polipéptidos en los residuos de aminoacidos conservados permiten identificar
los residuos cuya modificacion podria reducir, disminuir o suprimir la actividad
biolégica de un IFN-B2, tal como la actividad de unién al receptor, etc. Por
ejemplo, cuando la alineacion revela aminoacidos conservados idénticos entre
dos o mas dominios, la eliminacién o sustitucion de los aminoacidos podria
afectar adversamente su actividad bioldgica.

La sustitucion de aminoacidos también se puede efectuar reemplazando
un aminoacido homoélogo por otro. Los aminoacidos homodlogos se pueden
definir segln el tamafio de la cadena lateral y el grado de polarizacion, que

incluyen, los aminoacidos pequefios no polares: cisteina, prolina, alanina,

5%
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treonina; pequefios polares: serina, glicina, aspartato, asparagina; grandes
polares: glutamato, glutamina, lisina, arginina; de polaridad intermedia: tirosina,
histidina, triptofano; grandes no polares: fenilalanina, metionina, leucina,
isoleucina, valina. Los aminoacidos homodlogos también se pueden agrupar de
la siguiente manera: grupos R polares no cargados, glicina, serina, treonina,
cisteina, tirosina, asparagina, glutamina; aminoacidos acidicos (de carga
negativa), acido aspartico y acido glutamico; aminoacidos basicos (de carga
positiva), lisina, arginina, histidina. Los aminoacidos homdlogos también
incluyen los descriptos por Dayhoff en Atlas of Protein Sequence and Structure

5, 1978, y por Argos en EMBO J., 8, 779-785, 1989.

Se pueden preparar muteinas que no tengan efecto sobre la actividad, o
que permitan reducir o incrementar la actividad del IFN-B2 en comparacion con
el tipo salvaje. Se pueden efectuar mutaciones analogas de otros IFN-B2, tal
como interferén de fibroblastos (beta-1) y alfa-interferones. Por ejemplo, los
plegamientos de IFN-B2 en los caracteristicos manojos de cinco hélices que
son tipicos para el interferon: la hélice A en las posiciones de aminoacidos 7-
24, la hélice B en 55-69; la hélice C en 83-95, la hélice D en 118134 y la hélice
E en 143-158. Estas hélices estan unidas entre si por regiones aleatorias
enrolladas o con forma de bucle. Véase, la Figura 3. Las mutaciones en las
estructuras helicoidales se pueden efectuar de forma analoga con el IFN-$1 (de
fibroblastos), por ejemplo, como se describe en Runkel et al., Biochemistry, 39:
2538-2551, 2000. Por ejemplo, las partes de la hélice A, el bucle AB y la hélice
E estan comprometidas en la unién al receptor. Véase, ademas, Piehler y
Schreiber, J. Mol. Biol., 294: 223-237, 1999.

El IFN-B2 de la presente invencion, al igual que el interferon de
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fibroblastos, contiene tres residuos de cisteina, en las posiciones de
aminoacido 32, 142 y 154. Los residuos de cisteina de las posiciones 32 y 142
son similares en cuanto a ubicacién con respecto a los residuos de cisteina
conocidos por formar un enlace disulfuro en el interferén de fibroblastos. Por
analogia con el interferébn de fibroblastos, se puede suprimir o sustituir el
aminoacido de la posicion 154 por un aminoacido neutro, tal como glicina,
valina, alanina, leucina, isoleucina, tirosina, fenilalanina, histidina, triptofano,
serina, treonina o metionina. Se prefiere serina y treonina debido a su similitud
quimica con la cisteina. La eliminacion de la cisteina impar puede impedir la
formacion de enlaces disulfuro intramoleculares e intermoleculares incorrectos.
Véase, por ejemplo, la Patente de EE.UU. N° 4.588.585. Las mutaciones
también se pueden efectuar de acuerdo con las Patentes de EE.UU. N°:
4.914.033, 5.545.723 y 5.580.723. Véase, también, por ejemplo, Fish et al., J.
Interferén Res., 12: 257-66, 1992; Fish et al., J. Interferon Res.; 9. 97-114,
1989; DiMarco et al., J. Interferén. Res., 13: 139, 1993; Mitsui et al., Pharmacol.
Therap., 58: 93-132, 1993; Wang et al., J. Immunol., 152: 705-715, 1994.

La invencién se relaciona con &acidos nucleicos de muteinas que
codifican dichos polipéptidos de muteinas. Por consiguiente, la presente
invencién se relaciona con las secuencias de nucleétidos de la Figura 1, donde
dichos a&cidos nucleicos codifican un polipéptido y una o varias de las
posiciones de aminoacidos estan sustituidas o suprimidas, o ambos, y el
polipéptido codificado por el acido nucleico presenta actividad biol6gica, tal
como una mayor recuperacion a partir de células bacterianas cuando se
expresan de forma recombinante, o una mayor bioactividad. La muteina

polipeptidica, y su correspondiente secuencia codificadora de nucledtidos,
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puede tener la secuencia de aminoacidos que se muestra en la Figura 2
excepto cuando una o varias posiciones estan sustituidas por aminoacidos
homélogos, por ejemplo, cuando hay 1, 5, 10, 15 6 20 sustituciones. La manera
en que una modificacidn afecta las actividades mencionadas se puede medir
con los métodos descriptos y que se describirAn mas adelante y que son
conocidos por los especialistas en la técnica.

Se conocen numerosos métodos de ensayo para evaluar la actividad del
IFN-B2. Por ejemplo, los ensayos que son de utilidad incluyen: ensayos
antivirales, tal como CPE (por ejemplo, Patente de EE.UU. N° 5.545.723 y
4.914.033; més adelante en los ejemplos); de unién al receptor (por ejemplo,
en la Patente de EE.UU. N°: 5.545.723 y mas adelante en los ejemplos);
activacién por STAT (entre otros, mas adelante en los ejemplos); activacion de
genes que responden al IFN-B2 (por ejemplo, un elemento de respuesta
estimulado por interferon (ISRE) esta ligado operativamente a un gen
informante, tal como luciferasa, tal como se muestra mas adelante en los
ejemplos); fosforilacion de un receptor de tipo | (mas adelante en los ejemplos);
antiproliferativos (Patente de EE.UU. N°: 4.914.033, evaluacioén de la capacidad
del IFN-B2 para inhibir la replicacion de lineas celulares; mas adelante en los
ejemplos); inmunomoduladora (Patente de EE.UU. N°: 4.914.033, citotoxicidad
celular dependiente de anticuerpos; Noronha et al., J. Neuroimmunol., 46: 145-
154, 1993, inhibicidn de linfocitos T y de su produccién de IFN-gamma (“IFN-
v*); encefalomielitis alérgica experimental (“EAE”) (por ejemplo, Louboutin et al.,
Acta Neurol. Scand., 88: 97-99, 1993; Rott et al., Eur. J. Immunol., 23: 1745-
1751, 1993; mas adelante en los ejemplos).

El IFN-B2 de mamifero de la presente invencion, fragmentos o

JY
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polipéptidos sustituidos del mismo, también puede comprender numerosas
modificaciones, donde dichas modificaciones incluyen modificacion de lipidos,
metilacion, fosforilacién, glicosilacion, modificaciones covalentes (por ejemplo,
de un grupo R de un aminoacido), sustitucion de aminoacidos, supresion de
aminoacidos o adicion de aminoacidos. Las modificaciones del polipéptido se
pueden llevar a cabo utilizando diversos métodos, incluyendo métodos
recombinantes, sintéticos, quimicos, etc.

Los polipéptidos de la presente invencion (por ejemplo, de longitud
completa, fragmentos de los mismos, mutaciones de los mismos) se pueden
utilizar de diversas maneras, por ejemplo, en ensayos, como inmundgenos
para anticuerpos como se describirA mas adelante, como agentes
biolégicamente activos (por ejemplo, cuando presentan una o varias de las
actividades asociadas con el IFN-B2 de la presente invencion).

El polipéptido codificador del IFN-B2 de la presente invencion, un
derivado del mismo o un fragmento del mismo, se puede combinar con uno o
varios dominios estructurales, dominios funcionales, dominios detectables,
dominios antigénicos y/o un polipéptido de interés, en un ordenamiento que no
aparece en la naturaleza, es decir, que no es natural. El polipéptido que
comprenda dichas caracteristicas es un polipéptido quimérico o de fusion.
Dicho polipéptido quimérico se puede preparar utilizando numerosos métodos,
incluyendo, métodos quimicos, sintéticos, cuasi-sintéticos y/o recombinantes.
El acido nucleico quimérico que codifica un polipéptido quimérico puede
contener los distintos dominios o polipéptidos deseados en un marco de lectura
abierto continuo (por ejemplo, con multiples dominios N-terminales para

estabilizar o aumentar la actividad) o interrumpido que contiene, por ejemplo,

¢
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intrones, sitios de procesamiento, potenciadores, etc. El acido nucleico
quimeérico se puede producir utilizando diversos métodos. Véase, por ejemplo,
la Patente de EE.UU. N°: 5.439.819. El dominio o polipéptido deseado puede
presentar cualquiera de las propiedades deseadas, incluyendo una funcion
biolégica, tal como de sefialamiento, promotora del crecimiento, de
direccionamiento a células (por ejemplo, secuencia sefial, secuencia
direccionadora, tal como de direccionamiento al reticulo endoplasmético o al
nucleo), etc., una funcion estructural, tal como hidrofébica, hidrofilica, que
abarca la membrana, etc.,, funciones de receptorligando y/o funciones
detectables, por ejemplo, combinadas con enzimas; polipéptidos fluorescentes,
como la proteina fluorescente verde (Chalfie et al., Science, 263: 802, 1994;
Cheng et al.,, Nature Biotechnology, 14: 606, 1996; Levy et al., Nature
Biotechnology, 14: 610, 1996), etc. El dominio también puede ser una
inmunoglobulina, por ejemplo, para aumentar la estabilidad, etc., tal como una
cadena pesada o liviana y/o una regi6én Fc de una inmunoglobulina, o una
secuencia marcadora del epitope.

Ademas, el polipéptido, o una parte del mismo, se puede usar como
marcador de seleccién cuando se lo introduce en una célula huésped. Por
ejemplo, el acido nucleico que codifica la secuencia de aminoacidos acorde con
la presente invencién se puede fusionar en el marco con una secuencia
codificadora deseada y actuar como una marca con fines de purificacion,
seleccion o marcacion. La region de fusion puede codificar un sitio de clivaje
para facilitar la expresion, el aislamiento, la purificacién, etc.

El polipéptido IFN-B2 de la presente invencién, o un fragmento del

mismo, también se puede combinar con otras citoquinas, tal como interferones,
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para obtener IFN-B2 quiméricos o hibridos. Dichos IFN-2 hibridos pueden ser
hibridos entre cualquier clase de interferones, incluyendo alfa, omega, gamma,
épsilon, de trofoblastos, fetales, etc. Se pueden obtener hibridos (y las
muteinas descriptas previamente) que tengan actividades reducidas o
restringidas en comparacion con los hibridos de los cuales provienen, por
ejemplo, restringidas a una actividad reguladora del crecimiento de las células,
a una actividad antiviral o actividad inmunomoduladora. Véase, por ejemplo, la
Patente de EE.UU. N°: 4.758.428 sobre hibridos entre interferén de fibroblasto
y alfa-interferén, por ejemplo, utilizando los aminoacidos 47-187, 74-187, 1-73,
etc. aproximadamente, del interferéon de fibroblastos.

El polipéptido acorde con la presente invencioén se puede producir en un
sistema de expresién, por ejemplo, in vivo, in vitro, libre de células,
recombinante, de fusion celular, etc., de acuerdo con la presente invencion. las
modificaciones del polipéptido impartidas por dichos sistemas incluyen
glicosilacion, sustitucion de aminoacidos (por ejemplo, por utilizacion diferencial
de codones), procesamiento de polipéptidos tal como digestion, clivaje,
actividad endopeptidasa o exopeptidasa, uniéon a grupos quimicos, incluyendo
lipidos y fosfatos, etc.

El polipéptido acorde con la presente invencion se puede recuperar de
fuentes naturales, células huésped transformadas (medio de cultivo o células)
utiizando métodos conocidos, por ejemplo, métodos aplicados a otros
interferones y a otras proteinas recombinantes, incluyendo extraccién con
detergentes (por ejemplo, un detergente no idnico, Triton X-100, CHAPS,
octilglucésido, Igepal CA-630), extraccion de fases, extraccion con n-butanol,

precipitaciéon por sulfato de amonio o etanol, extraccion en acido, cromatografia

2%
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de intercambio aniénico o catiénico, cromatografia en fosfocelulosa, Sephadex,
cromatografia de interaccion hidrofébica, cromatografia en hidroxiapatita,
cromatografia en lectina, electroforesis sobre gel, cromatografia por afinidad,
SDS PAGE, cromatografia sobre vidrio de poro controlado (CPG);
cromatografia por afinidad de anticuerpos, filtracion por gel, Blue Sepharose,
cromatografia sobre fenil-agarosa, CPG y cromatografia sobre quelatos de zinc
(por ejemplo, Heine y Billiau, Methods in Enzymology, 78 (Parte A): 448-456,
1981), agarosa Cibacron Blue F3GA y HPLC (Kenny et al., Methods in
Enzymology, 78 (Parte A): 435-447, 1981): Véase, también, Innis y McCormick,
Methods in Enzymology, 119: 397-403, 1986; Dembinski y Sulkowski,
Preparative Biochemistry, 16: 175-186, 1936; Friesen et al., Methods in
Enzymology, 78 (Parte A). 4330-435, 1981); Pestka et al., Annu. Rev.
Biochem., 56: 727-77, 1987. Si fuera necesario, se pueden emplear pasos de
replegamiento de proteinas para completar la configuracién de la proteina
madura.

La presente invencion también se relaciona con acidos nucleicos, tal
como ADN y ARN que codifican los polipéptidos IFN-$2, y fragmentos de los
mismos, de la presente invencion. EL acido nucleico del IFN-B2, o un
fragmento del mismo, es un acido nucleico que posee una secuencia de
nucleétidos que se puede obtener de una fuente natural. Por ello incluye alelos
naturales, normales, mutantes naturales y polimorficos naturales (por ejemplo,
SNP), etc. Las fuentes naturales incluyen, por ejemplo, células vivas obtenidas
de tejidos y de organismos completos, tumores, lineas celulares cultivadas,
incluyendo lineas celulares primarias e inmortalizadas.

La secuencia de acido nucleico de la invencién puede contener la

33
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secuencia codificadora completa que se muestra en la Figura 1, secuencias
degeneradas de la misma y fragmentos de la misma. El acido nucleico acorde
con la presente invencion también puede comprender una secuencia de
nucleétidos que es un 100% complementaria, por ejemplo, antisentido, de
cualquiera de las secuencias de nucle6tidos ya mencionadas y que se
describiran mas adelante.

El acido nucleico, es decir, un polimero de nucledtidos o un
polinucledtido, acorde con la presente invencién se puede obtener de diversas
fuentes. Se puede obtener a partir de ADN o ARN, tal como ARNm
poliadenilado, por ejemplo, aislado de tejidos, células o de organismos
completos. El acido nucleico se puede obtener directamente a partir del ADN o
ARN o de una biblioteca de ADNc. El 4cido nucleico se puede obtener de una
célula o tejido (por ejemplo, de células o tejidos cardiacos embrionarios o
adultos) en una etapa particular del desarrollo, que tenga el genotipo, fenotipo
deseados, etc.

Como ya se menciond para el polipéptido del IFN-B2 descripto
previamente, el acido nucleico que comprende una secuencia de nucleétidos
codificadora de un polipéptido acorde con la presente invencién puede incluir
solamente la secuencia codificadora; la secuencia codificadora y secuencias de
codificacion adicionales (por ejemplo, secuencias codificadoras de péptidos
directrices, secretores, de direccionamiento, enzimaticos, fluorescentes u otros
péptidos de diagnodstico), secuencias codificadoras y secuencias no
codificadoras, por ejemplo, secuencias no traducidas en cualquiera de los
extremos 5’ 0 3’ o dispersas en la secuencia de codificacion, como por ejemplo

intrones. Un &cido nucleico que comprende una secuencia de nucleétidos que
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codifica un polipéptido sin interrupciones significa que la secuencia de
nucledtidos contiene una secuencia codificadora de aminoacidos de un IFN-2,
sin nucledtidos no codificadores que interrumpan o intervengan en dicha
secuencia de codificacion, por ejemplo, en ausencia de uno o varios intrones.
Dicha secuencia de nucleétidos también se puede describir como contigua. El
ADN gendémico que codifica un interferon humano, de raton o de otro mamifero,
etc., se puede obtener con los métodos utilizados habitualmente para tal fin.

El acido nucleico acorde con la presente invencion también puede
comprender una secuencia de control de la expresion ligada operativamente al
acido nucleico descripto previamente. La frase “secuencia de control de la
expresion” se refiere a una secuencia de acido nucleico que regula la expresion
del polipéptido codificado por el acido nucleico al cual esta ligado
operativamente. La expresion se puede regular a nivel de ARNm o de
polipéptido. Por consiguiente, la secuencia de control de la expresién incluye
elementos relacionados con el ARNm y elementos relacionados con proteinas.
Dichos elementos incluyen promotores, potenciadores (virales o celulares),
secuencias de unién a ribosomas, terminadores de la trascripcion, etc. La
secuencia de control de la expresion esta ligada operativamente a una
secuencia de nucledtidos codificadora cuando la secuencia de control de la
expresion esta ubicada de manera tal que ejerce o logra la expresion de la
secuencia codificadora. Por ejemplo, cuando un promotor esti ligado
operativamente en posicion 5’ con respecto a la secuencia de codificacion, la
expresion de dicha secuencia de codificacion esta dirigida por dicho promotor.
Las secuencias de control de la expresion pueden ser heterdlogas o

enddgenas para el gen normal.
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NUEVO INTERFERON PARA EL TRATAMIENTO DE LA ESCLEROSIS
MULTIPLE
ANTECEDENTES DE LA INVENCION

Los interferones son proteinas de sefialamiento intercelular que cumplen
una funcién importante en diversos procesos bioldgicos que comprenden, por
ejemplo, proliferacién celular y la respuesta inmune.

DESCRIPCION BREVE DE LAS FIGURAS

En la Figura 1 se muestra la secuencia de nucledtidos del interferon-
beta-2 humano, incluyendo las secuencias 5’ y 3'.

En la Figura 2 se muestra la secuencia de aminoacidos del interferon-
beta-2 humano. Se muestra también la traduccién del marco de lectura abierto
para IFN-B2. La secuencia sefial se muestra con letras cursivas y los dos sitios
potenciales de N-glicosilacién, asi como las cisteinas que pueden formar
enlaces disulfuro, se muestran resaltados y subrayados.

En la Figura 3 se muestran las estructuras tridimensionales de los
interferones de tipo |. Los tres IFN comparten el motivo de manojos 5-
helicoidales comunes que es caracteristico de los IFN de tipo | humanos.
Ademas, el IFN-B1b y el IFN-B2 son similares entre si en cuanto a la ubicacién
de los sitios potenciales de N-glicosilacion y los enlaces disulfuro propuestos.
La secuencia de aminoacidos Unica C-terminal solamente esta presente en el
IFN-B2.

La Figura 4 es una alineacion de proteinas que permite comparar el
interferén-beta-2 humano con otros tipos de interferon.

La Figura 5 es una comparacion filogenética del IFN-B2 con los

interferones de tipo | y de tipo Il humanos. Sobre la base del patron de
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conservacion de cisteinas, los sitios potenciales de N-glicosilacién y un analisis
filogenético, se observa que el IFN-B2 estd mas relacionado con el IFN-B que
con cualquiera de los demas interferones.

En la Figura 6 se muestra un ensayo con el informante ISRE-luciferasa
dependiente de IFN tipo | para el interferén-beta-2 humano.

En la Figura 7 se muestran los resultados de la inhibicion de la unién del
IFN-B2 al receptor del interferén de tipo | humano con un anticuerpo policlonal
anti-IFN-B2.

En la Figura 8 (A y B) se muestra el efecto de los interferones sobre la
proliferacion celular.

La Figura 9 ilustra las actividades antiproliferativas del IFN-B2 sobre
células humanas.

En la Figura 10 se muestra la actividad antiviral de los interferones sobre
células humanas.

En la Figura 11 se muestra la competencia entre el IFN-a2 y el IFN-p2
por la unién al receptor interferén de tipo I.

La Figura 12 es la secuencia de nucledtidos genémica 5 del IFN-B2
humano.

La Figura 13 es la secuencia de nucledtidos que codifica la regién 5 del
IFN-B2 humano.

La Figura 14 es la secuencia de polipéptidos 5 del IFN-$2 humano.

En la Figura 15 se muestra la antiproliferacién de astrocitos de fetos
humanos como respuesta al IFN-B2. (A) es el cultivo de cerebro de feto 1 sin
estimulacion y (B) es el cultivo cerebro de feto 1 estimulado con EGF; (C) es el

cultivo de cerebro de feto 2 sin estimulacion y (D) es el cultivo de cerebro de
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feto 2 estimulado con EGF.
DESCRIPCION DE LA INVENCION

Se han identificado nuevas secuencias de acidos nucleicos, polipéptidos
y reguladores de 4cido nucleico de las mismas, que codifican el interferén-beta-
2 (“IFN-B2”), una clase de polipéptidos de sefialamiento intercelular que ejerce
multiples efectos bioldgicos, incluyendo, por ejemplo, accién antitumoral, accién
antiviral y accién inmunoreguladora. Véase, por ejemplo, Cirelli y Trying, Clin.
Immunother. 3, 27-87, 1995. EIl polipéptido del interferon de la presente
invencion, fragmentos del mismo y derivados del mismo, presentan una o
varias de las siguientes actividades bioldgicas, incluyendo, por ejemplo,
bioactividad de IFN-B2 y una actividad inmunogénica especifica de IFN-B2.

Una “bioactividad de IFN-B2” se refiere, por ejemplo, a los efectos
funcionales, tales como, alteraciones en las membranas celulares, regulacion
anti-oncogénica, actividad antitumoral, actividad antiviral, inhibicion del
crecimiento de células o actividad anticrecimiento, anti-proliferacién, aumento
de la citotoxicidad de linfocitos, actividad inmunoreguladora, induccién o
inhibicion de la diferenciacion de las células de interés, activacion de
macrofagos, subsensibilizacion de oncogenes, etc.; efectos inmunolégicos,
tales como, reduccién de la formacién de anticuerpos, aumento de los
componentes de la membrana celular (complejo mayor de histocompatibilidad,
receptor Fc, microglobulina-f2), modulacién de la inmunidad mediada por
células, incremento en la produccion de citoquinas (por ejemplo,
interleuquinas), aumento de los efectos citotéxicos de células T, aumento de
los efectos de macréfagos y aumento de muerte natural; actividad de unién al

receptor de interferén, tal como unién al receptor de interferdn de tipo I, en



particular la cadena IFNAR2c del mismo, y efectos celulares estimulados por
dicha unién al receptor; activacion y/o asociaciéon con las moléculas de
sefialamiento intracelular, tal como Jak1, Tyk2, Stat1, Stat2, IRS-1, IRS-2, Crkl,
Crkll, Vav, efc., y otros efectos posteriores (por ejemplo, MAPK). Véase, por
ejemplo, Platanias y Fish, Exp. Hematology, 27: 1583-1592, 1999.

La frase “actividad anti-proliferativa”, se refiere a que el IFN-B2 acorde
con la presente invencion inhibe el crecimiento de las células o induce la
apoptosis. Esto se ilustra mas adelante en los ejemplos. Véase, ademas, las
Figuras. 8, 9 y 15. Por ejemplo, el IFN-B2 inhibe la proliferacion de astrocitos en
el cerebro. Esta actividad es de utilidad, por ejemplo, en el tratamiento de la
esclerosis multiple, dado que la proliferacion de astrocitos puede conducir a la
inflamacion neuronal caracteristica de la enfermedad. Al inhibir el crecimiento
de los astrocitos, el IFN-B2 reduce la inflamacion y alivia los sintomas de la
enfermedad. Por consiguiente, la presente invencion se relaciona con métodos
de tratamiento de la esclerosis muiltiple que comprenden la administracion de
cantidades de IFN-B2 que son efectivas para inhibir la proliferacion de
astrocitos y/o para reducir la inflamacion.

Una “actividad inmunogénica especifica de IFN-B2" significa, por
ejemplo, que un polipéptido IFN-B2 genera una respuesta inmunologica que es
selectiva o preferencial para IFN-B2, por ejemplo, una respuesta inmunolédgica
que sea selectiva para el IFN-B2 de mamiferos. Por consiguiente, la
estimulacion de anticuerpos, células T, macrofagos, células B, células
dendriticas, etc., con una secuencia de aminoacidos seleccionada entre un
IFN-B2 de mamifero, por ejemplo, el IFN-B2 de la Figura 2, constituye una

actividad inmunogénica especifica. Estas respuestas se pueden medir



mediante pruebas de rutina.

El IFN-B2 es un polipéptido de longitud completa de mamifero que
comprende una secuencia de aminoacidos que se puede obtener de una fuente
natural y que presenta una o varias de las bioactividades mencionadas
previamente. Puede tener la secuencia que se muestra en la Figura 2, con un
marco de lectura abierto que comienza con un codén de inicio y finaliza con un
codon de terminacion. Incluye secuencias normales naturales, mutantes
naturales y polimérficas naturales, incluyendo polimorfismos de un solo
nucleétido (SNP), etc. Las fuentes naturales incluyen, por ejemplo, celulas
vivas, tales como las que se obtienen de tejidos u organismos completos,
lineas celulares cultivadas, incluyendo lineas celulares primarias e
inmortalizadas, tejidos de biopsias, etc.

La presente invencion también se relaciona con fragmentos de un IFN-
B2 de mamifero. Se prefiere que los fragmentos sean “biolégicamente activos”.
El término “biolégicamente activos” significa que el fragmento de polipéptido
presenta actividad en un sistema viviente o en componentes de un sistema
viviente. Las actividades bioldgicas incluyen las que ya se mencionaron, por
ejemplo, bioactividad IFN-B2 y actividad inmunogénica especifica de IFN-B2.
Los fragmentos se pueden preparar de acuerdo con cualquier método deseado,
incluyendo, sintesis quimica, manipulacion mediante ingenieria genética,
productos de clivaje, etc. Un fragmento biolégicamente activo de un IFN-p2
incluye polipéptidos en los cuales hubo supresion o modificacion de secuencias
de aminoacidos ya sea por el extremo carboxilo o amino terminal de la
proteina.

Preferentemente, se excluyen los acidos nucleicos, y fragmentos de los
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mismos, de las Figuras 12 y 13. Se prefiere asimismo excluir los polipéptidos, y
fragmentos de los mismos, de la Figura 14. No obstante, no se excluyen los
polipéptidos que contienen o comprenden estas secuencias, por ejemplo, el
IFN-B2 de longitud completa; un polipéptido que posee dos o varios de los
fragmentos mencionados o un polipéptido que contiene uno de los fragmentos
mencionados y secuencias de aminoacidos adicionales, ya sean del IFN-B2 o
de otra fuente.

La presente invencion también se relaciona con un |IFN-B2 que posee la
secuencia deducida de los aminoacidos 1 a 208 que se muestra en la Figura 2.
El peso molecular calculado es de aproximadamente 23.000 daltons y el punto
isoeléctrico predicho es de 8,1. Es una proteina estable en medio acido con un
peso molecular de 26.000 daltons aproximadamente medido por SDS-PAGE.
La forma no glicosilada producida en E. coli tiene un peso molecular de 20.500
daltons aproximadamente. Véase, mas adelante en los ejemplos.

Tal como se muestra en la Figura 2, tiene una secuencia sefial predicha
que comprende los aminoacidos -1 a -21, dos sitios potenciales de N-
glicosilacién que comprenden los aminoacidos 74-77 y 83-86, y residuos de
cisteina en los aminoacidos 32, 142 y 154. Se predijo la formacién de un enlace
disulfuro entre los residuos de cisteina 32 y 142. Comprende una hélice A en
las posiciones de aminoacidos 7-24, una hélice B en 55-69, una hélice C en 83-
95, una hélice D en 118-134 y una hélice E en 143-158.

El IFN-B2 maduro se refiere a un IFN-BZ que no contiene los
aminoacidos -1 a -21 como se muestra en la Figura 2 y que es de 187
aminoacidos de longitud. También posee una extension uGnica de 18

aminoacidos en el extremo C terminal cuando se compara con otros tipos de



interferon conocidos. Dicha extension se puede usar como marcador para IFN-
B2, tanto a nivel de nucleétidos como de aminoacidos, y se puede fusionar a
polipéptidos heterélogos.

El polipéptido IFN-B2 de la invencién que posee, por ejemplo, la
secuencia de aminoacidos que se muestra en la Figura 2, se puede analizar
mediante cualquier método adecuado para identificar otros dominios
estructurales y/o funcionales en dicho polipéptido, incluyendo regiones que
abarcan la membrana o regiones hidrofébicas. Ademas, el polipéptido IFN-p2
se puede analizar mediante los métodos que se describen, por ejemplo, en
Kyte y Doolittle, J. Mol. Biol., 157: 105, 1982; EMBL Protein Predict, Rost y S
Sander, Proteins, 19: 55-72, 1994.

Se pueden obtener otros homoélogos de los IFN-B2 de la presente
invencion provenientes de fuentes de mamiferos y que no son de mamiferos
utilizando diversos métodos. Por ejemplo, por hibridacién con oligonucleétidos
(por ejemplo, con cebadores para amplificar la regiébn de terminacion -5-ATG
ATT ATC AAG CAC TTC TTT GGA-3’' y 5-CTA CCT CGG GCT TCT AAA CTC
TGT-3’). Los cebadores utilizados para la expresion en E. coli fueron -5-GGA
ATT CCT ACT ACC TCG GGC TTC TAA-3' y 5-GCG CGC GCA TAT GCT
AGA TTT GAA ACT GAT TAT-3'. Para seleccionar homologos, los cebadores
para la secuencia de longitud completa conocida, incluyendo la secuencia
gendmica no traducida 5’ y 3’, que se pueden emplear son -5'-TTT AGG TGA
CAC TAT AGA AT-3' y 5-TAA AAT GGA TAG AAT ATA TAA-3'-, por ejemplo,
como se describe en Sambrook et al., Molecular Cloning, Capitulo 11, 1989.
Dichos homélogos pueden tener valores de identidad y similitud variables de la

secuencia de nucleétidos y de aminoacidos con el IFN-p2. Los mamiferos

A
6



incluyen, por ejemplo, roedores, ratones, ratas, hamster, monos, cerdos, vacas,
caballos, perros, gatos, etc. Los organismos que no son mamiferos incluyen,
por ejemplo, vertebrados, invertebrados, cebrita, pollos, Drosophila, C. elegans,
Xenopus, levadura, tal como S. pombe, S. cerevisiae, ascaridos; procariontes,
plantas, Arabidopsis; Crustaceos, artemia, virus, etc. Para seleccionar los
oligonucledtidos para la hibridacién, se debe emplear un método efectivo. Por
ejemplo, se pueden identificar regiones especificas del IFN-B2 por comparacion
del IFN-B2 de la presente invencion con otros tipos de IFN-B2 y seleccion de
aquellas secuencias de aminoacidos que solamente aparecen en el primero (es
decir, no conservadas o “especificas del” IFN-B2). Véase, por ejemplo, en la
Figura A donde se muestran regiones conservadas y no conservadas entre los
diferentes tipos de interferones. Se pueden seleccionar las secuencias de
aminoacidos no conservadas (por ejemplo, KSLSP) y luego se pueden disefiar
sondas degeneradas basadas en dichas secuencias. Véase, ademas,
Venkataraman et al., Proc. Natl. Acad. Sci., 96: 3658-3663, 1999. Se pueden
hallar otras secuencias de aminoacidos especificas (es decir, no conservadas)
y/o conservadas utilizando métodos de rutina, por ejemplo, mediante busqueda
en una base de datos de genes/proteinas con los conjuntos de programas para
computadora BLAST.

La invencion también se relaciona con secuencias de aminoacidos
especificas de IFN-B2, por ejemplo, una secuencia de aminoacidos definida
presente en la secuencia particular que se muestra en las Figuras 2 y 4, pero
no en otros tipos de interferén. Los polipéptidos preferidos son de al menos
ocho aminoacidos contiguos aproximadamente, por ejemplo, de

aproximadamente 9, 10, 12, 15, 20, 21, 22, 25, 30, 40, 50, etc. Dichos



