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this application order to nore fully describe the state of the art to which
this invention pertains. FI ELD OF THE | NVENTI ON The present invention
rel ates generally to the field of rheumatic di seases. In particular, the

i nvention relates to nmethods and conpositions for treating rheumatic

di seases, such as rheumatoid ar mmﬂlmmmw dministering to a subject an
, effegtive anount of soluble CTL ecul es. BACKGROUND OF THE

I N\VENTI ON No cure currently exi st s+ch@t+r heumati c di seases. rather,
t herapeutic agents are used to treat the synptons. Typically, the

-« therapeutic agents area dm ni stered over |ong periods
METHODS FOR TREATING RHEUMATIC DISEASES USING A SOLUBLE CTLA4 MOLECULE

10 Throughout this application. various publications are referenced. The disclosures of these
publications in their entireties are hereby incorporated by reference into this application in

order to more fully describe the state of the art to which this invention pertains.

FIELD OF THE INVENTION

15
The present invention relates generally to the field of rheumatic diseases. In particular,
the invention relates to methods and compositions for treating rheumatic diseases, such as
rheumatoid arthritis, by administering to a subject an effective amount of soluble CTLA4

mutant molecules.

¥ ACKOROUND OF THE IVENTION AR

*159159*

No cure currently exists for rheumatic diseases. Rather, therapeutic agents are used to
treat the symptoms. Typically, the therapeutic agents are administered over long periods

25  of time and the therapeutic value is often diminished by adverse side effects.

Rheumatic diseases encompass a group of diseases that affect the musculo-skeletal and
connective tissues of the body. These diseases are characterized by chronic i11ﬂé\1111121ti0h
that often leads to permanent tissue damage, deformity, atrophy and disability.
. 30 Rheumatic diseases affect the joints, bone, soft tissue, or spinal cord (Mathies, H. 1983

Rheuma) and are classified as inflammalory rheumatism, degenerative rheumatism, extra-
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sedimentation rates, and elevated |evels of serum Greactive protern (CRP)
and/ or sigrlyging jaintp dq:séwemrormm (boge )erositre (e yii’lmmomykseOfs ddemeln Madione,rate is

i ncrease il vi..al l h active rheumatoid hriti.s., The
el o Bkl it paeBriadrieSst' by oy Bl BB SrioDbheLitaide oi'eh
di sease g@iptyint Yof Q/@ﬂo&sh&ghﬂnk%dlmoﬂlcﬁfdnﬁg RGBS %!f\ﬂﬁi 5190 NEdSETREAT, lung,
Addltlonally the | evel of soluble IL- 2r, a product of activated T-cells

i s el evageatial mﬁrmlwmst@@r@nﬂ%adwmwmlms Irelpted & theauiodmmemewprdeessct i ve
rheu1 toid arthritis (see: "Principals of Internal Medicine, Harrison, 13t'
edi ti'on, page 16S0). 25 Rheumatoid arthritis is believed to be a
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damage. Additionally, the level of soluble IL-2r, a product of activated T-cells, is

elevated in blood serum and synovial fluid of patients with active rheumatoid arthritis

(see: “Principals of Internal Medicine, Harrison, 13" edition, page 1650).

25  Rheumatoid arthritis is believed to be a T-cell-mediated autoimmune disease, involving
antigen-nonspeéiﬁc intercellular interactions between T-lymphocytes and antigen-
presenting cells. In general, the magnitude of the T-cell response is determined by the
co-stimulatory response elicited by the interaction between T-cell surface molecules and
their ligands (Mueller, et al., 1989 Ann. Rev. Immunol. 7:445-480). Key co-stimulatory

30 signals are provided by the interaction between T-cell surface receptors, CD28 and

CTLA4, and their ligands, such as B7-related molecules CD80 (i.e., B7-1) and CD86



2 WO U2/ 02638 PCT/ USQOL/ 212U~ (i.e., B7-2), on antigen presenting cells
(Linsley, P. and Ledbetter, J. 1993 Ann. Rev. Immnol 11:191 -212). .)

T-cel | acgivat. in .the absence of co-stinulation resul ' i ec
TS0 Y
T-cel | rg‘?%’o"%;s“%&g (Schwartz, R H., 1992 Cell 71:1065-1I 063))(é \y/\lﬁe?ieﬁn t he

| mmune system becones nonresponsive to stinulation. Since rheunatoid
arthritis is thought to be a T-cell-nedi ated i nmune system di sease, one
strategy to devel op new agents to treat rheumatoid arthritis is to identify
nol ecul es that 10 block co-stimulatory signals between T-1ynphocytes and

Coze or A ahd T 4S5 BRTPLTE HElePaen Pt LBheb e CHL APPmBf boul os
t hat ar epppReidl ngl;lpp_g't;igpd to B7 with higher avidity than w | dtype CTLA4

(the sequence of which 1s shown in Figure 23) or CD28, thereby bl ocking the
. co-stinulatory signals. 15 Soluble fornms of CD28 and CTLA4 have been

const ruct.ed,;by. .fusi ng vari abl e -1i ke .extracellul ar _domgi ng, of CD28 and
Cran o T abso bl e AL oBngs ol ot fufton 2Pl e - Biogoies

CTLAY g. (Rhivegr,e® ide P93 @@ilnD]: 804501 (63 UeN&EBIn0 theClihiihg dyStemhB¥dbridy Fi gure
24 with the protein beginning with nmethionine at poesition +1 or 20 al ani ne
at posi t RYHESPORsi¥e P Bivellaldenni t h | ysine at position +357. CTLA4l g binds both
CDB0- positive and CD86-postive cells nore strongly than CD28l g {Linsley,

P., et al., 1994 Immunity 1:793-80). Many T-cell-dependent i mrune responses
have beeRinkerdntatit erthtits sehoupit GThed Teeliahddiatad immnne syrstéth disease Mane

(Linsley, P., et _al., 1991b, supra; . . . .
strategy to develop new agents to treat theumatoid arthritis is to identify molecules that

10 block co-stimulatory signals between T-lymphocytes and antigen presenting cells, by
blocking the interaction between endogenous CD28 or CTLA4 and B7. Potential
molecules include soluble CTLA4 molecules that are modified to bind to B7 with higher
avidity than wildtype CTLA4 (the sequence of which is shown in Figure 23) or CD28,
thereby blocking the co-stimulatory signals.

15
Soluble forms of CD28 and CTLA4 have been constructed by fusing variable (V)-like
extracellular domains of CD28 and CTLA4 to immunoglobulin (Ig) constant domains
resulting in CD28Ig and CTLA4Ig. A nucleotide and amino acid sequence of CTLA4Ig
is shown in Figure 24 with the protein beginning with methionine at position +1 or

20  alanine at position —1 and ending with lysine at position +357. CTLA4Ig binds both
CD80-positive and CD'86-postive cells more strongly than CD28Ig (Linsley, P., et al.,
1994 Immunity 1:793-80). Many T-cell-dependent immune responses have been found to
be blocked by CTLAéiIg both in vitro and in vivo. (Linsley, P., et al.,, 1991b, supra;
Linsley, P., et al., 1992a Science 257:792-795; Linsley, P., et al., 1992b J Exp. Med.

25 176:1595-1604; Lenschow, D.J., et al. 1992 Science 257:789-792; Tan, P., et al., 1992 J.
Exp. Med. 177:165-173; Turka, L.A., 1992 Proc. Natl. Acad. Sci. USA 89:11102-11105).

To alter binding affinity to natural ligands, such as B7, soluble CTLA4Ig fusion
molecules were modified by mutation of amino acids in the CTLA4 portion of the
30  molecules. Regions of CTLA4 that, when mutated, alter the binding affinity or avidity

for B7 ligands include the complementarity determining region 1 (CDR-1 as described in
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Linsley, P., et al., 1992a Science 257:792-795; Linsley, P., et al., 1992b
J. Exp. Med. 25 176:1595-1604; Lenschow, D.J., et al. 1992 Science

257: 789- TS 02b368g P.. et al., 1992 J. Exp. Med. 177:165- 1%gir/keidos L. A
1992 Proc. Natl. Acad. Sci. USA 89:1 1102-11105}. a ., To alter binding
affinity to natural' |igands, such as B7, soluble CTLA4lg fusion nol ecul es
were nodified by mutation of amno acids in the CTLA4 portion of the 30
nol ecul es. Regions of CILA4 that, when nutated, alter the binding affinity
or avidity for BY7 Iigands i ncl ude the conplenentarity deternining region 1

CDR- 1 d i 20~ WO 02 8 t 6,090
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hexapeptigen 3déRpasses the CDR-3 region and extends, by several amino acids, upstream
and/or downstream of the CDR-3 motif). The CDR-3-like region includes a hexapeptide
motif MYPPPY that is highly conserved in all CD28 and CTLA4 family members.

10 Alanine scanning mutagenesis through the hexapeptide motif in CTLA4, and at selected
residues in CD28Ig, reduced or abolished binding to CD80 (Peach, R.J., et al J Exp Med
1994 180:2049-2058).

Further modifications were made to soluble CTLA4Ig molecules by interchanging
15 homologous regions of CTLA4 and CD28. These chimeric CTLA4/CD28 homologue
mutant molecules identified the MYPPPY hexapeptide motif common to CTLA4 and
CD28, as well as certain non-conserved amino acid residues in the CDR-1- and CDR-3-
like regions of CTLA4, as regions responsible fqr increasing the binding avidity of
CTLA4 with CD80 (Peach, R. J., et al., 1994 J Exp Med 180:2049-2058).
20
Soluble CTLA4 molecules, such as CTLA4lg, CTLA4 mutant molecules or chimeric
CTLA4/CD28 homologue mutants as described supra, introduce a new group of

therapeutic drugs to treat rheumatic diseases.

25 Present treatments for rheumatic diseases, such as rheumatoid arthritis, include
administering nonspecific cytotoxic immunésuppressive drugs, such as methotrexate,
cyclophosphamide, azathioprine, cyclosporin A, and tumor necrosis factor-alpha (TNFo)
blockers or antagonists. These immunosuppressive drugs suppress the entire immune
system of the subject, and long-term use increases the risk of infection. Moreover, these

30  drugs merely slow down the progress of the rheumatoid arthritis, which resumes at an

accelerated pace after the therapy is discontinued. Additionally, prolonged therapy with
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drugsS sBbénmatolegy (0t Edikianaagadti0lgl 2 de, ~azat hi oprine, cyclosporin A,
and tunmor necrosis factor.-al pha (TNFa) cycl ophosp ckers or antagoni sts.
These i rnmunosuppressi ve drugs suppress the entire i mmune blo of the

subj ect, A@BghaliRdg: tmac‘iaeuﬁ@ dgBhls CAGL frel %nfs%&lfﬁ&fimhm‘n%ﬁﬂ RisivBOROYRE- these
systems nerely slow down the progress of the rheumatord arthritis, which

resunes wflagmaorydirugs bavedisensast totdhiain lempioyatis reliefc diesandegs are dose-
Addi ti OnﬁédeXderR r21.118I & 89 p%oqgcq kUL cﬁ\éegpe %go%gsgfog.t eTl[i)esé1 drugs include steroid
10 compounds, such as prednisone and methylprednisolone. Steroids also have significant
toxic side effects associated .with their long-term use. (Kelley’s Textbook of

Rheumatology, 6™ Edition, pages 829-833).

Thus, current treatments for rheumatoid arthritis are of limited efficacy, involve
15 significant toxic side effects, and cannot be used continuously for prolonged periods of

time.

Accordingly, there exists a need for treatments that are effective and more potent for
ireating rheumatic diseases, such as rheumatoid arthritis, and avoids the disadvantages of
20 conventional methods and agents, by targeting a pathophysiological mechanism of auto-

immunity.
SUMMARY OF THE INVENTION

25  The present invention provides compositions and methods for treating immune system
diseases, by administering to a subject soluble CTLA4 molecules, which bind to B7
molecules on B7-positive cells, thereby inhibiting endogenous B7 molecules from
binding CTLA4 and/or CD28 on T-cells. Soluble CTLA4 molecules used in the methods
of the invention include CTLA4Ig and soluble CTLA4 mutant molecule L.104EA29Y]g,

30



WO 02/ 02G38 PCT/ US01/2120.1 these nonspecific drugs produces toxic side
effects, including a tendency towards devel opnent of certain malignancies,
ki dney f awlgun@eigone marrow suppressi on, pul nonary fi brosipgg/ighiheancy,

di abetes, and |iver function disorders. These drugs al so gradually cease
being effective after about 2-5 years (Kelley's Textbook of 5 Rheumat ol ogy,
6 h Edition, pages 1001-1022). Alternatively, therapeutic agents that are
non- speci fi ¢ i munosuppressive and antiinflanmatoiy drugs have been used to
obtain synptomatic relief. These drugs are dosedependent and do not protect
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| ncl 1de CTUAGI@ianditChethioninS T AAsilluh 30tor IS IARAEAZIN GraifOuin VO
02/02G38 PCT/US01/2120:1 The preéesent invention al'so provides nethods for

i nhi bi t i HgnTakpesitigrumddq anshown indiigme ddl ik pefetrest fopruse in the metirads Gfthe

cont actiig%,ﬁg]-nposi tive cells in the human with a sol uble CTLA4. Exanpl es of
sol ubl e % ncl ude CTLA4I g and sol ubl e CTLA4 mutant nol ecul e such as
L104EA29YI g.

The present invention also provides methods for reducing pathophysiological changes

15 associated with theumatic disease, such as structural damage, by administering to a

subject diagnosed with rheumatoid arthritis, soluble CTLA4 molecules.

The present invention also provides a pharmaceutical composition for treating immune
system diseases, such as rheumatic diseases, comprising a pharmaceutically acceptable

20 carrier and a biologically effective agent such as soluble CTLA4 molecules.

" Kits cofnprising pharmaceutical compositions therapeutic for immune system disease are
also encompassed by the invention. In one embodiment, a kit comprising one or more of
the pharmaceutical compositions of the invention is used to treat an immune system

2‘5 disease e.g. rheumatoid arthritis. For example, the pharmaceutical composition comprises
an effective amount of soluble CTLA4 mutant molecules that bind to B7 molecules on
B7-positive cells, thereby Blocking the B7 molecules from binding CTLA4 and/or CD28
on T-cells. Further, the kit may contain one or more immunosuppressive agents used in
copjunction with the pharmaceutical compositions of the invention.  Potential

30 immunosuppressive agents include, but are not limited to, corticosteroids, nonsteroidal

antiinflammatory drugs (e.g. Cox-2 inhibitors), cyclospbrin prednisone, azathioprine,
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CTLA4 nol ecul es such as CTLA4l g and/ or sol uble CTLA4 nutant nol ecul e
L104EA29YI g. The CTLA4 nutant nol ecul e L104EA29YIg 10 e.g. beginning with
nmet hi onine at position +1 or alanine at position -1 and ending with |ysine
at position +357 as shown in Figure 19 is preferred for use in the nethods
of the invention. The present .invention also provides nethods for reducing
pat hophysi j.ca A5 associated.with 'rheumati c di sease, such as
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phar maceuti cal, conposition for treating immune system di seases, su as
r heumat i34 @raddaies, conprising a pharmaceutically acceptable 20 carrier and
a biologically effective agent such as soluble CITLA4 nol ecules. Kits
conpri si ng pharnmaceutical conpositions therapeutic for imune system
di seé_se_ﬁreepred@aoimrﬂnmm?s @ﬁb\bcjeﬁtrhﬁhbd]s%ﬂtrédlmﬂingltﬁe @@emeasia@d?mﬁmaﬁan kit
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For exanpl e, the pharmaceutical conposition conprises an effective anount
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cel | s, tAdshiaimallp] thekiragpnt veveBiomptovtdes esethodsnfobiredlicitg 6T LévelanfltataicD28 on
T-cel | s. Furth%r he kit may, contain _ongﬁgr nore irnlnunosuppressive
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limted to, corticosteroids, nonsteroi antiintlamatory drugs (e.g.
Cox-2 inhibitors), cyclosporin prednisone, azathioprine, 6 WO U2/ 02638
PCT/ US ockers or antagonists, infliximb, any
bioIogF&gﬁ%ig%%§eﬁga3§5fqgﬁgﬂagﬁ? tory cytokine, hydroxychloroquine,
sul phasal azopi yi ne, gold salts, etanercept, and anakinra. v 5 The present

invention also provides nethods for reducing the erythrocyte sedinentation
rate thdtieyre ldssBemgrraphici data of patirat oplabrisr t Dembgraphic Adthi intlodimigl gendéhe
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sol ubl e | L-2r. _ .
Figure 1B: Demographic data of patient cohorts. Demographic data including gender,

age, weight, and disease activity evaluated by the patient and by the physician as

described in Example 3, infi-a.

20
Figure 1C: Demographic data of patient cohorts as described in Example 3, infia.
Demographic data including disease activity, erythrocyte sedimentation rate .(ESR),
physical function (disability evaluated by health questionnaire), and C-reactive protein
(CRP). '

25

Figure 1D: Demographic data of patient cohorts as described in Example 3, infra.

Demographic data including joint swelling, joint tenderness, morning stiffness, and pain.

Figure 1E: Demographic data of patient cohorts as described in Example 3, inffa.

30  Demographic data including prior treatments.



BRI EF DESCRI PTI ON OF THE FI GURES Figure 1 A: Denographic data of patient
cohorts. Denographic data including gender, 15 race, and di sease duration
as descri{gfhlsdgxanple 3, inf'a. Figure 1 B: Denogr aphi GcdaidaiRfopati ent
cohorts. Denographic data including gender, age, weight, and di sease
activity evaluated by the patient and by the physician as described in
Exanple 3, infia. 20 Figure i C Denographic data of patient cohorts as
described in Exanple 3, infra. Denographic data including disease activity,
erythrocyte sedinentation rate (ESR), physical function (disability

| uat egh: I: ir..e and (-reactive protein, . 25
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r esponse Fiintd 385% CRDP I r$aS - /51 ' ' - e . at Day
55 hs. doneybon | B oy ot ey 85, hdih Biadtho A, JCIRBRRERYT
respect EgamBeode diffd: dbERe2( respmmseasth Bgeordidéhce 1Bass.c (20% i nprovenent )
clinical responses in swillen and tender j oint count in percentage of
patients at Day 85 as described in Exanple 3, ifi'a: basic clinical 15

[ espUnSCRighFBCO ATR QuirEspbfiics @t DAY 88hs HESABIP AFEAAbIOS! A BlfFeldiDX Y ement)
in swllen and tender joint count”in percentage of patients at y as
descri bedGRn2Exesnpnse vaith jespect tee?5% henfgenemingdriais.cal response in percent age
i nprovenent .

Figure 4A: Basic (20% improvement) clinical responses in swollen and tender joint
count in percentage of patients at Day 85 as described in Example 3, infra: basic clinical
15 response, ACR-20.

Figure 4B: Clinical responses (in percentage improvement) in swollen and tender joint
count in percentage of patients at Day 85 as described in Example 3, infra: change in
clinical response in percentage improvement.

20
Figure 5A: Pain response (by Likert scale by mean unit change from baseline) in

percentage of patients at Day 85 as described in Example 3, infra: pain score changes

from baseline.

25 'Figure SB: Patient global disease changes (by Likert scale by mean unit change from
baseline) in percentage of patients at Day 85 as described in Example 3, infra: patient

global disease activity changes.

Figure 5C: Physician global disease changes (by Likert scale by mean unit change from
30  baseline) in percentage of patients at Day 85 as described in Example 3, infia: physician

global disease activity changes.



20 Figure SA: Pain response (by Likert scale by mean unit change from
baseline) in percentage of patients at Day 85 as described in Exanple 3,

infra: pawp @eeee changes from baseline. 25 Figure SB: Patpicgiisogh !
di sease changes (by Likei-t scale by nmean unit change from baseline) in

percentage of patients at Day 85 as described in Exarizple 3, i~zfi'a:
patient gl obal disease activity changes. Figure 5C. Physician gl obal

di sease changes (by Likert scale by nean unit change from 30 baseline) in
‘percentage of patients at Day 85 as described in Exanple 3, infra:
physi ci an gl obal di sease activity,changes. 8 WO 02/02G38 PCT/ US01/ 2120-t
. Figure SD: Pain (by Likert scale by nmean unit change from baseline) in

per cent djgurefSIpaPaen(hy ldikerbayald by asead aset éHaage fonEXR8RhE i8 peicknidge BRI N
changes from baseline. 5 Figure 6A: Patient gl obal assessnent of disease
act i vi t PEAERBEPH Shapdeseribasan FBxramalegh igra:opainchangss frombagdings descri bed in
Exanple 3, i~zfi'a; disease activity inprovenent.. Figure 6B: Physician

gl obal assessnent of disease activity change from baseline by range of 2
unit$ atFiPay 635 Batiahe ginbabedeismehixafigibensd activifyr diangd femsteaselirici byi fayige

i nprovenent . .10 Fi e 7A. .Percent reductjon in Creactive protein (CRP)

| evel s 20? 3[5&1}8 %Béﬁg géa%izwlag%ﬁf m?wﬁpﬁé%?s Jigeaseactivily HBPEOXEfBSHeduct i on i n
CRP | evels frombaseline. Figure 7B: Difference in reduction in Creactive
protein (CRP) levels at Day 85 as 1 ~ described in Exanple 3, iJZfi-a:

per cent higwie 6Bi Bhysitifd globalcasséssmSRP Idiseasesactivith clbde Gonf bateleebyi nhge val s.

Fi gure 7C. an, redyction i.n C-reactive protein (CRP) levels at Day 85 as
descri beog ER ﬁ)?%l]ﬁ@f g§ a8 a S§Eyped lﬁf%# iﬁ%@ﬁ?eﬁﬁﬁﬁoﬂé(g&mw&ye@@“ﬁ gure 8:

Redygotion in soluble IL-2 receptor |evels nean change from baseline at Day
85 as described in Exanple 3, infra. Figure 9A: The effect of CTLA4lg on
t ender jldgue dAgvBercent redussion és Erichetiei moEia(GRE) 18yel2st Paf Baas destiihed

di ff Line, Fi B. . The,ef f t_CTLAAI tender joint
over 11 e PXERER P P FeerbsbRetSh iy CRp I choR eI ance fr om base i ne.

Figure 7B: Difference in reduction in C-reactive protein (CRP) levels at Déy 85 as
-15  described in Example 3, infra: percent reduction difference in CRP levels with 95%

confidence intervals.

Figure 7C: Mean reduction in C-reactive protein (CRP) levels at Day 85 as described in
Example 3, infra: mean change from baseline.

20
Figure 8: Reduction in soluble IL-2 receptor levels mean change from baseline at Day 85

as described in Example 3, infra.

Figure 9A: The effect of CTLA4Ig on tender joints over time as described in Example 3,

25  infra: median difference from baseline.

Figure 9B: The effect of CTLA4Ig on tender joints over time as described in Example 3,

infra. mean difference from baseline.

30  Figure 10A: The effect of CTLA4Ig on swollen joints over time as described in Example

3, infra: median difference from baseline.



30 Figure 10A: The effect of CTLA4lg on swollen joints over tinme as
described in Exanple 3, i~zfi~a: nedian difference from baseline. 9 WO

U2/ 02G3A Qg Makiy/ 212U~ Figure 10B: The effect of CTLA4Ig mﬁmjzhﬁg joints
over time as described in Exanple 3, infra: nmean difference (rom asel i ne.

5 Figure 11: The effect of CTLA4lg on pain assessnent nean difference from
basel ine over tine as described in Exanple 3, infra. . Figure 12A: The

ef fect of CILA4lg on patient assessnent of disease activity nean difference
from baseline over tinme as described in Exanple 3, if~fia. 10 Figure 12B:
The effect of CTLA4lI g on physician assessnent of disease activity nean

. difference frombaseline over tinme as described in Exanple 3, i~fi~a.

Figure 1afy, Theseife gffe&f?f @I{i‘}l‘?ﬁg o E&o@&fz}l a]{rc]ﬁ'glg ﬁerjtﬂéﬂ'&ssc*egélr%egtiﬁ afh

described in 15 Exanple I'izii=a: me erence frombase mgl.e Fi gure
13B: The3ehfrectmenh diff@éhodXBorh aseltint.ender joints over tinme as described in
Exanple 3, i~zfi-a: mean change from baseline. 20 Figure 14A. The effect of
L104EA29YI g on swollen joints over tine as described in Exanple 3, infra:

medi an de{dues encerter G¥chas el M TGS addBmenf BRaR fdfiﬁgr%n&f frém llpdégﬁx%g Ylg on

swollen joints over tinme as described in Exanple 3, 1izfia: nean change
f r om basevériane a5lepergheddn Egampled, éfffect of L104EA29Yl g on pain assessnent
over time as described in Exanple 3; irafi~a: mean change from basel i ne
over time. Figure 16A: The effect of L 104EA29Ylg on patient assessnent of

di sease &ffue/ilDYX: MERO BRctdbf TILANEE ol illchPaRbIsHRNOYE Hiskhd¥achiFitf a8&dn bed in
Exanple 3, infra. 10 WO 02/02(38
difference from baseline over time as described in Example 3, infra.

10
Figure 12B: The effect of CTLA4Ig on physician assessment of disease activity mean

difference from baseline over time as described in Example 3, infi-a.

Figure 13A: The effect of LI04EA29YIg on tender joints over time as described in

15  Example 3, infra: median difference from baseline.

Figure 13B: The effect of L104EA29YIg on tender joints over time as described in

Example 3, infra: mean change from baseline.

20  Figure 14A: The effect of LI04EA29YIg on swollen joints over time as described in

Example 3, infra: median difference from baseline.

Figure 14B: The effect of L104EA29YIg on swollen joints over time as described in
Example 3, infra: mean change from baseline.

25
Figure 15: The effect of L104EA29Y]g on pain assessment over time as described in

Example 3, infra: mean change from baseline over time.

Figure 16A: The effect of L1I04EA29Y]g on patient assessment of disease activity mean

30  difference from baseline over time as described in Example 3, infra.

10



PCT/ USO01/ 2120~ Figure 16B: The effect of L104EA29YlI g on physician
assessnent of disease activity nean difference from baseline over tine as

descri bedwigymsesgpl e 3, infia. Figure 17: Percent inprovermmgibydon2pali ent
disability assessed by Health Assessnent 5 Questionnaire (HAQ conpared to

the baseline at Day 85 with CITLA4lg and L104EA29Yl g treatnent as descri bed
in Exanple 3, i~zfia. Figure 18: Nucl eotide and am no acid sequence of
L104El g as described in Exanple I, inft~a. 10 Figure 19: Nucl eotide and
am no acid sequence of L 104EA29Ylg as described in Exanple 1, infra.

Fi gure 20: Nucleoti.de an i hd. sequence. of L 104 | g as descri bed
55 e i T O e oL BT 09350 i BT S8 eatieig PSS Ao of
L104EA29legn aisfeet@Be fiohEbhskimdxarEh® af dedcribbd 1PExARpIER MG, 22 Nucl eot i de
and am no aci d sequence of L104EA29W g as described in Exanple 1, i-~afi~a.

Figure 23: Nucl eotide and am no acid sequence of CTLA4 receptor. 25 Figure

24: Nucl | a 1 J uepece. of I Fi.qu 5:,.SDS gel (FIG
25A) for P@I‘tﬁ?'g %rgér?é q%p?oq)f%gﬁﬂlgs%%ﬁgf 1525.?;[&@%&5% Fffh%@ g/%‘(sf;(%?ﬁlgg%tA); and
Si z )e excQusstonnditey c(}’M@)grcapipall-ede gili;l'ﬁzqé\gggeﬁﬁd Gt @ﬁ)ziéﬁ?f}it?lazrﬁﬁa%w ﬁld( FI G
25C). 30 02/ 02C38 PCT/ USQL/ 2120-4 Fi gures eft and right

depi ct i thé‘%E“)@\gﬁlﬁﬁrﬁﬁm&%@?%?W%lfedtlH@X@THP}ﬁtﬁ»éW?-aceI lular Ig V-l1ike fold
generated fromthe solution structure determ ned by NVMR spectroscopy.

Figure 18: Nucleotide and amino acid sequence of L104Elg as described in Example 1,
infra.

10
Figure 19: Nucleotide and amino acid sequence of L104EA29YIg as described in

Example 1, infra.

Figure 20: Nucleotide and amino acid sequence of L104EA29LIg as described in
15  Example 1, infra.

Figure 21: Nucleotide and amino acid sequence of L104EA29TIg as described in

Example 1, infra.

20 Figure 22: Nucleotide and amino acid sequence of L1I04EA29WIg as described in

Example 1, infia.
Figure 23: Nucleotide and amino acid sequence of CTLA4 receptor.
25 Figure 24: Nucleotide and aminlo acid sequence of CTLA4Ig.
Figure 25: SDS gel (FIG. 25A) for CTLA4Ig (lane '1), L104Eig ‘(lane 2), and
L104EA29YIg (lane 3A); and size exclusion chromatographs of CTLA4lg (FIG. 25B)

and L104EA29Y1g (FIG. 25C).
30
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FIG 26 (right depiction) shows an expanded view of the CDR- 1 (S25-R33)
region and the MYPPPY region indicating the | ocation and side-chain
orientatiwp@®o2kdze avidity 5 enhancing nutations, L104 anpcdiSorzi@yres 27A
& 27B: FACS assays show ng bi nding of L104EA29Yl g, L104Elg, and CTLA4Ig to
human CD80- or CD86-transfected CHO cells as described in Exanple 2,
irafi'a. 10 Figures 28A & 28B: Graphs showing inhibition of proliferation
of CDB0-positive and CD86-positive CHO cells as described in Exanple 2,

i ~zfi~a. Figures 29A & 29B: G aphs show ng that L104EA29YlIg is nore

. Secondar e e B Rpisk PESA Bk Hiiate o el E e B ARIIA T e gur e

30A-C GragBsfold losdratad | fasn tthatsolutidi EARDYKE de@rfiBlg 1f NRER | spBctbdiaspyCTLA4I g
at inhibiting IL-2 (FIG 30A), IL-4 &FI G 30B), and gamm (%)-l_nt erferon
(FIG 3086 28 (Bghtofapiesiop) skt toaxrehded Misst pfibe 4RR- h(F2ErR3B) cetibe and

d ib i . 2, . nfr. i e 31 A h dempnstrating .t.hat L
Lo eno o9l MYPKBTPIEich, AR 1B by s AR oFRRS EEM B0 o

phyt dhenrmghndinginntatioR A1 08 ahdal2at ed nonkey T cells as described in Exanpl e
2, infra. 25 Figure 32: A graph showi ng the equilibrium binding anal ysis of
L 104EA29Yl g, L104Elg, and wild-type CTLA4lg to CD86lg. Figures 33A & B:

From basaliae 22t Bey s A aseys BAPnE i BE L Db RAPYR, TARRR danoe
02/ 02G38CTLA4Ig to human CD80- or CD86-transfected CHO cells as described in Example 2,
" infra.
10
Figures 28A & 28B: Graphs showing inhibition of proliferation of CD80-positive and

CD86-positive CHO cells as described in Example 2, infi-a,

Figures 29A & 29B: Graphs showing that L104EA29YIg is more effective than
15 CTLAA4lg at inhibiting proliferation of primary and secondary allostimulated T cells as

described in Example 2, infra.

Figures 30A-C: Graphs illustrating that L104EA29YIg is more effective than CTLA4Ig
at inhibiting IL-2 (FIG. 30A), IL-4 (FIG. 30B), and gamma (y)-interferon (FIG. 30C)

20 cytokine production of allostimulated human T cells as described in Example 2, infia.

Figure 31: A graph demonstrating that L104EA29YIg is more effective than CTLA4Ig at
inhibiting proliferation of phytohemaglutinin- (PHA) stimulated monkey T cells as
described in Example 2, infra.

25 . '
Figure 32 A graph showing the equilibrium binding analysis of L104EA29YIg,
L104EIg, and wild-type CTLA4Ig to CD86lg.

Figures 33A & B: Reduction in soluble ICAM-1 and soluble E-selectin levels mean
30  change from baseline at Day 85 as described in Example 3, infia.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON DEFI NI TIONS 5 PCT/ U S111 /2120.1 Al
scientific and technical terms used in this application have meani ngs
comonl y wWge@hésst he art unl ess otherw se specified. As useg/iddieidos
application, the follow ng words or phrases have the nmeani ngs specified. 10
As used herein, "ligand" refers to a nolecule that specifically recognizes
and bi nds anot her nol ecul e, for exanple, a ligand for CTLA4 is a B7

mol ecul e. As used herein "wild type CTLA4" or "non-nutated CTLA4" has the
amino acid sequence of naturally occurring, full length CTLA4 as shown in
Figure 23 (also as 15 described U S. Patent Nos. 5,434,131, 5, 844,095,

. 5,851,795), or any portion or derivative thereof, that recognizes and bi nds

a B7 or DRTAILEDESESCRIPBORVOSTHIMAVENTROQCKS binding to CD28 and/or CTLA4
(e.g., endogenous CD28 and/or CTLA4). In particul ar enbodi nents, the

extracel lular domain of wild type CTLA4 begins wth nethionine at position
+1 and ef;gﬁp@ﬁlé@fﬁa”i c acid at position +l 24, or. the extracellular domain
of wld yp LA4 begins with alanine at position -1 and ends at
aspariic acid at position +124. WIld type CTLA4 is a cell surface protein,
having an N-termnal extracellular domain, a transmenbrane donain, and a
C-t er ni nAll se\pRiEhn andhipehninshierms usedan dys anndisntion have m@mngs esinmrdenly vsadanget

ol ecul ege a}é’ﬁﬁleﬁsotﬁemsé@ ?%he - Ad B L%% s! eﬂnlplggat ptqllég?%ﬁ%ﬁ@ﬁ nqanWI | d

type CTLAA protein is tr red ‘as'an | udes
a si gnal pizgsepbptd te netnihfrespbeified.nm nal end The i nmat ure pol ypeptide
under goes post-transl ational processing, which includes cleavage and
renmoval of the signal peptl de to generate a CTLA4 cl eavage product having a

new ) gepenat®heMit e"lfgaﬁé' r&8d tﬁhétm&lb&ﬁf&ﬁaﬁi QBHER e%&)g{n d%.llc{ i N the

imature form One sk ed In the art recra i-onal
post - t r amsitlEr noneduly faceasiphey a tigyndfoe OTL A% /BT @okevsls. one or nore of the
30 amino acids fromthe newly generated N-termi nal end of the CTLA4

cl eavage product. Alternatively, the signal peptide may not be renoved

com ef oAy . GENBNah | NAIITYRCETER 0, WO ARIAA PG HEDH2440s gt begin

before the common starting am no acid nethi oni ne. ~znature CTLA4
prot ei n seqyenseartt nattrattyt dricominge fall lgeth tGTM4 bs showhaini Riguat 2P @slss iagn - 1.

Th t f th t Il ular. d
o I eSehas, Bineh{Ros S0 50; SR Bod, Bdo17783) ol Sl Biviiie pe ivivabive oy Ad
nut ant ZhiRbE GhHt @ScoFRRBS ad hidlyPB76F hﬁéf&és SRRUMEZsd hafit MCET ’&ﬁdﬂfgat pany

portion or derivative t hereof, that has a nutation or i ons
(pr ef er aBPY8i And/ple ©XLAAC &Ll @trdogmmls nC&28wahd/toyp€TCMA4) InApﬁchZhrrrut ant

mol ecul & rﬁ?(?dll%F%qul% %%?{Eliiar cfoma%n ldatype klitl" N bég(?r?snzvlltﬁ etfuomne at

sequence 0
position +1 and ends at aspartic acid at position +124, or the extracellular domain of wild

20 type CTLA4 begins with alanine at position -1 and ends at aspartic acid at position +124.
Wild type‘ CTLA4 is a cell surface protein, having an N-terminal extracellular domain, a
transmembrane domain, and a C-terminal cytoplasmic domain. The extracellular domain
binds to target molecules, such as a B7 molecule. In a cell, the naturally occurring, wild
type CTLA4 protein is translated as an immature polypeptide, which includes a signal

25  peptide at the N-terminal end. The immature polypeptide undergoes post-translationai'
processing, which includes cleavage and removal of the signal peptide to generate a
CTLA4 cleavage product having a newly generated N-terminal end that differs from the
N-terminal end in the immature form. One skilled in the art will appreciate that

~ additional post-translational processing may occur, which removes one or more of the

30 amino acids from the newly generated N-terminal end of the CTLA4 cleavage product.

Alternatively, the signal peptide may not be removed completely, generating molecules
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10 nol ecul e, but still binds a B7. The mutations may include one or nore
am no acid residues substituted with an am no acid having conservative
(e.g.,, Swestdozedse a | eucine with an isol eucine) or non-corgaidbixng (- 9.,
substitute a glycine with a tryptophan) structure or chem cal properties,
am no acid deletions, additions, frazneshifts, or tl-uncatiorzs. CILA4

mut ant nol ecul es may i nclude a non- CTLA4 nol ecul e therein or attached
thereto. The 15 mutant nol ecul es may be soluble (i.e., circulating) or
bound to a cell surface. Additional CTLA4 nut ant nol ecul es include t hose

describ | 4", 065
. and 60/ gga} bg%lg §f°1€?f’§95’ﬁ‘%8 aﬁﬁ&%@@é‘d&ﬁ%ﬁ% 5%13‘3%831&?"%8 GLAA 253
and as oeseinihadstixy aPmdhomﬁé atdositioh +dlor aldninelat lpogitibed1 1§8e 224320508 (
1994)) LA ant  no| ec s can be de:synthetically or r econbinantly.
20 " CTLAAL éﬂ%ﬁ glegpiedns u‘gfiSdhe t&oél”ﬁahéwﬁwmrﬁgyaﬁrtm%@@f Mhelk donai n
of wil diyypr £BA4 joined to an Ig tail, or a portion thereof that binds a
B7. A particul ar enbodi ment conprises the extracel | ular domain of wild type
CTLA4 (as shown in Figure 23) starti ng at net hi onine at position +1 and
ending { a rtic +] 24: or in t alanjne at
posi ti 02)‘ Lf%) aSpar ?@Ad aa mB gﬁﬂf i 8}‘?5“151‘2% tyﬁe Fﬁir %ﬁﬁﬁ?ﬂlﬁ%e B
resi due 29| 6t @iy Por@dn RO Sdekivaiivet idRsof 20t s 'dWﬂ{RQLQJnOQH PR’ fal@Bons
encorrpaSS| ng %I utam c acid at positi ‘on +126 through lysine at posi t| on +357

(DNA endpgfaip mthm}twm@e@omane@f \wrhdtbmcm,/vtlgmcmm mutant Amdedudan Type

Cul t ATCC 10 I

o zzgéeaﬁgeﬁ%%'n%@ AT i Prno BRI SHluset o Sk Rae (A
accaodedndddle, dacadbbiads ABTOEhe ﬁsﬁﬁ@oﬁﬁﬁ@ﬁmdﬂd@ $h&¥r mbre anfiho &id reskiPed
Irmunlty 1: 793 m CTLA4l g-24, a Chinese Hanster Ovary (CHO cell line 14

WO 02/ 03t M/azm@amdebwmsgqmgvm\meﬁ &, wdagtxwao@slﬂm@ mthmay 31,

ol ecul é%’lﬁ%@%’ B ERRLAE B Rp L BB R BRI FuGB hEy o

i ncl ude cherﬁlcglnﬁibpcﬁrhémdiﬁﬁho Eﬁ@tdeléﬁox‘is?@dkﬁﬁ&ﬁ, friynpslafd, lof trunBatloRe WA xeds
and/or kits of the invention, the nolecules do not include a signal peptide

5 sequemayant-malgoitoony dnclyde fammrQTM‘lpm@ItBévlﬁ therain qratiached) theveto. Cihend
mut 3yt mﬁﬁ%aeaﬁ%@bggo@@rg 14! el Rl SRR 8ln WAAYPR dafkiy i L

am no- aCI Changes Si'he amn resi ue su | ng for an
al ani ne GHLAsbsinttarnmaRrulen dndldd thdse dgheribeti i@ Hcs dPal&ltaAppimaaGm Berigbi due

bstituti f | t t +104) t th f that
bi nds. = e BRPerS opnButhe’ and 1agTRaio Fhel B bRNERGE & ASO A
di I 0y 0.
BTA 2108 aeaendt g 0 SPRHAabeRBy IR K2 G Y B MLAISBOPIT, o7
60/ 287, 2058 éJrS?@4BO/C2ﬂMA406151tant motecples edrelk toyde ghthetcadly dree@imb)inanilge sol ubl e

L10§§A29Ylg nol ecul es 15 used in the nethods and/or kits of the invention
may not include a signal (leader) peptide sequence. Typically, in

t he met hga's A QTa KdlfiSie %sﬁ)ﬁ‘%rdt&ﬁ%hip?x@m'gta[?)ee;ff{%'c@lﬁ%leéorﬂﬁn Qﬁ’twﬂl gide a

signal peptide sequence. As uSed herein sol ub refers to an | ecul e,
or fi agrﬁ%ﬁ%@ avidedigpi smtlgvied, oher @oﬂ;onzﬁlermf thatubihdsra 887 acheﬂamwlar cel |,

.e., Cir ulatl ng For a or, .CD28 de.sql ubl e by
2 tacht BRI BB R Pk RGO o6l SR T4 PR a0 s of
CTLA4, B3 @tért{ﬁg?eﬁ mdtRidRme k Y6diNon Al bed @ﬁdlhg’ at é(spaﬁm%ﬁc?&t‘-ﬂcﬁltﬁ)ﬁm 2880 CTLA4
can be rendered soluble by renoving its transmenbrane domain. Typi cal |y,

t he 280l §hartangnas] adanimeoat mubnl 11 toheparit hadsit pbsitiom +Hl 24senjuinomondaminetacidncl| ude a

si gnal e 5 sequence. ed herein ubl e CTLA4 nol. ecul es”
nmeans n%%l%uéal ggl?aﬁ')r“flace %ﬁ A (|12§S a’&‘? ra@ufné?lflﬂ%b@ﬁﬂ(’%f]e gagn gany

* functi onaltaraRrdeida pkitidn FiRé4hoBIEEH ¢ not
lim ted@t oa CTLA4I g}ﬁflusflon pr ot EIIﬁS 1(ne aib&ﬁtl&im @A@%ﬂgﬁrf&%ﬂ% e

~ext raceIWaQICEPO%@ﬁrEﬁThI\@Y TrURA1 jwitlf ﬂ@eﬂﬁEﬁC@th’m@MBgﬂm@dﬂﬁcmm (4 CeDi et y
[ hor oo 18500 ORI TITE, REH:SaS YA b Pro-B0d LT RoilESSE ¥ BUbSeS:
30  Treaty, and has been accorded ATCC accession number ATCC 68629; Linsley, P., et al.,

1994 Immunity 1:793-80). CTLA4Ig-24, a Chinese Hamster Ovary (CHO) cell line
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. (1 eader ) TYEBIGTEY RfUIBAY 8Ot MR Eé‘l gignal j

15 WO 02/02638 PCT/ USQOL/ 2120~ extracel | ul ar domain of CTLA4 fused or
joined with a portion of a biologically active or chemcally active
protein. ucdassst he papill omavirus E7 gene, product {CTLA%TRN1/21204

mel anoma- associ ated antigen p97 (CTLA4-p97) or HV env protein (CILA4-env
gpl20), or fragnents and derivatives thereof; hybrid (chinmeric) fusion
proteins such as 5 CD28/ CTLA4l g, or fragnents and derivatives thereof;
CTLA4 nol ecules with the transnmenbrane domain renoved to render the protein
soluble (Caks, M K., et al., 2000 Cellular h~izunol ogy 20I:144-153), or

1 st SO AUSY 5 BOBERALon MR 4010 T A TRLEBLAT 0, Shabe' 10

nol ecul e€RINHVI6AY THY AdlublenOTIDA4kCHblectlys uidieins etibeold bAdod Ritdref @gul es
used in the nethods of the |nvent| on (% or may not include a signal
[

adHd PRRtideorpguercet ﬁéplpaﬂlyem nhsen t he
| | d th
oot scer RefiodS At AR Bl HRRoP R et aN hL inGudt TNl PRRliad 1

and bi ndseq@Fhed4 | i gands, such as B7 nol ecul es. For exam ne, an

extracel |l ul ar domain of CTLA4 conprises nethionine at position +1 to
aspartic acid at position +124 (Figure 23). Alternatively, an extracellular
domai n of, (GHEAG 9FREPSsi SRSiof! ?(ﬁb R&hatlis ROSLble QT

position +l124 (Fig %‘?e 23) he 1extrzisce?? Pe o'%%lhﬁnﬁc %Fege‘f%%lﬁ r%s or
deri vat i @@sxféﬁcemﬂap\domhmt oibwddltyae BTLdAd ethlasmind headmamgdsrmm (aJﬂy&rsndaorrm n

f h I . ud ch h
bi ndi ng ST, 150 < e or B ofene ol Péitn 24 ol 075 Aa ehieicngREi .

the t@r mminet alid mldmaﬁnan@ﬁchwné Btepd“s%ne@imem% amog(%he‘%&df%étequence
of a wldtype nmolecule, for exanple, a change in the DNR /or amno acid

25 sequehtds BT Rwleguied-pined toTanAg etatlr Gududed & Figmai 19; IANP&uBMadmg | n DNA

Change iy THERTAR SEEOPBalR R WERD 20 B0b0 WIELATEnatriey draE0f

spl i ci ngecopehding UMC &S, 5 OPatenfAA fblic b2 SeMalCH hﬁ[’rﬂ)%rs”@W 5799hede0BehsH6 L4l ons,
del etions, insertions, additions, truncations, processi ng or cleavage

errors o Ogh‘boﬁ olepiporagd by rraferanse yheraiy éft‘heomiubln lal (A28 d@l@ﬁllssequence

ma su i n.the.amno acid s ce as

un)d/e&gt o{cl)g 4l ﬂ?%l%{h%? : awsﬁhgs ch té HvgtiQnmay o ﬁnmalpﬁﬁicﬁﬁlg ac%%i’BLé agr%@ode t he
sane am peptlale isequehBe. Ty\ﬁ@aﬂ?/@i’l@iﬁetﬁ@y 44k 20 11 iBY @R Hhe DEHER do

nucl eoti de codé)ns CAy, CGC, and CGA encoding the am no aci d, arginine

(R); or BJdBY @Bgnédﬁp@@eéh%l@éi ng the amino acid, aspartic acid (D).
Thus, a protein can be encoded by one or nore nucleic acid nol ecul es that

differ in their specific nucleotide sequence, but still encode protein
mol ecul eAs hlas/d hereindendlublal rifesaqumnarslecullcorafradh@erds hed aadvamge§ﬂﬁte©ﬂce is
as ffd | o Am no Aci d%yrrbol e LetterCodonsS nbol Al an

not bound or attachedto a cell, 1.e. c1rculat1ng For example, CTLA4 B7 or CD28 can

be made soluble by attaching an nnmunoglobulm (Ig) moiety to the extracellular domain
of CTLA4, B7 or CD28, respectively. Alternatively, a molecule such as CTLA4 can be
rendered soluble by removing its transmembrane domain. Typically, the soluble
molecules used in the methods of the invention do not include a signal (or leader)

25  sequence.

As used herein, "soluble CTLA4 molecules" means non-cell—surface—bounc_i (ie.
circulating) CTLA4 molecules or any functional portion of a CTLA4 molecule that binds
B7 including, but not limited to: CTLAA4Ig fusion proteiné (e.g. ATCC 68629), wherein
30  the extracellular domain of CTLA4 is fused to an immunoglobulin (Ig) moiety rendering

the fusion molecule soluble, or fragments and derivatives thereof; proteins with the
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Ala A GCU, GCC, GCA, GCCystei neCysCUGU, UGCAspartic Aci dAspDGAU,

GACA ut am ¢ Aci dd UEGAA, GAGPhenyl al ani nePheFUUU, L1UC -d yci ned yGG&,

GGC, GGA wg@ahihéski di neH sHCAU, CACI sol euci nel | el AUU, AUC, pigAloshdglysSKAAA,
AAGLeuci neLeuLL1UA, UUG CUU, CUC, CUA,

CUGWet hi oni neMet MAUGAs par agi neAsnNAAU, AACPr ol i nePr oPCCU, CCC, CCA,

CCGE ut am ned nQ CAA, CAGArgi ni neArgRCEU, CGC, CGA, CGCG AGA,

AGGSer i neSer SUCU, UCC, UCA, UCG AGJ, AGCThreoni neThr TACU, ACC, ACA,

ACGval i nevVal VG, GUC, GUA, GUGTrypt ophanTi pWUGGTyr osi neTyr YUAUY, UAC The

mut ant hav re. nutations. 17 VWD 02/ 02038
. PCT/ USO %‘%% Ity el o, 5?‘314140 Fuged yEiormed g BPBftaanfée‘aB‘@Bl&éﬁy BsliverBn- cTLAA
mol ecul echeriedly aAtvePpidtddh tutPlagalt §apildnaIRes mogerl@ dB4 f@Ft&‘@E? not
interfere with the binding of CTLAA to its target. An exarrp i ncl'udes, but

. is not |Mekpemappsocied eAREs PPBbIF TIPA4PEY) conBidneny qgotein é@TbAA{emn

const ani 21ag1 ah. e fid Be KA M Ra Fuhelt) PR PRI Y N0 o

r egi éns. CDR&/ATH.A41ps banfragnegit0 And alerivetivedt tlefBr:t T adUedIéduses ehitBCher
functi ons Patents 5, 637,48], 5, 844,095 and 5,434, 131 As used

her ei n, angme ThFAG dompain remeyved;t endes ﬂtfri?,foﬁm soluble {akie M. K4 ehalcI0AR
mol ecul t a r rt or
segnent ectj%%}r?%’g(’% 7ﬁh03$?c%3%4?§3 a%gk%glln gléts %HEBP& ‘%Lwes "éége"? aa§§ | ecul e.
As used (BELAﬂrrmoléaﬂés”r ﬂﬁceurfcluda firdpeneBis, fpaftidny o@fdefmzhtﬁté@ lilgedNahdigilingle but
not llméﬁﬂ% Y:DS 72& and B7-3 that may recogni ze and
bi nd cTLAA-4AdPoE lecylg's,\bayigg Wéﬁé indingy asHuity.i Fhe cwilybde GFleAdny

cel I W I ur face.
As used glre gllﬂﬁs Q%edqﬁéﬁ? %P?’?g% Fg a rm%ﬁ%@sortelﬁ%{ ﬁsﬁlg{rﬁggggé ggn@éadﬁrirml ogy
and act mﬂptlgle @eqiﬁ@%t%‘yynaaltmhn nh¢ enetheds &Dtheekpirplien, the daslesdts e it CTLA4
i ncl udes gl {_ nol ecul e having an am no acid sequence at | east
70% si m F"é ?6Sltgﬁ REREIFS 3GUPACar domai n of . v~~il dtype CTLA4, and which
recogni zes and bi nds B7 e.g. CTLA4Ig or sol ubl e CTLA4 nut ant nol ecul e

L104EA29YI g. 25 As used herein, "bl ock™ or "inhibit" a receptor, signal
or nol echs aserkhersin (5thenc>€trafceiihdaw\dmhamhmf €diiaddt is ahe qfortidme of €I&Porthat si gnal

of 33corPiiaiRl: B afing el danis Bt et dteutp okt RSN PRQUGL! on
8; r frgrr%gmt@eé{aéfqa%%@w@FLq&@gmﬁyﬁ@ag MBhioRnRGK 3866 +H1NBipdlioAciaBy be
position +124 (Figure 23). Alternatively, an extracellular-domain of CTLA4 comprises
alanine at position —1 to aspartic acid at position +124 (Figure 23). The extracellular
domain includes fragments or derivatives of CTLA4 that bind a B7 molecule. * The
20  extracellular domain of CTLA4 as shown in Figure 23 may also include mutations that

change the binding avidity of the CTLA4 molecule for a B7 molecule.

As used herein, the term “mutation” means a change in the nucleotide or amino acid
sequence of a wildtype molecule, for example, a change in the DNA and/or amino acid
25 sequences of the wild-type CTLA4 extracellular domain. A mutation in DNA may
change a codon leading to a change in the amino acid sequence. A DNA change may
include substitutions, deletions, insertions, alternative splicing, or truncations. An amino
acid change may include substitutions, deletions, insertions, additions, truncations, or
processing or clee{vage errors of the protein. Alternatively, mutations in a nucleotide
30  sequence may result in a silent mutation in the amino acid sequence as is well understood

in the art. In that regard, certain nucleotide codons encode the same amino acid.
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i's WO 112/02(r38 PCT/USO 1 /2120-t As used herein, "blocking B7
interaction" neans to interfere with the binding of B7 to its |ligands, such
as (D28 an@dy ¢o2638LA4, thereby obstructing T-cell and. B7-gQsjdoyB15§! |
interactions. Exanples of agents that block B7 interactions include, but
are not limted to, nolecules such as an anti body (or portion or derivative
thereof) that recognizes and 5 binds to the any of CTLA4, (D28 or BY

nol ecules (e.g. B7-1, B7-2); a soluble form{or portion or derivative

t hereof) of the nol ecules such as soluble CTLA4; a peptide fragnent or

ot her sngl | | ecul e designed to | fe ith the cell signal through the
. CTLA4/ §9‘%&gw&?j‘é@é&@9&)§’@? &€ ‘?Iﬁn&}ﬁ] (é(gw éﬂggmﬂéﬁ b sarering they #8ing) ocki ng
agent i Sadldsébinble ; Q%
104EA29YI g '( ATCC _%5%%3%4)6?‘%%2%% £b1 3@% %%&%&%&Cﬁiﬁﬁgggﬁgkg ( ATCC
. 68628), AhwoRwpbditeinBAnheleacoded tyumie casnd? ngeleikBC mB8G2MEs thandidfet in i
nonocl ongl tibhody.(e.qg. AT B253, ATCC CRL- 2223 ATCC CRL-2226, ATCC
HB- 301, %’F&’g{& H@yqiétll% g%%fmr‘?ﬁ%o ‘I’oﬁgﬁ OB oRFOEN Fuolsedes isume; iepicalnder son
et als i nsdduénceRalTBOambholabd &8 peq@lce CRIfoRbwa! -, 1982, J. I mmn.,
| 28(2) 823-827), an anti-CITLA4 nonocl onal antibody 1 S (e.g. ATCC HB- 304,
and nonocl qnal, anti bodi es as described in references 82-83) and/or an
ant i - ( D2SIHBAACI, 5| Sunbely o PIng better ATCC Emlons| 944 and mAb 9. 3 as ‘descri bed
by Hansen (Hansen et al., | balr r ununogenetics 10: 247-260) or Martin
(Martin Atangle. | |984Ala). CiAd. I mmun., 4(GQUl 8CZ2CA,ABCAs used herein,
"i nmune t.em di sease" nea any di sease nediated by T-cell interactions
with B7-§}6l§?lpf ve celé%s i ncl Efji ng, but notYPPnP¥d to, autoi mune di seases,
graft reh kgior d and i mmunoprol i f i i seases. Exanpl es of
i mmune, sygéfﬁnl% %F%eas‘ggspsi ncl uI?JIe graft ver gt%gtﬁhtc?g‘t di sease (GvHD) (e.g., such
as may rebudmictAkadn bGlwe mar Mbw tr anspl ant@AROGAGr in the induction of

tol eran i ne di.sorders, associ ated w t raft 25 transplantation

rejecti gﬁ@dnglr#%uﬂ?ec (rjﬁ ®ection, and ti ssue\ﬁw{}cgm% allo-" or xenografts,

i ncl udi nglyglel d ~ Or@RNS, skin, islets, r@@gl GS}C’ AtQEYL es, neurons.
ude,

Exanpl es_of i munoprol'iferative di seases incl ut’ are not limted to,
psori asiHistiginge| | | yidishoma, H- cel | acut e CAHpBAK] astic | eukermia, testicular

angi oce i.c.T-cell nphomg, benign | ymphagcyt i jitis, lupus (e.qg.

| upus e?@éﬁgﬁﬁ osus}hyupusnﬁephritis), Fﬁgﬁﬁhékngﬁg&O thyroiditis, primry
nyxedeneLysieaves  dijggase, [erni ci ous aneqh g, @yt oi nmune atrophic
gastritis, Addison's disease, diabetes (e.g. insulin dependent diabetes

nel |itisheucinse | di dsstes 18 WO 02/ 02GBBAPCUQSIIY 22U0; €UkglQUGi s, type
Il diab . iti good . pasture's syndrane, nyasthenia. gravis,
penphigﬁgg&%ggﬁ%'s ghgéase,hgynpathetic &gﬁﬁhalnia, aut oi i nmune uveitis,

mul tipl eAgmkapimsi s, Agit of mne henol yti ¢ gaenhacC i di opathic o

t hronbocyt gpenia, primary biliazy cirrhosis, chronic action hepatitis,

ul ceratiGotBtitis, Bgren' $ syndrome, rK&LMECE, GCde8EEs (e.g. 5

rheumat oi g ahit,oriti pol ypyositis, scl e and m xed connective
ti ssue gdl}seasle. As 3%1& heret n, "rheunat ﬁ:‘&)‘gig‘gg}'ses" means any di sease that

af fect s Afpinipoi nts, Agne, s®&t tissue, oGP O8C, CoAl COGIAGASAGE | 983
Rheunaa)_and conprises inflammtory rheumati sm d%%ener ative rheumati sm

extra- art¥®6l ar rheutfti sm Sand col | agen W4edEEs UCr Useldi AGER AGS
rheunat i i ses ifgl ude, 4but are not |4t t chr@ni c polyarthritis,
psori asi?lrgérntﬁﬁ?opat h%a, anlggl osi ng spond%/@’[‘?g?’ Sr&ﬁ:é%%a oid arthritis,
panar t erValines nodos&/alsysteM c | upus er ytHeUpGUSYSUAI@JdGessi ve system ¢
scl er odefma eriarthritis huneroscapularis, arthritis uratica,
chondor cHPRIORBE S, mat or‘r}%si tis, muscHGE rheumat | sm nyositis, and
" nyogel 0SfygosigMe rh tic di seases are kpownshe be 15 ~ autoi mune
di seases ‘caused by a’subject’'s altered i mune response. As used herein,
““gene therapy" is a process to treat a disease by genetic manipul ation so
" that a uence of nulclei acid is transferred into a cell, the cell then
expr essi MY BRYIGBASEIE MAYJW@YE PrepcBOdNEHeNse nucl eic acid. For exanple, as
is well known by those 20 skilled in the art, nucleic acid transfer may be
performed by inserting an expression :
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vector containing the nucleic acid of interest into cells ex vavo or ifz
vitro by a variety of nmethods including, for exanple, calcium phosphate
preci pi t alyiPgryo26dset hyam noet hyl dextran, pol yethyl ene gl yadr/i&iES 204

el ectroporation, direct injection, lipofection or viral infection (Sanbrook
et al., Mleculat~ Clo~7ing.~ A Labo~~ato~y Manual (Cold Spring 25 Harbor
Laboratory Press 1989); Kriegler M Gene Tr~ansfen ad Expression: A
Laboratory Ma~7ual (W H. Freeman and Co, New Yorlc, NY., 1993) and Wi,
Met hods i fs Ertzynaol og~~ (Academ c Press, New York, 1993), each of which

IS incorporat herei,n b ference). Alterngtiv . -hucl ei ¢ acid sequences
. of int erggtus?éselﬁlg’ ?rﬁ%?ﬁgﬁ‘%@lf’ p}ogegugrgﬁ of n@ﬂ“étﬂﬁﬁ mgolgele gpgansianyect or s

and by apregin gblkcalt tiub&dpt biaBrdidadioes At iRXEFRNRIh | ? bifaing 39 CTLA4 1o
adm nistration of the nucleic acid into a subject (Wllians et al, 1991

P1VAS 88Higrtoasprample inglides, ibwh ivhott hmited &, eincinavimbglabubn 41g) icoastantect or

and infecti of I j-e i VWO 02/ 02G38. PCT/ USOL/ 2120-t .t he

vi rus (B’%%ioﬁgoﬁaﬁoré@?ﬁ%fg%e@@urz‘geoé%FOI?LS%”.I SR s 2 19" TBpnkey 181993 3
Cel | $Bi omhz@nTedith; 4.1 huheb&ouslnha)et i_nahdingAJgfe hiffd, @M2 &d3H3 SepfonsDaveson and
Elliott, Ml ecular Virology: A Practical roach (IR, Press, New York,

1 993)) . KEdrustaptdesionsan begutaipd fostedygeits affestos fanctippic(UidePasentap6dl 48%.on of

t he nucl kg 64 gigidUQ fsjposonmes, and direct 5 transfer of the |iposones, or
| i posones caénbi nec?ﬁwi flh a hemaggl utinating Sendai virus, to a subject (U.S.
Pat ent 5, 824, 655, incorporated by reference herein). The transfected or

i nfected Celﬁ":éf exgr egg the protein products encoded by the nucleic acid in
order’ tO5 35 hEFi: @ "HagIne s ok RFUeh cis ApipRAK ps Segment it @dableA4 mpleculs, or der

t hatj hepd [ | esgGlhihe RY
ol | i s A (80 SRR PaGhaill O TRuRE o et e PR B e
| NVENTI GidcdgnizBheng bede s targateng i aB7pndetudes conpositions and met hods for

treating i nmune system di seases, such as rheunatic di seases, by
adm nistering to a subject an effective amunt of a ligand that binds B7

f kg . ) 9
or exanpgs ﬁseds@feu@ B7CEAG I TRL BY @ééggy &ﬁH&lP?Lﬂés &éﬁh&ﬂ%@&ﬁg&ﬁgﬁ%@%@,ﬁﬁ? Yl g)

and mAbs that recogni ze and bi nd An effective a fi'ned as the
anmount  ofCREO),UBI-2 (CP8Rand Bl 7et theemay teadgnizdeed bhal@TLAS aBVon®D28ul es on B7 20
posi{Jd ve cells, inhibit B7 nolecules from bindi ng endogenous |igands such
as LA4 and €D28. In a preferred enbodi nent, the i mmune disease is a

rheumat i gs dicdcsdn, ‘BreposuRAldeflsdirs @A e8lANRh BRY oxdin%féaggés B fho@&:&lef
on o o-skel etal or

characterized by (i) inflammation or” degenerati muscu

connect i @rassesiqmdheeallmitfaeees of the body, particularly the j oints, and

i ncl udi ng nuscl es, tendons, cartilage, synovial and fibrous tissues, (ii)
acconpani ed by joint swelling, joint tenderness, inflammation, norning

sti f f nesAs usddietin, paidorivative | RRAMORBE toh sh-R6¥REIRS heholopPehd 8Vl drhose
structures and, in sone cases, (iii) often acconpanied by serol ogi cal

evi déhcdtopaehemaigedrd Facexemplena darivetiva of ICIhfet drojudse assolvldgdEELAvér ker s.

21 molecule having an amino acid sequence at least 70% similar to the extracellular domain of .

wildtype CTLA4, and which recognizes and binds B7 e.g. CTLA4Ig or soluble CTLA4
mutant molecule L104EA29Y]g.

25  As used herein, to “block” or "inhibit” a receptor, signal or molecule means to interfere
with the activation of the receptor, signal or molecule, as detected by an art-recognized
test. For example, blockage of a cell-mediated immune response can be detected by
determining reduction of Rheumatic Disease associated symptoms. Blockage or
inhibition may be partial or total.

30
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. conprising a |o Byi

WO 02/ 02638 PCT/ US01/2120.4 Rheumatic di seases include, but are not limted
to, rhematoid arthritis. The synptons of rhewnatoid arthritis include

j oi nt swewioim@ze3s0i nt tenderness, inflarrunation, norningpgifdopesss a. nd
pain | eading to physical disability. Subjects afflicted with the advanced
stages 5 of arthritis suffer fi omsynptons of structural danmage and
debilitating pain. her organs also can be inpaired by the autoi mmune
mechani sm Conpositions 10 The present invention provides conpositions for
treating i nmune di seases, such as rheumatic di seases, conprising soluble

R G L I e A MR e D

depl et i ohgands,asubhBNCHYS GanAGTTIH N wth a
sol ubl e CTLA4. Exanpl es' of sol uble g_%le_xﬁljf:o%%t}’&dﬁggfri&%& gﬁcﬁ&@ub{m CTLAA
mut ant  1Biekentieay| Examgles of ageme g glocthmtmu lidudey birt fremot dintitear

W | dt ypey,s e ol ubl e by.del eti the CTLLA4

transme rgﬁ)g& E@g%&ﬁ%&ﬁ%ﬂﬁ&% ! po tongt fer%@ @Sﬁoﬁg"hfu Iieﬁﬁ’ﬁﬂ’\%ﬂsc?@@

201: 1544-HiS@) to RO aky bﬁCFRﬁIAH\/QjDB,S ST UbloRcETE e B1_ECHY.95. 2 Withille %&fﬁﬂgﬁ

w | dtype se uenc S, pbe fusion proteins, V\A%EI‘EII’I t he CTLA4 no | es are

fused t PRBM WﬁBV%ﬁh@@Ol‘am,fhthe mwlgoptes nogh cﬂ§u$qlnbl€I@TLMi ecpd:;:&slet hat

d t L
e S S ol O i R B,
const ant?HbMGDZSVB%Mdqul lnltelhdmmCTi;é«ﬂakﬂeﬂlilEd @ﬁlbdld@méxﬁl %'b?‘oc%ﬂ‘)g a@ehﬁ%' ey, P.
S., et a ni t 793-80 For clinica rotocols, it
pr ef en~e4® dtl‘ﬁé? %ﬁﬁé&%ﬁ@ é‘l‘ﬁ%l 45@%%41&(% 6&@9)@“&10&}3&2%&@ GA?%@@ al
bul i

30 const ant Trog o ohRE O mel g bk EDo IR B Y o eied8 b AR PR Ast ant
regi ons. m@n@llexmhmsdBHg (AT 686273 dnranti B hohodlbikl AEGHRR (b3 ATCRNEEY 1,

i ncl udl 02/ 02638 PCT/ USOL/ 2120~ and CH3 regi ons
whi ch c ejé‘? gﬁgﬁ'%tz d&T?GV\gNO%%L&F Cas HB-3i, ngTES EB-1 brdptand s,

medi ati ng Ifdélﬂﬁhﬁﬁﬁtﬁﬁ n
ant i body- (():Iependent c%d?&p%eg'%g{m%iy%%g;%me%ﬁ %Mg ]?'%gh m%%? Sbulin
noi ety mégkophivel and 982. Frdmenumuyt h&&(b)sgma@) anm,nu(@rIgAz; nhdhoth@alGiiRibdayai n, to
redyge fe i oNs$_suc where the nutation
odiat % & RACH: HHT. B3 mbrihrloR snoedes shmar eemrqferews.&ssao.ag@/@a by
eceptor e o e AR o R B I T BREBEE Changes
in any dfansan (Hansew s wbj hSQ. eémuuaegmeum h0:t 24 - Iﬁ(])gﬁ: Manii marhﬁret@rarrpl e,
t he cyst%gpejs ﬂ 05|t| (iqz gjzﬁﬁ +136, and +139 are substituted wth serine
(Figure g 61 10 nol ecul e may al so include the proline at
position +148 substltut ed with a serine, as shown in Figure 24. Further,

the nutations in the |nnunoglobulln noi ety may include having the | euci ne
at p8si thsgHedhegng uwwgywnmsme phgansl aal disease mededsl byel-a¢ll m&sadﬂoﬂm +145

substit d 03|t|o +147 sybstituted
with al aq;\r,rhﬁlnlé%Wp &)Qn% :‘}Emﬂ% u%?eﬁh%g g?ﬂ %‘E ERUNg sESqaFESy (g8 tl e CTLA4
nol ecul dsomermhuhhm@toﬁfelmeadﬁeaml FExempres oh fhidse sﬁt&n ag@as&%clhaéﬂ ted

to, p97 | ecul e,. env_gpl20 nol ecul e, E7 nol ecul e, and ova nol ecul e (Dash,

B. et al®rathggwuy. O@arfilsqafq {GHHDY7 £e.gpt sh: 289020 Aesulkdtan tone etarmw 1994

Gene 13 e 93 Cel | yi unol 2). 447-52;
Fuj i sakgl%lgﬁné%%éf br lgg-lfkl{}dér&ot Oggci/f tgt?ha(n%% Tguge i So%ehearssm eéicﬁ’ﬁg; %ﬁ e al so
pos5 bl eraﬂ@la(n@emmrejecuan elironic reje&8h, Nedl Q96 bEcALAIP 2t Fdnobedfts, Fﬂémamg et
al. 1989 63( 4370 Sm.th, D. et al. 1987 Scie~zce 238:1704; Lasky, L.

1996 ScPal Cé)r 8 2 }1 islets, muscles, hepatocytes, neurons. Examples of

immunoproliferative diseases include, but are not limited to, psoriasis, T-cell lymphoma,
T-cell acute lymphoblastic leukemia, testicular angiocentric T-cell lymphoma, benign
lymphocytic angiitis, lupus (e.g. lupus erythematosus, lupus nephritis), Hashimoto's
30 thyroiditis, primary myxedema, Graves' disease, pernicious anemia, autoimmune atrophic

gastritis, Addison's disease, diabetes (¢.g. insulin dependent diabetes mellitis, type I diabetes
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The sol ubl e CTLA4 nol ecul e of the invention can include a signal peptide
sequence linked to the Nrterm nal end of the extracellular donmain of the
CTLA4 por wisr/@bsst he 25 nol ecul e. The signal peptide can bgRoisesyence
that will permt secretion of the nolecule, including the signal peptide
fromoncostatin M (Malik, et al., ( 1989) Mlec. Cell. Biol. 9: 2847-2853),
or CDS (Jones, N. H et al., (1986) Nature 323:346-349), or the signal
peptide fromany extracellular protein. 23 WO 112/ 02638 PCT/ US(11/2120.1
The sol ubl e CTLA4 nol ecul e of the invention can include the oncostatin M

si gnal peRfiit | : ] . f 1 L | J.ul ar .domai n of
. CTLA4, and t%gt’}ﬁﬁ ﬂﬁﬁg?%%‘%‘g?%ﬁdﬁf’%%fﬂﬂs%(‘& 8’3?5ﬁ%%%§f?‘vw%m)
linked t &rolns Gliscasnsi wahpathaticofophthelmeiaf r ateiinunar udensi mivble iy sRr
nmut at ed) 8tf .lCTLA4 Thir‘;i nol eculuig. i n%l ua}ers % t he oncostatin_M signal peptide
enconpas &M QYRR MeRGILR; Henus dinpatica (A bawiesini REmaty Sdint carhosins
through ah@Bicngcidh Rpatitid, Oflcerdiis bHRICRidMMePOLL i 1 No
aci d sequence havi n%t hi oni ne aét%bs(’)sl t|-%rﬁ§ﬁ%ﬂd?ﬂ?§lqgﬁ{ﬁ§§%€p[g?%£gé?g? at
posi t $ on henmatoidaithyiiis),i notynayositis, sstsratlerres iadd eniggdwbansctiee Bésupdisedston +125,
and the irrununogl obulin portion enconpassing an am no aci d sequence havi ng
glutamc acid at position +l126 10 through |lysine at position +357.

Speci f i calsluged héreins huih & CTikddesThaits AP ldRECaBatffeLR8nd MR tH.AB.
conpri si ng the nutated CILA4 sequences aggscri lgedai rzefi ' a,ﬂ)alrﬁg Hfogg’l S(g)rlit

mol ecul e$S¥Emiti SPiRY Karar(Maidys, Hoi E983est/eumell and comprisesainthnGTitde

f ragnent : i . the sol uble LA4. nut ant | equl es
conpr i seﬁllegl;l %&lh Ug%gn%gﬁged%gﬁ%néé’aeg%ﬂ%f%%% F‘g’il%tf’ma a§$ ﬁ@lﬁ%@gl &3¢t at i on
in the exddimabllyl hendatiaidteasthendudd, auelakdhar 1i8RBRI0, rofitLiiy4ORRS] ses

methioriine af position +1 through aspartic acid at position + 24 (e.g.,
Fi gure 2Bjoriaseri@ianatives pokdesipg prangilits, roevanagid anthtis pRoarteiitly nedosal ani ne

at positi =1t g ¢ acid af. position +l 24 (e.qg., Figure.23).
Exanpl esk}% n%li%nglpgl?slsji tg gﬁﬁc&?ag&iug,nsﬁ ]ilog%ﬁ%tg}&ée) CHEEP | f’)‘ﬁf’rﬂ er\‘ﬁ%er é’?ﬂg’ﬁﬁgml euci ne
at posit humeroi@pulasischatigitid tpattvay ohdiRIbraalimRisaClidtnaRn@stisS| tscular

mut ant : Cqdon change: L. 104El g3 ut am ¢ acid GAGL104S| gSerine
AGTL104THFHREEYR; Be/ositie fad AnYpReksisne SooeL Ipameta disgasespirankiP®EL to be

104Q gd j / 2120-4 L104KI gLysi ne
AAG_1%4RF%%%@%%§8%_C%¥%% %ﬁgs E%eﬁjr’?‘éé? l,eégcmge’i nvention provides

mut ant nol ecul es having the extracellular domain of CTLA4 with two

mut at i ong, fuciﬁd to. an I]g%rCYI,, .nmoi ety. Exanpl es include the foll ow ng
wher ei n £H&STeUEFHe SOCBIPRY Jf 2-PTOESS & e Aghwascobgencte maataulpiioacod (e. g.

gl utam Cthat a sequence of nucleic acid is transferred into a cell, the cell then expressing any

genetic product encoded by the nucleic acid. For example, as is well known by those

20 skilled in the art, nucleic acid transfer may be performed by inserting an expression
vector containing the nucleic acid of interest into cells ex vivo or in vitro by a variety of
methods including, for example, calcium phosphate precipitation, diethyaminoethyl
dextran, polyethylene glycol (PEG), electroporation, direct injection, lipofection or viral

' infection (Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold Spring
25  Harbor Laboratory Press 1989); Kriegler M. Gene Transfer ad Expression: A Laboratory
Manual (W. H. Freeman and Co, New York, N.Y., 1993) and Wu, Methods in
'Enzymology (Academic Press, New York, 1993), each of which is incorporated herein by
reference). Alternatively, nucleic acid sequences of interest may be transferred into a cell

in vivo in a variety of vectors and by a variety of methods including, for example, direct

30  administration of the nucleic acid into a subject (Williams et al, 1991 PNAS 88:2726-

2730), or insertion of the nucleic acid into a viral vector and infection of the subject with

20




5 acid) and the glycine at position +l 05, the serine at position +25, the
threonine at position +30 or the alanine at position +29 is changed to any
ot her am W@ @mhess Doubl e-site mut ants: Codon PCT/US01/21204
change: L104EQ O6FI gPhenyl al ani ne TTCL 104EG 1 OS W gTrypt ophan
TGGL104EGLO5LI gLeuci ne CTTL104ES25RI gAr gi ni ne CGE.104ET30G gd yci ne
GGGEL104ET30NI gAspar agi ne AATL104EA29YI gTyrosi ne TATL104EA29LI gLeuci ne
TTA.104EA29TI gThr eoni ne ACT ' L104EA29W gTrypt ophan TGG Further still, the
i nvention provides nutant nol ecul es having the extracel lular domain of 10

inct ude. PR RS (RRlERGS g i CRereeitaga- S’ Paefi plt. e Cer Blditgsa o

anot her ayi.ngy; agasl\o(“%kg et GUURE] Pait B354 418 abARIMCaRd HIRSH ! MUlect®? | S
changed to anot her am no aci tyrosinej and the serin€ at position

. +25 i s cHanlpey: Ad’la%@ahéppmlhéwrdss Newae)‘iqsl%S)NUO&m sneti@eld arsed for

changes 5 Y n 2/ 02I PCT/ USO1L/

oaLaseea 1 é{f??n@lﬁié% %2&\1\‘%&8 glead! d o ipossinies, e diréct
AACL1DAEABHY ST UA6@intser 15ds0iDes bhhBined bith MbdradioiRkes CgFB@‘i?damMrubave a
junction am no acid residue which is |ocated betmeen t he LA4 portion and

the I'g pbra subiechfU SnBatenl 2821655, meerpasried by refargneroheseinyy "Elsmtrmfe@w Q@ni no

acid, in n I n n c d ced by
ol coul el BB Rl HRGR0CRRUEE O ARTY Solt, b BIRESR,
|nvent|omnﬁmnMed@me@%ﬁﬁﬁhﬂqmmﬂmngnfedﬁbﬁﬁ.Including a signal peptlde
sequence linked to the Nnterm nal end of the extracellular donmain of the
CTLA4 portion of the nmutant nol ecule. The signal peptide can be any
sequgncert -6l udi ng
he o qni) O et fhe Yoy SERHE SR plf o Ao b indByREH b 0GR
Cel | . Bi ddscrif@iond8«T f{@863), or CD5 (Jones, N. H et al., 1986 Natu~~e

323: 346-349), or the signal peptide fromany extracellulai~ protein. The
i nvention provides soluble CILA4 nmutant nol ecul es conprising a.single-site
15 nut at¢ } ENEf such as L104Elg (as
|ncluded99%ﬁ§¥§gﬂﬂwg I¢9§$ET <§P s 4El g and L 104Slg are
nmutated in their CTLAA sequences so that |eucine at p05|t|on +104 is

subs%étﬁ% d MAQE utamc agid or serine, res g . The single-site
el VAR ER TR0 giR PTORSe IR SN PREURE CHLSI no. at
posi t i ongigdaséN RUIR rASRA%L disé%gésdbflﬁdlﬁffﬁét%{ir%rlo'ﬁlns?ﬁ ééfﬁ%ilb@&néﬁﬂt%? acid

residue 20 glutam ne at position +125, an ortion
enconpass lipgndgthatt Eindc Ba dodexampin splublenCFLAS rmdiccmﬂ@t(sm@msr(éTlaMIg@mdtom on

+357. T i l.obul in |on of t nt, npl.ecul e ma S e mnutated
o hat "ESAERRT Rl R B 1RRle, il BT AT S e SmllY St deR Bat o

wi th serihgeamaind oT%lM@'OTL@\@Eno@é&lefs'tﬁﬁt W8 totng UBSET tlﬁm&siué@l &b perine.
Alternatlvely, t he S|ngie site sol ubl e CTLA4 nutant nol ecul e may have a 25

CTLAA popasithis cels dripbis H7mgolaruled fiemainging endogenous lighndsisybh as@ak-Atendci d at
position 4. The invention provides soluble CTLA4 nutant nol ecul es
conprisihg a double-site 26 ,

In a preferred embodiment, the immune disease is a rheumatic disease. Rheumatic
diseases are any diseases which are characterized by (i) inflammation or degeneration of
25  musculo-skeletal or connective tissue structures of the body, particularly the joints, and
including muscles, tendons, cartilage, synovial and fibrous tissues, (ii) accompanied by
joint swelling, joint tenderness, inflammation, morning stiffness, and/or pain, or
impairment of locomotion or function of those structures and, in some cases, (iii) often
accompanied by serological evidence of rheumatoid factor and other inflammatory

30  surrogate markers.
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. +357. Th

WO 02/ 021 >38 PCT/ USO01/2120-t nutation in the extracellular domain of CTLA4,
such as L 104EA29Yl g, L 104EA29LI g, L104EA29TlIg or L104EA29W g, .wherein
| euci ne awgepemiéison +1 04 is substituted with a glutam c agicd/gd2pygni ne at
position +29 is changed to tyrosine, |eucine, threonine and . tryptophan,
respectively. The sequences for L104EA29Ylg, L104EA29LIg, 5 L104EA29TIg and
L104EA29W g, staz~ting at nethionine at position +1 and ending with |ysine
at position +357, plus a signal (|eader) peptide sequence axe included in
t he sequences as shown in Figw ~es 19-22 respectively. The double-site
mut ant nol ecul es further conprise CTLA4 portions enconpassi ng nethionine at
. position +1 through aspartic acid at position +124, a junction amno acid
resi due Bhetrsaticniseasesiadidd, Dot ard 25+ lirhe@ il ratinator BRgkab utten Rxg{ézﬁs‘)&
enconpasa{ﬂgﬁ%%ﬂtanLq acid at position +126 through |ysine a? osition

€ GEiheHs | naluge rieing rsvistling eloinit tenderness.e duflammational reomie

mut at ed, i . . itiQns +130.. +136, .and +l 39 are

substi t u%te e\%\/l@ ?liald éétehr? }ér?}eiﬁl%glr)l gﬁfsh%} %lfg%ﬁllt&'egg d e%tg g&{x?t%cﬁwﬁ 12!%? ﬂ}%ga‘?ﬁﬁ §PB%ut ed

Wi t h ser ofethritis tsefferafron el mptobiiegatridtinan arfiileasid| dRbilieaing PaNe Gth&rTdddnsPOr tion
encorrpasai n%wg%l?ani ne at tExOSi tjon -1 through 15 aspartic-acid at position
+124. Th®® tBRY § @Yoy TECEHTRIAM. nut ant  nol ecul es conpri sing a
doubl e-site nutation in the ex tracel lular domain of CTLA4, such as L
104EG 1 OCSFIg, L 104EG 1 OS Wg and L104EGLO5LIg, wherein | eucine at

posi t i onCampdsitienssubstituted with a glutamic acid 20 and gl yci ne at
position +105 is substituted with phenyl al anine, tryptophan and | euci ne,
respectively. The doubl e-site mutant nol ecul es further conprise CILA4

por t1onsTeN S filvetidtE ph s EorfiposRRR Lo Nreh 'n% N {I’ﬁ@a@ést | GefGfsd_at
position +124, a junction am no ac c? resi 8ue gl utam ne at posrtion f125,
and an i Weumalit dibedses cpmptisiop selnblor(iHsA4 nplghissaFuthacihd paésepdaidrtion + 26

t hrough |ysine at position +357. The 25 i mmunogl gbulin portion of the may
al so be prrréf“élfseﬁ?mg QGRS CompLISEg & @pﬁggcaggge]%g}ag i‘g%@tsﬂ -¢gl fanction Butgnotang +
13 9 ar eTsubIbhlbtide ] [JaT= heaprol Lne: N + IS
substituted w fg h segli ﬁ%lpﬁglﬁ?grcggttaic@%dg? rb?ﬁlggg C!ra’rlumstelzli]ra]t:ne ﬁrégﬁlg%l:ﬁﬁglsa (S:(cgiiﬁéﬁave a
CTLA4 pofThOA. ebemipes of nglubleaiTha4aincipds i@ Tlokdlg lankhsodutid GRS tmtartci d at
posiitd on_+ 0 i tion provides L104ES25RI g which is a double-site
mut alr?t %P%%@Fg%“ %g@%m CTLA4 portion enconpassi ng nethionine at
position +1 through aspartic acid at position 27 WO 02/ 02G38

PCT/ USOL/ 212U~ +124, a junction am no acid residue glutam ne at position
+125, arfalkfmolsey miviast povildtppe ssaeenepa ssiyiyg reldstedsbmbkdiydieddtingosi t i on

+1 26 thr | V81 L tion 7. T ortion i he extracel | ul ar
domai n Jﬁé‘%%@it%ﬁ%ﬂ%% %ﬁé §$T%n§ﬁ%%§,i Igi: Ig‘t e&)@gi QB@X C%%g}arsln@g}gzg&g@)ut ed
w th ar gi0itldd;15and | euci ne at position +104 is substituted with glutamc

acid.. 5 Alternatively, L104ES25RI g can have a CTLA4 portion enconpassing
al arfne at position -1 through aspartic acid at position +124. The ~

inventio L.de t l.ecul. conprisin doubl e-site
mut at i on LN Rge SR AR B RS Ve Bk S b M BscoRnd 10
L104ET3Qibtgins, wheresi nhd «lliiAve adlequisi freofused Q4 rnon-CTOAL i hbteges WidH a8
glutamc acid d.t onine at_ position +30 is substituted with glycine and
aspar agilﬁ’é{‘m}%@’g@l&% mplecpiss theupndsr sha € Thidameleorlecwlyle Forrexaplsonpri se
CTLA4 p f i RYo]e’ i tLon + : artic acid
at posi 1) oA SRATRRRR B RLRLE S Bxflesiag) Wb S ERLRIPRSBERT RS, 105,
and 2an iimmumoglobblith i conptant idomagn clesgitss iingtht5 CTLMMET Bolailel (BigugoSi4yi on
+126 th:{ﬁu@@pj' %sénr;e t %;OSi tion +357. The i munogl obulin portion of the

mut ant e st Wermmnled3-8%: t hat the cysteines at positions

© +1 30, +136, and +139 are substituted with serine, and the proline at
position +148 is substituted with serine. Alternatively, these nutant

mol ecul €9r clinichap®taolSTitA4 efered dmtehe dmpassplobul agdine daés pesélidion - 1

" through ai-tic acid at position +124. 20 The invention provi des sol uble
CTLA4 miERRerig) IEEResrosRag 157 AADscts [LbpIraeiomed makiats i imppweelobulin

| i . | : Y, Nl g,
01 0aazs s aty S0 DRl b e SRy AAABROPRE o HGPT ORen o

gl ut am exampid, ofed auitabée hmposdlotudin regidniis whanged , iRlidin® SheEngd) CIET | ne at
position
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25 +25 is changed to |ysine, asparagi ne and arginine, respectively. The
triple-site mutant nolecules further conprise CILA4 portions enconpassing
et hi oni nggag/Ressi tion +1 through aspartic acid at positi %ws%ffmzm
junction amno acid residue glutam ne at position +125, and an

i mmunogl obul in portion enconpassing glutam c acid at position +126 through
| ysine at position +357. The inrlzunogl obulin portion of the nmutant 30

nol ecul e, may al so be nutated, so that the cysteines at positions +130,
+136, and +139 are substituted with serine, and the proline at position

+1 48 is su t ut ed t ser 12/ 02 CT/ USUl 12Ut
C Alter Inat ?‘i‘f};?g}b r?g‘lg%% o 1@@&%@t0¥\§|,\1§ Fions S‘é hiad %rPl Griceidpassi ng
al ani ne aledifsg tdoa{plerﬁeﬂtmepémjeht @ﬁsﬁy&idlﬁ (@bé) r PREHatd %lb’ba%e%e%ggreﬁ {ional

enbodi nents of sol ubl e nmut ant nol écul es™ i ncl ude chineric A4l CD28
. honol ogu@elhnp@émedrﬁw@@up@x (ABé:tC)bThq mnmnoglpbemhmonty thay heve aie or 1884 J Exp

| hl ed 18 e f.thes CD28 nmut

nol ecul e%ulga(rggiﬁ ﬁ%?%é "'ngaggi’ QE?! d %ﬁégluce %Ctoﬁ-é& oangga ﬁ—égc §isB,
HS9, HS ADCEISwhdre thSndhRatidriSmadulates t}tésma;&mgté,a,&ablmtcﬁrthe Mﬂmﬁég@blﬂw S3)
10 Pref erer enmbodi nrents of the invention are sol uble CILA4 nol ecul es such

as CTLA4ligapd, Eﬁ&%ﬁeqswgmr@eﬁléa@ng thetbipdingeppabilipeef the immeneglobidin toiksn +1

(as snouy oyt ok B%gBhielRRlbALin A Mo fRGSRUNE NS bhisd SRk HCAG g ol

lysine atll positteinn resdues. willlie thenvepd domainy féraample) Wed8Steities laeh6sitisd
nol ecul es, conpr.i si ng nucl eot i de, sequences  encqdi ngc‘%j‘})he 15 am no acid
[

sequences! bz Tespah i'Hg”t e 1Hbstwrd pYiEh etine (e cif)esllsr imanegiotanini on. 1 n
one o} ONOY ﬁ%@ hybri d
t hergj;? Q%ﬂfgnglogled}%u%gﬁ%ﬁ o, @dﬁt%lr gtcgé[?né/\]g;%eposﬁ(h?utgd gﬁé 991wi th
t he Aner shoam ifiyligucul4. uleié:nJ 1hecﬂmtmﬂnor(sAiE@ﬁ‘é imh@fcHlotilinviaoietyt maﬁﬁnulhde
Manassas 0-2209 and has accorded ATCC acce si on nunber ATCC
68629. ﬁ@&l%ﬁt?dl%HﬁlnE@t IPOTBQE,@é%SQ éﬁ‘i&‘bpﬁ Wcmegﬂrlé’s@@’}’ was
deposi ted essi on
nugber PT1A‘£23r218111(?))?11"‘1@l Kclh?\?’alpgnggl \%Yb %Bdf%@ﬁﬁ%ﬁ@&g@ﬁgﬁﬁﬁg@hﬁg@ ‘gﬁ}e %'or a
hybri d thereof. Addi tionally, the i nventl on provides a vector, which

Al K M R R

mamal i ag féﬁﬂno@&hle‘é , PI'RES
(d ontec h;l pRc/ CW2 1&%“&7 Iglét\%ﬁypné}:{}miugﬁ?’ﬁ?g 'I\éleu(): Foenlfi}eéé%@ l}@;éac%:é @ct ors,

pCW vecmolegule@d@/awd@cmi@(qasn B. at dgi9d))) Gen. d’fzmﬁv’ZSr(Pa@ w@@{%r&e@ae Tg., ,

FB t t f,
Baonovi r o 8y 8¢ ARSER o B ket tty J0% Gelio e dp U P s S act or .
yeast VeRljBal, (1. 6t al. AIBSE MRISS! S2048L)F RYaBsNEYther %%mcu}é@aﬁ)@'aﬁa%iﬁmble
PCT/ USOl/2120 A host vector systemis also provided. The host 'vector

systdn c@%@rﬂs@settahé%‘éé’?mosmnce 93(3) 72 Uit ot al. A98UGI(EHIAS ThicSmitin dD.| .
Ex I t limted to,
pr gggr si?t% 1%“7 58 cjayrgf/lgp&er“aé@f Pg?ég?tdﬁfdégf‘(’)%??@én\?\n t hI 'Enheepr agt ice ~ of

t he

The soluble CTLA4 molecule of the invention can include a signal peptide sequence
linked to the N-terminal end of the extracellular domain of the CTLA4 portion of the
25 molecule. The signal peptide can be any sequence that will permit secretion of the
molecule, including the signal peptide from oncostatin M (Malik, et al., (1989) Molec.
Cell. Biol. 9: 2847-2853), or CD5 (Jones, N. H. et al., (1986) Nature 323:346-349), or the

signal peptide from any extracellular protein.
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5 invention, eukaryotic cells are also suitable host cells. Exanples of
eukaryotic cells include any animal cell, whether primary. or immortalized,
yeast (e. o oxpagRharom ces cerevisiae, Schi zosaccharom cesdi@aidasrziand
Pichia_pastoris), and plant cells. Myeloma, COS and CHO cells are exanpl es
of animal cells that may be used as hosts. Particular CHO cells include,

but are not limted to, D44 (Chasm et la., 1986 Som Cell. Mlec. 10
Genet. | 2:555-556; Kol kekar 1997 Bi ochem stry 36:10901-10909), CHO KI (ATCC
No. CCL-61), CHO K1 Tet-On cell line (O ontech), CHO designated ECACC

1) Gt Sl Al b MereriQy ey el gnshommieAbcigmbon cor

(CAMR,  Sedptigbuinked W |tk M-feemirdend @ dh&RBx R eRkanabe ¢ 1ERRCG32052! 29
(CAMR, Salisbury, 15 Wltshire, UK). Exenplary plant cells i1nclude tobacco

. (whol e pramarsimsenegiebnlinumelecde (e4l, Ihirge, and Stizhéiaked antherGC-temiwdl| s.

Corn, so ' seed 0_accept g .. .The.CTLA4 .mut an

ol ccut einap o S SRR PSR 3 nPaRRLR REaea s ekt Fitegites

pol ypept thd eacoseitinf Maigrahyersidt emestnpabghf e amaiodcad seqbMiteMating methionine _
sem -synthetic orgéeconbl nant. 20 Accordi [}gl y. the CTLAA nutant pol ypeptide

mol ecul e PASIOBe—7& Srangh akaing 4t postiopoch uihe | GTEL A drosions enqospassing speci es,
par ticul ghihy ARERLEAR, hab el HE G ROM I 1A - QVii N rcl yri.ne....equi ne,
and pref erlablay ﬂ%%an. A}fa?g%n%%g%f@,é{t@gm L+4 it anagébi;olﬁfﬂg}gpattipgsemﬂ%l ecul es
nmay be isi@4at guhction apdwoiidzestdup plutmeinciad pssitibiat- 128, ané Xy iessedglobulin

pr okaryote.or eukaé%ote host. cells, or isolated as a chem cally synthesized
pol ypeptROGROD SBCOMRASSING & HRIP AgH! SepNenceBRYIpe ghmalp atidatResiion d8Pat i on
met hods theu@RIRiR E{@ggi%@q STLA4 mutant nol ecul es. The nature and degree of
isolation w'll” depend on tae source and the intended use of the isolated
nol ecul es. 30 CTLA4 nmutant nol ecul es and fragnents or derivatives thereof,
can be odyced by re i nant et hods. Accordjngly, an isolated nucleotide
sequencggpéﬁgffaﬂ%gﬁw §o§1fﬂ;lq§dﬂla%4 myigntopiolpsles GCHE USaPD GmpHiting el ecul es
may be rpmikRMl etredt quBlided e it A0 |18G1dsn [

sequences t hat encodeqtheeCTLA4lrn. }l:taia%tﬁe L%SF%?E#%ESN% CLSF@[sh o

exanpl e,lgChbmoiatiee fised ¢o Sequeneced € TeAGMgneentshhe CTLA4 nut ant nol ecul es may
be gﬁnerat ed by sitedirected nutagenesis methods, using prinmers and PCR
anpli'fication. The prinmers can 5 include specific sequences designed to

I ntroducg Sérﬁ@éh'fﬁ%t?tﬂlleo Qﬁubl@léﬁafgﬁ&ﬁu\fﬁhymolteaﬁey CodRfise %@11 bf%se%et%' ned to

i ncl ude random zed or "sen ~I-r andon zed sequences O T gduc® Endlom

mut at i onSTL A4 drepatentt compribing antingletsite dautalidd oh gledleRfiace@hlanide@ainA Tapor at o~y
Mas7ual , 2"d %gqiati on,. Sognbr ook, Fritch, and Maniatis 1989, Cold, Spring

Har bor PrEaesliulas Aopegin (of (hHefd gomprisessmethiqring atpositons o3, thypgh @

enpl oyed,.fphr bQigsnanaLi ' at- it P i.des
encodi ng CCT LA: %ﬁ?‘gnt@%é%p?g%hz@' m{e%g?)ﬁgdgﬁ%w%bﬁﬂ%fluogletégp aﬁ%gglﬁti cal
conp@dsi tdoomsist atanireeatipositioa -trthatugk akpafic aoitun @osiyich enp4iGeaBRMre2IPr i si ng
phar maceutical | y. ef fecti ve apount f sol uble CTLA4 15 nol ecules., In

cert ai neéé??ﬁwg? 1aglessyie muyiaHame l%rj‘é‘fee'il?F (fP’Lsf%‘éi@ésW}éﬁr@n (Faei{exciag apposition

CD28/ CTLAYABY chadbed RCddyYiser % j.ubl e CTLA4 nol ecul es are preferably

sol ubl e CTLA4CrmFecuI gg vvltﬁ \}\n ﬁype sequence and/or soluble CTLA4 -

nol ecul es having one or nore nmutations in the extracellular domain of

CTLAA. The-pharfeceutteal—econposiiionrean—-hetude—soluble—CH-Ad—protein
mol ecul e%“%'ﬁ'cfﬁ&m‘htﬂet'ei ¢ acid 20 nol eddf n AABESr vectors encodi Eg the

mol ecul |gS.04EfL PT €f erred embodi ment s, 1t pyoe EA4 o ecutes—ave t he
am no dcid sggquence of the extracellul gﬁu%%ﬁ%?éﬁgg#%rLA4 as shown injeither
Figureg [2048Fg | 9 (CTLA4lg or L | O4EAZQMne A€Bpectively). Even nore

* pref era%y—,—l—he—sgl—ubl—%CLLAA_m;t_am‘ polecule s L104EA29Yl g as disc|osed
her ei n.| W8 Tonposi ti ons may addi ti onallibyeaning 466 ot her therapeutic agents,
i ncl udiWi mtedto—h ug z‘\tlgrﬁinéla’C(?”Ly”cb’ antitbodies—or

conjuggtes.
L104Wlg Tryptophan TGG

L104Qlg Glutamine CAG
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As is standard practice in the art, pharnmaceutical conpositions, conprising
the nol ecul es of the invention adm xed with an acceptable carrier or

adj uvant wo @h2észs known to those of shill of the art, are grnaodehos The
pharmaceutical conpositions preferably include 30 suitable cai Tiers and

adj uvants whi ch include any material which when conbined with the nol ecul e
of the invention (e.g., a soluble CTLA4 nol ecul e, such as, CTLA4lg or 31
WO U2/ 02638 PCT/ US01/212U-t L 104EA29Y) retains the nolecule's activity and
is non-r eactive with the subj ect's inmmune system These caiTiers and

adj uvan“mﬁdﬁtﬁﬁ%ﬁw%%
. alum num’'s eargate, lecithin, serum prot e/ (ch as human serum al byni n,

buf fer subsirgces such as phosphat es, OAY&hiRE CCRPT DT C acid,potassiu
sorbatel 5 partial glyceride mxtures jof saturated_vegetable fatty adgids,
. phosphat E1#AflEer ed sal i ne sol ution, wa}@hcie@G6i ons (e.g. oil/water
enul si onj7—satts—or—etectrolytes—suech—as—proetam-ne—sulfate—disodium
hydr ogen phosphat e, potassi um hydrogen phosphate, sodium chloride, zinc
salts, cBlitiirdéle Hivbhifen prERRE Shiiahi Mofdclies HaFingPRleYakia¥d 1! dphdidofe.

cel | ul ose- based substances and pol yet hyl ene glycol. Qher carriers nay also
i ncl ude dL4devith éwe muiaticnasfusadatolastlg Cyil modiat)i Mixacpddsadciudbihetfsllawihg

capsul es i gal .such car.riers, contain excipients such.as starch, mlls,
sugar (ewag%gnug}eo%é?m%laﬁé’%’ on rJﬁ%ﬁft d3 égl?ng@@rt? AnAthel gmin, peid | (8¢, shamici n,
steary c adilhr@rthé plytielabfos2in + TBIARSEHR KpoSRHoA H2YNthe LG AhSat Joditin
vegetable_fats or oils, guns, glycols, or other known excipients. Such
carri er sTHh9r e glaningeat pewtion H34bis chanized 66 any eitieli aniinescidr ot her i ngr edi ent s.
Composi tions conprising such 15 carriers are formulated by well known
conventional nethods. Such conpositions nmay al so be fornmulated within

vari ous| DopbR-sie @&ints; ons, such as, f%omn%e: [T pPOSONMES as Wel'T—as in
vari OUS‘W“ c—conmpositions,  such as polynmer 'mcrospheres. || ~ethadr 20
The i nvehtQBE195618 des net hods for regquthenylalpningickG onal CTLA4- and (D28-

positiv =T acttons—wth—B7postti-ve—gcells—Fhe—rethods—econprise
cont act ntﬁq%ldéygl{gsi tive cells with a PFQBF%P EGE}A4 mol ecul e of the

i nvent i o1 GE@D5L.8; T or m sol ubl € CTLAAT BT CPRRITEXES, (e COonplexes
interfeping with reaction of an_endoggnous LA4 25 and/or CD28 nol equl e

with a B710A5S36RIE. The present i nvent|iAmimhs6GE ovi des met hods for

£ bt At T Aall danl etion in
A \% A2 LEDA=2 LI~ i § T

i nhi bi t g-Eoelt—funret+on—but—nrot—F—gell—dep n—a-human-by |

cont act #1504&;\3‘9{8@“ ve cells in the hur@ﬁc%?ﬁg% sol ubl e CTLA4. Exanpl es of
sol ubl e Clli4#r3pRes ude CTLAATg and sol UD/}% éaghﬁét rant—30 ot ecute el g.
L104EA, PGYl g 32 ° WO 02/ 02G38 PCI/ USQL/2136-4 The present invention
furt her| bIONBAROY Iget hods for treating |iTymosiee X3t em di seases such as
r heumat e—gt-seases—the—rethods—conprise—admpisteri-ng-a-therapeutic
conposi t#lo%lﬁ@@irﬁl sing sol uble CTLA4 HEUEBEITdS of the i nvent i on, tola
subj ect| 1 s @ppint effective to refl o t—ome—of —thesynptons
associated wt hq?%lrrune system di seases%e&ﬁné AET -

L104EA29WIg Tryptophan TGG

o Further still, the invention provides mutant molecules having the extracellular domain of
10 CTLA4 comprising three mutations, fused to an Ig Cyl moiety. Examples include the
following wherein the leucine at position +104 is changed to another amino acid (e.g..
glutamic acid), the alanine at position +29 is changed to another amino acid (e.g.

tyrosine) and the serine at position +25 is changed to another amino acid:

Triple-site Mutants: Codon changes:
L104EA29YS25Klig Lysine AAA
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5 Additionally, the invention may provide |ong-termtherapy for inmune
system di seases by bl ocking the T-cell/B7-positive cell interactions,

t her eby blyerdeloagssT- cel | stimulation by co-stinulatory si grlftlﬁus%%ﬁo@S B7
binding to CD28, leading to induction of T-cell anergy or tolerance. |nmune
system di seases include, but are not limted to, autoinmune di seases,

i mmunoproliferative diseases, and graft-rel ated di sorders. Exanpl es of

graft 10 rel ated di seases include graft versus host disease (GVHD) (e.g.,
such as may result from bone marrow transpl antation, or in the induction of

tol eran 'M orders—assoctate i .
51{1?
. rejection, C%I’Oﬂl C refection, and tiss Jéy%?e all o- or xenografts,

i ncl udi n@lGﬁDEAlD‘DSm skin, Tslets, MASElRsine AQRAT OCYT €S, NEUrons:
Exanpl e$—of i nmunopra iferative di seasks inc ude, but are not limted to,

. psori asi élOﬁE%%?YSQ.@UEyrrphorm, T cel | hAungivineyiGiBobl asti c | eukeni a;
t est i cul-ar—angrocent+rt+c—TF—ceH—tyrphora—bent-gh—tyrpheeytic—angiitis; |l and
aut oi nmmune di seases such as lupus (e.g., |upus erythematosus, |upus

nephriti SplublasiLmat Sutank hysied st ndy Havk rﬁa{lﬂlc‘ﬂoﬁ%ﬁﬁﬁj@ HBid %ﬁg@%\l’hi&j pease,
per ni ci oy a, autoi nmune atrophic g ritis, Addison i sease,
g

di abet es C(Céteaeber‘ﬁ%em the Byt @eritondansbibe dg pestion of the mylseule. ditebjenesson
mel 1itisgminghe odp turessndro

nyast heni Pa gr a\llcll gaﬁb@%iﬁglﬁlé %C@o c%&dg?%glg i‘é rﬁ%ﬁnrﬁea

aut oi fmuingrodueridtysnolenilti @i chemidat sy@shesis xﬁahmsrmm lﬂmryt I C anem a,

i di opat hi c thronbocytopenia, primacy biliary cirrhosis, chronic action
hepatitis, ulceratis colitis, Sjogren's syndrone, rheunati c diseases (e.g.,

rheumat o : S d nm xed.conpnect

 eurt e g4 bR YA R RGBT PR S ol e,

i nhi bi t osegupmcepimked msthe IN-iintinal ddddetheondictldasiontl 6f the CHLA B RS | ve
racti qns nple T cell B cel'l interactions, are occurring as

cell int
a result ﬁlﬁflnlg%tn&%lPC@%t %%ﬁg’iﬂ 1 peptide can depny seBienge tbatowill lsennmsn@ctr@ of
i ntrogluced dadthiddm i r e B .
50 co 15 oy AtnBRLAE hERabE e Rehalsoils BOY' e FaSiEM Pualiple 3o IRy
i nt er act Moes. €& it ﬁg284ﬁ-28é@),| ba€D6 (Janies, INTHI e all, 69RO NaRse 333‘3346 y@)Q%/ 021 38
PCT/ USOl{ 2120 1 TE nvention g’ﬁiﬁw des. met hods for dov-~ ~nr egul ati ng i mune
response%1 SRRk Pep ‘g‘iﬁf%.aaﬁeﬁfac ARIRIRE- r esponse by the sol uble CTLA4
nol ecul es of the invention nay be by way of inhibiting or blocking an
i mrune response already in progress or may involve

The invention provides soluble CTLA4 mutant molecules comprising a single-site

15  mutation in the extracellular domain of CTLA4 such as L1 04Elg (as included in Figure
18) or L1048Ig, wherein L104Elg and 1.104SIg are mutated in their CTLA4 sequences So
that leucine at position +104 is substituted with glutamic acid or serine, respectively. The
single-site mutant molecules further include CTLA4 portions encompassing methionine
at position +1 through aspartic acid at position +124, a junction amino acid residue

20 glutamine at position +125, and an immunoglobulin portion encompassing glutamic acid
at position -+126 through lysine at position +357. The immunoglobulin portion of the
mutant moleculé may also be mutated so that the cysteines at positions +130, +136, and
+139 are substituted with serine, and the proline at position +148 is substituted with
serine. Alternatively, the single-site soluble CTLA4 mutant rpolecule may have a

25  CTLA4 portion encompassing alanine at pbsition -1 through aspartic acid at position
+124.

The invention provides soluble CTLA4 mutant molecules comprising a double-site
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5 preventing the induction of an inmune response. The sol uble CTLA4
nol ecul es of the invention may inhibit the functions of activated T cells,

such as Twoysphessyte proliferation and cytokine secretion,pdiyusdpplogssing T
cell responses or by inducing specific tolerance in T cells, or both.

Further, the soluble CTLA4 nol ecules of this invention, interfering with
the CTLA4/ CD28/ B7 pathway nmay inhibit T-cell proliferation 10 and/or
cytoki ne secretion, and thus result in reduced tissue destruction and

i nduction of -T-cell unresponsiveness or anergy. A prefetTed enbodi nent of

- L10aEns LRl SR LAGRAE hmhlo Rt S s B ARV L 0ot
i nt er act L HHEAROTH &7LpaH AW o¢ @lhbin lecihE @aFoéifmJ neos yssm%tq{eae@ﬁ?g such

as rheurizatic di }gﬁses .and/or ' to downregul até i mune responses. Th
. L104EA2 98¢ apifend faning ahposition 29 smhengsl tndyrasinanteusint abreosine ampr i si ng

at | east 1.oa:.a6l d C ge | euci gl ! cid (B
at posi ttir%mn&)ﬁf\ga géngggét%hvggjal anihf?;lg (%ﬁlu‘%ngg% y(r?((g){si Egoéﬂﬁ?;zgtéﬁghgﬁ@ﬁ%ﬁ% on
+29. SThel 104EB2ERRIMdL M BAAIVE] g[rBtyirt 18 o0 mRAlESnihel bt Peditiot BhiPARIREYARD 20
the two specified heregin. A prefewed enbodi nent includes methods for
treating” 3¢ RbiAINEPT c+3dﬁgs Phlea signah (leadsn) eptidoisenusned arg includedyin the

adm ni stRphdHdeARs tig I : e Dl.£C to,a subject.
Adm ni str gti on of ?giﬁngl? gﬁ%‘?%q‘g%:}fﬁ%ﬁe g?%ﬂ’ie @t@ﬁ‘g@g{lﬁcﬁﬁaﬁ%g@eﬁ%ﬁ,

t her eby B8herr epmprisen§ Hed goktiest erebmphssirga sietidosinefat t fitkymnPl aifough

associated with the di.se i ncl udi ng, reduci ng; joint swelling, |oint

t endern eagg?%\flc Af ﬁda%?%“% qﬁ%r HRgte Prflfq?eascéd,c 1 eé%ige Shtaming 4 pPeYtier T {25!
dandage safdsa0ueRthoLlSRATEASHBE b ' hsabi! i thesindhe-19Rt of the
i nvention al so ma:y e useg&‘tuo r%tgﬁg%?glcgggsa?ﬁ%%&ems%%Flg-rxﬁna?ggélﬁ%éﬁgla W th

r heunat dy#n& At pesiians+33%hc Thelimmuneglobilimgpetiph lof dey metane dioteenleahaphiss at es,
serum | qye f, C-reactive 30 protej.n, ubl e | CAM sol ybl.e E-selectin
andl or <X ‘hﬁﬁa{e)edi 70 AP i cSteligs 3 pagtiais %@Pﬁ lﬁég@/aé@z’d%? aih g oiptad wish

synpt omsegthé, ehdrheYrsla 2YpdshBnPr RSERsubNeRY e 5%‘{;5 be §ﬂ Lng any
of the accepted cr:pteri a gpstabl i shed tSo measure{han 8'0(;%1%%%“’% frf)}#%% relief
in a climyieaimeleetlenen have et Hbd e pertion en¢aniassingelasine iahgosityorpt ahvough i ef rmay
i nclyyde 09 . L. an e criteria established by the American Col | ege
of eur?%ﬁ%fgg%}g?gﬁ%}tfo% 5 20), the four nmeasures of synptomrelief (in:
"CDER Cuideline for the Cinical Evaluation of Anti-Inflammtory and

Ant i rheglmiti ¢ Drugs-FDA 1988), and the Health Assessnent Questionnaire
(HAQ ( Pricetvention provadesygoluble s8ThA4 omuRing umzletudéso gympPridis® 20 dpublEsite a

Devel opron i Buno B elechite Boflis b S BB G oateg) DAL the ™
Tr eat mennd 61 04BG Rtk dgavisrein Aeidivd dti gsitiBAH104 ke ubsafved SRR a glutamic acid
20 and glycine at position +105 is substituted with phenylalanine, tryptophan and leucine,
respectively. The double-site mutant molecules further comprise CTLA4 portions
encompassing methionine at position +1 through aspartic acid at position +124, a
junction amino acid residue glutamine at position +125, and an immunoglobulin portion
encompassing glutamic acid at position +126 through lysine at position +357. The
25  immunoglobulin portion of the may also be mutated, so that the cysteines at positions
+130, +136, and +139 are substituted with serine, and the proline at position +148 is
substituted with serine. Alternatively, these mutant molecules can have a CTLA4 portion

encompassing alanine at position -1 through aspartic acid at position +124.

30  The invention provides L104ES25RIg which is a double-site mutant molecule including a

CTLA4 portion encompassing methionine at position +1 through aspartic acid at position
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The subj ects treated by the present invention include mammalian subj ects,
i ncl udi ng, human, nonkey, ape, dog, cat, cow, horse, rabbit, nouse and rat.
15 The pr@geoatagvention provides various nmethods, |ocal GesygisMee. for
adm ni stering the soluble CTLA4 nol ecul e. The nethods include 1 ntr avenous,
i ntramuscul ar, intraperitoneal, oral, inhalation and subcutaneous nethods,
as well as inplantable punp, continuous infusion, gene therapy, |iposones,
suppositories, topical contact, vesicles, capsules and injection nethods.
The therapeutic agent, conpounded with a carrier, is 20 commonly

| yophi | i f tara and is.reconstituted wt ter. or a buffered
, sgl 3t ,; 011;.\??\%‘6 ﬁ(}%“%&ﬁt@gﬁ" Sﬂg(ré%%‘iﬁ éb@“ﬁﬂsﬁ%,?&?l&% +E?+¥Y%n§)thep rnnapnéj%obuhn
adm ni st patiowsncofifabinSplaneas.deid hesdsitid 4106 tRSusd %ysinf‘: Eﬁ?&‘(ﬁm‘lﬁiﬁ' ofg of the
y pha

invention may be administered to the subject in a maceut| cally
. accept abP@tieRhaxingthe extraeellplay derainwf CHLiAeis proated setheff setihe af pogitiohi+a8, t he

met hods i .0l rj to a.subj. e he | ubl e. A4 ol ecul es of
the i nvent purags A PUELE el b iad A1 b P L Pt temiiotions. i ¢ h
B7- pdsi t Altemetivdly. LTMESBRIQStAn Hgvec @l CTIA poRlndeh&inistiny MMa@hE egti ve
armount of the o%%sle CTLA4 ol ecul es of the invention, or %iagrrents or 30
der i vat | RELIPE Augpeh aspagic aci atgiopitientiBée CTLAA4/ B7 conpl exes. The

conpl exes interfere with interacti on between endogenous CTLA4 and CD28

mol ecules with B7 famly 35 WO U2/02638 nol ecul es. PCT/U S01 /2120 The
sol ubl e TR Mavenbbe qubedesrayluble GdA4 atueane dnblecides Ubmptink N AduBleRMAt and

for atine (e.g. length of time and/or multiple times) sufficient to bl ock
endogencQ¥taEon 51%‘]?’808?‘E§041Pi§ﬁ1 gemainn @it KdiliA4: e sprdictasy L 10AEEMYSIE jandt he
subjjecty,i(BETSHR ! Je N el rely. I nhi biting
interactions bet %éﬁ{eb@g@gﬁ’?%@"%"{‘ ggg\n&&%%%gn‘gﬁra R pAd apdy e

cel | s. Dbsagmedtt pasitioerefeistsubstiged twitls gigeine rid nispaagie, Faspot R O

i ncludin ut. not Jlimted 10 tq, the t%’ge of tisguﬁeghg?fectced@}ihe_ %ype of
aut oi m‘rucgjé‘b&’ U JBURE n‘ﬁ‘ofef’éﬁf eg’,”htehec‘_%‘éla%ﬁ tTlefd ¢ pertisns e saempessinn] ect ' s
heal t h afethiREROARstRNt-NeH&RAL ABIHic %iﬁ%hﬂ%}gﬁi@g anbs: 5 @gq%ﬁéig g&g{&’ acifosages

of the agents can vary depending on eac e and t
adni ni stiegifoglutinimnesal pobitioCTHIRS, rapt eamIimmumglobeliracjmsﬁiﬂrsfeﬂdf@@dsﬂn%n
l'y

t b 1 t0 200 gyl ight of th i ent/day, preferz
bt waen BYaG G % HpoEony) B thugh ke ol o od hertimBageBut he use
of the cuomasbf teNGudht hidgecuRVRRY 2RD HeOLBhRAr syl 1ot ?ﬁ'@ei}?&az{trcﬁ%gﬁfﬂhg cal

agents to treat immune system diseases. For éxanple eunatic di seases nay
be t r eat®@ddOwit 36, rasidet1d%are slubstitateil rwiensérine, and denpotios iabpositibh +120 ibut not

(vt i eceneurbBE AL RRE APl T S5 B Rian aies CALAIRBH ne.
met hot rematblﬁp{{sﬁngldmmgﬁﬁﬁb@r I, thtdligh a6 adi§ 8ChdshfonBYNOSUPPT €SSi on”
pag 1264-1276), TNFa, bl ockers or antagonists (New Engl and Journal of

Medi“Ci ne, vol. 340: 253-259, 1999; The Lancet vol. 354: 1932-39, 1999,
Sgent tarcelrsehg LR Ao CTE N RSRbSR crBr i A Rt ory
dr ugs/ Comutatiomhinbither extraoyitiniax yioblai osfUi CTELASUIsBER SR az0RERROes2gold salts,
oo ol | SAEABRE N bR Ranis Wheleeiearinbet bostion 1 0Kgs perBAELY a. | b,
g: g]‘ 'Oéf‘cmglfh RERIANIE acll hRXARGE PAGHAY HPEMhddG0 tﬁgﬁhé had S-A0% gcr)sit(laénh er
25 +25 is changed to lysine, asparagine and arginine, respectively. The triple-site mutant
molecules further comprise CTLA4 portions encompassing metﬁionine at position +1
through aspartic acid at position +124, a junction amino acid residue glutamine at
position +125, and an immunoglobulin portion encompassing glutamic acid at position
+126 through lysine at position +357. The immunoglobulin portion of the mutant
30  molecule may also be mutated, so that the cysteines at positions +130, +136, and +139

are substituted with serine, and the proline at position +148 is substituted with serine.
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30 36 WD (12/02G38 PCT/ USO1/ 2120~ . mAbs; L104EA29YI g and CD28 mAbs;
L104EA29YI g, CD80 and CD86 mAbs, and gp39 mAbs; L104EA29YI g, CD80 and CD86

mAbs and lHdadRs; and L104EA29Yl g, anti-LFAL mAb, and arpdfwgglﬁb. A
specific exanple.of a gp39 mAb is MRL. O her conbi nations WI|/ be readily

appreci ated and understood by persons 5 skilled in the art. The sol uble
CTLA4 nol ecul es of the invention, for exanple L104EA29YIg, may be

adm nister ed as the sole active ingredient or together with other drugs in
i mmunonodul ating regimens or other anti-inflammatory agents e.g. for the

treat nen X revention of .al so- or xen aft acute or chronic rejection
. or infl aEr?n%Ig 8?186127 535 B, Héﬂ%‘ﬁuieércalé#“éYe BMLAA PoftieR CheTaRasHas almine |
exanpl e, af gositiy -Dehrdegidadpartieaidi Axoki@bn WiH a cal cineurin inhibitor, e.g.
cycl osporin A or FK506; an i mrunosSuppressive nacrolide, e.g. rapanycine or
. a derivative thereof; e.g. 40-0O (2hydroxy)ethyl-rapamycin, a |ynphocyte

hom ng a : ) ) Ol an al hereof; 15 corticdsterojds;.

cycl ophoggﬁglr?lnae%mgz@g %\%%Spré%eml eth@ﬁ"é%af@,?anlt eROlfiBles qme I4¢ a i @#AIcog

t her ebf ; CTLAL/CDR S omalepap hanait hold&iles thay BRRKERP|(BLen R il 4 1904 J
15-deoxyzper% aline or an anal og thereof; imunosuppressive nphiocl onal
ant i bodi && Medd 80: 204830 8h aExamplepefithess ehimprie CTENIECPEE eptant spolecules, MHC,

T3, | ok R A u v 5 554 Ml #R7 e EsooRSTpetE
i Mmunonod&l Aty 13 aup®LhdsS. patent nGilibAds,CMRB53)g, or ot her adhesion nol ecul e

inhibitors, e.g. mAbs or | ow nolecul ar weight inhibitors including LFA-1
ant agoni sts, Selectin antagonists and VLA-4 antagonists. The conpound is

par t {®ul peketred s8Bddir j i i n hat interferes wth

CD10 G e Gihee B e osBin 8t BT A aleb P b SCRHE L 2

Wier e t h@ssbbwblie KifwaL4nstating aphethibsise af pbiifon RIedid amidy 8t BaHeNtst er ed
/pi nmunonodul atory or

D, £orL RSkl en 0 N L TpOSUERL €3S, NEll IuoTa sl 0Tk o e e
o S IR LA L DT AT
e.g. wheluber provides awuskedr aiid moleaulayadnsising tuclanide Rqsmeed Eicodipltic
gg’.}} @é%clia}lﬁg (?tgpde se%gglgcieg icgges%%ingl]i%g ttcr) %ﬁé goqutﬁg %TSL?ALI glrotle@iﬂeg%f thevgvgr?t/i(?nz.( 38
In one embodiment, the nucleic acid molecule is a DNA (e.g., cDNA) or a hybrid thereof.
DNA encoding CTLA4Ig (Figure 24) was deposited on May 31, 1991with the American
Type Culture Collection (ATCC), 10801 University Blvd., Manassas, VA 201i0—2209
and has been accorded ATCC accession number .ATCC 68629. DNA encoding |

20 L104EA29¥Ig (sequence included in Figure 19) was deposited on June 19, 2000 with

ATCC and has been accorded ATCC accession number PTA-2104. 'Alternatively, the

nucleic acid molecules are RNA or a hybrid thereof.

Additionally, the invention provides a vector, which comprises the nucleotide sequences
25  of the invention. Examples of expression vectors for include, but are not limited to,
vectors for mammalian host cells (e.g., BPV-1, pHyg, pRSV, pSV2, pTK2 (Maniatis);
PIRES (Clontech); pRc/CMV2, pRe/RSV, pSFV1 (Life Technologies); pVPakc Vectors,
pCMV vectors, pSG5 vectors (S‘gratagene)), retroviral vectors (e.g., pFB vectors
(Stratagene)), pCDNA-3 (Invitrogen) or modified forms thereof, adenoviral vectors;
30 adeno-associated virus vectors, baculovirus vectors, yeast vectors (e.g., pESC vectors

(Stratagene)).
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In accordance with the foregoing the present invention provides in a yet
further aspect nethods as defined above conprising co-admnistration, e.g.
concomi t agyfd da/026381 N sequence, of a therapeutically effectipeggdmpdidosOf

sol ubl e CTLA4 nol ecul es of the 5 invention, e.g. CILA4l g and/or
L104EA29YIg, in free formor in pharmaceutically acceptable salt form and
a second drug substance, said second drug substance being an

i mm ul osuppressant, i mmunonodul atory or anti-inflamatory drug, e.g. as

i ndi cat ed above. Further provided are therapeutic conbinations, e.g. a kit,
e.g. for use in any nmethod as defined above, conprising a soluble CTLA4

. molecule, in free formor in 10 pharmaceutically acceptable salt form to

be used chmhosvecRR skt isialkoSHEAABEE T‘M:thhsta\tec{ §te19 ﬁém%e\}érc{o(f‘%l
conposi t| n,conprising an i m‘runosugpr essant , noer at ory

. anti -i nf ITBHYEBESR Wya)gpitablrehast elhm xmmlm Dﬁsuiahbtlroﬂttallsnsclﬁdﬁ but sre not

admi ni str n t i des tho f.or praduci.ng the
sol ubl e Clifli'{lk% it aﬁtﬂ-ﬁ}ﬁolg\ég élﬁ)cggﬁhguqeg g0 @Fﬁ/é’ﬁﬁl M PE BF%&ér B of
sol ubbe (ﬁftehﬁonueramryoml atld| 26 at@ansi@bienhddt QKRY. Y MxlafmpB! dSelaryRk gt i C
cells. . okar ot e rqrrﬁst frequently are represented by vari‘ous strains

of bact erlfl%lu °TAY BR&} yhethay PRI gF Anmerslizedy geast (‘agg deve.

T |l CIh
 or obi ol St P SCAR R, bbb et oSt g MBI oEl POt Tt ant

nol ecul esCQ&nmbé?H@rselds ad dxaimpled of animdl dis than ety hRruseX B 8684, NBafiRLRE IN
sequencem(g&%oka c cells . such as_E.. coli )Il'hese vectors can incl ude

comonl y oPHicAre Bt ]r‘laite‘séfq%@hﬂﬁmcﬁ las 4 9% Some fchHelmlgs. t 0

i ncl ude 1555 f t n
ol At T, RoUSCAaSy R 4 AR CRLSY A SE
commonl y WdeflprOiotkt sTeafDn leell bamaé(ﬂam‘edr)a%@ RieRipfated IBEKET $8UB0BASt OSe

I h
Lyt ophaiat vy PG PR TEch CBiskdans 13 LEEINC, Conawma. KD slanat i ds

bi nd ﬁg“S?F?eM%S“%%E?%E?‘?%EO RIS il OREE B3 alt SRR 588K

02/ 02638 VadFhinsAUK2.1 20d RrR@H;@KéxcpnsmtednErzaaco@somnD @@ AMIR;, nSdligBeryor i gi ns
| bl e nark ch as a a-| act anmase or neonycin

phos pr’k:ot S’gltrllsﬁeer’a ) ?ﬁ‘g Ay 4t eg ?é‘s‘il ea?‘?é%ccpd“g’ﬁiq Biagtsi edll cyléurenax tnyhe

vectors ecaliusy,@pt, @@ﬁﬁaﬁ rhnaaﬁk%él'lsa oM, §o§/béa% fide %sttzl}@ afRb 3 JE]';]J%%I can be

sel ected for when gl' ONl 111 the presence of antibiotics,
anpicillin or 5 kananycrn The expression plasmd can be |ntroduced into

rokaryo f standard t hods ncl udi but . not

Pr ok okhe CALLE iy SpUBRUEL by Gl SLANR BalTR "Rl AIARRT B

and Sambpalggeptideslor frogtkny)sourcBiRaiet Atufel @gﬂtﬁéhc &éxhas?%atl@&ymé@rﬂu%p 10
and e

2nd ition, Cold Spring Harbor Press, (19 ectroporation
accof¥andeCainglyy H@e &He’ﬁ dauteyt mﬁ@qphd@mqlmleSemhxdneymlatcdcal hatuaile- al so

sui tabl e Elﬂ?ﬁ tic cells i.n de an animl cell,
whet her Brr mgﬂg&eﬁ?sm%ﬁ}%fg%e es ﬁ%@g ul%fr énam‘sﬁééaé*hé?%%y%?ox el ¥fae,

Schi zosapahbep ngmtrm}: mquhxe aﬁddpréferaﬁﬂlﬁ HumaBas tAferSakive BN AP | QI AL §hlihint

Mel oma, ells are exanpl es of ani mal cel s that may be used as

hosts. PBY? @%?%Semmé b¢ ielargleas neeambipant m@typblvtrdes dlaht tare, exp@Bded Bhasm

et la., n 555- kekar 1997

Bi ocheni él?’%g‘y §%rqr5 5%?83%&)9&11% %&atf(%s mc Sy’é ?lzféi@l%fpﬁ%? On cel |l
| i ne2Y d ont ech), CHO desi gnat ed ECACC 85050302 (CAVMR, Salisbury, WIltshire,
UK) , mlp one 13 C;EI Genova, |T), Cl-10clone B (GEl M5 Genova,

1 T), lled grtisgn 3 cEpiociases) sotrtigromekods ekisn rlgolatw CtTmélf e,

" UK), and CHEEL Aesi | i hi re
UK) . Exenrrrglaa]r y pl g%tg ce fﬁsaﬁ?% Er%gggrgggggséléﬁ v\,hg’glﬁ/eIé §§ ‘%nt é'll'rf3 ‘ﬁ

cal | us) , intesded useftiesinolaad thalécnkescel | s. Corn, soybean and rice seeds are

" al so acceptable. 25 Nucleic acid sequences encodi ng the CTLA4 nut ant
nol ecul es can al so be inserted into a vector designed for expressing

foreym@n egguan i Kk S oI¥1] P enent s
vect or can l\z}grgﬁgdgtt:grrl ?cngéét%{c%/ﬁ%é%g’?t?r%u %Q%téﬁ a{rﬁf%t ?cé’(an1 b? 94%}“ Eﬁrﬂ%nl y

used eukwrywbinenicmathodd. Aecprdingls ah dolatednidlecid [SEQEINGE eI WildBgeude
pronoters and control sequences' conpatible with mamalian cells such as,
for exanple,
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40 WO 02/ 02138 PCT/ USOL/ 2120-4 CW pronoter (CDMB vector) and avi an

sarcoma virus (ASV) (~LN vector). Qher commonly used pronoters include the

early andwodmreggonoters from Siman Virus 40 (SV40) (Fi erp%_T/@ggl/?hm (1973)

Nature 273:113), or other viral pronoters such as those derive rom

pol yoma, Adenovirus 2, and bovine papilloma virus. An inducible 5 pronoter,

such as hMIl| (Kahn, et al., (1982) Nature 299:797-802) may al so be used.

Vectors for expressing CTLA4 mutant nol ecul es in eukaiyotes may also cai Ty

sequences cal | ed enhancer regions. These -ar edi nport ant IP ?Etl m. zi ntg gene
expr essi py: d_are found either sfream qgr downstream of the pronoter

, regi on. %g L%%a%feggleﬁfnaé'x]ﬁer E’sa&pb%%?f{e& H‘rt@%f“%f-’r n@iﬂ@é’%d@?‘é“%éﬁ naelpgtide

i ncl ude, sdyubndds @hitOkndolddith€ C 1IN 4 HRahRT Sﬁolmlpﬁd i@ E??%xé@%m%e- g,

BPV-1, pHyg, pRSV, pSV2, pTK2 (Maniatis); pIrRES ontech); p ,

. pRc/ RSV, It de sequeneesTencodivigale E5)LAJpWREdNE Madertites smayplEVieneeateb b siteSCS

vectors rerprqviral vectors ( ., pEB vectaors 15
(Strat agglgée#% ﬂl%%%ﬁg&%s§§~m€{hﬁa?’tl}sg§eW)‘m81rs ar?goll? qllg é‘Hl_pI%gF?FEmt hﬁ‘eeB‘fnPe&d‘@ﬁovi ral
vect of s; indtiEa Gpesi S0 Geqicpdesy ddsihed 86 ti@ﬁéducéafekﬁéavmht&%ioﬂ@c%Q{e&aﬁmg?{h&)’reﬁ ors
(e.g., pESC vectors g tratagene)). Nucleic acid sequences encodi hg LA4
nut ant nBIUBEL| €& dgndesignedr Bt dndlyreo randlonaedg en ermi-tindpmézedu keauyindes ﬁtohost
cel | and; ' S . host . |.icate | t.ernatively, the vector
carryi nglr%r'lﬁﬁ%fc?rf%]te an n{r'flllf)%ﬁlé)ggl e%t&g%gﬁrggéoﬁgqlﬂa _HP%P?{@ Q@Olig%lf”f ?’lé%l’?l% gl | owi ng
for extraekratwns ddwiual P @hitiérg rSanftabole XPiiteRS hit) MAHatRUCHS, CAei Shragquences
the origin of 25 replication fromthe

endogenoNEwyb LeeshEC FCR chuoiofy (s 81 Bageir oot GEbUS)(BhOHIPIOIEBEY Nt h

Enz.1g 01; ; : lyvel s he Yy . ge capabl e of
o ot i Rt L SRS (OB F BT Dol bd s g TS B o
et al., pdgplidddat ure 282:39); Tschenper et al., .(1980) Gene 10:157; and
Clarke et al., (1983) Meth. Enz. 101:300). . 30 41

The invention includes pharmaceutical compositions for use in the treatment of immune

system diseases comprising pharmaceutically effective amounts of soluble CTLA4

15 molecules. In certain embodiments, the immune system diseases are mediated by
CD28/CTLA4/B7 interactions. The soluble CTLA4 molecules are preferably soluble °

CTLA4 molecules with wildtype sequence and/or soluble CTLA4 molecules having one

or more mutations in the extracellular domain of CTLA4. The pharmaceutical

_composition can include soluble CTLA4 protein molecules and/or nucleic acid

20 molecules, and/or vectors encoding the molecules. In preferred embodiments, the soluEle

CTLA4 molecules have the amino acid sequence of the extracellular domain of CTLA4

 as shown in either F igures 24 or 19 (CTLA4Ig or L104EA29Y, respectively). Even more

preferably, the soluble CTLA4 mutant molecule is L104EA29YIg as disclosed herein.

The compositions may additionally include other therapeutic agents, including, but not

25 limited to, drug toxins, enzymes, antibodies, or conjugates.

As is standard practice in the art, pharmaceutical compositions, comprising the molecules
of the invention admixed with an acceptable carrier or adjuvant which is known to those
of skill of the art, are provided. The pharmaceutical compositions preferably include
30 suitable carriers and adjuvants which include any material which when combined with.

the molecule of the invention (e.g., a soluble CTLA4 molecule, such as, CTLA4Ig or
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WO 02/ 021 38 PCT/ USOL/ 2120-1 Transcriptional control sequences for yeast
vectors include pronoters for the synthesis of glycolytic enzynes. (Hess et

al ., (196@)o eh/26sdv. Enzyne Red. 7:149; Holland et alL, ( 19%@E)u®ipsegm stry
| 7:4900). Additional pronoters known in the art include the CW pronoter

provided in the CDMB vector (Toyama and Ckayama, (1990) FEBS 268: 217 5
221); the pronoter for 3-phosphoglycerate kinase (H tzenman et al., (1980)
J. Biol. Chem 255:2073), and those for other glycolytic enzynes. O her
pronoters are induci ble because they can be regul ated by environnental

stimuli rowt h, medium of the cells, These inducible pronoters
. include E}%szeA%drq’ﬁm%ttﬂgs r1][86 g‘&ﬂlggul?ﬁ)rac_ Ly and oisk nef-ERelives Wit éh?n@PbJ?Ct-S .
dehydr ogmmasee 3ystérsOC TheskhtafersCandaadjtvale SRS Kt ﬁ@%ﬁqﬁ%ﬁéﬁ o ghed with
ni trogen )%%t abol i sm_and enzynes responsible for maltose and gal dctose

. uti | i zat PEHANGEYy GluRigpyalyminyan stearatea jecihine sgromppratedes, avcht dsemBhareseturaf  t he

coding s T y act to stabi]lize nessenger RNA.
Soch Loy APUERE BRfter NEREbE: sRAMIRESIRY efhe: DSk 381 ORI DVIORG e
codi rfy spartignglgserida mav@esalof ge@edted esdenpik A phoPRad B RredEXRRI ATY
vectors for.plants and plant cells include, but are not limted to, 20

Agr obact ¥ VUi TR aSREOns ool i Pil/oNatr erpulaion),v baliss of Gdeauplytesnduttormat o

gol den j i m t . r’rq[yéal i an.cell. host system
transf o%ﬁ%@ﬂgklﬁ%ﬁ%@geen d%ﬁ%ﬁ@%@%ﬁéé’l&%@. qugﬂtphf{ﬂ’hlatﬁ: %@?@16

i ssued Ahdorides, zin@B8Sits, Matluidal isilivag ahhgnesiam hasiBEaté,” POBVRE B RYideRS, hods

i ncl udi n%Hb t got I%Bn)irgt ed to, transfection in the presence of ' cal cium
phosphat EUfsgPated; Wostagses @idepelyetbyiens ighteol. orOtheracarrigissmay lsoningludn vi r al
vect@r s. stdt efsioh® tabidls i i DONGy C j Lant .and yeast
genones i ncl ude ( %t)albl%éﬁgﬁ?é cgrfag%oﬁ{gg%,t suc a?)glglg% gﬁgicﬁﬁtl}pg%thi RSP DA
into si ngingaie ektipients preht aspstashs milRD swpar t(exi BgereR] pRicvéd, naoses cheads in

t he presence d tungsten or gold spheres into

, tOf DNA, or shogoti.ng Dl\ﬁ« oat e _

celI's orVBrotloppadeiating siears acig iy sp @ﬁwﬂb@a%ﬁﬁ“ﬁg%‘é@wm@zmmm Bi9,02638

PCT USCLYotb@B1e! BRFRRNESmP AITERAD O ofir RRGELBRYAEHL XL AL aAR B9) YRS NY! ene
glh vol t age P50 s s

glycol treatnent or subjection td hi ag ectrica

(el ect r opelude iflewyr, ansk cql8) addigvasse aiherl ingedemss CanpdsitionsngnpEky ssohch fuse
to | | ~nepbranes. 5 t he CTLA4 nut ant | ecul es. of the inventions are
ex p?l sse‘%‘?rl HEYF Oé‘ﬁlu}?gcﬁ_% \)‘@ﬁtlﬁlﬁ’“ﬁ’yc‘}’ﬁé’feﬁ%{m%ﬂ@mo RnoWAh iCAMPRELeRs Maguch as
cel I |ysdlso b&f@mubfd ®ahinORriohy BHANTRBRACR, s?tg'f &' ﬂﬁ%&ﬁﬁﬁggzgp@%ﬁ}gﬁg'ag

recovery perforned using standard protein purification-

af fi ni t ywelhavirseogusspymeric tonpesitoinanyeh ehpaymeogiagpheres.o yi el d
substantially pure product (R Scopes in: "Protein Purification, Principles
and Practice", 10 T'hind Edition, Springer-Verlag ( 1994); Sanbroolc et al.
(eds.), Mbabgdcul ar C onin~A . Laboratory Mnual ", 2nd Edition, Cold Spring
Har bor Press, . ( 1989)}. Expression of CTLA4 nmutant nol ecul es can be
detected by nethods known in the art. For exanple, the mutant nol ecul es can

be det ectied; S i Ni -.PA el i, mru tting using

anti bo di"fe}ge 1tnﬁgr%tf@?;5r¥§§@%§ Riettl‘?ng 0P re%%tmg %nc%ongl ét EA4- and" %2%- positive
cell interactions with B7-positive cells. The methods comprise contacting the B7-
positive cells with a soluble CTLA4 molecule of the invention so as to form soluble
CTLA4/B7 complexes, the complexes interfering with reaction of an endogenous CTLA4

25  and/or CD28 molecule with a B7 molecule.

The present invention also provides methods for inhibiting T-cell function but not T-cell

depletion in a human by contacting B7-positive cells in the human with a soluble

CTLA4. Examples of soluble CTLA4 include CTLA4Ig and soluble CTLA4 mutant
30 molecule e.g, L104EA29YTg, |
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15 The foll ow ng exanples are presented to illustrate the present invention
and to assist one of ordinary skill in making and using the sane. The

exanpl es @ioRkssi Nntended in any way to otherwise limt thgSepRe1R0; the
invention. 20 EXAMPLE 1 The follow ng provides a description of the nethods

used to generate the nucleotide . sequences encoding the CTLA4 nol ecul es of
the invention. 25 A CTLA4lg encoding plasm d was first constructed, and
shown to express CTLA4l g nol ecul es as described in U S. Patent Nos.
5,434,131, 5,885,579 and 5, 851, 795. Then single-site nmutant nol ecul es

(e.qg., LI10O4EI wer e generated fromthe LA4l g encodi ng . sequence,
. expresset ﬁﬁﬁeg%rgé?\éeﬂmgﬁgmﬁf%mw el?inﬁeé{l]?%“g’f Bratingimage systerp diseagea suchThe L

104E1 g_niglieaiiatle SRRANANCRc(AShOACLHIS e  darkig oARIUARGANSRE Bl oFibAuT © 18)

was used 30 as a tenplate to generate the ite
. sequencesopgsipg sobidal GTH.Ahencdequiesnof she hovemtibm 6 gusubgecl 9a 22) ambunth wer e

C e Ry BAE TR s 5 b e el R L b S AP
L 104EA29Xdditiond 0 AR Miletition 19 EASATE Gongaishn HAQARAL? WnShunk 'y RES- Bibdagesmut ant s

were al so generated. 5 CTLA4l ~ Construction A genetic consfruct encoding
CTLA4l g BB yignige tTreeldRBY hasidive gblhintamantions, dferabyl bidckingl Taeell| iGydatival

and 5, 851 FaetndGhCe Ry SRIH 7 bt 7 oo dPafned ) e e ler o n

The extr anepby ot wlerdibed Gnmdvne 8 stéh diseddeMhB@REbIRSe SbtANREEEANY, NEHnishnRg
synt heti ¢, ol i gonucl eoti des corresponding to the Bublished sequence

( Dar i avagiseases, dmmunoprolifggtiys dispapss: rand. grafs-raleted 1iwsders o gspmpleBad Amafe: a

i gn Lda: i e Fhe CTLA4 gene e _N15
rer i hubrapief fists (b AT yBhe hOR IR TRL GG s BROe LG
pept i de bbneomensivattiansplafivtidi, koetin ahe , intdtionaddl t6ktdnce)Bi ifttmunl: dB6rlcfs1989))

in tw steps using overl apping.oligonucleotide~s. For the first step, the ~
ol | gonucP@B?l?@é,Wl%@@f@Wm@erm TelbalaTaca

om
CGr ' . ; ] ] [ h
oncostat 1 TG M o ot RARr R, S GUP e MRS, SPnpl Bl o
CTLA4) weS inseohopslifentier diserieseincludad bl BESEET QURTTAT GAGHATEESCACAGHGT TG

(encoding amino agid residues 119-125 of the ami no acid sequence, encodi ng
CTLA 3 r eg'é‘B%TBF‘aaaﬁ EB’ﬁ\t e n‘gﬂ&%ﬁa‘ﬁmc leaenpigt testicalay yanglagep@ir ds gellver se

primer. e f J s i icro g of
Fotal R TS r gy ek Sy 2R 20 P R b Al G0 9 1 e
pr ovi dedlipys DrrgtheBatoainy diupus netpladtid)p HawhimotBet thesdditis, Vp)imady moyxedana,of the
PCR product f,r&xmthe first step.was reanplified, usi ngg an verl‘i?,pgi ng

f or war d g??vﬁér,ls@ﬁ%omrﬂ'élquﬁé‘ % rPHPIMURG AL APRICo RS »dh@gg’tﬂét 15C%f-si gnal
pepti de

e

20 mellitis), good pasture's syndrome, myasthenia gravis, pemphigus, Crohn's disease,
sympathetic ophthalmia, autoimmune uveitis, multiple sclerosis, autoimmune hemolytic
anemia, idiopathic thrombocytopenia, primary biliary cirrhosis, chronic action hepatitis,
ulceratis colitis, Sjogren's syndrome, rheumatic diseases (e.g., rheumatoid arthritis),
polymyositis, scleroderma, and mixed connective tissue disease.

25
The soluble CTLA4 molecules of the invention exhibit inhibitory properties in vivo.
Under conditions where T-cell/B7-positive cell interactions, for example T cell/B cell
interactions, are occurring as a result of contact between T cells and B7-positive cells,
binding of introduced CTLA4 molecules to react to B7-positive cells, for example B .

30 cells, may interfere, i.e., inhibit, the T cell/ B7-positive cell interactions resulting in

regulation of immune responses.
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30 TCAGICTGGICCTTGCACTC and the sane reverse prinmer. The .product of the
PCR reaction was digested with Hnd Ill and Bcl . I and |igated together with
a Bcl 1 /Weoeo2lo2¢s8 WO 02/ 02638 PCT/ US(11/2120-t cl eaved glghyudoi2epagent
encodi ng the am no aci d sequences corresponding to the hinge, CH2 and CH3
regions of 1gC(gama) 1 into the Hnd I11/Xba | cl eaved expression vector,
COMB or Hind I'll/Xba I cleaved expression vector piLN (also known as ~LN).
S DNA encoding the am no acid sequence con responding to CTLA4l g has been
deposited with the ATCC under the Budapest Treaty on May 31, 1991, and has
been accorded ATCC accessi on nunber 68629. CTLA4l ~~ Codon Based Miuta

. enesis: 10 A mutagenesis and screening strategy was devel oped to identify
mut ant CTLA4l g nol ecul es that had sl ower rates of dissociation ("off'

rates) fTFlonn@D8dnamdyides ﬁ%ﬁdsrﬁirek)whmulanﬁg imppine Y&goiieRdDa\gn adpuldtiby . | N
. this enbadi nent, nutati ogyaﬁm% rr| d out in and/ or about the residues
in the 1““’&5\3 TSSRORPS eCT @10 legulesofythe iy ertionmachRby Weggi ons

of the eyt mﬁmgjloaru@aua% MO f ik 4%@565@%&95&?% gh&rc—gssﬁ RSy S

Patents 6,090,914, 5,773,253 and 5,8 In-co aten
Appl iS¢ atirevengagithd irduntier oBa1 AP Sspaisk d Thy slaaa;dmCTBAA moleguléd oflthExp Med

| 994 180 2049- 20S8. . A. th h CDR d
ext ends, PE0R, BN MBihM S BT ot AERTA ] ofEloMHEh Peak BRRREIEDR
nmotif). prbeReatidnt 88l Véﬁb?xn@ %&%ﬂox@a%e(guﬂ}eéﬁlgstf“é’élﬁ?esg%nsg ng’%oglg%% I CTLAA

fusion proteins (Peach et al 1994 nd on a
nmodel . pr@é@lﬁﬁltﬁblfwﬁﬁ dh Breehy erchethr Euithire the selubleal isAdaubldciles sblthient

ex osed of identit no at certain
bonrt ona Mol LRl AR RE (LA EPRH M Sr bV RL et ol el SRy 1y 1 n
cl osl® pramrdmctywk(& deQrefion ARESTHLO ReskRiih $éddc@d tRGiel deRtdibh et ifRIHBR D! S

consi dered part of the 25 present invention. To synthesize and screen

sol ubl e T-coll waresnongivenesppeensigss with altered affinities for a B7 nolecul e

(e.g. CD80, CD86), a two-step strategy was adopted. The experinents )

entailed first generating a library of nutations at a specific codon of an

ext r acel A yreterr@D ep@ollin®ht OF thel LAdniddifcdifiises Gse VT iHRY sd18s YA BLAERS ©
anal ysi s to |dent|f nutants with altered reactivity to B7. The Biacore

assay syrgq) §<|:ﬁ<( AR 9¥ g Pios eegudaiayfunpliona) (Eb44a apg CD28- positive cell
15  interactions with B7-positive cells, to treat immune System diseases such as rheurnatic
diseases and/or to downregulate immune responses. The L104EA29YIg of the invention
is a soluble CTLA4 mutant molecule comprising at least the two amino acid changes, the
leucine (L) to glutamic acid (E) at position +104 and the alanine (A) to tyrosine (Y) change
at position +29. The L104EA29YIg molecule may encompass further mutaﬁons beyond

20  the two specified herein.

A preferred embodiment includes methods for treating a rheumatic disease, such aé
theumatoid arthritis, by administering an effective amount of soluble CTLA4 molecules to a
subject. Administration of an effective amount of the therapeutic composition, thereby
25 relieving the subject of at least one of the symptoms associated with the disease, including
reducing: joint swelling, joint tenderness, inflammation, morning stiffness, and pain, and
structural damage subsequently decreasing the physical disability. The methods of the
invention also may be used to reduce at least one symptom associated with rheumatoid
arthritis, including reducing erythrocyte sedimentation rates, serum levels of C-reactive

30  protein, soluble ICAM-1, soluble E-selectin and/or soluble IL-2r.
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WO (12/02G38 PCT/ US0112120-4 surface plasnon resonance detector systemthat
essentially involves coval ent binding of either CD80lg or CD86lg to a
dextran- coa @2ssgnsor chip which is located in a detector.pciiigol By

nol ecul e can then ~ be inj ected into the chanber containing the sensor
chip and the anount of conplenmentary protein that binds can be assessed
based on the change in 5 nol ecul ar mass which is physically associated with
t he dextran-coated side of the sensor chip; the change in nol ecul ar mass
can. be neasured by the detector system Specifically, single-site mut ant

nucl eot i seg}lu c% rgﬁ rat?i 1L)JSl ng non-nutated (e.g., wld-type) DNA
. encodi ng g ¢ yglp ¢t Npyded; by Hhe present G1vgnomes: beimeasups)| usigs;  and
5, 885, 796hy ATEG Aeepea &ﬁerﬁ‘@esteﬁﬁ@@&i} tPthe utfr@ﬂmé 2 mé\ﬂit ?&gﬂhﬁ relief ip

ol i gonucl eotl de PCR priners were designe ran om mu enesr s of
. speci fi cCB@éI@nS@ngal Pewemiaplasyitaasier aeaposig syomstoth ahelf thapfindlide mém, but

only gua r ) r aI not e as NNG T) . In
this manﬁggr%8 Ogl glteg%ﬂ%rllacesc%)&pﬁ eli%ﬁ“(?l ‘g’@gﬂ?fmaﬁr’?ﬁ e(‘:‘Bl?F o elergantb

mut at&d 20), théefofuormmfbsoéf tshepidth a8MidTO(iAC "‘@EEK 'Gﬁl #ne Eo?‘ t%l@g@ﬁﬁlmalxxe’l T
nmut agene yi. el gfcsjASZ potential codons encodi ng each am no aci ds.

S
PCR pr od%c‘f?’é‘até?fb Rt-Iitlaampiens anhAstiheemptio RrvgstyFD4 1988), @DiRehel Hadthl oop of

CTLAAIl g , ) | oned ,i nt mlarly
oot Croad Rl QUREEnGH TR Mhid), P9F, REBR1RST S Btpaiodn a8 hog
was used79%). gBorea geﬁel’ahdesenp@éreﬂﬁ tHege Ciitef4, %&%ﬂﬁ@e%ﬁﬁh’s&?@ﬁc&as

i ncluded_jn Flgurgp . 20 For nutagenesis in proximty to the CDR-1-1ike

| oop of efraapgent r@ﬂ’l"‘gﬁtf"’l\ﬁé}gsf@%YIWSG@Iilcb310§¢gléalm@llfctsrfst the fireasohenteat 5' to
t hi s10 OORKelMatEd AR K%” genesis. PCR products were digested
wi t h Nhel /lg(baell an Bllngge(tr dle gygyénfl arly cut CTLA4lg or L104EI g
expression vectors. This net hod was used to generate the doubl e- "site 25

CTLA4 mu ﬁgtspl%glctgf}gqla%d%odfwgw (as included in Figure 19).

parti cul Ya g PIeRATE dpyeaLtien delndry maamn@iangsru@}egm endlnth mut ant
ol ecul epurhdd Hd S &bggat te the double-site CTLA4
mut ant ol ecul e, E}i’o aéo‘?zﬁél%%gpljbﬁﬁel?m Sg%ﬂ g’ﬁ‘t nucl eoti de sequences
encodi ng CTLA4 nut ant nol ecul es, such 30 as L104EA29YI g (deposited on June
19, 12§)0 th 't rlcanzcilz'%/§ pe .Culture Caollection (ATCC), 10801 University
Bl vd. W%Bgea@ “‘%7 B‘E‘LPB) JaLAYE BmebsAndecalgr systemic, for administering the

soluble CTLA4 molecule. The methods‘ include intravenous, intramuscular,
intraperitoneal, oral, inhalation and subcutaneous methods, as well as implantable pump,
continuous infusion, gene therapy, liposomes, suppositories, topical contact, vesicles,
capsules and injection methods. The therapeutic agent, compounded with a carrier, is
20 commonly lyophilized for storage and is reconstituted with water or a buffered solution

with a neutral pH (about pH 7-8,’e.g., pH 7.5) prior to administration.

As 1s standard practice in the art, the compositions of the invention may be administered

to the subject in any pharmaceutically acceptable form.

In accordance with the practice of the invention, the methods comprise administering to a
subject the soluble CTLA4 molecules of the invention to regulate CD28- and/or CTLAA4- |
positive cell interactions with B7-positive cells. The B7-positive cells are contacted with an
effective amount of the soluble CTLA4 molecules of the invention, or fragments or
30 derivatives thereof, so as to form soluble CTLA4/B7 complexes, The complexes interfere

with interaction between endogenous CTLA4 and CD28 molecules with B7 family
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WO U2/ 02638 PCT/ US0112120-4 ATCC accessi on nunber PTA-2104), were generated
by repeating the nutagenesis procedure descri bed above using L104Elg as a

t enpl at e. whhi2m26Rt hod was used to generate nuner ous doublg-Hide§2{pdi ant s
nucl eoti de sequences such as those encoding CITLA4 nol ecules . L 104EA29YI g
(as included in the sequence shown in Figure 19), 5 L104EA29LIg (as

i ncluded in the sequence shown in Figure 20), L104EA29TIg (as included in

t he sequence shown in Figure 21), and L104EA29W g (as included in the
sequence shown in Figure 22). Triple-site mutants, such as those encodi ng
L104EA29YS§§KEE L104EA29YS25NI g and L104EA29YS25RI g, were al so generated

. 10 The sB° ‘CTLA4 nol ecul es were expressed fromthe nucl eoti de sequences
and used in the phase Il clinical- studies described in Exanple 3, iizfi-~a.
As those skilled-in-the-art will appreciate, replication .of nucleic acid

. sequencedhe é@lpbbl G144 byole@Rsanpl bd administered &as shbjedt fih apdunest halsfrahanges
s do t necessari

t | d
translat B andl oo PEbechieguBe Sl a8 daodn ergpeenesbT e
sane ani peleaied frof¥indlianaes r&faedmellr%%dsdﬁnfh%% the BZI{) g@%f efflo %‘ﬁ&fétyp

e
sequence SI l ent (i.e. causing no change in the trans am ng aci’d) or
ot her wi sB87/ligand bmdmg ﬁlﬁ{ﬁbb’cilhlglylngesf@racn@@ Mwe@mB7@pst1wcdimwﬂhéﬁ)2/ﬁ t h| n
t he scop 20 EXAMPLE 2 The foll owi ng exanpl e provides a
descri pt iﬁbér?l&o ’ﬁfe %\ségl?gégg#g nmet hods used to identify the single- and
doubl e-site nutant CTLA pol ypepti des, expressed fromthe constructs 25.
described in Exa l e 1, that exhibi ted a higher binding avidity for B7
mol ecul e 20538 1pd & taer aP@ltWo%ﬁhﬁ}ﬁ é@ﬁ@d@rmwngnw fectatsaincludings bwitnok Simiteilt ~~o0

d ! itself t | et el
ook K*@V%‘#Pé’b?ﬁ% HEBEE, b0 BleroF ottt B8 bl HRR ol By G LG o5
with 30 armmldgseaml eels'ub_]eét shegled @nal sespise DO 0heSREAMERC Wil tHeD8Rerdd, CDB6

nmeasur i ng inhibition of T cell proliferation indicate that anti- 0
nmonocl on Fcoéﬁ‘tngbeﬂ?“é%ofn@@ agqnts cypvgy/dgpendide MTFchSUbjectiang. the magmit
CTLAdl g CD3 nocl onal anti id au nt the
i nhibiti %dr%&hgt‘giﬂ@gtl ng Rﬁ)leé ri‘/i-(AI4 Wgecu Ot % bgfngrgms éedytm BPoTR CD86

i nt er act bawsen Uhesaezd@t mgﬂdgpwaght Sﬁtﬂd Patickiiddyn CDgﬁef‘aﬁbEyl bevesh 015 @l 10.61 muni
, {1994), 3-801 ) showi ng inhibition of 0- medi at ed cel |l ul ar

resp ’§1 2‘@ red 5, approximately 100 fold | ower CTLA4lg concentrations
t han for CD86- nedi at ed responses. Based on these findings, it was surm sed
t hat sol ubl e CTLA4 nut ant nol ecul es having a higher avidity for CD86 than
wild typ@he(jﬂyAAtiahalsb cenbempasbdsethe alst @ftthe bbmpsitidis ¢fr thenim@ndbn asdetigen

speC|f|c |¥ate cells.than CTLA4I%a. 10 To this end, the soluble CTLA4
nut ant nm cUHPEs PRUZIACPISE! jagens dfpireat 1MIBRFe SRR di85a888n e d Ofi sSXEIIE novel

Screeni Nghei dend t ar
dormi 1 of CHES MEAel M el SN Ao O Mkl DEo bR,
scr e¥hi negptgtot dineitpd bpr unmdedsuapesfaﬁewch( @s vetticoslerbalsgdeyobmspbain i(Siattiésky

mut ant s h are tes vmthout the need for prote| n
purifi cawgg) @g’ Gla ftt aﬂ@ﬁé@g}nc@eﬁ@??m’ r aradhigesing, —impelpgtirates (R

(2322(3 igt? r %%%c%@h\hﬂ&%&e NHERD{E TRRABE St bsipressibh® $ades Yok 1286 CRGFY,

blockers or antagonists (New England Journal of Medicine, vol. 340: 253-259, 1999;
The Lancet vol. 354: 1932-39, 1999, Annals of Internal Medicine, vol. 130: 478-486), or

25 any other biological agent targeting any inflammatory cytokine, nonsteroidal

antiinflammatory drugs/Cox-2 inhibitors, hydroxychloroquine, sulphasalazopryine, gold
salts, etanercept, infliximab, rapamycin, mycophenolate mofetil, azathioprine,
tacrolismus, basiliximab, cytoxan, interferon beta-la, interferon beta-1b, glatiramer

acetate, mitoxantrone hydrochloride, anakinra and/or other biologics.
30
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CCS cells were transfected with individual mniprep purified plasm d DNA
and propagated for several days. Three day conditioned culture nmedia was

applied two2@Béscore biosensor chips (Pharmaci a Biotech ARy ddapsihd:
Sweden) coated with soluble CD80Ig or CD86lg. The specific binding and

di ssoci ation of nmutant proteins was neasured by surface plasnon resonance
(O Shannessy, D. J., et al., 1997 Araal. Biochern. 212:457-46S). All
experiments were run on Bl AcoreTM or BI Acor eTM 2000 bi osensors at 25C.
Ligallds were immobilized on research grade NCVS sensor chips (Pharmaci a)

_ (2:551r Ei:ann |g fjar\li%ﬂ‘%? %@5 FW’%W@ &’E %}hﬁll'val)&m ngxg) gan @po de usedggl )
Anal . Bi Qﬁﬁlﬁﬁ&noﬁ%ﬂh #88-02 filore WP iRd feMowmhdhgenfltodd l%g%fl)og%%n?fg{}iop%]

268: 5425- 15434) WO 021 02638 Scr eeni ng Met ho
. cel I's* gredpble rgpéfh(@lm knews a6 44 tigand (K403, @@rléztt"faamemf;p); salobleect ed

Crimal g e cite &R sbiihfs CER e 2 AchisP it g Graft. SebPiek bR ai o

was & | ofsex 68628) solubieal DR, Aohibe @hja?fe&ﬂ@éle@ﬂ})sso%![é YCRI %@beéﬂ\t/ﬂf\@%' or
1996 J. Biol. Chem 2/71:26762- 26771

CD80Ig ( escribed in Greene et al.
, and n%??‘&ﬁ? ﬁ%ﬁ%ﬂr olubly LECGRAM1.f pelubli EhAMfl, rsaluble (I4er antitmdieshat 10

Ziiﬁréiqﬁéﬁge&%ﬂﬁ 23e g P o i ST CBRPRRD i APCETEr T ARl s

cel | tr cangibedies teaatied edthi OD40 {¢.9MAWMICCHBONLAY | AitiBbdiaNfeadtivl RitR grepar Ed
fol | ow Bgohﬁ%&f KUI’I fication of culture nedia. 15 Bl Acore anal ysis
condi ti ogg | MG AR %@%QAEQQaCBﬁa%?& ATt eHBeI¥ o rAEACalB-

descyy be 1 267622 71 and in
u. SqOPat Felllr%'t4 ) étp?? %@ﬁ% glne% g?%tgie %2‘9 éBQ? 5@§ g@ééaﬁg %‘é}%lﬂl ﬁ&b are

her ei n idesenibedrtat Mhrtlny et ef & @lime ImAinBHAQAB2DADB0 Y aadilysis r%@d?[WéO\FvHﬁ am
(RU) prior to analysis.

basel in no d zero response units

Sanpl esm &lﬁ‘l ‘éggpl @ﬁéﬁ’eﬁ“{/aﬁ?cﬁdﬂﬁ -old)c antibpdics wgaetsrenivite bBs+gr ound
RU val u rac f S t luti

Ut 1 br e s St Sl 20 MBaleR deie i BAET s RES e G RS o
Req ver Jf¥- @mmﬁmmmbﬁzétesusachhe veitte €2 ahab@i1££&|a0ﬂﬂ&ewﬁthrms43 hﬁxtib@&ité@nse on

B TRl e iy S g LA o S8R AR el BB
sof t var entiBsdisiMeatiPRRA HOAA WL EATCC HB-304),, antibodies reactive with Thy-1,
antibodies reactive with CD56, antibodies reactive with CD3, aﬁtibodies reactive with
CD29, antibodies reactive with TCR, antibodies reactive with VLA-4, antibodies reactive
with VCAM'-I, antibodies reactive with LECAM-1, antibodies reactive with ELAM—I,
20  antibodies reactive with CD44. In certain embodiments, monoclonal antibodies are
preferred. In other embodiments, antibody fragments are preferred. As persons skilled in
the art will readﬂy understand, the combination can include the soluble CTLA4
molecules of the invention and one other immunosuppressive agent, the soluble CTLA4
molecules with two other immunosuppressive agents, the soluble CTLA4 molecules with
25  three other immunosuppressive agents, etc. -The determination of the optimal

combination and dosages can be determined and optimized using methods well known in
the art. ‘

Some specific combinations include the following: L104EA29YIg and CDS8O0
30 monoclonal antibodies (mAbs); L104EA29YIg and CD86 mAbs; L104EA29YIg, CD80
mAbs, and CD86 mAbs; L1I04EA29YIg and gp39 mAbs; L104EA29YIg and CD40
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30 Experinmental data were first fit to a nodel for a single |igand binding
to a single receptor (1l-site nodel, i.e., a sinple langmuir system

A+B~AB), @rslofkls | brium association 49 WO 02/02G38 PCT/3¢qUldghefis
constants (Ka=[A][B]\[AB]) were cal culated fromthe equation

R=RmaX' C~(Ka+C). Subsequently, data were fit to the sinplest two-site nodel
of ligand binding (i.e:, to a. receptor having two non-interacting

i ndependent binding sites as described by the equation

R=R', ~~Q\ (Ka~+C) +Rm~z' C1(Kaz+C). 5 The goodness-of fits of these two nodel s

ST ot ey LR e b B AEE L) &M?@Bﬁé;é’b%%diéb%ﬁ Z‘Sﬂbﬁe@m e

model wagp Z{QhQﬁA'Bs ailtdlem%f I¢R8d! NARESCHRE 1S

' and
10 Associ ation and cf'tﬂsassom atl on anal yses

significant better B€
. were perk bQ‘\%%QQ}@BnEQﬁ RAG vzAbani entizpl9 Sutl. vﬂrspeo@ﬂRharalrrqﬂe a a g@¥Psmaibat i on

rate congtppl;s vwer e cal cul at int honogenous
si ngl e- s?t Tt @ %ct?o(fﬂl%m%th(alsp‘ﬁﬁgp? éFad\t{\&D@‘g}F%lcéat?‘ﬁ $J§88$18W§ opersons
si ngl%- s¢ldiked inttks &€t i ons, kn val ues were cal cul ated according to the

equation Rt=Req( 1 15 exp-~'S~c-to), where Rt is a response at a given
time, t; Req is the steady-state response tois the time of the start of

the inj f |yt
ol cul at oot SOupRIETIARRMRE of (e ARG S (ok Sl AREAN Y Bl 32 e
k" val uemmmrseemal wlﬂnéecko&ccalﬂtlde nghgr@di¢me oeqistletten RithRefihek (drdgexp ~S 1

~ -7 0)+R~~Z Ci(uﬁﬂé Sz~'-"0). For each nodel, the values of kn were
det er mi &Y™ 'F‘BW? INgAEgness o 0@1%9@“(”@@%697{3’ mnm% rfak theelreagiseairat i on)

of pj(pt ©ledf®nY 6F SAlR-C zed ording to one
site BpA+eB (r)lr two si tO reqf%%%&hatabﬁg) (}I}% ﬁé P4t € &ngﬁagrgrg%tpgg(q{0~)
wer e caI mﬂd)m’tmmef dizordeest of itb mvestolermee blFBﬂld)‘tgm@leI €it nﬁdyi" beragedisigd
except vvheq6 H eSl dual s re greater, than nmachine 25 baﬁD%éound (2-1 ORU,
accor di nygn , i rf eé‘ﬁncé%@b‘ttWe £+80- @icmpﬂ@n st o
enpl oy edimhigid H?s%o ERHER! Yor'& E@,@p -
rel ati On;nﬁl p ts}lﬁglizr 0. §93/ak0(1:189 8% 9%%’8@&%2%\,\% d%l gj@%ﬁ@ﬁt%é /@6801 /2l
20- 4 I\/Urlnydeoxmhﬂaeﬁamwﬁa,m iymaaeQ)te hﬁmmgw’geﬂitas ngTYm Begt anldg wkiesgon (San
Jos Cal i f.or %l)?andl Tzsépél% [ al so, known as CD386]}, from
Phar ngceoﬁn‘(oé »&gGlorBo t IOPIPB‘? metheifeyatealehivpgmide engaalog ve
and/ or - GR8RoRafizbiiMfe; AFEIPHBhSIR: %4, Snycophenolate mofetil; 15-deoxyspergualine or
an analog thereof; immunosuppressive monoclonal antibodies, e.g., monoclonal
antibodies to leukocyte receptors, e.g.,, MHC, CD2, CD3, CD4, CD 11a/CD18, CD7,
CD25, CD 27, B7, CD40, CD45, CD58, CD 137, ICOS, CD150 (SLAM), 0X40, 4-1BB
20 or their ligands; or other immunomodulatory compounds, e.g. CTLA4/CD28-Ig, or other
adhesion molecule inhibitors, e.g. mAbs or low molecular weight inhibitors including
LFA-1 antagonists, Selectin antagonists and VLA-4 antagonists. The compound is
particularly useful in combination with a compound that interferes with CD40 and its
ligand, e.g. antibodies to CD40 and antibodies to CD40-L.
25
Where the soluble CTLA4 mutant molecules of the invention are administered in
conjunction with other immunosuppressive/immunomodulatory or anti-inflammatory
therapy, e.g. as hereinabove specified, dosages of the co-administered
immunosuppressant, immunomodulatory or anti-inflammatory compound will of course
30  vary depending on the type of co-drug employed, e.g. whether it is a steroid or a

cyclosporin, on the specific drug employed, on the condition being treated and so forth.
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removed fromtheir culture vessels by incubation in phosphate-buffered
saline (PBS) containing | OMM EDTA. CHO cells (1-10 x 105) were first

i ncubat edww ¢2w2688bs or i mmunogl obul i n fusion proteins in PégMaeaimalni ng
10% fetal bovine serum (FBS), then washed and i ncubated with fluorescein

i sot hi ocyanat e- conj ugat ed goat anti-nouse 10 or anti-human i mmunogl obulin
second step reagents (Tago, Burlingane, California). Cells were given a
final wash and anal yzed on a FACScan (Becton Dickinson). SDS-PAGE and Size
Excl usi on Chromat ography 1 S SDS- PAGE was performed on Tris/glycine 4-20%
acrylam de gels (Novex, San Diego, CA). Analytical gels were stained with
. Coomassi e Blue, and i mages of wet gels were obtained by digital scanning.
CTLA4l g [2&cordghceandthlth@ 46828k Ghd BRsent dhvenEibs pRRadaszath Pt MitE& &pedtusi on
chromat o r@‘ggg using a TSK-GEL G300 SWk~ columm (7.8 x 300nm Tosohaas,

. Mont gorreg‘ﬁ s éﬁﬁn@q@bw%rﬂawasma ehediplaistations £ar e@reahitansly20r in

cont ai ni 2% NANR o} 1.n i

L104EA29Y Sa‘fg’sfq Si ngfﬂﬁgﬁga{ﬂk %ﬁiﬁﬁ{%gﬁ %@%@&gggg&:ﬁ%ﬁc@%ﬁ 0%2%
descri beuvéntions leqy - @TLAKIg afd/80 )1 0JEA2SYTB| oh . fréehfotin, o 70 :phadiatetchdd) -

Briefly, an costatin M CTLA4 LA4) expression plasnmd was used as a
t enpl at e2°¢ ng of ?Wlﬁpﬂqdr%??m@g%mwmﬁm@@MG was

chosen tgndBtEh [ tar, A verse pri o
B R e S L S S R T
seven andbgeackuithef iprevidedrareothecipdstid d@ntidijonsnefgha laxtea.@acter lusk dn angnai n of
CTLA4, and.contained.,a,restriction enz ite, and stop caodon (TGA). The
rever _semgTog W%’%ﬁ@f@@ﬁe’mﬂﬂ@%/ %f?%‘gﬁp?'h‘i“rg‘r“ @B’@Eﬁﬁ g}d?rge dorm g in

(cystei NeharPacRtitdls &ceprabletdaR TorkrOtb Wﬁs@&'c@ﬁ%ontﬁﬁhélﬂ o lifs YeMlencd BBt at

nucl eoti de sequence GCA (nucleoti d’es”34-36) 0 everse priner . shown
above | sleast. pep| aphemageuticane cofpediiéorf ol donwirisipgnuah eotrmencsagpesaat:  AGA,

G, T or ersons skilled in the art wll upderstand,
Che” nuct maermalilelor SeiinBRloty Biie” SherEGrast oty SlsigRne o1 ¢ he
codon TGdhialstretigt.ei ne. Simlarly, the nucl eotide sequences AGA, GGA, TGA,
CGA, ACT, or CCT are the reversed conpl enentary sequences of the codons for

serine. Polymerase chain reaction. products .were digested with
Hi n~15 | | The)wmverdionsaled phiovisles methmids Yor pudxdricongetle soltiole tOTE. Ak muems imolecueet or ~LN

(Bristol - Myers Sgui bb Conpany, Princeton, 104EA29YXC~ZOS was .prepar ed
10 in arfnfl\’%gwﬁ 8&%%’&?{%%' e%?&?s?ﬁ%?@{bl%?%rw&%n CBéA cae@Gdhci ng.
| dent i fi grakargoticads Br egbepdtcalenChar act eri zation of Hgh Avidit'r Mitants
Twenty four am no acids were chosen for nutagenesis and the resulting 2300

mut ant 15 proteins assayed for CD86l g binding by surface plasnon resonance

SPR; j . The i t effect f . i, t
Cach o tORRENER it Pl o e Pieed PR ARS s i o En doF So6 T ome
am Y achepbe B gidve peERvd of @gi‘aﬁ&ﬂn%ﬁ%. REPicARD gfagithé tigé %adléﬁa alchek g, i gand

bi ndi ng. Mutagenests of E31 and R33 and residues 02 apparenfly

resul t eceolipre Besleresd. | Qthamnidsobidi stigins mayaderhesissd. oBequestad wasodigpsiude9, 20

?nﬁ,, nga(;’gl?gll Illl'\ﬂgntIX%f%gﬂleé_ %814})6 %{]sgrte%l 8’1?0 arVeegtlfl)ll‘ Eigs(;grlleia fB{' g}qg'\rlesns?ng Otl‘glggl ow
sequences in prokaryotic cells such as E. coli. These vectors can include commonly used

prokaryotic control sequences which are defined herein to include promoters for
25  transcription initiation, optionally with an operator, along with ribosome binding site

sequences, including such commonly used promoters as the beta-lactamase

(penicillinase) and lactose (lac) promoter systems (Chang, et al., (1977) Nature

198:1056), the tryptophan (trp) promoter system (Goeddel, et al., (1980) Nucleic Acids

Res. 8:4057) and the lambda derived P promoter and N-gene ribosome binding site
30 (Shimatake, et al., (1981) Nature 292:128).
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slow "of FF rates. These results confirm previous findings that residues in
the CDR-1 (S25-R33) region, and residues in or near MB7-Y102 influence

| i gand bi w@d ¢a@2638each et al ., (1994) J. Exp. Med., |80: 2041409 r12025
Mut agenesi s of sites S25, T30, K93, L96, Y103, and GlO05 resulted in the

identification of sonme nmutant proteins that had slower "off' rates from
CD86l g. However, in these instances, the slow "off' rate was conprom sed by
a slow "on" rate that resulted in nutant proteins with an overall avidity
for CD86lg that was apparently simlar to that seen with wild type CTLA4Ig.

I n addit&0nR, i £ K93 resulted in.significan 0 a;gregation that
. may habesg%e%@éesgg’gﬁtﬁsé%f‘%?%g Hg&ﬁﬁ%gyglgé é’ﬂé%Pg'&'%m'Hb@?é’f ?Fz?)‘%ta marigs.
02/ 02638suelTas UShiA2dc24dndse RRnféomy bt HaeRRtagsiOfasd- 20k R PNE dedifarfdRoce! |
transfecti %n and screening by SPR of culture nedra sanpl es over | mmbilized

. CDB6I g yREIbitFS ssothatehe He @rﬁ}gawp&,im i1 brctegiarantl 2ells ganyiing the plestids can
appr oxi ngd %L:Déctg%}c\&k g\%vﬁ%rﬁg%wn 9 ftherﬁlege%cé hogg%%"wlé@&%sy gg%aalﬁ‘gegﬂ biﬂ}% ?93 :E ge

correspondi ng ¢ se mutants were's
encode akdnemgtine to glutamic acid nmutation (L104E). Apparently, :
substitution of |eucine 104 to aspartic acid (L104D) did. not affect CD86lg

bi ndi ng. Mutagenesis was then repeated at each site listed in Table |1,

Lhis U1 Mendislidlslon |IAfA Rt BE ixﬁf?ﬁu&&ﬂﬂ%@%&%g&%@@éﬂs% }c@‘zvé@et%ggﬁagﬁé‘” g, as

descri bed above. SPR analysis, again S I Mobi
i dent i f i @gtheds inaktding butmeatilanisainp| GaClf-shoiok (Gbleye (E0S Pafe. BladnAegl. 881 wi t h

protein Vi g, proxjmtely 4-fold g "off' rates than wild type
CTLA4I g.sﬁg%e%’?%?@ M@%gbr({s@q- 2 ar Cloning: y

QUITNY OWANUA WO wer e

| eucigne fAdIOREA LA SPARE Mafbor PrRY ORA il ﬁ%@@l and one was thr eoni ne
(L 104EA29T). Appar en?lgg, noogl ow’"(off jﬂ'e}latlecj{\&rru a%ﬁ%n'were identified when

al anine 29 15 was randomy. nutated, alone, in wld type CTLA4lg. The
rel ati ve nmol ecul ar mass and state of aggregation of purified L 104E and

LSR8l s RO 800eSh50 %0 L A0 STEARSAEETY -

had the ctse ERaebRstsOBREHRIC cOMDidddds Ghiafft! &1 ~Whdth& pii under
reduci ng (~SCkDa; +f3ME; pl us 2?mercacpt oe?%,anol) andI( non-redﬂél?l?lg’ b

(~1001t DEMmartebiged. yeasiolets aPeschapmycessotyevisiic Schizosagshayomytes-pometeogndiphy

de Str at- \L Y] Fl 2 a tly had the sape nobility

as .rTnggrre r‘iﬁ%‘&@%%g#a %&f@%@gﬁ@ (NI’ egé s S Sﬁgﬁéﬁ? é?f#se%rg FEABPISE Qﬁllmaﬁer

whi | e t hellf alsdtanayebeitusetagthons. Paaicalar THO Gell2 RBIERPLES &Rt sot NindiREY 1025

nol ecul % V\%I ht aggregates. ~ Approxinmately 5.0% of CTLA4l g was present as

hi gher nbfia psipeFid- 4480 M@Mﬂ%&%ﬂﬁé%@ﬁ@eﬁ@g@bﬁr a89? egat i on

of L1046829%¢n K e 8, A [ ORGEr.  bi pgding .t 6l.g seen

W th Llomg_%@ E?égﬁg%@c& (gkﬁo(tA]gf;C z\h'rlggt%lg @gbggér 65%88‘# i nduced

by nut adergSientecd) GRO dé&@n@t%ﬂm 85050302 (CAMR, Salisbury, Wiltshire, UK),

20 CHO clone 13 (GEIMG, Genova, IT), CHO clone B (GEIMG, Genova, IT), CHO-K1/SF

designated ECACC 93061607 (CAMR, Salisbury, Wiltshire, UK), and RR-CHOK!1
designated ECACC 92052129 (CAMR, Salisbury, Wiltshire, UK). Exemplary plant cells

include tobacco (whole plants, cell culture, or callus), corn, soybean, and rice cells.

~ Corn, soybean, and rice seeds are also acceptable.
25 |
Nucleic acid sequences encoding the CTLA4 mutant molecules can also be inserted into
a vector designed for expresg,ing foreign sequences in an eukaryotic host. The regulatory

elements of the vector can vary according to the particular eukaryotic host.

30 Commonly used eukaryotic control sequences for use in expression vectors include

promoters and control sequences compatible with mammalian cells such as, for example,
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Eaui | i brium and Kinetic Binding Anal, sis PCT/USU 1/2120.1 Equilibrium and
| cinetic binding anal ysis was perforned on protein A purified CTLA4lg, L
104El g, awd d2/02688EA29Y1 g usi ng surface plasnon resonance (pelRlso13f@sresults
are 5 shown in Table I, i~zfi~cr. CObsei~ed equilibriumdissociation
constants (Kd; Table I) were cal cul ated from bi ndi ng curves generated over
a range of concentrations (5.0-200 nM. L104EA29YIg binds nore strongly to
CD861 g than does L104Elg or CTLA4lg. The |lower Kd of L 104EA29YlIg (3 .21
nM than L 104Elg (6.06 nM or CILA4lg ( 13 .9 nM indicates higher binding

i di 86l g.. The | Kd of EA29Yl g (3. 66
han Lo HARGER (kP S s\ sy Sincicadla il grecions cberg. "
avi di ty afmhdfldEAR YrembRrGa8RLE thd<eaB! hikd %gﬂg}d?ﬂot@i@%diﬁiﬁmﬂz@xvﬁ%§qot hat

t he corrp&ré/atsve, "on" rates for CTLA4|]g, L g, and L 104EA29YI'g bi ndi ng
. to D80 Wertd) dFisrs: ot alad 198y Natws 273nl'1 3).ae%e gthip virdDp®Ipters sedtakl ehds.

However , 4o ' t t ul es.were not,,equival ent (.Tabl.e 1|).
Compar e ot §00 e ATBBE Ra s SSRGS, VEtea At dareiolr ¢

rat e 5 r oproo80) sych an HMEIb(Katinged ), y1982§ Nhehrs) I9M97-800) fmayr Adofod dsen CDB61g. L
104E had "off' rates internedi ate between L104EA?9YI g and CTLA4lg. Since
the introduction of these nutations did not significantly affect "on"
rates, t ' [ 10l - ) ved with L
L0agAzow S mao ARt OM fudl o 1R BT B RAR Yoty

det er m reallphenharcet hegiomcr dhse am impothityinobpthdiRHaAZNY ek phakioSDBAl greand
CDSd g S &jul(fh to the rrutcftti ons af% cting, the way each nononer associ ated
as a di m8PRY e BPHHAPhA AMSHermhet Be RYFHPIEY Te8Manci ng structural changes

i ntrigduced into each nononer, single chain constructs of CTLA4 and
L104EA29Y extracel |l ul ar domai ns were prepared foll ow ng nutagenesi s of

cyst ei neExepmplesoofseriressionsyedmss for eekiargofor host aslds imlude Nisdteye abdt lahited (61995) J.

Bi ol . 70: 154 7- 15424 (84) . ifi tej L AdX~~ d

1o aEazogRars S pdRieGat His s B Lo e By oY BV At A Vaniat:
- . | _ | oand

chr omat qgRaghCI@RedHi 151%&/@)(4\?2, ;ﬂic/R?/‘(l, W@@ﬁfﬁ&%@&%ﬁﬁﬁﬂ% :vreado&sga“

bi ndi ng proeprtles were anal yzed b ndi ng
af fi ni t yP@¥IVbaeioranpbes i vecprot Gitmtagenn)), CRBONTaasctod (e D P 02c3& s
PCT/ WSO - L.ap i,mately 35-80-fold.less th that seen for their
r esplgct i@@%@%)é rfzfllglgf\g? I I{V¥tﬂﬁe§) SLopY lﬁg‘?ﬁ;@(}? gﬁ%‘?‘gﬁ?ﬁéﬁl"?"éﬁhd’eﬁﬁf%
est abl i shdeng-dsttaiatet WRGE 286thRN bful STl eWrss, \RAY fbrs (4 Q7 phl Ldity
| i gand bi_ndi ng g(;‘reene et al., ( 1996) Je. BSi’o}f%. Chemrs, (2§1.I)2%%Y21&¥dég71 ). 5
L104EA29%Ratag@e)bound with approximately 2-fold higher affinity than
CTLAAX~~20s to both CD80lg and CD86lg. The increased affinity was due to
approximately 3-fold slower rate of dissociation fromboth |igands.

Ther ef oNycleit ranhaeqhdngen @ndudivll TITV LhR4RARRDIHRS SRS intbrke! MtdlUGe t O
avi glty enhanc(:)]{n?I structural changes that had been introduced into each
fer i%NRS|

mon ie HaKayplih hest eplht angnsenlisaighpe he Hwshlcaemt ereplicadésner i zed.

Locati o - r n | S Vi dj Enhanci ng Mut at.i ons . The
sol ut i o%lg?&&%%ghgf%ch@ eilgiy ?ﬂ cgﬁf[# M qﬂtﬁd{@_ﬁnpggug%répnco AR-qrigNg, 4§
recent | yefietiod &llaleing foi axedciymbbitnspesicaassopy (Metzler et al., ( 1997)

Nature Struct. Biol., 4:527 531 ). This allowed accurate | ocation of
| euci ne 104 and alanine 29 in the three dinensional fold (FIG 26 left and

(i oht  daph ckpasihe heUGHER dQ sheueild i SHlehEREVLACHLANLY GONSSIVE MPPPY

am no aci d' sequence. Al anine 2 _ _

CDR2} ( 328icREQ) frongith enddpenibus feasPplabiald, theduagiené ch® behgselY RN 020

region. V-=hile there is significant interaction between residues at the
base of (1$fPsMsthgkinz. 101:307). "Alternatively, sequences from the yeast genome capable of

' promoting autonomous replication can be used (see, for example, Stinchcomb et al.,

(1979) Nature 282:39); Tschemper et al., (1980) Gene 10:157; and Clarke et al., (1983)

Meth. Enz. 101:300).
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regions, there i s apparently no direct interaction between L 104 and A29
al t hough they both conprise part of a contiguous hydrophobic core in the
protein. Wgoshtisct ural consequences of the two avidity ernfangdondisyt ants
wer e assessed by nodeling. The A29Y nutation can be easily accommpdated in
the cleft between the CDR-1 (S25-R33) 25 region and the MYPPPY region, and
may serve to stabilize the confornmation of the MYPPPY region. In wld type
CTLA4, L 104 forns extensive hydrophobic inter actions with L96 and V 94
near the MYPPPY r egion. It is highly unlikely that the glutamc acid

mut at i on ts. a.conformation simlar to that .of L104 for, two reasqgns.
Fre Cr RERERImoRa B FRlanes Brend et Grubri s s K ong SRt ¢
aci d si dglyedlgid ehryrbdre(Fidsk US tal! §1968)W. LAGUIESivaRI REEaniapernbii-aatd an to the
CDR-1 (S25-R33 region). Second, the energetic costs of burying the negative
. char ge of!97#ke Biodhennstey badP03i ddditieapripromotanekigir vythe bitdndsle thy\OBIV

or cai i DREPTHEVGER Btk TR Rl il Rt [T ERE P RLEL e e

I ts char2®)cthe phenstealir 3-giedplyglfetaakinase (FBxeman «cAN{0IFTAYI BRRAIClaange can

easily b ted by G1 05, with minimal distortion” to other

r esi duesfqﬁf@%%ggb%sf?r ofhes glyrohgiczZIgh Avidity Mitants to CHO Cel s
Ex-pressing (D80 or (D86 FACS analysis (Fig. 27) of CTLA4lg and nut ant

nol ecul es binding to stably transfected (D80+ and (D86+CHO cel |l s was

per f or ne@thes priesaesis red indeciblerbecfuss Ahgosint bevegwladd b ehbBBEmpasdl tstiw@li@dO cel | s

weré i ncubated wi.th increasing congentratigns of CTLAAI Q.. 104EA29Yl g, or
L 104El g% H5cBTONEh Medie & Thsothit- | TGS GRS _pwquglﬁdwlmeotlﬁ@ﬁ%frﬁaﬁstheet ect ed

usi ng fl SERI Redt S i 0 e; jju nt:i.s .
i mm FDui o%@gﬁulfbi?nﬂedﬁ%ksﬁ%e%’ nal&%ﬂt}r g%%#% %’osﬂb‘%“‘ ve orme( &6?%185i tive
CHO cel | phogphaastD&)zywes assocttdilad el nitrdgen tch@boliwhh, caid etzyroescesionaiblofts  of
CTLA4l g (c) osed.squares)...L104EA29YIg (circles), or L 104Elg (triangles)

for 2 hrlg?ft?ff 54 8 ,acm%ﬁtélbz,atlaﬂd i ncubated with fluorescein

i sot hi ocyanat e- conj ugat ed goat anti-human i mmunogl obul i n anti body. Bi ndi ng
on a total of 5,000 viable cells was anal yzed (single determ nation) ~on a
FACScan, Regwlateyaseqrences auy edsoebreplacett anthe 3Y exfdvbl hevmdingesequenceme@hdseom dat a

hi stagrans using PC LYSYS. ..Data were rrected for, background, fl yorescence
measur ed> gn t&t %gayi ??ﬁ%éf@&% I{l?tssg%g%ﬁﬁ\]‘ét e%‘“getﬁﬁ@ﬁ?toﬁgngrﬁ PWRe 1L 33
Control dufiraifiatet 8Cbgi@ Mollo®REe M lcodind0 seqtRRSE IESIVdal JesstideRi&eengati ve
of four independent experinments. 25 Bi'nding of L104EA29YIg, .L104Elg, and
CTLA4| g mammaktam 2¢®80- t r ansf ected CHO cells is approxi mately equival ent
(FIG 27A). L 104EA29YlIg and L 104Elg bind nore strongly to CHO cells
stably traiisfected with human (D86 than does CTLA4lg (FIG 27B). 30 56

Exemplary vectors for plants and plant cells include, but are not limited to,

20 Agrobacterium T; plasmids, cauliflower mosaic virus (CaMV), and tomato golden mosaic
virus (TGMYV).

General aspects of mammalian cell host system transformations have been described by
Axel (U.S. Patent No. 4,399,216 issued Aug. 16, 1983). Mammalian cells can be
25  transformed by methods including but not limited to, transfection in the presence of

calcium phosphate, microinjection, electroporation, or via transduction with viral vectors.

Methods for introducing foreign DNA sequences into plant and yeast genomes include

(1) mechanical methods, such as microinjection of DNA into single cells or protoplasts, -
30  vortexing cells with glass beads in the presence of DNA, or shooting DNA-coated

tungsten or gold spheres‘ into cells or protoplasts; (2) introducing DNA by making cell
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WD 02/ 02G38 Functional Assays; PCT/US01/2120.1 Hurman CD4-positive T cells
were isolated by i nmunomagnetic negative selection (Linsley et al., ( 1992)
J. Exp. Ma@ o2lo2¢38: 1595- 1604). Isol ated CD4-positive T cel lpgrWRhE2204
stinmulated with phorbal nyristate acetate (PMA) plus CD80-positive or

CD86- positive CHO cells. in the presence of titrating concentrations of
inhibitor. CD4-positive T cells (8-10 x 104/well) were cultured in the
presence of 1 nMPVMA with or without in~adiated CHO cell stinulators.
Proliferative responses were neat",-Prl h~ the a~~itin" of 1 pG/well of

[ 3H] t hymi di ne durin e final 7 hours of a 72 hour 'culture. Inhibition of
. 10 PVA p‘F‘g@%@ﬁébPSHQ?%‘tb?%éo CEPESI'OIBPE%SBJB%B’@ i Redyethytenes glypell Heasmem ol | s by

L 104 EA2 93bgc08 t Aol YRS RRES YPulRE (c1d8 idht: kG 28. L
104EA29Y] g i nhi bits s)r Oflgéiefati Ay &%Boﬁgégﬁpbbérmh?gga PsE el | 5
. nore t ha§owFnug QPN A) ghickghye tolctDaesftMiey. i s al so nore effective than
CTLA4l g at inhibiting proliferation of CD86-positive , PMA treated CHO
cells (FIG 28B). Therefore, 15 L104EA29YIg is a nore potent inhibitor of
bot h 5CD80Rceatite COBExATESk Ak ehofblek Y el BV eAfionk &R L@u SRS
Unhi bi tion by LLOAEA2OYI g and Gl Ad g af T ast: i) bk ey TS e

pr epar e8RS, byangthpdy wal knawn ds thenart swabcesviet!Hysis tugrasoniBationypysokyrast oi d

cell i ) t hat expressed CD80 an 6 (T cells at

3. &104?@/&1@ %WZ%AGEEW%M36%W1_?I? € Wgaft%‘gﬂ ﬁ’ﬂ‘?t'é‘é"i RBRLSEER r ed for
6 days, méms, tde, caffihiy welirematdgsplly Wot hiodtdxbimgt dblﬂ%n{aﬂfgrag)h?,o%sgi gt or e

| ncor porat i on Bg‘{}ﬂ radi ol abel ~was deter m ned.- Secondary z_il I, stimul ati on was

per f or meYOStaNY a5 | g ProdugielR. BagpesrinniRpt

h t e QN i ' i " ) d

ostod f anRLEbHO ARG T oEP ML) P RariBbk ) oty Polectltl Eitimar a The

pr esencd.abbratéry ridbued”’, nduBdision COIHL Sy Olarbor @éﬁﬁg@‘gbgz Eﬁ(px@éi‘iﬂnﬂGf PMin
or

i 0o as above. Stinulation occurred f days, then the cells

t he sa
wer e pHﬁg@d‘gmr?%mﬁdﬁ?16¢‘ﬁ?§e¢anabﬁddﬂ%%by aapthosls dnowa . in The awsf fFot exarhple,

L104EA2 PhHy [ |ls 1s.30 AN F G 29A. The
ot foct ol (1OTURDURLIES Meb 256 WEMLEA Y Debfandls shuisife MRPAGKE s ndig
02/ 02( i 3BnREPbIIBOY Rir2antibbdivsithanbihdl GTI28B . L 104EA29YI g i nhi bi'ts both

primary and secondary T cell proliferative responses better than CTLA4Ig.
To i easure cytokine production (Figure 30), duplicate secondary

| | osti i L. er sul t i
Ssayed erG R R a BSa el wdfuyle G piésftfientih dnd" S o bl
r econe edddayykillie making andtusingrthe sard) AFANMplasase Aquiended i gnyWEL POt ent

than CTUy Bindl B oo ug et > L4 and v~ TFN eytokine

20 EXAMPLE 1

The following provides a description of the methods used to generate the nucleotide .
sequences encoding the CTLA4 molecules of the invention.

25 A CTLA4Ig encoding plasmid was first constructed, and shown to éxpress CTL,A4Ig
molecules as described in U.S. Pétent Nos. 5,434,131, 5,885,579 and 5,851,795. Then
single-site mutant molecules (e.g., L104Elg) were generated from the CTLAA4Ig encoding
sequence, expressed and tested for binding kinetics for various B7 molecules. The
L104EIg nucleotide sequence (as included in the sequence shown in Figure 18) was used

30  as a template to generate the double-site CTLA4 mutant sequences (as included in the

sequences shown in Figures 19-22) which were expressed as proteins and tested for
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production follow ng a secondary all ogeneic stinulus (FIGS. 30A-C). 10 The
effects of L 104EA29YI g and CTLA4l g on nonkey m xed | ynphocyte response
(MR) ar ewsg@Vieisn Fi gure 31. Peripheral bl ood nononucl earpcq%g@zgﬁﬁwc S,
3'.5x104 cells/well fromeach nonkey) from 2 nonkeys were purified over

| ynphocyte separation nedium (LSM and m xed wth 2~gl ml phytohemagl uti nin
(PHA). The cells were stinulated 3 days then pulsed with radiol abel 16
hours before harvesting. L104EA29YIg 15 inhi bited nonkey T cell
prol.iferation better than CILA4lg. Table I: Equil.ibriumand apparent

ki netic are-given.in.th |l owm ng table (val yes 20 nmeans ~
. standardqﬁ{éﬁ/‘l&ég2 %n%'ﬁ ro etnﬁorugL‘e-%{ef 52%&mﬁ?&ﬁﬁ?ﬂ@ﬂ%@)lnaPﬁ?m%ﬁﬁ%ﬁ&Xﬂa4 yt eko"
(x 105) ka1 04EA290e 3K OREADETTY, | dndl L%4E§£9WW%@@L&%&%&%&@-a¥s%2- 21 -~
.186.51 ~ 1.08CD80I gL104El g3.02 ~ 0.051.35 ~ 0.084.47 ~
: 36CD80I86‘EGI§9$A29YI g2.9d t 0.201.08 ~ 0:053.66 ~ D.41CD80I gCTLA4Xc~z0s12.0
1.0230 QL0195 ~ 25CD80I gL104EA29YXc~20s8.3 ~ 0.2671 ~ 585.0 ~
. 5CD861 gCTLA41 g5.95 ~ 0.578.16 ~ 0.5213.9 ~ 2.27CD86l gL104El g7. 03 ~
. 2245 26 CIIAd 60088ructiOn 05CD861 gL104EA29Y1 g6. 42 ~ 0.402.06 t 0.033.21 t
. 23CD86I1 gCTLA4Xc120s16.5 ~ 0.5840 t 55511 t 17CD861 gL104EA29YXe~20s11. 4 ~
. 6300 ~ 10267 ~ 29 58 WD.02102638 Table Il PCT/USOL/2120.1 The effect on
CD861 g biangly @d?l?@ ; ' i.S:
deternii ne%llil E@b %&@%ggcri be%Tg%%%.b%hlgng?%éd%%aﬁéghﬁf (ei{? %ltgt% qpﬁ?xrﬁd?%lat ed
with a "« lgCgimgel damayeaesostSeitd B Oectisedin /St Bgete $j4SH03 Aped4eous Sl ow

'r' g? ;bir ﬁél %‘béggﬂ% ﬂ%%?’!ﬂ{%ié%%%%%%E@é&%@@s#%@%@w@thde~+P101
+Y 10@+Y40R4kl o@%@l@ﬁ]:*MOgbh@l@Zs’f%a ﬁﬁp%\é\%@{&@%& Bg'ﬁfénl&%ﬁé%lZO- 1

Mut agenesis Site Effects of Mitagenesis ratéel sl ow
Reduced Fougshendatg octhe ‘publishediseguendoi(Bdiimagich et al., Eur. Journ. Immunol. 18:1901-

1905 (1988)).

[eoNe]

l

ROON

Because a signal peptide for CTLA4 was not identified in' the CTLA4 gene, the N-
15  terminus of the predicted sequence of CTLA4 was fused to the signal peptide of
oncostatin M (Malik et al., Mol. and Cell. Biol. 9:2847 (1989)) in two steps using
overlapping  oligonucleotides. For the first step, the  oligonucleotide,
CTCAGTCTGGTCCTTGCACTCCTGTTTCCAAGCATGGCGAGCATGGCAATGCA
CGTGGCCCAGCC (which encoded the C terminal 15 amino acids from the oncostatin
20 M signal peptide fused to the N terminal 7 amino acids of CTLA4) was used as forward
primer, and TTTGGGCTCCTGATCAGAATCTGGGCACGGTTG (encoding amino

acid residues 119-125 of the amino acid sequence encoding CTLA4 receptor and

containing a Bel [ restriction enzyme site) as reverse primer. The template for this step
was ¢cDNA synthesized from 1 micro g of total RNA from H38 cells (an HTLV II
25  infected T-cell leukemic cell line provided by Drs. Salahudin and Gallo, NCI, Bethesda,
MD). A portion of the PCR product from the first step was reamplified, using an
ovetlapping forward primer, encoding the N terminal portion of the oncostatin M signal
peptide  and  containing a Hind 1II  restriction  endonuclease site,
CTAGCCACTGAAGCTTCACCAATGGGTGTACTGCTCACACAGAGGACGCTGC
30 TCAGTCTGGTCCTTGCACTC and the same reverse primer. The product of the PCR
reaction was digested with Hind Il and Bel 1 and ligated together with a Bcl 1/Xba I
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Y113 + 1115 + EXAMPLE 3 The foll ow ng provides a description of phase |1
clinical studies of human patients 5 adm ni stered sol ubl e CTLA4 nut ant
mol ecul e Wwol@Aees91' 1 g (al so known as LEA29Y or LEA) or CHAM@i2iR4r €l i eve
at | east one synptom associated with rheumatoid arthritis, including
reduci ng: joint swelling, joint tenderness, inflammtion, norning
stiffness, and pain. The CTLA4l g nol ecul e used herein begins with
met hi oni ne at position +1 (or alternatively with alanine at position -1 )
and ends with |ysine at position 10 +357 as shown in Figure 24. DNA
encodi ng cRaveneodiAng. : i .as ATCC
. 68629. The L104wgvﬁ%m%|eggﬁl’gt}§§§g ﬁg?lé’?ﬁslé %&Qﬁicé}uﬁ?ﬁm@%ﬁ%&h?%@g&
posi t i on CH2 gusk CHB tregiprg 0fMeCyganing4) 1 anta nhaHirat T30 T dleaved gxpressivch wiels, Wi t h

| ysine a ition s, shown in Figure 19. DNA encodi ng an enbodi nent
. of the L%@Wﬁd ﬁﬁ%ﬁeﬁﬁéa%xa&eéﬁoagmgq RIEY (glso krewn 104. 15
Additionally, the follow ng provides a description .of human patients
adm ni stered L104EA29YIg or CTLA4lg to relieve at |east one biological .
sur r ogat &NWhareneating eounind eidwagendecwmasondingrio FETTtA4g Haptberdilg@siituci ng
eryt hr ocyt Hent atign tes, .and serum| evels of C-reactive protein
and/or IL ﬁrtgegg‘g@@(%ﬁﬂﬁaéq%@mﬂ &‘fﬁg'r‘%“gwﬂymt’bt]a?gl(ﬁndi‘fﬂb%@%%‘% ATRE udi ng.
54 mal esaevesbiibichissraBes). participated in the study (Figures 1 A 1 B). The

patients at baseline had a nean di sease duration of 3 .4 (2.0) year s 25
and had failed at |east one D sease Mdifying Aritirheumatic Drug (DVARD).

St abl e NeAgten Lt N L tory Drugs (NSALDS) or steroids (<_ 10
ny/ day) Wereq%’(grbgla{)rtl égéegmﬂ%ﬁ]églﬁ tant DMARDS were prohibited. The patients

wer €10 andom zed 60 WD 02/ 02638 PCT/ USOL/ 2120-4 into groups of 25 to 32
patients per treatment group. Thirty-two patients received a placebo, 92
recei ved”L TH438R% qnd osaeenmng: swatpeie vasTdovelaped Tioeidsatifye muganhHETEAflgowed

pr ot ocol i 1:8St.aNn i t _di;scontinu far a ecei ved. g total
of 4 int lrrg)?/gecg%{sjstﬂ?(n Eﬁlsggﬁgl,dr%%eofﬁﬁg%%l%lﬁneggﬁe 5_%6536{3?%{ 1CISB fi(g,an&oﬁg:?)ggnd S 7.
Al pati emieulssie. bngvatdibindigabilitay s this drhbod@entd futdibns (hre éeBeut The
doses adm nld?tered i.ncluded 0.5, 2.0, or 10.0 n%l cg of L104EA29YI

( denot ed a8 Ebouf feoresidpes inthe CIRA p EBR-¢ dplo knowa guthe<C 1stand) ®)d/ar  of

CTLAH g CW@}r@QoﬁssoQHe%x§ace%l-a‘?‘%loﬁﬁﬂl gr ?’3‘%}1&8 é(?{ ﬁég&ﬁﬁetcﬂ i}{etlJ.?é. g%erﬁg guges 1

A-1 E). 10 All Subj ects were nonitore -1 nfusi ona verse ‘event s
and gl obBateta OO, Ny, &AEHRFI Al 5,844,635;i inrwopénding UsY. iPagnpApplidatiah Sadyler se

ts. i i d tential d ts that
may have DERBPAUA fhERT pibERR. RoreBbair Hled MtciaoiS 203k Clh, ¢ ne
pati ent SliNe i€y 6N eALEARASks! &e%%t@ﬂﬁ%gio}i &ﬁpg{tgncﬁgﬁyas%\f%ﬁ EmPeaLigs  hat

t hey experienced. The physicians routinely nonitored’|aboratory sanples 15
fr om t heUpraepmnasl/grodowsrsamadf thee€DRnmibtifod Thémensites rwerantioseantsed agy e. g.

ass ed | evel s of Al ory. response, medi ators ch as. c ki nes
essess a8l AoR! (I AITRL G SSRonSe mEd 81 o such g5, ook
propor t i D80:20498203)8) eidson® eodBigpre Mgt WhRB amino acid residue side chains would

be solvent exposed, and a lack of amino acid residue identity or homology at certain

positions between CD28 and CTLA4. Also, any residue which is spatially in close

proximity (5 to 20 Angstrom Units) to the identified residues is considered part of the

25  present invention.

To synthesize and screen soluble CTLA4 mutant molecules with altered affinities for a
B7 molecule (e.g. CD80, CD86), a two-step strategy was adopted. The experiments
entailed first generating a library of mutations at a specific codon of an extracellular
30  portion of CTLA4 and then screening these by BIAcore ahalysis to identify mutants with

altered reactivity to B7. The Biacore assay system (Pharmacia, Piscataway, N.J.) uses a
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criteria on day 85. 20 Storage of Test Material The CTLA4lg and L104EA29YIg
were supplied in single-use glass vials containing 200 ng/vial of CTLA4lg

or 100 mo{wg @lo2eds L104EA29YI g, respectively. Prior to inf qﬁjmorlﬁtzm4CTLA4l g
and L104EA29YIg were diluted to a final concentration of 25 ny/ w th 25

sterile water for injection (SW). Adm nistration Protocol All infusions
were adm ni stered intravenously over 1 hour (Figures 1 through .17). Al 30
subj ects received at | east one infusion of study nedication. 61 WO

02/ 02G38 G oup 1: 32 patients, CTLA4lg or L104EA29YI g mat chi ng pl acebo.

G oup 2: j ; Lkg.of CTLA4lg. 5 Goup, 3:, 32 patjents;
. dosage 2° %ﬁ%ﬁﬁéﬁ%}? g.ﬁe%‘“gﬂg%he:“gé‘?t Sgﬁep@%l}g%nvaggaagvai@t @“ﬁ’b‘fg 8y of
CTLAAI g. ethaupDB0Ig3? (Iag6Igns & dedosaosutdd Sensd/ dhib Ghidali94deARAYh @.delddide oup 6:
29 patients; dosage. 2.0 ng/ kg .of L104EA29Y]g. oup 7: 31 patients; dosage
. 10.0 g/ 1'gS oSt %E‘A@gan e ps igjepted dafe the chambsricantajrrg thespnsor chippndl
Pat i ent s (\Weso® 1 t foc I Vit rior to
recei vi né ar:yoiﬁ?%gia%ﬁgb}ﬁ %aéggﬁﬁglggﬁ?tﬁ%me%va ug%s%egkseﬁ?tﬂa%?%glgt[ e ﬁha§$€$|{n
swel | $ ng mqlesiular npass adrictes physindllyeassadiated withuhe degrantdobfed asde, of dhs QRSEr

activity gvaluated h tient and sician as 2Q well as disability

eval uat e&ﬁllgy{hﬁecg?rﬁ? %ﬁ%@?‘i@ﬁﬁ%ﬁs‘? émgg%ﬁg%sﬁﬁﬁtby{tm%te‘(t%ﬁ@md as a physi cal
function score in Figure 1 C, and pain (Figures lAto 1 D). Additionally,
t he basel i ne_eval uations included erythrocyte sedinentation rates (ESR),

and ser upPt@liedlly, single-vitcavutavenyslentide seERRYs werd eotmtrdesidg trrmoaypddor

the o) ¢ 2 WEPube BiSa Geophe ATEALUES regE 8RS Radude bl s Doty <O a™"
subj éct S5l ID5ednd HEBICRY) ATCCEALRRsibh NA1CE§529R%s 3 t&fpIRR! CRAkagenic

i npr overregt in tender and swollen joint counts and 20 percent | nprovenent
in t hr ee OBBORUGISOHls, RCRapritners e fesignsddontad omaytagenshis @f apatdifiotodond

ngil gin?Bz %gﬁ\?glﬁ ﬂ%slf'a?g ?lt B&?@%% T@cggio@’théj LS 0%1 bt Sily aglqz(tjnirellen oft lfl}n?n Qtase

position 3 (XXG/T or also noted as NNG/T). In this manner, a specific codon encoding
an amino acid could be randomly mutated to code for each of the 20 amino acids. In that

15 regard, XXG/T mutagenesis yields 32 potential codons encoding each of the 20 amino
acids. PCR products encoding mutations in close proximity to the CDR3-like loop of
CTLA4Ig (MYPPPY), were digested with Sacl/Xbal and subcloned into similarly cut
CTLAA4Ig (as included in Figure 24) nLN expression vector. This method was used to
generate the single-site CTLA4 mutant molecule L104EIg (as included in Figure 18).

20
For mutagenesis in proximity to the CDR-1-like loop of CTLAA4Ig, a silent Nhel
restriction site was first introduced 5’ to this loop, by PCR primer-directed mutagenesis.
PCR products were digested with Nhel/Xbal and subcloned into similarly cut CTLA4Ig
or L104Elg expression vectors. This method was used to generate the double-site

25  CTLA4 mutant molecule L104EA29YIg (as included in Figure 19). In particular, the

nucleic acid molecule encoding the single-site CTLA4 mutant molecule, L104Elg, was

used as a template to generate the double-site CTLA4 mutant molecule, L1 04EA29Y]g.

The double-site mutant nucleotide sequences encoding CTLA4 mutant molecules, such
30 as L104BEA29YIg (deposited on June 19, 2000 with the American Type Culture
Collection (ATCC), 10801 University Blvd., Manassas, VA 20110-2209 and accorded
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30 Arth~itis a~zd Rheu~natis~n 36:729-740; Felson, D. T., et al., 1995
Arthritis ad Rheunmatism 38:1-9). 62 WO 02/ (12138 Bi onmarkers

PCT/ USOL/ @26¥028%t ent i al bi omarkers of disease activity (rgquyQif,factor,
CRP, ESR, soluble IL-2R, 5 soluble I1CAM 1, soluble E-selectin, and MW-3 )
were al so assessed. Validated enzynme i mmunoassay (ElA) nethods were used to
determ ne the serum concentration of IL2sRa, sl CAM 1, sE-selectin and
MWP-3. TNFa and IL-6 were assessed at infusion pre and 2 hours post, if
necessary. 10 IL-2sRa, sICAM 1, and sE-selectin were neasured using

commer ci I 0 I A kits fromR& Systens, |Inc
. (M nneap%T:osC %M%SISI%Q ﬁmﬁ%r PTHB} O4§p\§?re| g?ﬁefaée%quﬁgmq“é {lﬁ EoRUtRgrResis
312- 20, Oﬁwcwrﬁtdesﬁﬂaeﬁoébmg/uﬂnganmmg 206 fghilhte. r@ﬁﬁeﬁaﬂh&s@was 84 o
inter- assa%eg%oeffl Ci ent f variation ranged from4.48-8.4% 3.8-5.0% and

. 5. 5-9. 0EFEEHE ARIFLPYE donhlersis mands mueleqiide pagvamcsstwekras thesenencodimgu (rjn
val ues 1@%@119310160@@5613@4 ]Zﬁ%léjgésrthfd@? ??gﬁ%\é%\ﬁ%eng%wrﬁ \i@%;%lﬁgmé 0

usi ng a conmmer ci al e/ avai ol ori me
Pha. rmacl404iA2Ndp @Pusdadcalmaythel\kb)]ueﬁbheehbomrn Biptra! OB ILI0MBALO TR (as

tit 30-7, 680 n The inter- coefficient of variation
qlrjgzgleda#dr %%e%n ghes SepteRes g@o}ndf Y& %l)t Arad %1 5‘%%%%%?]&:{%%1@? ludechimihe serum
| der GROWA- L- F S i
Comer cl ot by St A o ohRufE 22} TTARE s Rl R %éoﬁ’é%é ¢ diegding,
(M nneapbf @%3 AQNYS25§ e, L HEA 29K 82 5 Teemd | Li IO ES 20V S2 iRyt wbwmtal@rgeRErawer e

0.3-3,000 pg/nL and 0.7-7,000 pg/nm, respectively. The inter-assay
coefficient of variation ranged fi~om3.1-5. 7% and 6. 4-20. 7% respectiyely.

Accot@®i ngh¢ solttiie CKITtA4 mmil?emulfe@%w gres%@lrﬂ*&h tREMIBOYRL Y&ehas 88 ufdam
<0312&%/m_and<0775dp
hase II clinical studies described in Example 3, infra.

As those skilled-in-the-art will appreciate, replication of nucleic acid sequences,
especially by PCR amplification, easily introduces base changes into DNA strands.
15 However, nucleotide changes do not necessarily translate into amino acid changes as |
some codons redundantly encode the same amino acid. Any changes of nucleotide from
the original or wildtype sequence, silent (i e. causing no change in the translated amino
acid) or otherwise, while not explicitly described herein, are encompassed within the
scope of the invention. '
20
EXAMPLE 2

The following example provides a description of the screening methods used to identify
the single- and double-site mutant CTLA polypeptides, expressed from the constructs
25 described in Example 1, that exhibited a higher binding avidity for B7 molecules,

compared to non-mutated CTLA4Ig molecules.

Current in vitro and in vivo studies indicate that CTLA4Ig by itself is unable to
completely block the priming of antigen specific activated T cells. In vitro studies with
30 CTLAdIg and either monoclonal antibody specific for CD80 or CD86 measuring
inhibition of T cell proliferation indicate that anti-CD80 monoclonal antibody did not

47



wo 02/ 02r3s Antibody testing PCT/US(11/2120.1 Serum sanpl es were obtai ned
for assessnent of drug-specific antibodies prior to dosing on day 1, and
appr oxi meiy@ at/0@éssdays 15, 29, 57, 8S and 169. Due to hi gh,pdar@RxhibkNg 5
titers directed to the i mmunoglobulin (Ig) portion of the nolecule,
specific antibody formation agai nst CTLA4l g and LEA29Y wi t hout I g constant
regi ons was al so assessed. Ninety-six well Imulon Il ELISA plates (Dynex,
Chantilly, Virginia) were coated with CTLA4l g, CTLA4lg without the Ig
constant regions, LEA29Y, or LEA29Y without the 10 I g constant regi ons at

2, 4, 2, / i.n .phosphat e buffer al i ne (PBS), respectively, and
. i ncubat et (%R?é? E{Tg‘fﬁ%%tl&?-g L PHEVRht '@g?é mEROfio al\/\ﬁ“%t’r?oééécﬁé‘t‘&rﬁ?qﬁi ng

0. 05% TwsenirAfbitng hideekag fhar ITHRAE als 37E W tdHEBR Qﬁnma{lhgg@b‘%bwi ne
serum al bum n (BSA),. The plates were then washed and serial diTutions of

. the test!NEECHOBS- b5 ciptactmpersleaflieryindings wekiasie o dil t dmuhmitsppi988).i at e
wel | s ang~i at : ] . a iluted threefold in
PBS wi t hﬁg?jzlggkgssﬁg’g‘tﬁ o%ﬂﬁeg %ﬁ%& ’3}? ’fﬁﬁg é%éﬁglag: TSPEEL FERICH at es
wer e wasdpptbxametehn 190k £blidn devpdro ST at4s eearpptitgidne dihgs aforaiDdsunBdialcappa and
| anbda -( Sout hern li%i o(iechgl%og Associ ates, Inc., Birm n]gha Al abame)

ant i body "SR ai 1IPRES o dge Estngswithgvas Sumsgd that selbleo 43mgtant he

pl at es wap ;e B r { L i I, ol am ne
Butt or 20 pages e iehelatilly R R IR Ybe E1070NGbRIA 1 SEL AP O
wer e st dppéarkihe primiugNef@atigerdspebidic absvatdbeetle tHan GTL Adlgel engt h: 405 nm and

550 nn) was recorded. Results were expressed as endpoint titer (EPT),
defined as the reciprocal of the highest dilution that resulted in an

abs abarte thieand,ne kbMblecot ULAR 8RBt hHRBuISS d&IHBd IPEAABp B bove were
pl at ebackground absorbance. Pl ate background was det erm%ed as the

absor baréEepsl Hsigueeneyel paespinge droogdutge tabdentife wiversbrmmatival destheer e

i d hLive f i on Ji.f .t hey. t i al
G Tt | or EtpbAd: dbfiahObe T AGAMSEDIRR Aiboitl BYghT o6 Eeb vl st b o
sanpl es sorshingVstrdiely @rdigsd GiLéMdctive AhethbA2BY directBP &fentife rdRbitPogies wer e

generated from i munized nonkeys. An aliquot of the appropriate QC sanple
was assdpereatly siogesaoH" antes ywithoat theuneedafeal proteirapunifigationereq @atitaticept ed

0115703085 Rt P Bedthesh s Yrbibedt iR P Bt U °
gener al |Analv@ibelicnt. £? EX:4577-468)al | dose-|evel s. ‘Peri infusional adverse events

were simlar' across all dose groups, with the exception of 5 headaches.
Headache response of patients on day $5. increased dose-dependently 23%

44% an %d z t paki -1 %. . 45N Y%, i n
Llo(ZEAzgtY(?gteréggt gg}esg{a?%%tg@ ‘ggh o‘?‘gi,&‘g‘%g,nlg‘ﬁ%'a‘i?f{%‘ lmg/ ?’%ag&?deg%?é{%‘t My, In

cont r astpro3pagsl ofor t dezerphtdapnt sThaekriday stoaditidngl - zokives medipenae nppiecheadaches.
10 The rcent, .of patients that, discopntj d fromthe clinical study due to
a_rt;‘gfb i tiF@AFPrgr%gse&%H %lﬂl?f hargAs OWEnAt@ :@%@n%ﬁie{@&o‘f‘tﬁd ﬁ‘flﬁ‘Lﬁ"iﬂbie. A nuch
hi gher mEDgRAtAIEDSEINATIRN R BhaheOhddbRSRMIRYUSE nlu flnsdbgs t 0

; t
1 ﬁ-g I%FS
arthritis flare. The CILA4lIg treated patients Eﬁscontl nued treatnment |ess
wi th i ndpesseea dy godecs plysmen festmapet (@ ShantesyaDed., wi slh 1090 4542 Bidagem.

depondertt S LuSAE MR Pect DT yerita & WARBg aor PRAPSELb eV CEspRmme el wit h
L104EA293%t@ tIHgmaRYwere immobilized on research grade NCMS5 sensor chips (Pharmacia)
25  using standard N-ethyl-N'-(dimethylaminopropyl) carbodiimidN-hydroxysuccinimide
coupling (Johnsson, B., et al. (1991) Anal. Biochem. 198: 268-277; Khilko, S.N., et
al.(1993) J. Biol. Chem 268:5425-15434), |
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. 20, 50,

The ACR-20, -50, and -70 responses of patients treated with CTLAAIg,
L104EA29YI g, or placebo at day 85 are summarized in Figure 3A. Simlarly,
Fi gures 3@oandé3sdescribe 20 the ACR 20 responses with 95%cganfidpiase
limts. The responses appear to be dose' dependent with a clear significant
response at 10 ng/ kg per body weight of the patient. The percent of
patients having reduced swollen and tender joint counts conpared to the
patients having no response to treatnent with CTLA4l g, L104EA29Ylg, or
pl acebo, is 25 shown in Figures 4A and B. The therapeutic responses appear
to be doge-depe t., Alarger percentage of patients show i nprovenent of
36 —R%rﬁg‘ﬁi%n . 00%in the 2 and 10 ng/ kg groups for both
products. The percent of patients having reduced pain, disease activity
eval uat ed atient and 30 , physician nmean score units with CTLA4Ig,
. L104EA29¢ Qﬁ’y eg‘ﬁ gpvaie 8bd4 wiel tshovwlture Pags vess SinsidBtly GansfactedDwitEhautant

h d K 2/ 02638
pCT! UBow 3140 " SORER, e TRMAb M el ieor A 3T fotenihs selived 3

tr eatirentdaygiaieps as conpared to placebo on day 85. The Likert scale is a
val i dated verbal rating scale using adj ectives to rank the synptons (The
Anerican Col | ege of Rheumatol ogy Prelimnary Core Set of Disease Activity

Measur es 0 hriti.s_and
rount | oopuiERaORENCH AN bhu i Mol TR Sier MR HiSeeRf Bips
assessrreqrhttrsnmeddwslaam&gtor ﬂD&])Ig:mrt@@crfb’edrihtGleeﬂbaaﬁill r199@y Biol | Easd. 2

units, u mtreatment with CTLA4l g, L104EA29YIg pl'acebo, are
shown i nflf—ll &jﬁg?ﬁfék?)aﬁ&d gutgianeleaeswers idepdied with B@@@& éloﬁ@pémiéhfﬂ with

mor e10l0 gBEKed fhIARMIBEUTLIN: t M Hhake %%%?Sjﬁdlﬁ% t&‘géléo‘{gd 1 fietfSombig
percent reduction in eactive protein EREMPEat ed

Wi th CTLwanegsequqmngn@re ONA | prerebal, td perftraviarger EjaQaUCEE ¢Al aaflsiéht The
responses ?"io 0 _be ‘i%eﬁ E a ndent with a clear decrease for the 2 and
10 ny/ kg ALt 8“’1 op Sh{che b’ §r petant profgHy Wagprenergurdionsng minigia Ahat t he
di ff er eng@ificatievbf ulfirdpiefiiacant conpared to placebo with 95% confidence
intervals. Figure 7C shows the changes in serumlevel changes from baseline
at day 85. The anpunt of serumsoluble IL-2 receptor in patients treated

L L104 ceb s shown in_ Figure The
redzlcstcl-rogﬁllc%reség b cf%g % E%CEF%‘E ré%%néalﬁ%éiéfasaq Se W E?s%ergjé@éﬁ@ént The
anount ofeseitiednnsolGbée ét%Md%aﬁ%@plaH@}ne 71504 780106771 And M (BQ Sarddi €2t ed
wi th CTLA4l g, L104EA29YIlg | acebo, shown in Figure 33. The reduction
in sol ubfepl %PB“WC&W&I Nes Q%ﬁ?ﬂa&& Enéeﬂoé%lﬁi,%ﬂ whish sara ppesétr éncorpopaed by
dose- depg ﬁ{&%t‘r The medi an and nean tender joint counts in patients
treated vmt LA4l g or placebo over tine are shown in Figures 9A and B.
The change from baseline (e.g., reduction in s

20  BlAcore Data Analysis

Senosorgram baselines were normalized to zero response units (RU) prior to analysis.
Samples were run over mock-derivatized flow cells to determine background RU values
due to bulk refractive index differences between solutions. Equilibrium dissociation
25 constants (Kg) were calculated from plots of Req versus C, where Req is the steady-state
response minus the response on a mock-derivatized chip, and C is the molar
concentration of analyte. Binding curves were analyzed using commercial nonlinear

curve-fitting software (Prism, GraphPAD Software).

30 Experimental data were first fit to a model for a single ligand binding to a single receptbr

(1-site model, i.e., a simple langmuir system, A-+B«—AB), and equilibrium association
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tender joints) appears to be nore inportant in the 2 and 10 ng/ kg treated
groups, than in 30 the placebo or 0.5 ng/kg groups. 66 WO 02/ 02638

PCT/ USf | 1izladdadzsThe nmedi an and nmean swol | en joint counts pgdi/ial ¢S
treated with CTLA4l g or placebo over tine are shown in Figures 10A and B.
The change from baseline (e.g., reduction in swllen joints) appears to be
nore inpoirtant in the 2 and 10 ng/ kg treated groups than placebo or 0.5
nmg/ kg groups. 5 The nean pain assessment scores over time in patients
treated with CTLA4l g or placebo ar a shown in Figure 11. The change from
basel i necdstangs (K j [ | I e e i rt, in.the 2
-and 10 rrg/ kg tréa?ﬂ%qg?(])\g‘ggwﬁ%# pq%d gggge?agfon%%grregqu‘é%mbrﬁg@ %%(dfﬁ% mean
di sease agbsearanylyadsiesweredit te dbe esnpiess ewsaile yodeRbt HRindObinAMYSi 61 a8 ai N

patients with CTLA4l g or. pl.acebo. over time are shown in Fi gures 12A
B B Stler P sablieRling dRGFpetacldundion it chssdessebed v fey)
appears E@JaﬁenRﬁR@,a,jl-rmg((;laer[{"szt(t\g(Ung@pd 1'0 ng/ kg treated groups than

pl acepbo or 0.5 ng/ kg groups. 15 The nedian and nean tender joint counts in
patients treated with L104EA29YI g (denoted as LEA in the figures) or

pl acebo Lok _BF S i igures 13A acid, B. The.change .from baseline
(e.g., rggéljg?(?%dr%gsl ﬁfﬁtesn eﬁﬁ?éo%{gg]%gﬁp\g%}?sanﬁg'zﬁ%V&fb‘% L G soRdatiton WHE nedi an
and nmeanexpeditieatal dota nhd GotiStclly byRAH R &F the SEhedr-WilahesL T %ﬁﬁﬁ%%%ﬁo
(denot ed As L in the figures) or placebo over tine are shown in Figures
14A and B FRECIHEhehosen gintisabest fiteurniessghe twediie maskel fih significhetly petiart s)
appears qu nore inportant in the 2 and 10 ng/ kg treated groups than

pl acebo or 0.5 ng/ kg groups. The mean pain assessnent scores in patients
treakled with L104EA29YI g (denoted as 25 LEA in the figures) or placebo over

time are sho.wp in Fi gure 15.. The change from basel i ne .ée.g., reduction in
pai n) ap‘%%szgf ‘aupn, apd fsassogiatien falsesTHsTwaHoanak asiag aBIA vevelpatien é3 & ment
scores eyeitwat qihbyndeahi e BhY.Si.Cl ' atients treated with L
T0aERSOY! g ( Goror oy o) PASRTARipleCt bl RS MER SUOLEE 56 o' B 0
shown i rasFugingewthl Brmegros sifigle-sith ameractions rmb palitineolsite Gnterab @SAC tHoPN i N

di sease acti vi tﬁt agtﬁ)ear to be dose-dependent. 67. WO 02/02G38

PCTI 01805117821%5’6? TTREIGSr EmnYelieiphers ctentatest agsayding & thei ecamtion Ry-Ris@essed by
HAQ 18t ey ™83 whereal iigBtr&spbhi®al ahivint inCHLA4! g, ;&&%ﬁ% [, placebo
are shown in 0Igi,%ure 1t71 (Hegl_th' Asggéss?rrtghr%g@ qsl{fgiﬂé)ér_l%tal e a{%ﬁg?nﬁ%ﬂoég, J.

F., et dhe limpogahg stagfoffhe mjertion) agyk.SdRBG=kon*Clkow, where C is a concentration

of analyte, calculated in terms of monomeric binding sites. For two-site interactions ke,

values were calculated according to the equation Ri=Reqi(1-exp™ )R g (1-exp*e2t4y).
For each model, the values of ko, were determined from the calculated slope (to about

20 70% maximal association) of plots of ks versus C.

Dissociation data were analyzed according to one site (AB=A+B) or two site
(AiBj=Ai+Bj) models, and rate constants (kog) were calculated from best fit curves. The
binding site model was used except when the residuals were greater. than machine
25 background (2-10RU, according to machine), in which case the two-binding site model

was employed. Half-times of receptor occupancy were calculated using the relationship
112=0.693/k 4.
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5 793). There is a clear dose dependent inprovenent with this paraneter.

The changes from baseline for soluble IL-2r and C-reactive protein |evels

wer e doseqep@ndesst in both treatment groups. After treat mgigyusehidske | L-2r
| evel s were -2% 10% and -22%for CTLA4lg and--4% -18% and -32%for
L104EA29YIg at 0.5, 2.0, 10 and 10.0 ng/kg respectively, conpared to +3%

for the placebo. Creactive protein levels were +12% -15% and -32% for
CTLA4l g and +47% -33% and -47% for L104EA29Ylg at 0.5, 2.0, and 10.0

ng/ kg respectively, conpared to +20% for the placebo (Figure 7A). 15 No
clinical ly ‘”@@i E‘QB! e findings with respect to routine hematol ogy testing,

. chem str testing with the exception of slight suppressions in

| gA and 1gG |l evels at the higher doses of both drugs, physical findings, or

vital si gusiRsSSessTBOvS mm t kY t d

. induced dr ug@rspem fic an bgm?%(?%%\ﬁ%xgha% i eaﬁ If‘glzvxlnn%gl n% TR
descri be G@Iﬂ Bia) pn¢ IITZm? d@ﬂtl-Bﬂdﬁ[a@ l(n‘o“mma@Dﬁﬁ]t),l omsPhahainget KSanblelego

adm nist ered 1104 to re rev truct ural

i ncl udi ng one 8r E1'81(2)? gnos Rl ﬁié%ﬁém?} HVF g4 /BHCf)gélpd?é‘r“éfﬁfgl’ggﬁg? ¥8Ie Thi s

i mpr ovemnmegrhoved ﬁeldumleﬁrgctmﬂme'z5e@él§vl$mricﬁl§htﬁ>hrM%Msﬁlhatéiﬁﬁ'ﬁ&%d'sﬁluli@‘ $el to
the clinical. inprovenent neasured by the clinical parameters. .st’at us of

tile bon&OLpng LPeM EDfghi lcéi(é(fe]lh(]sé% W) teee Riusencubated ewitls np%bsocnr to

treat nmen vil r 4 These are adm n
bet ween t(l)migiug?}gglg%}d)ﬁzg&& Ellotéﬂ? @?ﬁm e Ptq_’illnég%g‘%‘i‘lsboé’ﬁ?eoﬁﬁ"&’al dFysg’ver y
two to' thesl washeeaksd mtaibated With Iﬂlilofb@tféi)m E@m@@aﬂméﬁogﬁgﬁéd %@@crﬁrﬁl)-mbﬁ’se
mai nt“?l n tbﬂﬁ]ﬁr t her apeuti ¢ inprovenent 68 WO 02/ 02C>38 PCT/ US01/ 2120~
over diUBER alsHauRAE ?J&lmewpgnd leRdsaganes (Bago, dvelingaken Califpmisdef i ned
i nterval WeRMY DA gui del i nes.
These pa’gegﬁt S arlz&n%ﬁ?%cﬁ% g‘?‘?ﬁ*g t°§?‘nﬁr@$%§§|ﬁgﬁg%§¥°ﬁm§“ nd 12 nont hs
to determne if treatnent wt h CTLA4l g or L104EA29YI g reduces the
pr ogr essi . ) i hen 5 yearly. The patients are
rmnltore ' 7 G628 FE P m rettrdi ng X-ray and/or magnetic
resonance |mag| ng (I\/RI) accordl ng to standard practice in the art (Larsen,
A K. and M Eeic 1977 Acta. Radiol. Diag. 18:481-491; Sharp, J. T., et

, 19988 DArRAGE svas perfifrangd RineTisdglysine 22023 a&ylaaaae gelfloves BahDiego t he

rad| ogra eval uat ed for revent i tructural dapage,

i ncl udi ng A 1 OQ‘%]C?LgeIE) rogr Stelied ith &BBWQ?S& g&% ﬁmiﬁaagfe O(fdﬂ’@ctlgehﬁgweléanage

Wi th joi BbtahR@Cs QfifaP WealBhid)d/OTLRARYER! LE) B8 NRWERLETIP 85 13 were
analyzed by size exclusion chromatography using a TSK-GEL G300 SWx. column (7.8 x

300mm, Tosohaas, Montgomeryville, PA) equilibrated in phosphate buffered saline
20 containing 0.02% NAN; at a flow rate of 1.0 ml/min.

CTLA4X(*] 208 and L104EA29YX(‘1208.

Single chain CTLA4X 1205 Was prepared aé previously described (Linsley et al., (1995) J.
25  Biol. Chem., 270:15417-15424). Briefly, an oncostatin M CTLA4 (OMCTLA4)
expression  plasmid was used as a template, the forward primer,
GAGGTGATAAAGCTTCACCAATGGGTGTACTGCTCACACAG was chosen to
match _sequences in the vector; and the reverse primer,
GTGGTGTATTGGTCTAGATCAATCAGAATCTGGGCACGGTTC corresponded to
30 the last seven amino acids (i.e. amino acids 118-124) in the extracellular domain of

CTLAA4, and contained a restriction enzyme site, and a stop codon (TGA). The reverse
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WO 02/ 02638 What is clainmed: PCT/USII1/2120:1 y 1. A method for treating a
rheumat i ¢ di sease conprising admnistering to a subject an effective anount
of a sol ubleoxfebbsd4 nmutant nol ecul e that binds a B7 nol eculgy/dsodnizbhie

met hod of claim 1 further conprising admnistering to a subj ect an
effective amount of at |east one inmunosuppressive agent, wherein the

| mmunosuppressive agent is selected fromthe group. consisting of
corticosteroids, nonsteroidal antiinflamatory drugs, cyclosporin

predni sone, azathioprine; methotrexate, TNFa 10 Mockers or antagoni sts,

I nflixi L ol ogi t targetin n i ammt ory cyt.oki ne,
hydr oxyoR BB e €8 A (GRERs b SPHE B ou Bl AU ahe e R aRdhanaki nr
a. 3. TheutiedtedsejicdeaGOA (nWhatak 3413%) Sl 40! 18v&TL Amek LARNIm fﬁ%hw‘?{ 4 e
inhibits the B7 .15 nol ecul e from bi ndi ng" CTLA4 and/or CD28 on T cells. 4

. The net haePlaned Wit onerof thmElloming meclensidatsbeue@sAA GAIGHA, TiGe G4, AGTer f er s

i T- 7- I L el . i ions.. 2 . _The nethod of claim1l,
wherei n' Che ol apPaseFAGRa it & aE s abtys sidlorFuspmionsn cEeisds 11 on
+1 04 bf EHlersed cdneplemonthBusiquenat opasé tdodon *1OE &5 SR | NSiFiGHYE 13 1S
substitute Lth any other_am no acid. 6. The nethod of claimb5, wherein
The. sol UBPEeTHeAS SRS ARshelre. K04, 1CQoapgTonr b@&iT% grmghw;tgmrs?dn

Chi oni o ) . . .

i gur o 1o mBlenBARy bOMedcs ol op Son \Grifk. PRRIACER, ot “eiel itk
mol ecul eWese digested Biith HiroBiyivhal myl diredtioaklinbutelated iowi the @Rpredsishvestgh
lysine a%cLﬁO(%r}slo?-?\/I;e??sS gql?i%b %o%mlglanly,nPr?r(l)cet:ml,:&\%J.r ﬁl(:)L48EA279(%{Xc1203 was prepared

10 in an identical manner. Each construct was verified by DNA sequencing.

Identification and Biochemical Characterization of High Avidity Mutants

Twenty four amino acids were chosen for mutagenesis and the resulting ~2300 mutant

15  proteins assayed for CD86Ig binding by surface plasmon resonance (SPR; as described,
supra). The predominant effects of mutagenesis at each site are summarized in Table II,
infra. Random mutagenesis of some amino acids in the CDR-1 region (S25-R33)
apparently did not alter ligand binding. Mutagenesis of E31 and R33 and residues M97-
Y102 apparently resulted in reduced ligand binding. Mutagenesis of residues, S25, A29,

20 and T30, K93, L96, Y103, L104, and G105, resulted in proteins with slow "on" and/or
slow "off" rates. These results confirm previous findings that residues in the CDR-1
(S25-R33) region, and residues in or near M97-Y102 influence ligand binding (Peach et
al., (1994) J. Exp. Med., 180:2049-2058).

25 Mufagenesis of sites S25, T30, K93, 196, Y103, and G105 resulted in the identification
of some mutant proteins that had slower "off" rates from CD86lg. However, in these
instances, the slow "off" rate was compromised by a slow "on" rate that resulted in
mutant proteins with an-overall avidity for CD86Ig that was apparently similar to that
seen with wild type CTLA4Ig. In addition, mutagenesis of K93 resulted .in significant

30  aggregation that may have been responsible for the kinetic changes observed.
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WO 02/ 02638 PCT/ USOL/ 2120~ 8. The nmethod of claiml, wherein the soluble
CTLA4 mutant nol ecul e conprises a first nutation at position + 104 of
CTLA4, wh@RizmzéRuci ne at position +104 as shown in Fi gur ctaudos21204
substituted with glutam c acid, and a second nutation at a. position +29 of
CTLA4, wherein alanine at position +29 as shown in Figure 5. 23 is
substituted with any other am no~acid, b. position +105 of CTLA4, wherein
glycine at position +105 as shown in Figure 23 is substituted with any
other am-no acid, c. position +25 of CILA4, wherein serine at position +25
as sho in Figure 23.is stituted with any other am no acid,: or 10 d.
. positio @r@@“bgm@ﬁm%}s %@f‘g“i %PHPWFGM HES gell jmasiestinn amloscaeenngdwhSPR Fi gur e
23 is s ' e i ot (o] r @ ResAE ho L1, 4
wher ei nuﬁtecgst%%uglle\g&aé ﬁ% béfq’ru%ghﬁt ' no gfgl& e ?ggglg g%g%%&?mmab%@h{r%ng W th
. et hi oni ¢natanng esitantoproteinsawith eppiongnately2-fdd Isjosvendofflt rqiesthiah orild-8pé as

shown i n~Ej e , L104EA29LI egi.nning with nethionine at, position
T and oAl hen b rmeiponee Eppit Se s bulinin i crrgurs eh s

L 104BA297blgd td@@oBdh Mhcietth gRAicRI B uftioR gl &E?”Agﬁar@&ﬂr SEMstkingi oW Jeh

|l ysine at position +357 as shown in Figure 21, or 20 d. L1I04EA29Wg,

begi nni n§usiRe ho4vistaspatir aeid4L 1 QM) did oat affecap®86ledhindingd t h | ysi ne at posi tion
+357 as shown in Figure 22. 10. The nethod of claiml, wherein the sol uble
CTLA4 nutant nolecule is a. L104EA29YI g, beginning with alanine at position

-1 and evidiagenasistwad then repested 2Aeaplsitd liqad m3Pabl@H, ®ixawhe 1AnF LIMEaslBe ' b.
L104EA23%¢L9, bglgi nning with alanine at position -1 and ending with |ysine
at ', titgRlatesinstead of paldntype CHilghdle, gsodeseribed1ahora2 $PRganalysti agding wi t h

o ekne ghPBn0eq EEB TGRS 0 RN DR AR S
endi ng valarind 28iwith ptotgins having apAdXinaaely oM sldwet 9o rades thdd wild type
" CTLAA4Ig. The two slowest were tyrosine substitutions (L104EA29Y), two were leucine:
(L104EA29L), one was 'tryptophan (L104EA29W), and one was threonine
(L104EA29T). Apparently, no slow "off" rate mutants were identified when alanine 29
15 was randomly mutated, alone, in wild type CTLA4lg.

The relative molecular mass and state of aggregation of purified L104E and

L104EA29YIg was assessed by SDS-PAGE and size exclusion chromatography.

L104EA29YIg (~1 pg; lane 3) and L104Elg (~1 ug; lane 2) apparently had the same

20  electrophoretic rhobility as CTLA41g (~1 pg; lane 1) under reducing (~50kDa; +BME;

plus 2-mercaptoethanol) and non-reducing (~100kDa; -BME) conditions (FIG. 25A).

Size exclusion chromatography demonstrated that L104EA29YIg (FIG. 25C) apparently

had the same mobility as dimeric CTLA4lg (FIG. 25B). The rriajor peaks represent

- protein dimer while the faster eluting minor peak in FIG. 25B represents higher

25  molecular weight aggregates.” Approximately 5.0% of CTLA4Ig was present as higher

molecular weight aggregates but there was no evidence of aggregation of L104EA29YIg

or L104Elg. Therefore, the stronger binding to CD86Ig seen with L104Elg and
L104EA29YIg could not be attributed to aggregation induced by mutagenesis.

30
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WO 02/ 02138 PCT/ US01/2120-4 11. The method of claim9 or 10, wherein L
104EA29YI g is encoded by a DNA sequence designated ATCC PTA-2104. 5 12. The
met hod of wa) @o3s3k, Wherein the sol ubl e CTLA4 nutant nol ecylcg/gpmRibseS a
nutation at a, position + 104 of CITLA4, wherein |leucine at position + 104
as shown in Figur a 23 is substituted with glutamc acid, b. position +29
of CTLA4, wherein alanine at position +29 as shown in Figure 10 23 is
substituted with tyrosine, and c. position +25 of CTLA4, wherein serine at
position-+25 as shown in Figure 23 is substituted with any other .am no

acid. 13p,f f . ting, rheumati c di sease conpri sing adm ni stering
.to a subE fE d et B oha Hf a sol ubl e CTLA4 nutant nol ecul e that
bi nds, a B7 nol ecul e, wherein the soluble CTLA4 nutant nol ecul e conprises a
mut ati on_at. position +104 of CTLA4, wherein | eucine-at position +104 as

. shown i nEaPiGFIBmand; kinetiphinding eaalysis #as getfermed onaupigina dusified CI iAdig at
. f vat . iy ; =
D% o oubtemE afTEAMENBENG St GRIRE RRNCicbdnaoe, RIS RS HRul e he

sol ubf e shas¥iL MATahi¢ &nityfiuD|Giseived iequilibAdEARRYigtiorl bonstERS (KG! Tesle Of weleai m 14,
wherein L_,104 4 Ylg.ﬁgi ns with methionine at ?osition_ZS +1 and endi ng
with |ystHEEE éﬁoéli" FHPE S47 ©%H BeTSHGh O ST qura@eq 9f conagntratings e ORY W¥D.cl ai m
14, wher el 4BADAEA2ANIO nleRE khsngM e cad sl SiokERN o7 ndhfag with
| ysine at position +357 as sﬁov\%\y Fi gur@%gﬁ%na%%eg%l.ml?%gmﬁgt@%gugf dl::q%ai m 1

or 13, wierasiku efel (FARIME ¢3.21 sdh)sthan &.10HBlignt06i Vant B4 (1829 nMAO

02/ 02G38: 1/2120-4 18, ./ - alleviat t i at ed
with e r Boel RbE Bindag Gvidl OB AouERaefls S0 CobAY: Solboheer, Bt
swel 10 ngL1pHiARY Xigndeseness , tha® LN 0MBIeStd.4 1 8B Sor @ltrLMgJ(@Fl %\pag]?ica

el evated | evel of serum C-reactive protein, "an el evated |eve sol ubl e
| L-2r, aligheikindiagayiditsiof bi04FAIM1eto CR90Ig. an el evated | evel of soluble E

Kinetic binding analysis revealed that the comparative "on" rates for CTLA4Ig, L104Elg,
and L104EA29YIg binding to CD80 were similar, as were the "on" rates for CD86Ig
15  (Table I). However, "off" rates for these molecules were not equivalent (Table I).
Compared to CTLA4Ig, L104EA29YIg had approximately 2-fold slower "off" rate from
CD80lg, and approximately 4-fold slower "off" rate from CD86Ig. L104E had "off" rates
intermediate between L104EA'29YIg and CTLA4lg. Since the introduction of these
mutations did not significantly affect "on" rates, the increase in avidity for CD80Ig and
20 CD86lg observed with L104EA29YIg was likely primarily due to a decrease in "off"

rates.

To determine whether the increase in avidity of L104EA29YIg for CD~86Ig and CD80Ig
was due to the mutations affecting the way each monomer associated as a dimer, or
25  whether there were avidity enhancing structural changes introduced into each monomer,
single chain constructs of CTLA4 and L104EA29Y extracellular domains were prepared
following mutagenesis of cysteine 120 to serine as described supra, and by Linsley et al.,
(1995) 1. Biol. Chem,, 270:15417-15424 (84). The purified proteins CTLA4XC1205 and

L104EA29Y X005 Were shown to be monomeric by gel permeation chromatography

30 (Linsley et al., (1995), supra), before their ligand binding properties were analyzed by
SPR. Results showed that binding affinity of both monomeric proteins for CD86Ig was
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S selectin and an el evated erytlu~ocyte sedinmentation rate,

by treating a

subj ect suffering froma rheumatic di sease by the nethod of claim1 or 13.
19. The mpigwdeds clainms 1 or 13, wherein adm nistration gleri@i 29k ubl e

CTLA4 nmutant nolecule is effected locally or systemcally.

10 20. The

met hod of claim 19, wherein administration is selected fromthe group

ng of intravenous, intranuscular, subcutaneous, inplantable punp,
conti nuous infusion, gene therapy, |ipososomal and oral adm nistration. 1 S
met hod of clains 1 or 13, wherein the effective anount of sol uble

consi sti

21. The

ht of
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7. The har maceutical conposition o
%4%9(\2#}2 WA$ most kely due to avidity enhancing structural changes that had been
introduced into each monomeric chain rather than alterations in which the molecule

dimerized.

Location and Structural Ana_lvsis of Avidity Enhancing Mutations

The solution structure of the extracellular IgV-like domain of CTLA4 has recently been

determined by NMR spectroscopy (Metzler et al., (1997) Nature Strﬁct. Biol., 4:527-

531). This allowed accurate location of leucine 104 and alanine 29 in the three
dimensional fold (FIG. 26 left and right depictions). Leucine 104 is situated near the
highly conserved MYPPPY amino acid sequence. Alanine 29 is situated near the C-
terminal end of the CDR-1 (S25-R33) region, which is spatially adjacent to the MYPPPY
region. While there is significant interaction between residues at the base of these two
regions, there is apparently no direct interaction between L104 and A29 although they
both comprise part of a contiguous hydrophobic core in the protein. The structural
consequences of the two avidity enhancing mutants were assessed by modeling. The
A29Y mutation can be easily accommodated in the cleft between the CDR-1 (S25-R33)
region and the MYPPPY region, and may serve to stabilize the conformation of the
MYPPPY region. In wild type CTLA4, L104 forms extensive hydrophobic interactions
with L96 and V94 near the MYPPPY region. It is highly unlikely thﬁt the glutamic acid
mutation adopts a conformation similar to that of L104 for two reasons. First, there is
insufficient space to accommodate the longer glutamic acid side chain in the structure
without significant perturbation to the CDR-1 (S25-R33 region). Second, the energetic
costs of burying the negative charge of the glutamic acid side chain in the hydrophobic
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.ending wth |ysine at "position +

T eci t hi nconSgrmatiopa)changs ean-casi

nol ecul e , conprises a nutation at position +104 of CTLA4, wherein |eucine
at position +1 04 as shown in Figure 23 is substituted with glutamc acid
and a nut @ig @n2e3sat position +29 of CTLA4, wherein al ani nee@tysesidoyon +29
as shown in Figure 23 is substituted with tyrosine. 28. The pharnmaceuti cal
conposition of claim27, wherein the soluble CILAA nmutant nolecule is
L104EA29YI g. 10 29. The pharmaceutical conposition of claim?28, wherein the
L104EA29YI g begins with nethionine at_position +1 and ending with |ysine at
position +357 as shown Figure 19. 15' 30. The pharnmaceutical conposition of
cl ai m 28, i 1 9 ' | | n t .position. -1 and
realfiehEhn o6k GAEAB GBI e A0 G RS LR
phar maceflipscait @onpasé sidaceoivhat atsntibge whe bei dtatiledphaksmesi | Gath ¥
acceptable carrier is selecteq hon exchangers, alum na, alum num stearate,
% B FecoBTROR et ayifuminimahdistostion to
substancgﬁmqggﬁg&ﬁg¢h§g%pk@.acid, pot assi um sorbate, partial glyceride
m xtures of saturated veégetable fatty acids, phosphate buffered saline
sol ution, water, emulsions, salts or electrolytes, colloidal silica,

magnesi ugy e 1 sidrcat g, ol Yvi nyl  pyor IHI done, .cel [yl ose-based substances,
pol yet hytere o Stertte sortl eSO CABICERE LB LS sucr ose,
gl ucose, maltose, 25 flavor and color additives, lipid conpositions and

pol yrrerig égrrposi tions. 32, A nethod for inducing a pathophysiol ogical
change aS46eidalais(fien 22) ehelhadiecandi mutantompleculesbindmg ta stabhj eaisfestetif er i ng

02102135 Pt} (7 B16A03 R IR TBHOE s Besernf Bl o e ana. ™
pat hidphy€D8b-positiab Cii@ngds asse thabedd Witthidcheiigt doacdnbass of ETLaduced
structurﬁbygﬂgggﬁ. 34 A kit for treating rheunatoid arthritis, said kit
conpri siny’ flecei {-d0disumd Brnavashed| Bsvad dmummogiebulin fnvowe prdteint hat

bi nds t oywg Btk Ul 8ino35 |t l.aim34 .wherein the soluble CTLA4
mut ant nol ecul e conp#ﬁgls §U§E$§#¢058é¥ﬁ¥§%ﬂ ?%ﬂ%ﬂﬁﬁ% ofPOETL AR-N e n

| euci ne mmpuglebubin. +104 as shown in Figure 23 is substituted with glutamc

acid and a nutation at position +29 of CTLA4, 10 wherein al ani ne at
position -~-29 as shown in Figure 23 is substituted with tyrosine.

15 As shown in Figure 27, CD80-positive or CD86-positive CHO cells (1.5x10%) were
incubated with the indicated concentrations of CTLAA4Ig (closed squares), LI04EA29Y]g

| (circles), or L104Elg (triangles) for 2 hr. at 23°C, washed, and incubated with fluorescein
isothiocyanate-conjugated goat anti-human immunoglobulin antibody. Binding on a total

of 5,000 viable cells was analyzed (single determipatioh) on a FACScan, and mean

20 fluorescence intensity (MFI) was determined from data histograms using PC-LYSYS.
Data were corrected for background fluorescence measured on cells incubated with
second step reagent only (MFI = 7). Control L6 mAb (80 pg/ml) gave MFI < 30. These

results are representative of four independent experiments.

25  Binding of .L104EA29YIg, L104Elg, and CTLA4lg to human CD80-transfected CHO
cells is approximately equivalent (FIG. 27A). L104EA29YIg and L104Elg bind more

strongly to CHO cells stably transfected with human CD86 than does CTLA4lg (FIG.
27B). '

30

56



36. The kit of claim35, wherein the soluble CTLA4 nmutant is L104EA29YIg.
37. The kit of claim36, wherein L104EA29YlI g begins with nethionine at

posi tion wh ¢hazesad ending with [ysine at position +357 as pgh@dyFigure 19.
38. The lcit of claim 36, wherein L104EA29YIg begins wi th al ani ne at
position -1 and ending with lysine at position +357 as shown Figure 19. 20
39. The kit of claim34 fmther conprising an effective anmount of an

i mrunosuppressi ve agent, wherein the i nmunosuppressive agent is sel ected
fromthe group consisting of corticosteroids, nonsteroidal antiinflammtory
drugs, c ) .edni sone, azat hioprine, nethotrexate, TNFa bl ockers or
. antagoniggggiaalkgm'i b, any biol ogical agent targeting an inflanmatory

cyt oki ne, hydroxychl oroqui ne, sul phasal azopi yine, 25 gold salts,
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5 administered soluble CTLA4 mutant molecule L104EA29YIg (also known as LEA29Y
or LEA) or CTLA4Ig, to relieve at least one symptom associated with rheumatoid
arthritis, including reducing: joint swelling, joint tenderness, inflammation, morning
stiffness, and pain. The CTLA4Ig molecule used herein begins with methionine at
‘position +1 (or'alternatively with alanine at position ~1) and ends with lysine at position

10 +357 as shown in Figure 24. DNA encoding an embodiment of the CTLA4Ig molecule
has been deposited as ATCC 68629. The L104EA29YIg molecule used herein begins
with methionine at position +1 (or alternatively with alanine at position —1) and ends with
lysine at position +357 as shown in Figure 19. DNA encoding an embodiment of the

L104EA29YIg molecule has been deposited as ATCC PTA 2104.

15
Additionally, the following provides a description .of human patients administered
L104EA29YIg or CTLA4Ig to relieve at least one biological surrogate marker associated
with rheumatoid arthritis, including reducing erythrocyte sedimentation rates, and serum
levels of C-reactive protein and/or IL2 receptor.

20

Patient Cohorts

A total of 214 patients, including 54 males and 160 females, participated in the study
(Figures 1A, 1B). The patients at baseline had a mean disease duration of 3.4 (+2.0) years
25 and had failed at least one Disease Modifying Antirheumatic Drug (DMARD). Stable
| Nonsteroidal Anti-inflammatory Drugs (NSAIDS) or ‘steroids (< 10 mg/day) were

permitted and concomitant DMARDS were prohibited. The patients were randomized
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103@ 0%08latsbo, Z&l&%ﬁl&eﬂ)Ll(IAE(AWIé)andf 900/@&31{16& |CTLA4Ig The patients who
10%0% () Ho%v%%%ot%col guléJe\lll\rll\cQ/ng dl% not discontinue before day 57 received a total of 4
intravenous infusions, one infusion each on days 1, 15, 29, and 57. All patients were
5  evaluated on days 1, 15, 29, 43, 57, 71, and 85. The doses administered included 0.5,2.0,
or 10.0 mg/kg of L104EA29YIg (denoted as LEA.5, LEA2 and LEA10, respectively in
Figures 1A-1E) or of CTLA4Ig (denoted as CTLA.5, CTLA2 and CTLAI0, respectively

in Figures 1A-1E).

10 All subjects were monitored for peri-infusional adverse events and global safety by
answering a questionnaire listing potential adverse events. The patients were questioned
about potential adverse events that may have occurred within twenty-four hours post-
infusion. In addition, the patients were encouraged to spontaneously report any adverse
events that they experienced. The physicians routinely monitored laboratory samples

15 from the patients for abnormalities in blood chemistry and hematology e.g. assessed the .
levels of inflammatory response mediators such as cytokines (TNF, IL-6), tryptase and
complement. The primary endpoint was the proportion of subjects meeting the ACR 20

criteria on day 85.

20  Storage of Test Material

The CTLA4Ig and L104EA29Y1g were supplied in single-use glass vials containing 200

mg/vial of CTLA4Ig or 100 mg/vial of L104EA29YIg, respectively. Prior to infusion,

the CTLA4Ig and L104EA29YIg were diluted to a final concentration of 25 mg/ml with
25 sterile water for injection (SWFI).

Administration Protocol

All infusions were administered intravenously over 1 hour (Figures 1 through .17). All

30  subjects received at least one infusion of study medication.
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' Group 4: 32 patients; dosage 10.0 mg/kg of CTLA4Ig.

Group 5: 32 patients; dosage 0.5 mg/kg of LI04EA29YIg.
10

- Group 6: 29 patients; dosage 2.0 mg/kg of L104EA29YIg.

Group 7: 31 patients; dosage 10.0 mg/kg of L104EA29YIg.

15 Clinical Monitoring

Patients were evaluated for baseline symptoms of disease activity prior to receivin‘g any
infusions.  These baseline evaluations included: joint swelling, joint tenderness,
inflammation, morning stiffness, disease activity evaluated by patient and physician as
20 well as disability evaluated by Health Questionnaire Assessment (HAQ) (reported as a
physical function score in Figure 1C), and pain (Figures 1A to 1D). Additionally, the
baseline evaluations included erythrocyte sedimentation rates (ESR), and serum levels of

C-reactive protein (CRP) and soluble IL-2 receptor (IL-2r) (Figures 1C and 1D).

25 The clinical response studies were based on the criteria established by the American
College of Rheumatology (ACR). A subject satisfied the ACR20 criterion if there was a
20 percent improvement in tender and swollen joint counts and 20 percent improvement
in three of the five remaining symptoms measured, such as patient and physician global
disease changes, pain, disability, and an acute phase reactant (Felson, D. T., et al., 1993

30 Arthritis and Rheumatism 36:729-740; Felson, D. T., et al., 1995 Arthritis and
Rheumatism 38:1-9).
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10! S# 10&@ aés)dy?( 0 m@o s(\lrere useJl to determine the serum concentration of IL-
2sRa, SICAM-1, sE-selectin and MMP-3. TNFq and IL-6 were assessed at infusion pre

and 2 hours post, if necessary.

10 IL-2sRa, sICAM-1, and sE-selectin were measured using comme;rcially available
colorimetric EIA kits from R&D Systems, Inc. (Minheapolis, MN). The lower and upper
limits of quantitation were 312-20,000 pg/mL, 40-907 ng/mL and 10-206 ng/mlL.,
respectively. The inter-assay coefficient of variation ranged from 4.48-8.4%, 3.8-5.0%
and 5.5-9.0% respectively. According to the kit manufacturer, normal serum values

15 range from 676-2,132 pg/mL, respectively.

MMP-3 was measured using a commercially available .colorimetric EIA kit from
Amersham  Pharmacia Biotech (Piscataway, NJ). The lower and upper limits of
quantitation were 30-7,680 ng/mL. The inter-assay coefficient of variation \ranged from
20 6.3-10.6%. According to the kit manufacturer, normal serum values range from 28-99

ng/mL.

IL-6 and TNFa were measured using commercially available chemiluminescent EIA kits
from R&D Systems, Inc. (Minneapolis, MN). The lower and upper limité of 'quantitation
25 were 0.3-3,000 pg/mL and 0.7-7,000 pg/mL, respebtively. The inter-assay coefficient of
variation ranged from 3.1-5.7% and 6.4-20.7%, respectively. According to the kit

manufacturer, normal serum values range from <0.3-12 pg/mL and <0.7-7.5 pg/mL.

30
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~~~~0p &~'tierEdirected ! tS#BE libn@gl dbukin " @) portlon of the molecule, specific antibody
formation against CTLA4Ig and LEA29Y without Ig constant regions was also assessed.

Ninety-six well Immulon II ELISA plates (Dynex, Chantilly, Virginia) were coated with
CTLA4Ig, CTLA4Ig without the Ig constant regions, LEA29Y, or LEA29Y without the

10 Ig constant regions at 2, 4, 2, or 1 pg/ml in phosphate buffered saline (PBS), respectively,
and incubated overnight at 2-8°C. The plates were washed with PBS containing 0.05%
Tween 20 and blocked for 1 hour at 37°C with PBS containing 1% bovine serum albumin
(BSA). The plates were then washed and serial dilutions of the test sera or quality
control (QC) sera were added to the appropriate wells and incubéted for 2 hours at 37°C.

15 Sera was diluted threefold in PBS with 0.25% BSA and 0.05% Tween 20 starting at a
1:10 dilution. Plates were washed and an alkaline-phosphatase-conjugated goat anti-

human kappa and lambda (Southern Biotechnology Associates, Inc., Birmingham,

Alabama) antibody cocktail was added. Following a 1-hour incubation at 37°C, the |
plates were washed and 1 mg/ml para-nitrophenyl pﬁosphate in diethanolamine buffer

20 was added to each well. After 30 minutes at 25°C, the reactions were stopped with 3N
NaOH and the absorbanc;e (dual wavelength: 4A05 nm and 550 nm) was recorded. Results

were expressed as endpoint titer (EPT), defined as the reciprocal of the highest dilution

-that resulted in an absorbance reading fivefold greater than or equal to the mean plate-
background absorbance.  Plate background was determined as the absorbance

25  measurement recorded in the absence of serum. Values‘were considered positive for
seroconversion if they were at least two serial dilutions (ninefold) or greater relative to
predose EPT values. Serum QC samples positive for either CTLA4Ig- or LEA29Y-
specific antibodies were generated from immunized monkeys. An aliquot of the
appropriate QC sample was assayed during each analytical run. Analytical runs were

30 accepted only when the QC samples were within the assay acceptance criteria.
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treated patients, at 0.5, 2.0, and 10.0 mg/kg respectively. In contrast, 31% of the patients

administered placebos experienced headaohes

10 The percent of patients that discontinued from the clinical study due to arthritis flares and
other adverse events is summarized in Figure 2. A much higher percentage of patients on
placebo discontinued treatment due to arthritis flare. The CTLA4Ig treated patients
discontinued treatment less with increasing doses. Very few patients treated with
L104EA29YIg discontinued treatment. These results indicate a good inverse dose-

15 dependent response for CTLA4lg, and a stronger therapeutic response with
L104EA29Y]Ig therapy.

The ACR-20, -50, and -70 responses of patients treated with CTLA4Ig, L104EA29YIg, -

or placebo at day 85 are summarized in Figure 3A. Similarly, Figures 3B and C describe
20 the ACR-20 responses with 95% confidence limits. The responses appear to be dose-

dependent with a clear significant response at 10 mg/kg per body weight of the patient.

The percent of patients having reduced swollen and tender joint counts compared to the
patients having no response to treatment with CTLA4Ig, L104EA29Y1g, or placebo, is
25 shown in Figures 4A and B. The therapeutic responses appear to be dose-dependent. A
larger perc'entage of patients show improvement of 20, 50, 70, and even 100% in the 2

and 10 mg/kg groups for both products.

The percent of patients having reduced pain, disease activity evaluated by patient and
30 . physician mean score units with CTLA4Ig, L104EA29YIg, or placebo, is shown in
Figures 5A, B, C, and D. The therapeutic responses, as monitored by the Likert scale,
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appear to be dose-dependent in favor of the active treatment groups as compared to
placebo on day 85. The Likert scale is a validated verbal rating scale using adjectives to
rank the symptoms (The American College of Rheumatology Preliminary Core Set of
Disease Activity Measures for Rheumatoid Arthritis Clinical Trials: Arthritis and

5 Rheumatism, June 1993, 36(6):729-740).

The patient and physician assessments of disease activity change from the baseline by at
least 2 units, resulting from treatment with CTLA4Ig, L104EA29YIg, or placebo, are
shown in Figures 6A and B. The responses appear to be dose-dependent with more

10 marked improvement for the higher doses of active drugs.

The percent reduction in C-reactive protein (CRP) levels in patients treated with
CTLAAIg, L104EA29Y1g, or placebo, is shown in Figures 7A and B. The responses
appear to be dose-dependent with a clear decrease for the 2 and 10 mg/kg active
15  treatment groups. In addition, Figure 7B showed that the difference is quite significant
compared to placebo with 95% confidence intervals. Figure 7C shows the changes in

serum level changes from baseline at day 85.

The amount of serum soluble IL-2 receptor in patients treated with CTLA4lg,
20 L104EA29YIg, or placebo, is shown in Figure 8. The reduction in soluble IL-2 receptor

levels appears to be dose-dependent.

The amount of serum soluble ICAM-1 and soluble E-selectin in patients treated with
CTLA41g, L104EA29YIg, or placebo, is shown in Figure 33. The reduction in soluble
25 ICAM-1 and soluble E-selectin levels appears to be dose-dependent.

The median and mean tender jdint counts in patients treated with CTLA4Ig or placebo
over time are shown in Figures 9A and B. The change from baseline (e.g., reduction in
tender joints) appears to be more important in the 2 and 10 mg/kg treated groups, than in

30  the placebo or 0.5 mg/kg groups.
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The median and mean swollen joint counts in patients treated with CTLA4Ig or placebo
over time are shown in Figures 10A and B. The change from baseline (e.g., reduction in
swollen joints) appears to be more important in the 2 and 10 mg/kg treated groups than

placebo or 0.5 mg/kg groups.

The mean pain assessment scores over time in patients treated with CTLA4Ig or placebo
are shown in Figure 11. The change from baseline (e.g., reduction in pain) appears to be

more important in the 2 and 10 mg/kg treated groups than placebo or 0.5 mg/kg groups.

10 The mean disease activity assessment scores assessed by patient or physician in patients
treated with CTLA4Ig or placebo over time are shown in Figures 12A and B. The
change from baseline (e.g., reduction in disease activity) appears to be more important in

the 2 and 10 mg/kg treated groups than placebo or 0.5 mg/kg groups.

15 The median and mean tender joint counts in patients treated with L104EA29YIg (denoted
as LEA in the figures) or placebo over time are shown in Figures 13A and B. The change

from baseline (e.g., reduction in tender joints) appears to be dose-dependent.

The median and mean swollen joint counts in patients treated with L104EA29YIg
20  (denoted as LEA in the figures) or placebo over time are shown in Figures 14A and B.
The change from baseline (e.g., reduction in swollen joints) appears to be more important

in the 2 and 10 mg/kg treated groups than placebo or 0.5 mg/kg groups.

The mean pain assessment scores in patients treated with L104EA29YIg (denoted as
25 LEA in the ﬁgures) or placebo over time are shown in Figure 15. The change from

baseline (e.g., reduction in pain) appears to be dose-dependent.

The mean disease activity assessment scores e'v_aluated by patient or physician in patients
treated with L104EA29Y1g (denoted as LEA in the figures) or placebo over time are
30 shown in Figures 16A and B. The change from baseline (e.g., reduction in disease

activity) appears to be dose-dependent.
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The following examples describe phase II clinical studies of human patients that will be
administered L104EA29Y]Ig, to reduce or prevent structural damage, including bone or
joint erosion using validated radiographic scales. This improvement in reducing or
25  preventing structural damage is parallel to the clinical improvement measured by the

clinical parameters.

The status of the bone structure is monitored in some of the human batients prior to
treatment with CTLA4Ig or L104EA29Y1g. These patients are administered between 0.5
30 and 20 mg/kg of CTLA4Ig or L104EA29YIg chronically every two to twelve weeks

(alone or in combination with other agents) to maintain their therapeutic improvement
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5 12. The method of claim 1, wherein the soluble CTLA4 mutant molecule comprises a -
mutation at
a. position +104 of CTLA4, wherein leucine at position +104 as shown in Figure
23 1s subst1tuted with glutamic acid,
b. position +29 of CTLA4, wherein alanine at position +29 as shown in Figure
10 23 is substituted with tyrosine, and |
| c. position +25 of CTLA4, wherein serine at position +25 as shown in Figure 23

- 18 substituted with any other amino acid.

13. A method for treating rheumatic disease comprising administering to a subject an

15 effective amount of a soluble CTL.A4 mutant molecule that binds. a B7. molecule,
wherein the soluble CTLA4 mutant molecule comprises a mutation at position +104

of CTLA4, wherein leucine at position +104 as shown in Figure 23 is substituted with

glutamic acid and a mutation at position +29 of CTLA4, wherein alanine at position

+29 as shown in Figure 23 is substituted with tyrosine.

20
14. The method of claim 13, wherem the soluble CTLA4 mutant molecule is
L104EA29YIg.
15. The method of claim 14, wherein L104EA29YIg begins with methionine at position
25 +1 and ending with lysine at position +357 as shown Figure 19.

16. The method of claim 14, wherein L104EA29YIg begins with alanine at position -1

and ending with lysine at position +357 as shown Figure 19

30 17. The method of claim 1 or 13, wherein the theumatic disease is theumatoid arthritis.
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18. A method for alleviating a symptom associated with a rheumatic disease selected
from the group consisting of joint swelling, pain, tenderness, morning stiffness,
structural damage, an elevated level of serum C-reactive protein, an elevated level of
soluble IL-2r, an elevated level of soluble ICAM-1, an elevated level of soluble E-

5 selectin and én elevated erythrocyte sedimentation rate, by treating a subject suffering

from a rheumatic disease by the method of claim 1 or 13.

19. The method of claims 1 or 13, wherein administration of the. soluble CTLA4 mutant
molecule is effected locally or systemically.
10
- 20. The method of claim 19; wherein administration is selected from the group consisting
of intravenous, intramuscular, subcutaneous, implan:[able pump, continuous infusion,.

gene therapy, lipososomal and oral administration.

15 21.The method of claims 1 or 13, wherein the effective amount of soluble CTLA4

mutant molecule is between about 0.5 through 100 mg/kg weight of the subject.

22. The method of claim 21, wherein the effective amount of soluble CTLA4 mutant

molecule is 0.5 mg/kg weight of the subject.

20
23. The method of claim 21, wherein the effective amount of soluble CTLA4 mutant
molecule is 2 mg/kg weight of the subject.
24. The method of claim 21, wherein the effective amount of soluble CTLA4 mutant
25 molecule is 10 mg/kg weight of the subject. '

25. The method of claims 1 or 13, wherein the subject is selected from the group

consisting of human, monkey, ape, dog, cat, cow, horse, rabbit, mouse, and rat.

30 26. A pharmaceutical composition for treating a rheumatic disease comprising a

pharmaceutically acceptable carrier and a soluble CTLA4 mutant molecule.
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: 010 F9, #! 10%6+&
FL10%& (0)- ‘F%Sp%gl Z)r(i; Zréb[ fj\@gﬁA whereln alanine at(p)osmon +29 as shown in Figure 23 is

substituted with tyrosine.

28. The pharmaceutical composition of claim 27, wherein the soluble CTLA4 mutant
molecule is L104EA29Y]g.
10 '
29. The pharmaceutical composition of claim 28, wherein the L104EA29YIg begins with

methionine at position +1 and ending with lysine at position +357 as shown F igure
19.

15 30. The pharmaceutical composition of claim 28, wherein the L104EA29Y]1g begins with

alanine at position -1 and ending with lysine at position +357 as shown Figure 19.

31. The pharmaceutical composition of claim 26, wherein the pharmaceutically
vacceptable carrier is selected ion exchangers, alumina, aluminum stearate, lecithin,

20 serum proteins, such as human serum albumin, buffer substances, glycine, sorbic
acid, potassium sorbate, partial glyceride mixtures of saturated vegetable fatty acids,
phosphate buffered saline solution, water, emulsions, sﬁlts or electrblytes, colloidal

silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based substances,
polyethylene glycol, sterile solutions, tablets, excipients, sucrose, glucose, maltose,

25 flavor and color additives, lipid compositions and polymeric compositions.

32. A method for inducirig a pathophysiological change associated with a rheumatic
disease by treating a subject suffenng ﬁom the rheumatic disease by the method of
claim 1 or 13,
30
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4 mutaﬁ]on at pos??)n +104 of éTEAi wherein ICU.CIIJIC at posﬁﬂ)n +104 asyshg\lw}ﬁ in
Figure 23 is substituted with glutamic acid and a mutation at position +29 of CTLA4,

10 wherein alanine at position +29 as shown in Figure 23 is substituted with tyrosine.
36. The kit of claim 35, wherein the soluble CTLA4 mutant ié L104EA29YIg.

37. The kit of claim 36, wherein L104EA29YIg begins with methionine at position +1

15 and ending with lysine at position +357 as shown Figure 19.

38. The kit of claim 36, wherein L104EA29YIg begins with alanine at position -1 and

ending with lysine at position +357 as shown Figure 19.

20 39. The kit of claim 34 further comprising an effective amount of an immunosuppressiv—e
agent, wherein the immunosuppressive agent is selected from the group consisting of
corticosteroids, nonsteroidal antiinflammatory drugs, cyclosporin prednisone,
azathioprine, methotrexate, TNFa blockers or antagonists, infliximab, any biological
agent targeting an inflammatory cytokine, hydroxychloroquine, sulphasalazopryine,

25 gold salts, etanercept, and anakinra.
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