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transf®r pgraelches apeutic strategy presents several challenges to
translation into the clinic. The 15 nunber of autol ogous Tregs that can be

i sol ated BhekgdeahiRreinvehad of a human subject is limting and extensive
ex vivo expansion of the Tregs may alter their functionality and/or purity.
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subject is limiting and extensive ex vivo expansion of the Tregs may alter their
functionality and/or purity. As the isolated Tregs are polyclonal, they can exert a pan-
immune suppressive function on non-target effector T cells. Importantly, the
plasticity of Tregs poses a significant challenge (Bluestone et al., (2009) Nat Rev

20 Immunol 9:811-816; Zhou et al., (2009a) Curr Opin Immunol 21:281-285), as
adoptively transferred Tregs can lose Foxp3 expression and redifferentiate into Th17
cells (Koenen et al., (2008) Blood 112:2340-2352.) or pathogenic memory T cells
(Zhou et al., (2009b) Nat Immunol 10:1000-1007) which raises the risk of aggravating

the autoimmunity or inflammation.

25 A therapeutic that induces the generation of Tregs in an antigen-specific manner in
situ would have advantages over adoptive Treg cell therapy. Cytotoxic T lymphocyte
associated antigen-4 (CTLA-4; CD 152) is a well-established negative regulator of the
T cell response, is important for the maintenance of T cell homeostasis and self-
tolerance. CTLA-4 is homologous to the co-stimulatory molecule CD28 and shares

30  the same ligands, CD80 (B7.1) and CD86 (B7.2), which are expressed on the surface
of antigen presenting cells (APCs). However, differential binding of CD80/CD86 on
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(1) chefilralihy (Drcasslinkiki MgeRatiiRoep astibdtads (amom/mcsmmfsmg aant i gens
on an APC to . an 20agonistic_anti-CTLA-4 antibody (Li et al (2007). J.
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Methods. 248(1-2):77-90; Griffin et al., (2000) J. Immunol. 164(9):4433-42); and (iii)
chemically crosslinking antibodies that recognize specific antigens on an APC to an
20  agonistic anti-CTLA-4 antibody (Li et al., (2007). J. Immunol. 179(8):5191-203; Rao
et al., (2001) Clin. Immunol. 101(2):136-45; Vasu et al., (2004) J. Immunol.
173(4):2866- 76).

Restoring the balance of Tregs versus effector T cells is a promising means of treating

autoimmune disease. However, cell therapy involving transfer of Tregs has certain
25  limitations. Accordingly, therapeutics that can induce the generation of Tregs (e.g.,

CTLA-4) in an antigen-specific manner for the treatment of autoimmune disease are

urgently required.
Summary of the Invention

The present invention relates to ligands which crosslink ligand-engaged cytotoxic T
30  lymphocyte antigen-4 (CTLA-4) to the T cell receptor (TCR) during the early phase
of T cell activation and thereby attenuate TCR signaling, leading to T cell inhibition.

To develop an agent that can inhibit T cell activation, a bispecific fusion protein



The present invention relates to |ligands which crosslink |igand-engaged
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20  and MHCII and indirectly co-ligating it to the TCR may induce antigen-specific Tregs

in vivo to protect mice from T1D or other autoimmune diseases.

In particular, the invention describes bispecific fusion proteins which cross-link
CTLA-4 to the pMHCII complex. For example, there is described a bispecific fusion
protein comprising a mutant mouse CD80 (CD80w88a) and lymphocyte activation

25  antigen-3 (LAG-3) which is engineered to concurrently engage CTLA-4 and crosslink
it to the TCR via pMHCII. In a first aspect, therefore, there is provided a bispecific
biologic comprising a ligand specific for CTLA-4 and a ligand specific for a pMHC

complex.

In one aspect, the invention provides a bispecific biologic comprising a ligand

30  specific for CTLA-4 and a ligand specific for a pMHC complex. The bispecific
biologic according to the invention is capable of cross-linking CTLA-4, present on T-
cells, with the peptide MHC (pMHC) complex on antigen-presenting cells (APC).
The peptide MHC complex is bound by the cognate T-cell receptor (TCR) on T-cells,



In one aspect, the invention provides a bispecific biologic conprising a
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The linker can take the form of one or more of a polyamino acid sequence and an

antibody Fc domain. A suitable polyamino acid sequence is G9 (Gly-9).

In various embodiments of the aspects delineated herein, the ligand specific for
20 CTLA-4is CD8O0, or a mutant thereof which is mutated to increase specificity for
CTLA-4 over CD28. In one embodiment, the mutated CD80 comprises one or more
mutations selected from W88A, K75G. K75V, S112G, R126S, R126D, G127L,
S193A, and S204A, using sequence numbering in mouse CD80 precursor, or their
human CD80 counterparts (W84 A, K71G, K71V, S109G, R123S, R123D, G124L,
25  S190A, and S201A) and in addition R63A, M81A, N97A, E196A.

In one embodiment, the bispecific biologic comprises CD80, which comprises the

mutation W84A (human) or W88A (mouse).

In a particular embodiment, the ligand specific for the MHCII complex is LAG-3.
Advantageously, LAG-3 is mutated to increase specificity for pMHCII. For example,

30 LAG-3 comprises one or more mutations selected from R73E, R75A, R75E and R76E
(Huard et al., (1997) Proc. Natl. Acad. Sci. USA. 94(11): 5744-5749. In one
embodiment, LAG-3 comprises the mutation R75E.
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20  comprising a ligand specific for CTLA-4 and a ligand specific for a pMHC complex
according to the first aspect of the invention, for the tolerisation of a T-cell by
contacting said T-cell with an antigen-presenting cell which is presenting a peptide

derived from said antigen complexed to a MHC molecule and said bispecific biologic.

In a third aspect, there is provided the use of a bispecific biologic comprising a ligand
25  specific for CTLA-4 and a ligand specific for a pMHC complex according to the first
aspect of the invention, in the treatment of a disease selected from an autoimmune

disease and transplant rejection.

For example, the autoimmune disease is type 1 diabetes (T1D, Systemic Lupus
Erythematosus (SLE), Rheumatoid Arthritis (RA) and inflammatory bowel disease

30  (IBD) (including ulcerative colitis (UC) and Crohn’s disease (CD)), multiple sclerosis
(MS), scleroderma, and other diseases and disorders, such as PV (pemphigus

vulgaris), psoriasis, atopic dermatitis, celiac disease, Chronic Obstructive Lung
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di sease is Type 1 diabetes (T1D). Description of the Figures 20 Figure 1.

Desi gns ofn BsBh anstcBHRAe is(Abvidshe rRitoa foF @uitgs sabjethefBsR: tirspeci fic
bi ol ogi cs) and BsBA. fusion proteins. (B) Schematic drawi ng of pMiCI |, the
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proposed sch BsB- nedi at ed. cr.osslipking of CILA;4 . to the TCR via the
Cron i BT e PR TR A Feie R RS MhieRPs BlptIhCphudele Mok "
and i ndi r etighnd dpegific@sr CNEA-4 and a ligand specific for a pMHC complex according to

the first aspect of the invention.
For example, the autoimmune disease is Type 1 diabetes (T1D).
Description of the Figures

20  Figure 1. Designs of BsB and BsBA. (A) Schematic drawings of the BsB (bispecific
biologics) and BsBA fusion proteins. (B) Schematic drawing of pMHCII, the TCR
and co-stimulatory molecules in the immune synapse, as well as the proposed scheme
for BsB-mediated crosslinking of CTLA-4 to the TCR via the CTLA-4/MHC 11/TCR
tri-molecular complex. The fusion protein engages CTLA-4 and indirectly ligates the

25 TCR via binding to MHCII in the immune synapse. The two solid sides of the triangle
denote crosslinking of MHCI I and CTLA-4 as well as MHCI I and TCR; the dashed
side depicts ligation of CTLA-4 to TCR. The dotted line indicates inhibition of TCR
signaling by BsB-engaged CTLA-4. C. Schematic drawing showing that the action of
BsBA is similar to that of BsB except, it is unable to ligate the TCR.

30  Figure 2. Inhibition of allogenic T cell activation by BsB in a mixed lymphocyte
reaction. Naive T cells from C57BL/6 mice and LPS-treated and irradiated BALB/c

APCs were mixed with the test constructs for 2 days. Culture media were then



25 TCR via binding to MHCI1 in the i mmune synapse. The two solid sides of
the triangle denote crosslinking of MHCI | and CTLA-4 as well as WVHCI | and
TCR;, t he wazhsdosiede depicts ligation of CILA-4 to TCR PThasdaivemdi? i ne

i ndi cates inhibition of TCR signaling by BsB—engaged CTLA-4. C. Schematic

dravvl ng s ovmn that the acti Si r t of BsB except,
" ot ey ef S TH RO BeR g €AY P Bl B s aoin ¢ 7 el |

act i vati ofs dicBRB by &cfgag%%%ﬁaﬁﬁpbpﬁyi & e &Sddi0 The MRYR: Jrﬁﬁésleﬁtafl(f@m C57BL/ 6

mce and LPS-treatéd and irradi ated BALB/c APCs weré€ m xed with the test

const r uct sf fore thamfiysindepandemtbutreidiibr wedgst hen har vest ed and assayed for
IL-2. Only BsB and CTLA-41g inhibited T cell activation, as indicated by a
decr easedFigure 8t Infuctibn 31 Foxp3iel'megsiand 1ITHO a‘dngGE-ﬂ pradepties bytBaB. ve of nore

than fjve endent t simlar studies. duct | on of Foxp3+
Tregs nah LA TBS e P i st e R byremeh By dor AbichgaR kS
| yWDhOCyt Plgh?@@tdsﬁl%%a%r@)@@Dmh@?f)ﬁe@l@[“&ﬁg tﬂa@hﬁch@eénqgﬁﬂgd t@nfi gure 2,
usi ng nai ve CDACD6 CD25- G-P" cells that had been isolated from

Foxp3- EGFPoxieEQEPinntic mivetimepresaccd thé teshensesdts. dovesdayspog: Fi ve days

t t | ] P b fl
D a1y Aty o5y G or Lot e RO KR S SRt B R RS TR et 1 e

to GFP expegssit@as GEp' adi@piimglls, ngicﬂ? B®r&fmEaNeBo Grrgspiedisidl e | ef t
panel % Culture media were collected for cytokine analysis (right panels),

whi chlQ evédlicaging inslpgtienof Faxpd” Emsmﬁd@leﬁ@a@fﬂé Guiturhaegipewshce of BsB. The
data are rcﬁPec e%ef”.{ &b Ge 8@5&1 gﬁgﬁanfﬁgev%%&g%v%:al@ij&e 1@ @hoghddi es. (B)

Requi r emen crine i'nduction I's rndicated by the

conpl et e DGEFCKRelsof therpegsehdedbfaBIBI Mhe ﬂaﬁah@e RpRSenayeasf Iﬁmb5mbI ocki ng
antibody to TGF- 13, wheraeas control Ab did not noticeably inpact Treg
i nduct i onlndﬁp‘@ﬁlﬁ@ byt SB@BIWGI%I@() Reﬁ%@ﬂﬁﬂﬁ@fé‘ﬁm%@q B@ﬁ Bsﬁ?éérifﬁfg c Tregs i n

vitro. I. v I ve: Or-11
cells vver endrthtioen 11941%3!‘%]&'@ &Plege ﬁg% |dr§§g Ctl%n ene| re%ﬁ% an t he
presepge Blocking ah@hddy tQ\I@SB wi&ad c@@t@csllﬁdﬁdld%nhétweammaot TBsB, and BsB
plus an anti-TG13 antibody (aTG--13) were then added and tested as

i ndi cat edinduetien. panels). Cells were cultured for 5 days and then | abel ed
with anti-CD25 and anti-Foxp3 anti bodi es before being anal yzed by fl ow
cyt onet ryFigureZI BsB-ni@liated ifndiretiod dfanﬁgm specifieToags inpvigontdl] v wigoe assayed

by ELISA | o t
St udi es. w0 25 PR 1 o8 cEBR O 1ol Destoriet Pkt e her e
pre- | abel gdiwiddhin@hPkiRed Q}V@ﬁﬁ&b monn%ﬁéipﬁ%édae:a?@% ughal bsaper,e gated on

Foxp3 and CFSE fl uorescent annels. Figure 5. Suppressive function of
BsB- i %ucé@ptfﬂﬁe@@,ntrqlﬁ)lggg&B&Br aH@SB@uSm@dTGF@@UME(OﬁﬁH Bl eareby f1 ow

cytonetry and W L E- | i respon IIs repared from
ol o nEaRqRE M wopaiee PR T e PN GRS by o

regul ar CtHehuitelaaelitls ar{tfl@DQBQdd @@dlmp:) antle&'reE; be@rreeslmﬁg higeRd GyBrsB/ ¢ APCs
were added to stinmulate T cell activation. The results (nmean + standard

devi at i onyYtPPREHE e tThel Qradidri-Rgevebt inghorylfues medingvareaparrehy FLIGE | s
(Tresp), Bﬁ? ggﬁﬁls_)mgxliwdngtdf Autkd @%%E leﬁ&'ﬁti&I eofestwdE Colfllcty set to

100% (B)
25 asin A except naive OT-II T cells were pre-labeled with CFSE before being mixed

with APCs. Cells were gated on Foxp3 and CFSE fluorescent channels.

Figure 5. Suppressive function of BsB-induced Tregs. (A) BsB- or TGF-B-induced
Tregs were purified by flow cytometry and mixed with CFSE-labeled naive responder
T cells prepared from C57BL/6 mice at the indicated ratios in transwells (filled

30  columns) or regular culture wells (hatched columns). LPS-treated allogenic BALB/c
APCs were added to stimulate T cell activation. The results (mean + standard
deviation) indicate the percentage of proliferating responder T cells (Tresp), based on

a CFSE dilution without Tregs (Tresp + APC only) set to 100%. (B) Anti-IL-10 and
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anti-TG--13 anti bodies were added to cells in regular culture wells at a
Tresp: Treg ratio of 1:1 to determ ne the cytokines' contribution to T cell
proliferavoan3/odbmsiant i TGF- 13 anti body partially inhi bi Pet/ush@20ujpT essi ve
function of TG 13-induced Tregs (| eft ~panel) but did not affect

BsB-i nduced pan i S, 5represen of nore than
Chree | naBHEmGEAE ot Mararodsa gardls inf TR o BgRAL T of AKT and
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in wells ted Th hos tatus of AKT and
nNTOR was ﬁﬁ@ m%tgﬁﬂ(i:goc?@g{éﬁ% Hﬁefif’ &@é% HF ?fé Wi'th fluorescently
| abel edl apdprdiesthese 6ﬂn@ﬂ@Q§£Mfdé|lﬁd®€nM bacruﬁnmm&dlwl denot es mean
fluorescent intensity. This figure represents one of three independent

experi m9nFﬁgurEBQDB@nﬁegﬁéﬁbﬁ'oﬁ%‘Kf%ﬁ&%%kﬁﬂﬁﬁbﬂ g'l:Bm-HEﬂBsB Niigsponse to
continuous 15 stinmulation with BsB. Round-bottom pl ates were

co- coat edcelistwerantlitur@b8) roand-bo@DR®6and] Be@s co-coped withg@i-(MNR¥endi- cel | s from

panel ), WhEBRoGEE. Fois 156 Frietaof bl PRBERT LAl s 8 Bl roa Square)
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for 5 days, before analysi | ow cﬂx;tomstry cells.

Re- culd ur hegPbentin e tedglavd wQ eaius g o crigmegydays
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quadrant 0O er eas regs

re-cul tur ﬁf.r(m tMFB&eonkbadndaﬁﬂqu@wBintaz@ﬁnyeﬂsls digufeuppesentd ghtofquadr ant of
bottomright panel). This figure represents one of three independent

experi mnt@ep?@eﬁe@‘tﬁ?@n@ts Phar macoki netics of BsB in vivo and bi ochem cal
anal ysis. (A) Pharmacokinetic profile of BsB in mce. Normal C57BL/6 mce
(n=5) wer Eigyge édsmstamaprxp%nﬁwessww\ln Trezn lwsmgnsﬁw@gstlnm@od sanpl es were

col | e% ed t?llnular%ﬁ) 1‘11(1% Enﬁo rrl'io}&o%t%ﬁ Wé!)ln?atg gre C%Q%?‘}tgﬁe lheﬁl?l éDgf BsB

| evel §° determmned Ush ng an Bl arl Yon of I'ndi'ng of BsB and

nmouse | g&&i-CD28eRd BsBaiRmose egGNdingrDhelld fegh Roxpa-HeiETkhickkdhinfice BsB or
control nouse |g&a was | oaded onto the chip at various concentrations and

the si gnaW§retwétﬁrqdefeb§ days. tonfbw«?r@s G&ﬁfaﬂayglu% wrchawers b paified drosy
| | t t h
glycosy atfi gﬁgg&eﬁéﬁ eurI Q%d%gba{}a At g sﬁ%@%ﬁ g&ghlﬁ%uﬂ@%f SHRM- & to the

Net NG yc rver ction of cosylation sites.
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th d ted, dot d t] 5 of
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independent experiments.

25  Figure 8. Pharmacokinetics of BsB in vivo and biochemical analysis. (A)
Pharmacokinetic profile of BsB in mice. Normal C57BL/6 mice (n=5) were dosed
intraperitoneally with 20 mg/kg of BsB. Blood samples were collected at the different
time points indicated and the levels of BsB levels determined using an ELISA. (B)
Comparison of the binding of BsB and mouse IgG2a to FcRn. FcRn were

30  immobilized to a Biacore chip. BsB or control mouse IgG2a was loaded onto the chip

at various concentrations and the signals then recorded.
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25  compared to the saline or mouse IgG2a-treated control groups before 24 weeks of age
(p=0.04). However, no significant difference between the groups was noted at the end
of the study. Data represent one of two separate studies with similar results, with total

of 26 NOD mice in each group.

Figure 12. Longer-term treatment of NOD mice with BsB significantly delayed

30 the onset of T1D in NOD mice. (A) Cumulative incidences of overt diabetes in BsB-
treated (n=16) and untreated mice (n=16). BsB treatment significantly reduced the
incidence of T1D when compared to those treated with saline (p<0.01). (B)

Histopathological analysis of pancreatic tissues from animals treated with saline or
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(ot r bhoc GRS kP Benieqit SRR G Bhighty 9% HHER VEF ag. 10The
term " ant hapeyd witnd &&%Uja@ilv@ ahe thset ey sl sieed ivth 4%ed ob chi®d, @idhowgnt i re
anti bodi es as well as antigen- blndlng fragnents of suc anti bodi es. For

exanpl e, thss feghancalaegspasigi&llyour - chain 1 gG nol ecul es, as wel | as anti body
fragnents. As used herein, the term "anti body fragnents" refers to portions
of an i nt Betailed|Destriptiemn obithei Ibweition such as an antigen binding or variable
region of the intact antibody.

Unless otherwise stated, all technical and scientific terms used herein have the same

20  meanings as commonly understood by one of ordinary skill in the art to which this
invention belongs. Any methods and materials with similar or equivalent function to
those described herein can be used in the practice or testing of the present invention.
Methods, devices, and materials suitable for such uses are now described. All
publications cited herein are incorporated herein by reference in their entirety for the

25  purpose of describing and disclosing the methodologies, reagents, and tools reported

in the publications that might be used in connection with the invention.

The methods and techniques of the present application are generally performed
according to conventional methods well known to those of skill in the art and as
described in various general and more specific references that are cited and discussed
30  throughout the present specification unless otherwise indicated. Such techniques are
explained fully in the literature. See, e.g., Gennaro, A. R., ed. (1990) Remington’s
Pharmaceutical Sciences, 18th ed., Mack Publishing Co.; Hardman, J. G., Limbird, L.
E., and Gilman, A. G., eds. (2001) The Pharmacological Basis of Therapeutics, 10th

10



15Exanpl es of antibody fragnents include Fab, Fab', F(ab')2, and Fv
fragnments; diabodies; |linear antibodies; single-chain antibody nol ecul es
(e.g., scovopRpymeBisispeci fic anti body fragments such as PCIaseoRioe5017
trispecific, and nultispecific antibodies (e.g., diabodies, triabodies,

ant | bodi 63 MebrBbal Lo TP aiony Fakombr Ao St FBURE LR 2R BRI oo o

bi bodi es; pjni TALOYIASD. MANARPBIRRweR @I, sRdulogk) HAmAkReRBAr maceut i cal s
(SM P), VHH containing anti bodi es; and any ot her pol ypeptides fornmed from

anti body Expgmeents Immmokganibk. BEV fRBintkvedll Saedificdadlibaloow Maniant i bodi es

may be of . a cl ass, as. | N r | nd .o ny.su ass, such
25as | gGlTo%yall'g : ?138§ f@éﬁ‘f?laé%g%é%%b%@%g% %@glégg’ %}da ?‘%ﬂﬂ]h%:lso ul i n have
di f f erent [Ipr@pe Shiifs HaWor ¢AbsaorPereasdvantbaepd. il dedst eroeny Sigpl i cat i ons.
Specificity, in the context of the present Invention, requires that the

cl ai med aRtatersdyinddoleayanBiolagy, 4)edetony Ehp Wilpd &nyprist Beate £t Heddtognat e
anti gen, j i it he o4. or t Q .y occurring
mumag] obu phtofeslt BRSHT pe i 0P RN TRy R R AR O ot
chai ns (abmgt; Nedvtsi)) C.adatdGraha@nil, eds. (hew PORh@htisducabotd 55 or 70 kD)
forma tetranmer, The amno-term nal portion of each chain is known as the
vari abl e PiBteshaiusnSaifg) 2 eHe SBIBESMYRIl%8hed from the nore conserved
constant (C) regions of the remminder of each chain. Wthin the variable

r egi ok of Thréermy giwtibedai nnlees wdicatgr |oghprvivg. WLused taratgr osngiraaitdogicpal
portion kno as. the J r.egion. Wthin.the var.i e region of the avy
chain (al Eslsovv\{r](}éll ?S'e&g{?%een 'ngn%?%\%%m% kizl%rmelg}l1 sa%gb(%ﬁlf‘séglfognwfaﬁa 7 geadt%'f:ttf:%ﬁ to the
J regi on. eMdosipasdes fhe-chringGansldciieguener av aftitddy Gragmenisnmunogl obul ins is
confined to three separate locations in the V regions known as

hyper var i alhed RGbiANGe @irmCARRbSIVEMgMidnty réfteoPoRidid of 8l ias fiICDRs) whi ch
are directly involved in antigen binding. Proceeding fromthe

am no- t er Inathsantibpdisesuch gk om gntigea bieding prateigblemraion chHfe intaet aophady.
respectively. Th CQRga hel d. | | age or 0 ryved franework
reg?o?ﬁs (E%TP leﬁrgg%ne%) fi}ﬂérggrpg%gtuﬁgud;e%aﬁbﬁ%e’rllr%(l)‘(ltr)]Erzg,a&% ﬁ%grég%lgt?’ons are

desi gnat ediab&lies; FiR@ar anRBodiedd sinkfe-cha@saRibbly dloYeculbl€e.f 0cdltvi;ons of CDR and FR
regions and_a nunbering system have been defined by Kabat et al. (Kabat,
E.A, et mu.lt,lspe%égﬂaltl@gs‘qéasg@@wéflcwwléﬁ%flfrlsPMﬁcﬂnégn@aﬁpepﬁtCer est, Fifth

Edition, LhdyodRERAEL BRBLAiSY, iRt} @REbIdHTRbinfihY EGSin iltnimoglobulin
fusion proteins; camelized antibodies; minibodies; chelating recombinant antibodies;
20  tribodies or bibodies; intrabodies; nanobodies; small modular
immunopharmaceuticals (SMIP), Vyy containing antibodies; and any other
polypeptides formed from antibody fragments, for example as further described

below.

Antibodies may be of any class, such as IgG, IgA, or IgM; and of any subclass, such
25  as IgGl or IgG4. Different classes and subclasses of immunoglobulin have different

properties, which may be advantageous in different applications.

Specificity, in the context of the present invention, requires that the claimed antibody
be capable of selectively binding its defined cognate antigen, which is either CTLA-4
or the pMHC complex.

30  Naturally occurring immunoglobulins have a common core structure in which two
identical light chains (about 24 kD) and two identical heavy chains (about 55 or 70

kD) form a tetramer. The amino-terminal portion of each chain is known as the
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15 Governnent Printing Ofice, and updates thereof which nmay be found

online. A humani zed nonocl onal antibody, as referred to herein, is an

ant i body wbi2ets/i0376¢ onposed of a hunman anti body franmewor PCTiust@2msioch have

been grafted CDRs from a non- human antibody Procedures for the design and
known in the art, %gd have been

production of h ni.zed antibodies a

descri bedYafahle é&gﬁﬁ% an ﬁald’foﬁgl W‘iﬁ“ﬁ%‘&@ r&lm the poge cougeiyqd cRpstang (8h 6, 567;
Cabil 'y eI:eg%ns,ofﬁw@&%ﬁl@eP@fte%eﬁ BRI WaAk tﬁ@vé}laﬁeﬁeg%%,of%%g}@khﬁh U. S.
Pat ent No. 4, 816, 397; Boss et al., European Patent Application O 120 694;

Neuber ger (alget ®lle@thea‘|’1. doryin B6 /20153 @inaNeottieongepwn ek e Jelteglah Witaur hpean

Pat ent Ap tion 0.194 276 Bl.. Wnter, US. Patent 225, 539; Wnter,
ur opean’ PHUEH RIS % 1Ry F o e g0l i B sORAR) e s TDHERPE foan  Pat ent
25Appl 3 cahddfioPtohd J 2Fon. MGsk BEthe deidd had Myuendd Lvidiesin humani zed

ant i bodi es, human engi neered anti bodi es, and nethods for their preparation

can be fomunwlﬂziﬂméﬁwﬁme@o threg separellocaonseigdhe Vaegions PIMO) asAnt | body

Engi neer i H?Q/er%ﬂ%bﬁ:q'eglo§gé ?ﬁt'g&% deconSYlg%%%gloW(Cﬁﬁg}%%’l 3 ant regions

may be der regi-ons rcally,
vari abl e dﬁ@t@nngﬁn@smaamag@i lﬁlﬁ&ﬁigl Mbeeeen@rfe@ﬁltMmﬁcttmmm tHes@me wi t h
constant region genes taq exgress heav i nmunagl obul j n _chai ns.

Such expr &g Esteped (R bR ARG éPcRédrqSH%walm TR RsrEsa e Yy host
cel I'sygor ﬁ@%b?g@lﬁﬁgmgﬂém%ﬁyﬂ%ﬁg @fﬁr&)bﬂ%xeeﬁﬁ{ #hh ehafidingonst ant

regi ons from sequenc at'abases. exanpl e, |nnunoglobulln
sequences temmmuavthesleabglens aretdhﬁgﬂlmm&l ERY Mb@déﬁm&wp@mﬁb]lyl The al .

2006) Nu Ielc AcCi suppl . 1).:D781-D78 of VBase
E 2 baon. m ErcliShs it IR RS R o Bl myihieBhe S ays e IR BY 1 ¢ ypi cal 1 y
i ncl ude Dighpiret @F%{tﬁfat "E‘AC I@t ﬁnqm)tsl%@uéh@&s! Hagbemsf Iﬁlhﬁlnbﬁ‘gﬁ:@I I on.

Preferred are expression vectors, which are suitable for expressing the
ant i body Qéﬁ@@,Fﬁméﬂhm@t[béHDquxpmés%H@ﬂmvmdﬂbnsmaﬁﬁVm0%ﬁJ&elIs for
in.the.art; see or ex Mor r ow,

antlb ene_ex SSi 0 re kno

DS oBF EeasR BRI et 4t e sl Sk A REhe [ SHARE L 2008,
28 12 a Backl i wal 0 t al 200 Nucl ei ¢ ACldS Res. 36(15
eggs egae R%t‘ié‘@amze&émﬂ?é@ wﬂdy’ﬂéf Fréief{% Nkttt PR ANESEY “gﬁ‘fh ’@e% a)s wel |
as to mut @&h osEH%FQHﬁm‘A@h&tﬁbJ&?‘fﬁan&e’@ﬁﬁE%é%%ﬁbﬁ‘HM’é%e@ﬂgfliﬂte& (PRSP&GI fi Ci ty
for CTLA-4 ee Linsley et al (1994) Immunity 1:793-801, and Wi et al.

(1997) J.a Emp_humnl antllg@l@?ﬁrog@ﬁfres for the design and productlon of humanized

antibodies are well known in the art, and have been described, for example, in Cabilly

20  etal., U.S. Patent No. 4,816,567; Cabilly et al., European Patent Application 0 125
023; Boss et al., U.S. Patent No. 4,816,397; Boss et al., European Patent Application
0 120 694; Neuberger, M.S. et al., WO 86/01533; Neuberger, M.S. et al., European
Patent Application 0 194 276 Bl; Winter, U.S. Patent No. 5,225,539; Winter,
European Patent Application 0 239 400; Padlan, E.A. et al., European Patent

25  Application 0 519 596. Further details on antibodies, humanized antibodies, human
engineered antibodies, and methods for their preparation can be found in Kontermann,
R. and Diibel, S. eds. (2001, 2010) Antibody Engineering, 2nd ed., Springer-Verlag,
New York, NY, 2001.

Constant regions may be derived from any human antibody constant regions.

30  Typically, variable region genes are cloned into expression vectors in frame with
constant region genes to express heavy and light immunoglobulin chains. Such
expression vectors can be transfected into antibody producing host cells for antibody

synthesis.
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1335, incorporated herein by reference. Manmalian CD80 can be sel ected from
15 rodent, such as nouse, or human CD80. "CD86", as used herein, refers to
mamal | arwGD8s/@stsiigen as well as to nutants thereof whipCh/usave/ousveT eased
binding avidity or specificity for CTLA-4. See Linsley et al., (1994)

| muni ty 793- 801 ncor por ated herein er ence Manmal i an CD86 can be
ol et b Redir gbhedy GREBR LS g CeoR b CHEB TSt RO as. usod

herein, rgf@bsed FoMBamRbAMnHOQIBYIiE sdiERR G ﬁraﬁﬁﬂ@?ﬂ akediantigen- 4

( CTLA- 4) The sequence of human CTLA-4 can be found in GenBank, Accession
nunber AAHRAIZBS (Glud@ellig304@2000) NirteraNicah ReTL3#:@upEnl He78leDast)ed from
rodent, CTLA-4. "LAG 3", as used herein, refers to

manmal i an%ﬁ%ﬁ%iﬁ@%@?f%ﬁﬂ%@ ant i gen 3 25 (LAG 3). The sequence for

human an be foun ard et rqc. Natl. Acad. Sci, USA
94: 574%4- E&elicﬁlﬁ p%srr&?eé@ﬂﬁ% gicH %Qlcg]é‘f E}“é’g@éz)'%@é?fﬁﬁ‘l“ileén‘”}ﬂﬂtﬁ@o &n be

sel ected tHechmlB&ﬂ%ﬁth§Hﬁ7Qn@(§l PRYSSed AL cRERTOI-R03s, vﬁﬁ@n M"ﬁitaﬁl@ the
conpl ex involved in the presentation of antigen deri'ved peptides by

anti gen- pfcewpltesm@ thelangbodytgents ins: hast chiEspshign véntorF @RI host cellcfer t ai n
aspect, the.3 s MHCI 1, which. es nt s CDA4+ T-cel | s.
Sontor - By S e ppatn e mahe ATCeE, BRr il Mury- K 3005740,
epub 2010G¥RériclAn néeebﬂngpeew‘téc%nbaogﬁ wgwg (Juﬂal 1c5h2am? 28e12) em@rBRRIIWE, as a
bi specific |i gancf d wh bi ndi ng, or bei ng bound

an Ich is capable
by, ti® té}rgfeﬁls(mﬁiﬂyﬁﬂékca‘gfe@l&qsy%@ﬁ)ss%ﬁ $.c antibodies are known in the

art, and are further described below In the context of the present
i nvent i on; CDRE’, wosaddregat sreteretothan@ilia: DD hecgdnesovellasTo geitdnts and t he

VHC pepti ec ! on.an AP he bi eC|f|cb 0 a |n tothe
e ot SR e b AR S S i b oI A AT pai ne ¢ o
the TCR |Btatlh@199|2f§mﬁr@u AYNRPSERO0], tanﬂ"?@ﬁ@tfdlr@l@ﬁ?)ﬁgfﬂpl Mg, I%@)Cf@zf?w ol ecul e

to the TCR. A "biologic in general i cal therapeutic or agent,
whi ch nnayl%5 aryremﬂratﬁd)herelnrhyeﬁf@amca Mamelmlp@&lp& cafi begedestaddramd/ or

resea{ pdvegtogu%aslng e 'Cstftpy am no aci d sequence which joins and
separ at es BRI IR po ypeptl omal NnS"1n a protein. In the context of the

blspeC|f|g and of the i nvention i s the sequence which joins
Che CTLA- SCPBRaY i eHen ke ﬁodaﬂhma%&ﬁbgéeg}ﬂg%ﬁw& S8 Wiinces of

am no aci therc Ghidshadelikdta4ed PRdin %Q”\/l(ﬂ@&%ﬁb&lﬁl%f’fgr ChnAah teenatdige |1 nker
is an antibody Fc region. Such a [Iinker %aces the two |igand donai ns by 15

appr oxi maetedly (199N mmunity 1:793-801, incorporated

CD86 can be selected from rodent, such as mouse, or human CD86.

erein by reference. Mammalian

20  “CTLA-4”, as used herein, refers to mammalian cytotoxic lymphocyte-associated
antigen-4 (CTLA-4). The sequence of human CTLA-4 can be found in GenBank,
Accession number AAH74893.1, GI:49904741. Mammalian CTLA-4 can be selected

from rodent, such as mouse, or human CTLA-4.

“LAG-3”, as used herein, refers to mammalian lymphocyte activation antigen 3
25 (LAG-3). The sequence for human LAG-3 can be found in Huard et al., (1997) Proc.
Natl. Acad. Sci, USA 94:5744-5749, incorporated herein by reference. Mammalian

LAG-3 can be selected from rodent, such as mouse, or human LAG-3.

The “MHC” is the complex involved in the presentation of antigen derived peptides

by antigen-presenting cells, which is recognised by the TCR. In a certain aspect, the
30  MHC is MHCII, which presents antigen to CD4" helper T-cells. See, for example,

Wucherpfennig et al., CSH Perspect. Biol. 2(4): a005140, epub 2010 Mar 17.
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A ligand according to the invention may conprise anti body and non-anti body
|l i gands i n any conbination. For exanple, the CILA-4 ligand nmay be an

anti - CTLAWO 2arstiobdy, and the MHC |igand may be LAG 3. ACTArse@iioywhy, CD8O0
may be used as the CTLA-4 ligand, in conbination with LAG3 or an anti-MHC

ant i body. Ba ands b ani di es nat ur al

| i gands, é&@?@&ﬁm &{?TE *Hﬁfiecfe %?gﬁ%&@%@sa?éﬁ%fﬁgd“&ﬁ%&aa -4 (CTLA-4)
Cyt ot oxi ¢ yhidniei Ehét&bﬁﬁﬁ%'o%&ﬁg%ﬁﬁcgl%nw@o Qé;gété\c&)temﬁéraﬁedﬁ@@m as CD152,
is a negatlve regul ator of the T cell response, which plays an inportant

rol e i n t Bespawifintetkodiss aod kiovgeln thé emeandtass fusthandescnbadilowdadhd on of

sel f-tol era [ ar andi 996 d,184: 783-.78 Kr umrel
o A SERNET PR Rl B ptons s Tyl AR Gt A- Kb G S 1%t o5
Curr Bjol afd @881A0Ge M@éweﬁaﬂlaﬂ/xmmsms £i898Bolokid AaruRhg BGA: 3855- 3860;
Wal unas et al., (1 94) J I munol 160: 3855-3860). M ce defi ci ent in CTLA-4

devel op nilvVENtQs grarcresstlisk e @resesabe V&Fﬂ? afyhst RMHG bigdioe et KR e ai | ment

by 4 week I t t erhouse et
al ., (199 e Cl encgﬂi)%g 15@%63%5 cro(s%_agég t ecu %r‘ﬁn&gﬁﬂgf}%&ﬁg%@{r \g\ﬁ h whi ch
CTLA- 4 nothibkige " TingehéraRéd killolqglcaul therapetiiid acerd waitt aiebd ieog fﬁbr to occur

either intrinsically on conventional T cells or extrinsically through

regul at or o ©ig theripeii diagpytic apg/ogresearch g4PPsNat | nmunol  11: 129- 135; Jai n
et al., (2010) Proc Natl Acad Sci USA 107:1524-1528; Paterson and Shar pe,
(201030 Naﬁ linketiseiny amin@arid sequencewlkieh jrieshandi sspayaten bV Belyeentiset i ng wi t h

CD28 for %&g{ﬂr 01{3% Qﬁ%&é}&l I{l#}lle? oln?e%gct ﬁ% @lbis e%l%??‘lﬂdé :)vaétﬁ(ghng}?egl, %%11)

|ndu0|ngf1 Ion O eroelc en

di oxygenagahé sbqeaﬁe(\@nolh o the CTaA-4 11@21&0@)thd:\MH(E ﬂmgwmmlExami;&Q;? Hnkel91;
Onodera et al (2009) J I'munol 183:5608-5614), and_ di spl aci ng CD28 from
the i mmné‘leéaﬁl%Fess‘ifﬁgﬁg‘é aqibetiER ARV EINEiRg /ot exdmple 620841;

21: 401- 41ﬁ)1ker§§r&1°%n4bbﬁy g?@l gazmnf{g%g&% %Detgwl%ﬁglﬁoﬁ%n% 'e CD28 and

shares the sane |gan S are
expr essedagmotinetedyi 2@ke of antigen presenting ceI S (APCs) However,
differential binding of CD80/CD86 on APCs to CD28 and CTLA-4 on effector T
cells | ea@tshga@d@m@ih@go Ot C@ESn maly lcbmpERSaritiboggefd Aeh-dntitRld ligeidsvat i on
and CTLA-4 causing T cell inhibition. Engagenent of

in any combination. For example, the CTLA-4ligand may be an anti-CTLA-4

antibody, and the MHC ligand may be LAG-3. Alternatively, CD80 may be used as

the CTLA-4 ligand, in combination with LAG-3 or an anti-MHC antibody. Both

20  ligands may be antibodies, or both may be the natural ligands, CD80 and LAG-3.
Cytotoxic Lymphocyte-associated Antigen-4 (CTLA-4)

Cytotoxic T lymphocyte associated antigen-4 (CTLA-4), also known as CD152, is a
negative regulator of the T cell response, which plays an important role in the
maintenance of T cell homeostasis and in the induction of self-tolerance (Karandikar
25 etal., (1996) J Exp Med 184:783-788; Krummel and Allison, (1995) J Exp Med
182:459-465; Linsley and Golstein, (1996) Curr Biol 6:398-400; Walunas and
Bluestone, (1998) J Immunol 160:3855-3860; Walunas et al., (1994) J Immunol
160:3855-3860). Mice deficient in CTLA-4 develop multi-organ autoimmune disease
and typically succumb to the ailment by 4 weeks of age (Tivol et al., (1995) Immunity
30  3:541-547; Waterhouse et al., (1995) Science 270:985-988). The molecular
mechanisms through which CTLA-4 modulate T cell activity are multifaceted and are

thought to occur either intrinsically on conventional T cells or extrinsically through

14



CTLA-4 by its ligands (CD80/86) on APC al so stimnulates the recruitnment of
the 15 phosphatases SHP-1 ( Guntermann and Al exander, (2002) J | mmunol

168: 4420-w029)3/@ms1 PP2A (Baroja et al., (2002) J | munolPCTAB2&0/P@505078;
Chuang et al., (2000) Im*runity 13: 313- 322) to the vicinity of the TCR of T

ol coul 65 GEIRUY 41 GU° RIS OFER (LCINE THH R or o Vot 1 5m h el O 0

act i vat i o6 pwammc@ Soi 12800 132 AW e %0 bR, Nor eover

interventions that pronote early engagenment of CTLA-4 with its l'i gands and
crossl i nkimgurd 1LHOTIAR).r esul t i n premature danpeni ng of key signaling
signatures and consequent inhibition of T cell activation, leading to T
cel | hypoﬂ“hmammihvmmsmchrdeanmpggnéBithiC}DBtfoaliga,nd(bl&ﬁﬁg (Linstayed al160: 12- 15;

Giffi (2000 164: 4433-4442: K d Al 1996
J 'Exp' fxea 11939 @%””’@5131%%3 g@ﬁ“ wﬁa%m%ﬁ%mfu%@@Qésheif&g%eﬂ@gnaw '2222 25550) :
To pronot & delc@fmhird 2 @ﬁid&?g&fasgﬁl—le?é (GR e N EER. du60 ) W Wﬁmﬁ%llyl(fm’ase of T

cell activation a bispecific fusion protein (designated as "
conpri si ng1@l; fnodera eCU8E2QEDITwE Bay! bBﬁdSGOﬁrﬁﬁié&;wné dwptapmgt@b% @eme 3

VO ROy D e B cieneisy o napy derymty SLEPPIST S o The
TCR vi a t@ﬂ“LQAOQﬂﬂ{cﬁncﬂ@%d smgt@fcobédﬁldlatwwholtemet@as(dﬁarsﬁaeseiresaﬂne, (2012) J
Bi ol Chem epub 2012 F In an all ogenic MLR, BsB was shown to be

ot { 6cl§ voligmndsridbBh (B1d) A 86 et 2 aicare SmrpSfSP@ PR gioyurfBedpfAnsieet nduced
the, produskionualechtedfeantiolchal By ansal RIRLEY iRt BleLEMHatLon of T

cell s undergoin Von £0 " If €gS n exer roa I mrune

suppr essi ¢®28raapeiseg oﬁlmffet:@h TideHs &bdsl uotqppbgng: ocodks, tWith @oRg vat i on of
macr ophages and dendritic cell m s wel |l as self- regul ate Thl cells
(Ohata et t8gering Isot peiyafinp ppd §T ﬁﬁ?WgZB&?I phggbion. Tigggagemenfivfact as an

i nhi bi t Or &TLL %ﬁatls hgh qumbyﬁ%t) LR by Ltlrﬁﬁlaﬁg the I‘léél‘llggl@%\t 8%('0 Med

163:1037- age activation (Tsunawa Nat ur e
334: 26D- 2pRgsphidthdes cSiHPal (Gur(t&OeDh aAd AlékaxdAc D0SE.y Mir@anéll&ﬁs_’u%() -44P@)

dendritic uratio i n e ( 3)., Annu nol

21: 685- 71&1}def°]:’%{gzl%l%ﬁ’lai%ﬁp é%%ﬁe’n ?1&?@%@%'@“’1‘%? o(r’rQ | L-10 and
TG 13 al $p,Rm¥PoT: ﬁ?ﬂk)?)%fhe'ﬁ&hﬂ?@?ﬁeﬁ@gof ’P@&l‘H Bllerdots R, | L-10 has
been shown to i'nduce IL-10 10 producing Trl cells (Roncarol o et aI , (2006)

| munol Reeneyrengepigyphorglation at keyongiding 3rolqubygsistasiated withihe ExRr essi on of

(2009 nate T R gR T o ) R RR o R L B4 B3 ot 10 e
necess@ry4ion. MigedvedUsteh@ntiois t]iﬁtgﬁﬁm()glﬁﬂ %h g@lemen( ZAOBLA L R ithed
198: 1875- 1886; Zheng et al., (200 J I'mmunol 169: 4183-4189) 15and in

mai nt ai ni Hegandheng C@@ﬁpkwstp\ﬂ@ TGR@@&%HWr@%thmgnm&@ﬁkeses@gmém& on (Marie
t al., T T
gr eaa fun(g:lg?%)ﬁrae# FE&(QQJYF% P }%tg%npﬁtz%%%ﬁg H(%I?tlé%ld?/? tggiie)%'fltl)se(o; egz)nt rff?.sng

the i mmnﬁyp@sqpeﬁsie@emomhfgye(mhiﬂami selob pimirugeing60:A2-d6f Geitfanenal.of Tregs
results in
(2000) J Immunol 164:4433-4442; Krummel and Allison, (1996) J Exp Med 182:459-

25  465; Walunas et al., (1996) J Exp Med 183:2541-2550).

To promote crosslinking of CTLA-4 to the TCR during the early phase of T cell
activation a bispecific fusion protein (designated as “BsB”’) comprising a mutant
CD80 (CD80w88a) and lymphocyte activation gene-3 (LAG-3) was generated. BsB
was designed to concurrently engage CTLA-4 and MHCII in the immune synapse and
30  thereby indirectly crosslink it to the TCR via the cognate pairing of MHCII with the
TCR (Karman et al., (2012) J Biol Chem epub 2012 Feb 15). In an allogenic MLR,
BsB was shown to be effective at inhibiting T cell activation. Surprisingly, BsB also

induced the production of IL-10 and TGF-f} and promoted the differentiation of T
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20 hei ghtened i mune response and presentation of autoi mune di seases
(Sakaguchi et al., (1995) J Immunol 155:1151-1164). Extensive research has
est abl i shw0 201¥WBB10f t hese specialized T cells in cont palrluseg2akioraspect s
of inmune responses, in particular in engendering self-tolerance. Wthout
bei ng bound,to a particular theory, these findings indicate that agents
capabl e oF‘ch}B‘QFﬁgﬁﬁlgtaﬁBV‘?théPt Uegir glddbt‘%a{%ﬁx%ﬁ PReg8mgre t P P8 Y8opt i ve

transfer gfopdfiReehrHEN REHIER QY& ehd dBRhiAUShBPIRE SRARAG:tid Ndeed,
Treg cel |l -based therapies uSing freshly isolated or ex vivo expanded Tregs

have beencdbdi’sh.as bellef fself ré¢gréate Ahi ceist (Ohgtacat haR0ODdel /g iief Riteype 1

di abet | ., (2004), J.Ex : 1455- 1465 bel | et
o 2S00 P TGk fanget Sy huhuonith B it tRdu KRl &L Cander son
et al.5 (2084)/ ExJ apa6380321050) #6dphileartlv AN TIRASRAQ., dlbge) et al .,
(2008) Bl ood 112:2129- 2132}2}1}@' n lieu of isolating and expanding

Fox p3CD4+8p26e 334:804 26 5fW 8k (JRYD S Yeeud el S9P Bgs1 Wy apdr egs) from

i ph | i f i +CD25-
e ls el e TBh GollRTan 1L AT RAT ARy KOPHaRE BT oS ce ot
TGF-13. Thédigontoagsir atite-irdfananato8f fanctehs | .- BB amOBEFipigsoliepsrtdd c4QgsS) or

i nduced Tregs (i Tre?s)., They are al so Foxp3+ and purportedl){ exhi bi t
equal |y pB¥BRRceshispfuktipye Foisiampindld8 havbeggsheehd inducg[L-102003) J Exp

Med 198 186audid8 1 LBBLHESEL cBht. 280G Whlnidol RILNOL28168 £ d82adk989: Zheng
et al., (goolzl) g ITrmunoP\ 169: 4183~ 1%9 . BA 8pt|ve iransfers of afr egs or
i Tregs haVexisddhegowmittainteapeffiec bf Fexp3mndoindrelry progagatcotheict i on agai nst

aut oi mmune di sease in an ani nal f coll - d.arthritis

((Gonzal oz SwaySsae fpnchof SBE e REILD) ki B4DRRATHHES ShNEDer ¢ i s
becom ng e B KR tedoial tApd h&8usPRS td ifdudied Dt Q}efgﬁr(cﬁerﬁétglﬂ', ficantly

hi gher therapeutic quotient than polyclonal Tregs with a pan-TCR repertoire

( Mast el | ef2088) &Fxp Mied 10800633-138¢;1dhenpkt A7 52HR53 130580 QY 88t418P). , (2004) J
Exp 199: 1455- 1465; .Tarbel|l et al.. (,2007 d 204:191-201), with
Febs. For oAt I mepaEag pedingmesiie Phoar St brtal B Rafotat D hlebn, "we
sought toeenal20a5e/ Fhe Ml xiiroe1mes7E s of BsB at produci ng antigen-specific
Tregs in an antigen-specific T cell activation setting in vitro. Moreover,

we testedRiﬁl%%agﬁg,qqgélgl Tképsh F €at i ng aut oi mune di abetes in 15 the non-obese
di abetic ( ) nobuse. 'éype 1 D abetes Type 1 Diabetes (T1D) is an

aut oi nmrun i QS L i Jel i :
i nsul i n- p(rf{) u%fe?la;ﬁggncrg td?s%m&%@?@ﬁ%ﬁ%ﬁﬁf Tﬁ%ﬂgg%agﬁ%&?gee{ﬂggﬁgﬁ of
hyper gl ycaninane Nopemsbeweaclfiaad abn-celf NidZensm A defidianglof Tnegseaeduits praat i cul ar)

20spopt aneousl evel op autoreactive T cells towards islet-specjfic
sel ]E) ) g(ﬁlt i g%iﬁgte%/glfj i munepresponse and presentation of auto}mmune Eiseases gSaliePguc iet

al., (1995) J Immunol 155:1151-1164). Extensive research has established a role of
these specialized T cells in controlling all aspects of immune responses, in particular
in engendering self-tolerance. Without being bound to a particular theory, these
findings indicate that agents capable of boosting the in situ production of Tregs or the

25  adoptive transfer of Tregs may be deployed to treat autoimmune diseases. Indeed,
Treg cell-based therapies using freshly isolated or ex vivo expanded Tregs have been
shown to be effective in treating animal models of type 1 diabetes (T1D) (Tang et al.,
(2004) J Exp Med 199:1455-1465; Tarbell et al., (2007) J Exp Med 204:191-201) and
graft-versus-host disease (Anderson et al., (2004) ; Taylor et al., (2002) Blood

30 99:3493-3499; Zhao et al., (2008) Blood 112:2129-2138). In lieu of isolating and
expanding Foxp3*CD4"CD25" Tregs (often designated as natural Tregs or nTregs)
from peripheral blood or lymph nodes, Tregs can be induced from naive CD4"CD25

T cells in the context of TCR activation and in the concomitant presence of TGF-f.
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insulin and glutam c acid decarboxylase 65). In concert with other

| ynphocytes, these autoreactive T cells initiate the devel opnent of

peri - i nsuwotos/dogteneen 3 and 4 weeks of age fol |l owed byPCmussene4iomsul itis
at 9 weeks and spontaneous overt di abetes between 12 and 35 weeks (Anderson

and Bl uestone,_  (2005) _Annu Rev | nol 2523: 447-485).. m ce share many
sinilari tffﬁgse;%éﬁ%ﬁée altgeEaTidiony t@ﬁ&f%%t(gﬁ@ﬁéﬁré%d“?%qﬁgéduct i on of
pancr eas- §pRGkf, | ﬂle@%@m}; Féﬂﬁy*f%d %ﬁﬂ)oﬁ@&l‘y%@Bi'bﬁ%qﬁillﬁﬂt&{t%ﬁﬁﬁrbééﬁzem"‘ and

CD8+ T cells.” Suscéptibility of these mcCe to autoi'nmunity, as in humans,
i s infl uehostionyasgdiess (Cben et., R0 J hivg MedoliYg aiSi’ bilBB6:yY wormwe xt {IVHC) ,

CTLA-4, a 3. ] ) a _uni.q j,0r his 0 tiQility
conpl ex 3%@&’%’%’?@5&?ﬁ?ﬁ%@%eﬂﬁgﬂm{ Z@W”%é@%e‘ggg’tﬂgb%i ghest
risk for didsp@sarsdeeeotd1Rbds driTlE PR tebn Shovdd to be( ERIAYe HoRBRAEN AN
met abol i ¢ research 28:287-288;, Wcker et al., (1995) Annu Rev | nmunol

13: 179- 2001otectipp AAnEIipRpPwRE disraradn an suneeedelatfsallagenNotiasiice (Ueda et

al., (200 t : - 851 n ( | . 09). CGenes and
i muni ty %%hllgﬁsp(g(ﬁ#g]}?g% iaii%P 0%'5'%6;’{4?%1?%%%@:% g% géi\%gﬁoHnoW%\geQ’!\@ﬁ backgr ound
accel er at B&cohilihy aRsetvitdrt bhal 80%epapedifiameears(oBet hsighifRan@y high€2011) J

| mmunol 187: 3493-3498). Because BsB engages all these targets, the

t her apeut HeErapgpti¢ quasiengam prlyelopdshregs With & pre Tk lieﬁ%‘”‘?*ﬁo@gas&ﬁﬂeﬂt[ﬁlw 5

Anti bogli egzoﬁafjWﬁ%&ziﬁ@g@@&@m%ﬁg e@mt.,i@(gmbimpiam q@mﬁemt@;?f the
anti bodi es se orth in the clains. “"As used hereln, the term"tfragnents
refers toTpdbelicoas (AH07) Hdxp il at204f 1911120 1engitln leanpotbatily side stfett cmspaan ant i gen

bi nding or variable region of the intact antibody. Ex | es of anti body
fr agent s TBPENSBPPISTIOR. Lol eA9nTHE Seughbio-ALgHAE SRS Tedacher ei n
refers topkgagpRatans anahepedifib TAdis ah BftideA! P6Lific TRRAILiidiont he CTLA-4
nol ecul e or the pMHC conpl ex. These fragnents may | ack the Fc fragnent of

an i nt act scing bodyo. Maseavenpraetestagditel pgtefitial mm trbatingi autaimatung Wiabatesl itan have
| ess nspecific tissue binding than an intact anti body. These fragnents
can b §)pr d]@ga)%fi?eoﬁ?sl?eﬁ’tcgh]{aﬂﬁa?ﬁﬁ?lbg(gdi es using well known nethods, for
exanpl e by, 15 _pr.oteol ytic cleavage with enzynes such as papain (to produce
Fab fragnehPe) iaPeiehsin (to produce F(ab )2 fragments), or expression of

such fragnents by recombi nant technol ogy. The anti bodi es and fragnents al so
enconpass 1¥phhPadbetesiCh Bhisipsuipimpagaeieasecaved byttissie WErfCcdsstUsEOTTLA- 4

nol ecul e . 3 . AN C j i body heavy chain
vari abl e ?ﬁﬁ%@ﬁl % \Q}Hg 1%%@5%%%;/&% %ezlgg\){%ho&gﬁ&fg%%gggg%%ﬁ chai n vari abl e
regi on ( Vhypendlgcanin. Noa-dbesyvyiabdimi (INOMY mab l(fntadgimare iapdrtichlar)l i ght chain
vari aple region, together or indiyidually, forma bindi Site that binds
CTLA-%& mof n_s%ﬁtly 3%%@14@%%?fxseﬂixrp%aewsf?ﬁ;?Pe&&#pﬁfg%tl&ewergegi on at
the am nodsgfifhNpdiu@Rfc 404 dBcaboXyB8E 85). ath bhereRIth 8ier e fHoBRks, end.

Al ternatively, sckFv may

these autoreactive T cells initiate the development of peri-insulitis between 3 and 4
weeks of age followed by invasive insulitis at 9 weeks and spontaneous overt diabetes
between 12 and 35 weeks (Anderson and Bluestone, (2005) Annu Rev Immunol

25  23:447-485). NOD mice share many similarities to the disease in human subjects
such as the production of pancreas-specific autoantibodies and activation of
autoreactive CD4" and CD8" T cells. Susceptibility of these mice to autoimmunity, as
in humans, is influenced by genes for the major histocompatibility complex (MHC),
CTLA-4, and LAG-3. NOD mice harbor a unique major histocompatibility complex

30 (MHC) haplotype (H-28"), which reportedly confers the highest risk for disease
susceptibility (McDevitt et al., (1996) Hormone and metabolic research 28:287-288;
Wicker et al., (1995) Annu Rev Immunol 13:179-200). CTLA-4 polymorphism has
also been noted in NOD mice (Ueda et al., (2003) Nature 423:506-511) and in
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25 conprise a VL region at the amno-termnal end and a VH region at the
carboxyterm nal end. Furthernore, although the two donmains of the Fv
fragnment ,wokosnd3Miil , are coded for by separate genes, Pheysean/ob®1j oi ned,
usi ng reconbi nant net hods, by a synthetic |inker that enables themto be

made as a, si ngl e protej hain in which the, VL VH.regiqgns .pair to form
nonoval en{lu%[%e@m eééf(dgﬂgm%s §i141(ﬂ"€”’_&’ﬁa leRPI ?&gﬁ_&ﬁy .an‘g'(’ﬁa%g‘g may
optional | yr f NGLDER 1RAMOD bsd%kgog&l YReRrtdder1m Bkt wWhstvBe pdnBRadigavy chain
variable region and the |ight chain variable region. The anti bodi es and

f r agment s (Bdtsin et ab.d@PhBSs/ ldwmaioh 1$h8493631P8).d Bbjause Beengageasll theseri bed in
Ward, E. S, et al..(1989) Natur 1: 544- 546 whi ch .consi,st a VH donai n.
The ant | b st epaTiahne 5 BsE el ML) SRR ot b gt e (ricab)
These gantib di.es can apparently form antigen-binding regi ons using only
heavy tha*MtPafiesipi e region, in that these functional antibodies are diners

of heavy chains only (referred to as_"heavy-chain antibodi es" or "HCAbs").
Accor di ngil)e inygRiuRicedPasies FHRGROHRENHEIEBNthebis apkadiessat foFBdR es ( HCAD)

thatSpecifahl v DLAd Hefyf IR A e AU 21 8S on A DR AFHIPOGI €5 and

fragments al so enconpass arnt| at are S or binding domain

i mmunogl okmkthmntibsdynsyeh at en astigpdindingoif viriableaegioh Af thedntapMrdGbody. get s.
These constructs are._single-chain polypeptides conprising antigen-binding
donai ns fE§@Bpk6°€ﬂﬁﬁﬁgbgﬁgﬂgﬁﬁaﬁﬁﬁﬁ% 2%88%ssary to carry out antibody
effector functions (see WO 2005/017148). 15The anti bodi es and fragnents

al so Hhcorpaissmdifmpegnies as qisd dereat efyp iafregmeninearsblgiod Sinding ghe &8s and VL

domai ns a r i j chal i | i nker
Y S S A g N
chai n. Thile Hedr@sent beardiomet mgibody pdd¢ar nwiré Fapidiyploambn catyladanahd sarof

anot her chain and thereby creates two anti gen-binding sites (see, for
exanpl e, B@%@?Sflfm)fﬂfwz@ﬂwa'%@mééhw 15@%4@@8@3{-ﬁheﬁ‘of§a%%%ﬁ&hefi c. The

anti body Efodﬁ_&tdi BN ALTBM e NSO REGH HleBBdb Got At i on does not
cross-react wth any target other than the I ntended CTL£-4 or pMHC targets.

The ahii bpditedytandedvaggwehteszirhesrsedi anpapainhgmpedvestdberignspmeviof i c.  For

exanpl e, bispecific antjbodies may resenbl.e si.n anti bqdi es (or anti body
£ r agment sFeHt (hatguSEE RS T Refn, SRErgua B Rabi RS rb var | abil o
regions).Kgbﬁmﬁﬁh{&ghﬁmggybodies can be produced by various nmethods - such
as chem cal techni ques, "pol ydoma" techniques or reconbi nant DNA

o cbet, v L agLLICd Ss i nAGRONInRUBRRPI 4alid gorlpy 1, |
and pMHC that btiso the ClpLA—4pmofecule or the pMHC complexr.) An SI(DZFV comprises an
20  antibody heavy chain variable region (Vy) operably linked to an antibody light chain
variable region (V) wherein the heavy chain variable region and the light chain
variable region, together or individually, form a binding site that binds CTLA-4
molecule or the pMHC complex. An scFv may comprise a Vy region at the amino-
terminal end and a Vi, region at the carboxy-terminal end. Alternatively, scFv may
25  comprise a Vi region at the amino-terminal end and a Vy region at the carboxy-
terminal end. Furthermore, although the two domains of the Fv fragment, Vi, and Vy,
are coded for by separate genes, they can be joined, using recombinant methods, by a
synthetic linker that enables them to be made as a single protein chain in which the Vi,
and Vy regions pair to form monovalent molecules (known as single chain Fv (scFv)).

30 A scFv may optionally further comprise a polypeptide linker between the heavy chain

variable region and the light chain variable region.
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30 Bispecific antibodies conprising conplenentary pairs of VH and VL
regions are known in the art. These bispecific antibodies conprise two

pai rs of wolamdo¥isl each VHVL pair binding to a single aaTiusen2o0450epitope.
Such bispecific antibodies include hybrid hybridonmas (MIstein, C. and

Cuel | o, ., (1983 t 305 (5934): H t al.
(1(9396? céﬁg%Pnt&Qélesé‘Bd fég’r@gntéGgﬁ%ncw@ﬁﬁg?@émﬁﬂébﬁn g@f*%g? Iagli%e SE&S%? Proc.
Nat . AcagescS6éd inWPADR: $4A4 f‘af%% Nme%ulléi&ﬁ% wﬁlQﬁlcaMlmf a%orrbl nant

anti bodi es (CRAbs) (Neri et a . Biol. 246,367- 373),

5bi scFv (domain. Atwel|l et al., (1996) Nbl Irrrrunol 33 1301-1312), "knobs in
hol es"” stabilised antibodies (Carter et al., (1997) Protein Sci.
6: 781- 788 he hititweeh acd Sragmantkh abntehboayass peoiyehaiaanpbodies(HOWD). These

anti gen-bin te fahond a conpl enen r. of VH and VL
dorr:atig . | ﬂ%‘?ﬂ%ﬁt%;a‘bﬁ'ﬂgﬁﬁr‘?”é H@Péﬁtlﬂ:geﬁgp’é‘%%r%l?{ﬁnpuﬁﬁlgtwalbgaf’%i’@ﬂt antigens or

epi t opes aﬁrlébﬁ@reéﬁ)'ﬁelntthﬁﬁhes\é‘fﬁﬁl:tlroﬁﬁ AAtiBSUiRTark AirRAG bf ﬁéﬁv‘yg:ﬁﬁng-gn@r epi t ope
medi ated by a VH and its conplementary VL domain. Natural autoantibodies

have been(rd@sledltdz)@&]‘ ‘Tehay-claie apdiogres3 ot i€ AbECasatdordinglyNattibiodss @n@sg) Ann.
Rev. 515-531 reacting. w | east. t

i 11 er ent TRHDPGR A E et SpEETnaReAaC AR raf Sy POIERGEEATY nas

al so been4shpMHC kgetsel ections of random peptide repertoires using phage
di splay technol ogy on a 15monocl onal antibody will identify a range of

pepti de seguenaRsidhald rhbhetd81BRhEGEFhsOhMHARs Thdt Gre SIAMR Hbikdigg S€Qquences
are highly related, fitting a consensus sequence, whereas others are very

di fferent damdlnhamambgbhulmefum pTDWUIS(Sp@-Sfl‘( foalee @ROASE ephMb( 23@8) Current

i ni i | | 26 th f that, t he bi ndi
P o of AAne e Rgn OB oR AR nonldeoliGeecchniriy Mo Rt oz VL "0

domai ns, hasd tdienR@iddbudih dbﬁlahisﬁh@césﬁhrgw&'ar%l bdtahardd ﬁi‘fﬁb%'ﬁﬁlcﬁlb@gﬂ a large
uni verse of known antigens. WO 03/0026 (Domant i s) scri bes the

product i ofﬁffeW@tZQ%/@b"é](thﬁl c antibodies in which each VHVL pair possesses a
dual specificity, i.e., is able to bind two epitopes on the sane or
di f f et®ent Thatntgeds:s afith &ragmafits alvatehompzandiabodipeThese @t bseEnt i n an open 25

conformation, the t ito be bound sinul taneously, .but in the
cl 0sed coRT A b i MG T ooPHnE FirS PO EIe Hrek HoB B dMeEour ages
bi ndi ng t gud e eSLEMARE that is too short to allow for pairing between the two domains on the

same chain. This forces the domains to pair with complementary domains of another

chain and thereby creates two antigen-binding sites (see, for example, WO 93/11161).

20  Diabodies can be bispecific or monospecific.

The antibody or antibody fragment thereof according to the invention does not cross-

react with any target other than the intended CTLA-4 or pMHC targets.

The antibodies and fragments thereof may themselves be bispecific. For example,
bispecific antibodies may resemble single antibodies (or antibody fragments) but have

25  two different antigen binding sites (variable regions). Bispecific antibodies can be
produced by various methods — such as chemical techniques, “polydoma” techniques
or recombinant DNA techniques. Bispecific antibodies may have binding specificities
for at least two different epitopes, for example one epitope on each of the CTLA-4
and pMHC targets.

30  Bispecific antibodies comprising complementary pairs of Vi and Vi regions are
known in the art. These bispecific antibodies comprise two pairs of Vy and Vi, each

Vu V1 pair binding to a single antigen or epitope. Such bispecific antibodies include

19



Non- i mmunogl obulin proteins with nultiple binding specificities are known
in nature; for exanple, a nunber of transcription factors bind both DNA and
ot her 30 woavss/ae3Tewl ecul es. However, nethods for sel ect iPag/useondionyipept i des
in the prior art only select peptides with single, not dual or nultiple

SbTypept | U rdegr el ik oal: a6y R Kutiio e bPal S8 uct ur e
(Kenp, D. 4@, nhi€ode X nf@%.( %9_9?2?%9&5). 56:. 363 9304 bl IMELITREy etP- et

al ., (2005) ChenBio . Mel oen and cowor kers had used
t ri s( br onsled 983) Yiven 2\érik Aaad Scé llé e orbldeeA4i8e ¥V @ 8471881 detmtadingquant i t at i ve

ot ruct ar arcenbirgPy o SRR nOS NERE L bl Mk ik 38656P 58 5005) 1 bi )
Met hods f Biscihe. DEREFALdt AN, @Do&anEl. datenslr 381 30NPRIEndgkn¥bien okssai d

conpounds are generated by inkin? cgsteine gontainin%:polypeptides to a
mol ecul ar stgeidipedoandibgdics rareek ahgdl. €19%7) E(¢riorsid: M jdsenAeaeh ease eefibscl osed i n

WD 2004/ 0 - 006/ 078161, . sel .0 nol ecul es usi ng
B P L3 L A

enbodi mentemplemehtaryt peer ofthgs aid We domainW¥FEa0 hafiD&H1id thereByeablld @aied tosuch as an
anti body or fragnent thereof, may be nodified in order to increase its

serum hal f¥¢ slifistent gntigeps ALFRItOPEY At4bRIT Ry WHE-ith Be binding (o eqeh prtigesr ot her
15wat S r in i anihde; pol yners to i ncrease the
ot afﬂglogﬁ gggir/%@e% 5y a VGhy e esmpgg@agm ab@inP0! ¥

hal f-1ife. odi'ment’, an ant C region may be added to the

bi speci fi i nke of. di t -V i to_l.ncr . ClLT i ng
DT R Bl % LS HBTRL P BALNELESEE SOSULALL"S, o,
t echni que(10980YnA. IR o], 7: 3¢5301 ) geadBhhiwithankganive (WughAnheie such as

goats (see Pollock et al. ( 19992 J. | mmunol. Mt hods
different antigens or epitopes that are not structurally related. It has also been shown

that selections of random peptide repertoires using phage display technology on a

15  monoclonal antibody will identify a range of peptide sequences that fit the antigen
binding site. Some of the sequences are highly related, fitting a consensus sequence,
whereas others are very different and have been termed mimotopes (Lane and Stephen
(1993) Current Opinion in Immunology 5:268-271). 1t is therefore clear that the
binding site of an antibody, comprising associated and complementary Vi and Vi,

20  domains, has the potential to bind to many different antigens from a large universe of

known antigens.

WO 03/002609 (Domantis) describes the production of dual specific antibodies in
which each VyVy, pair possesses a dual specificity, i.e., is able to bind two epitopes on
the same or different antigens. The conformation can be open or closed; in an open

25  conformation, the two epitopes may be bound simultaneously, but in the closed
conformation binding to the first epitope prevents or discourages binding to the

second.

Non-immunoglobulin proteins with multiple binding specificities are known in
nature; for example, a number of transcription factors bind both DNA and other
30  protein molecules. However, methods for selecting binding peptides in the prior art

only select peptides with single, not dual or multiple specificities.
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231:147- 157), chickens (see Morrow, KJJ (2000) Genet. Eng. News 20:1 -55),
mce (see Pollock et al. ibid) or plants (see Doran PM (2000) Curr. Opinion
Bi ot echnoWoO 20B/009%41204; Ma, JK-C (1998) Nat.Med. 4:601- @06/USBaen450d7 et al .
(2000) Bi oPharm 13:50-54; Stoger, E. et al. (2000) Plant M. Biol.
42:583-59 Anti bodies 25 may al.so be produced hy chem cal. synthesis;
nonever e KHTEEdEASH U E BT CHE SR oAt Y ROGINCERrEes o
pref erredy £ Rlriousdi&ldrdauenralcnsh, D18, anf MeREMhalS pi 59@8%?180%. i nserted
or

into a replicable construct or vector such as a plasm urt her
pr opagat i 6heor Tiaxperesgi Bretiah, @000t hepdliv Cha@orfsd x82dt4). Melaepandrcs- (e. g. ,

expressi on vector itable for the expression of a 30 hungnized

Cn ool oBlRe Sibded B PrRrid g s BRE BoueEpRlecRisr WP RARE o A

vari ety ofuiiedtiveyaisatiey af makipss pdpfiaé WhphentéeGhBEG: Watfelisase mai ntained in
single copy or nultiple copies in a host cell, or which becone integrated

into the Howturgbnimisry efiireteasomace)(Timmernan st et £2096) (péd Methodan be
i d i i : | L. i h i zed
R Ucegor'tﬁ'é gen%ra%%leltoﬁﬁ?ﬁn &?es&mggol#gpﬁﬁﬁa! gl sXYG'cfi{}lgSéQJs%%é. a humani ze

i mmunogl obul' i n®can roduced a ined 1ncu re. singl e vector

or nul ti pkénevaed by Hnkiag cieits eshtdiaingtpotypeiides 36 h aivlafula sbaffad b fot
i munogl obul i n. 5Pol ynucl eoti des encoding the anti are readily isolated

nt i bod
and sequeﬁ@@ﬂﬂﬁgﬁﬁﬁo@ﬁﬁvgﬁiﬁéﬁﬁpe6$dE%ﬁﬁPé§1?@?aoqygrﬁégﬁﬁéwggtide pr obes) .
Vecto t i ASTA s o' I S,
ninicH?ongg%¥gﬁ%9?ﬁﬂ#§%ﬁfpg§hfﬁghgﬁe a(%§S¥%é#§g?@%§?§%ﬁ§?égg%gﬁgfIy such
vect ors f ur WieR009e9I84ae. uad isppedlic asbpdemerts acy fugher debenibtedlin 3&Di on, one or
nor e narkgﬁugg Z an enhancer elenent, a pronoter and 10transcription
term nati gﬁ'ﬁces operably linked to the |ight and/or heavy chain
pol ynucl eotide so as to faciljtate expression. Pol ynucl eoti des encoding the

i ght andThelgsnde prhiis araytibrdy ardeement thars! sepydicdpedified o?deHRd introduced
(e.g., byirfcfé’ﬁgift%émh'hlgﬂilif&rgﬁpé@aﬁ;{p}% (Bg’adﬁilng(fﬁ&Q&fP b OPEGRBRICT | on)

into the same host cell concurre r seguentially or, esired both
t he heavywateasolublagolyingdns, indieding palysdvehdrbdenméyrhad ta mecatcthe dalfdife.ect or

prior to such introduction.. A pronoter cap b rovi ded for expression in a
Sui tabl o Hbdte idimepioparbod e r%é‘m_c%‘ﬁ%BF o8 ﬂt?rq’l?ﬂ‘?a EilBRET For
exanpl e, ARIAAPIFEhe GRRNHIEH, WP BIcARLY cikduiRd Haf-1@enucl ei ¢ acid encoding a
humani zed i mmunogl obul i n or i mmunogl obulin chain, such that it directs

expressi o d pol ypeptide. A variety of suitable pronoters for
20prokary§?ﬁ%og£§reu g?gotic hosts are avail abl e. Prokaryotic pronoters

i ncl ude | %%tib(gcgfcproduction can be performed by any technique known in the art, including

20  in transgenic organisms such as goats (see Pollock et al. (1999) J. Immunol. Methods
231:147- 157), chickens (see Morrow, KJJ (2000) Genet. Eng. News 20:1 -55), mice
(see Pollock et al. ibid) or plants (see Doran PM (2000) Curr. Opinion Biotechnol.
11:199-204; Ma, JK-C (1998) Nat.Med. 4:601-606; Baez, J. et al. (2000)
BioPharm.13:50-54; Stoger, E. et al. (2000) Plant Mol. Biol. 42:583-590). Antibodies

25  may also be produced by chemical synthesis; however expression of genes encoding

the antibodies in host cells is preferred.

A polynucleotide encoding the antibody is isolated and inserted into a replicable
construct or vector such as a plasmid for further propagation or expression in a host
cell. Constructs or vectors (e.g., expression vectors) suitable for the expression of a
30  humanized immunoglobulin according to the invention are available in the art. A
variety of vectors are available, including vectors which are maintained in single copy

or multiple copies in a host cell, or which become integrated into the host cell’s
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T3. T7 pronoters for E. coil; 3- phosphoglycerate kinase or other

gl ycolytic enzynes e.g., enolase, glyceral derhyde 3- phosphate

dehydr ogewase13/daieoki nase, pyruvate decar boxyl ase, phosphofuseeokionase,

gl ucose 6 phosphate isonerase, 3- phosphogl ycerate nutase and gl ucoki nase.

Eukaryotic_pronote ncl ude i nduci bl e 25yeast ronDters h as_al cohol
Gohod) ogeRABEORED JpE SRR SR Y veur o R Cama BTt B PN lr n and
enzymes rgsPQIR Iwhh&l &EPre B i BARN ABhARRbISTRIRY callBk [HRSRICERhRET OSE

utilization; RNA polynerase Il pronoters including viral pronoters such as
pol yoma, fr@mtquoed mmﬂlltanbeﬁcwmglm@@m(ca ngultipladesiors aande 2ped o vtiene papi | | onma

vi rus, avian sar i rus IOV|rus (in particular the imediate
early gen& 1§8ﬁf&ﬁ§”§PFMHF€9# ngg‘ﬂgbatltls B virus, actin, rous sarcona
Vi rus not er an early or |la irus 40 and non-vira

pr ormté %ﬁgﬁga‘gldﬁfieﬂco P“&HE (“W?ég ﬁfenr&aéalﬁ‘/dlsﬂl&&gta&g EABEBICINEEI%i ¢ Aci ds
Res. 18(143nveRdeial f&@(ﬁﬁ'eso{fe Skl gbmhd]e&tﬂl% p%ﬂesW\/'eL:toPsethﬁtb&Q bOusal ect the

appropriate pronoter for expressing a humani zed anti body or portion thereof
of the |nmhxdﬁcp&asnmhenmsaﬂpggmamat®pnsengngchlfomsomcppéwblcbrplasml@edrbs of

hi gher eu aro onal. enhancer ment an. b | uded. i.nst ead of
or “as. wel PPSY pRBRURREL R by SR VR BB Pe gt Ar iRt e ve.

Sui tabl e aﬂféﬁﬁ&dﬁ@ﬁ SRNANMESE nSRRUMORBEES ah Bfauee LmanciroflotiRAds from

gl obi n, el astase, al buni n, fetoprotein, netallothionine and insulin.

Al t er Hat | Uansgripgoretepminatien seqnerash aperably dinkee tet the ight andiibarsyehain cel | vi r us
such as 55’410 {fé‘o‘%{h‘é%r ‘ag %f%@ﬁ?ﬂé‘e;?p%srs%% E&WL@Q&%@E&O&%@%@% Lﬁngo' yona

enhancer, oviral “en ocus 09823) .

Whi | st Subéhvgz%ﬂlhﬁﬁﬁl@rb% iRJedted b eplakdte Vatat add rodbedwegt, &y at a site
upstreamto the pronoter, thg%ﬁcan al.so be |l ocated. el sewhere e.g., within
the unt r aHanEPEMtioB JFAMICSHOR GIRTEPPYAHOLPT FHE woyb@é%ghﬁéﬁ%howaﬂa| The

choi ce anéorﬁgnge%%}?&e%gu&;tlaﬁgEfari'f:@ersugﬁﬁotﬂ% ‘%g cHzBﬁ’An&ﬂ bt dahtoy Wi th the

host cell use r essi I n addition, t vectors~(e.g., expression
vect ois) ingpitahintosthe carpe veorgpret@aichbhteodifstiam.ker for sel ection of host
cells carrying the vector and, in the case of a replicable

A promoter can be provided for expression in a suitable host cell. Promoters can be

constitutive or inducible. For example, a promoter can be operably linked to a nucleic
acid encoding a humanized immunoglobulin or immunoglobulin chain, such that it
directs expression of the encoded polypeptide. A variety of suitable promoters for

20  prokaryotic and eukaryotic hosts are available. Prokaryotic promoters include lac, tac,
T3. T7 promoters for E. coil; 3- phosphoglycerate kinase or other glycolytic enzymes
e.g., enolase, glyceralderhyde 3- phosphate dehydrogenase, hexokinase, pyruvate
decarboxylase, phosphofructokinase, glucose 6 phosphate isomerase, 3-
phosphoglycerate mutase and glucokinase. Eukaryotic promoters include inducible

25  yeast promoters such as alcohol dehydrogenase 2, isocytochrome C, acid phosphatase,
metallothionein and enzymes responsible for nitrogen metabolism or
maltose/galactose utilization; RNA polymerase II promoters including viral promoters
such as polyoma, fowlpox and adenoviruses (e.g., adenovirus 2), bovine papilloma
virus, avian sarcoma virus, cytomegalovirus (in particular the immediate early gene

30  promoter), retrovirus, hepatitis B virus, actin, rous sarcoma virus (RSV) promoter and
the early or late Simian virus 40 and non-viral promoters such as EF-1 alpha

(Mizushima and Nagata (1990) Nucleic Acids Res. 18(17):5322). Those of skill in the
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vector, an origin of replication. Genes encodi ng products which confer
antibiotic or drug resistance are common sel ectable markers and nmay be used
i n prokarwotzn3/00876g. , 13-1 act amase gene (anpicillin resipsTarse@p/0450@1 gene
(tetracycline resistance) and eukaryotic cells (e.qg., neorryci n (418 or

geneti cin), cophenolic acid), 20anpicillin, ronycin resistance
genes). D%Wgﬁﬁ% g}%tﬂé%%‘aﬁl&f’[ %pgéoq%tq@rpmggégr Peratring §é‘1“é%{liz8 with

met hot r ex g fod of p¥dioh eliefeAofMRSthSentfsanes encodi ng the gene product of
auxotrophi ¢ markers of the host (e.g., LEU2, URA3, H S3) are often used as

sel ect abl W Vé@j’ %pria@ev,\%egasﬂ)r e:é§§ssf?>‘h LA of(h‘? Her Buw&o\é&(ﬁlué alOr Phage

vectors, i¢h "ar'é capab e of egra g 'nto the genone of
the host elﬁiahcerﬂminemcaﬁafeehcﬂo&ed1aktea/cb<o:ﬁmras wedlra tiadss downivengl atted. | n

eukaryptic syste aden l.ati on and term nation si nals are operably
| i nke t oP{R %F?fégs sé%@ bc ‘&Fart?lf PRRmHER Ce&fse‘tllfﬁng ilAY8A i on. Such

signal s apghahYfefhdnts ﬂbﬁ%ﬁ‘&bﬁ elz%ias& ha@btﬁﬂi%nfe&ﬁﬁ&hfhgnfe{a@l@ﬁnoﬂlﬂe spal i an
systens, non-limting exanples of polya denyl ation/term nation signals

i ncl ude t hoslen.d¥tarnasielys ome glammduﬂmhamslen%t ﬁfbmrvgfmi{a@rytlt aelt orusl al pha
and viral ene or retrovi t.erm nal ts. In yeast
Systens. HET Sy P E et el b Vbyp uBRE o7 Floftn Ry POR CCrgie o

i ncl ude t bastovdar emdcefrro@mutrih@ 18625 RRRYIsYE W@ DE/0ROEEBs eWhRé#hcand t he

al cohol dehydrogenase 1 (ADH) genes. In prokaryotic systens pol yadenyl ation

si gnal® aﬁ@lapsﬁgﬁ gl typicalbt located Ph 8 vear pt a site ypsgeandP e warmeter. &gyl oy
short er B%ﬁte&‘ ﬁewﬁ&e L hat °1Ehu§ 81%“ rt‘r%ﬁsﬁ%teé{ P%l&hé’r' a%wn%&e

pol yadenyf:a |on erm nation’ sequenc m8I|Ity W th
t he host &elﬁol}uﬁeﬁi}/lﬁtﬂfn Sl eichBice |aﬁld p@lﬁlﬂléﬂl@’loﬁ e:nhhﬁl@r aﬁg\te bagddher features
t hat can be enpl oyed to enhance yields include chromatin 5renodeling

el enent s, uP‘?ﬂ‘l‘%‘P&at@HHY wédithe st C%lbéﬁ?fiffi”be’@é‘ﬁélﬁnfmdl fication. The codon
usage of the antibody of this invention thereof can be nodified to
accommdaireadsi@td@h ths; @gt%ﬁ‘r (etgq,eemwﬁloe éeqt0r§htyiﬁlqa8y aoypBsn a solegtable | pt and/ or

pr odu yi el 1 l, Cel |
7(8): %1 er gcQll:hsglett%‘i'um ce gfl CCHA arr m the ﬁeC? aé%g{g G}beocnas%&r%gaé |1 1Ba]11| ty with

t he host G@Jtd)r wi$ Bflgih Of repliRhsEs Géﬁes ékﬁiﬂilmglpmtﬁlltslv(ilﬁcﬁ tuifer @kiBiogis ok 0 i sol at ed
nucl ei ¢ acid nol ecul es that encode the humani zed i mmunogl obul i ns, or heavy
or |ight ER&RYSARRESEHIMMER S%lﬁ‘ftéblF FRASFRTS eml mzpBe PipdldAPTIRDLIS6C-Bel at es to

R0l e DAL 3Eh S e e, RAGHRE R SR By port on o
i nvent i onedanydie gelloug eebonfyein (@@lammlr gc:ndmycnt)hg)t (mycophenolic acid),
20  ampicillin, or hygromyecin resistance genes). Dihydrofolate reductase marker genes
permit selection with methotrexate in a variety of hosts. Genes encoding the gene
product of auxotrophic markers of the host (e.g., LEU2, URA3, HIS3) are often used
as selectable markers in yeast. Use of viral (e.g., baculovirus) or phage vectors, and
vectors which are capable of integrating into the genome of the host cell, such as

25  retroviral vectors, are also contemplated.

In eukaryotic systems, polyadenylation and termination signals are operably linked to
polynucleotide encoding the antibody of this invention. Such signals are typically
placed 3’ of the open reading frame. In mammalian systems, non-limiting examples of
polyadenylation/termination signals include those derived from growth hormones,

30  elongation factor-1 alpha and viral (e.g., SV40) genes or retroviral long terminal
repeats. In yeast systems, non-limiting examples of polydenylation/termination
signals include those derived from the phosphoglycerate kinase (PGK) and the
alcohol dehydrogenase 1 (ADH) genes. In prokaryotic systems polyadenylation
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15 expression of one or nore reconbinant nucl eic acids encoding the

anti body in a suitable host cell. The host cell can be produced using any
sui t abl e wotzhdo3teor exanpl e, the expressi on construct sPCE/US201200W1Dr NOr e
vectors, e.g., a manmalian cell expression vector) described herein can be
introduced into a suitable host cell,. and the resulti cell can be

mai nt ai ned8(ES gre typifal Wﬁtﬁ?‘&{“‘“fﬁﬁngﬁ%ﬁsﬁﬁ? ustaf, to,erpplay sNorfes 4B ™% ondi t i ons
sui tabl e foinaXBhARAbORENENEHERASIE UEpAIFAdRY1a¥BRADMSkion St deAlse host
cells can be prokaryotic, including bactefrial "cells such as E. coli (e.qg.,

st rai n DHBRYe bhsedi upoo gempatitalityshitidthe Gayt cePaws@bfor ekpressia. lic addition @i den,

et o AR o A IR il 5 o

Sacchag onygRsdelifg EMEh@EintrONAIAFREENPIHREYC RS dPPMdEIfichNesH. ThE@bdor25Cr assa) ,
or other |ower eukaryotic cells, and cells of higher eukaryotes such as
t hose fr ohidgnoebreantibody of thisarnpHPn el grebemodicd ép peconmpaylathsect cel | s

ot 's S I EARTRERG el (G eVl o IGRLIETMR (" 1688 "hna

COS-7 ( ATOGelAgtE 3sicodl. NOS7 ORlot C6H Biel. T8E20B4-04). TAd Clisidcosgbanmipbe
CRL-9096), CHO 30D&x4 ﬁgrlaub, G and Chasin, LA, (1980) Proc. Natl. Acac.
Sci. USA, baspd mpomyeargpatibilitywithothe hpsk pelbusdfes SXREFFSIB: CRL- 1573), Hela (ATCC
Accession No, CCL-2), CVI (ATCC Accession No. CCL-70), WOP (Dailey, L., et
al ., [098%he mvengigrothus rebespggsorared nudqig acidanatequirsthat epgods theet al ., (1993)

Proc. Natl. ad, . Sci A 90: 8392- O,cel ks ce HuUT 78
cells andh%%é&%gigﬁﬁ%FggﬁgHPgCT@%Bnggggggﬁ@g’F%%ﬁg‘fgﬁg ﬁ%%@?{Hzﬁd al gae).
See, for axangdealsdtesdidreab isdfatdd nedleiabeid noslsculdsuhatentoderataeges i n Mol ecul ar
Bi ol ogy, G eene Publishing Associates and John Wley & Sons Inc. (1993). In
sone enbobingigrortiamed theypmypeglobuing gnd figpichaims.g snul ticel | ul ar or gani sm
(e.g., plant or animal), e.g., it is an isolated host cell or is part of a
cel I cul t Wheantigedies geqdrdingdy thiyeingentionrcad be mrashicerhéer damples by diake fl asks,

ol o3 Dotb 3 BLSUER Pk B P AR BB co o
stirred t autabld yseadl Ths host cbldgarbbeopredtadednSing any suitable method. For
example, the expression constructs (e.g., one or more vectors, €.2., @ mammalian cell
expression vector) described herein can be introduced into a suitable host cell, and the
resulting cell can be maintained (e.g., in culture, in an animal, in a plant) under
20  conditions suitable for expression of the construct(s) or vector(s). Suitable host cells
can be prokaryotic, including bacterial cells such as E. coli (e.g., strain DH5a™
(Invitrogen, Carlsbad, CA), PerC6 cells (Crucell, Leiden, NL), B. subtilis and/or other
suitable bacteria; eukaryotic cells, such as fungal or yeast cells (e.g., Pichia pastoris,
Aspergillus sp., Saccharomyces cerevisiae, Schizosaccharomyces pombe, Neurospora
25  crassa), or other lower eukaryotic cells, and cells of higher eukaryotes such as those
from insects (e.g., Drosophila Schnieder S2 cells, Sf9 insect cells (WO 94/126087
(O’Connor), TN5BI-4 (HIGH FIVE™) insect cells (Invitrogen), mammals (e.g., COS
cells, such as COS-1 (ATCC Accession No. CRL-1650) and COS-7 (ATCC
Accession No. CRL-1651), CHO (e.g., ATCC Accession No. CRL-9096), CHO
30 DG44 (Urlaub, G. and Chasin, LA., (1980) Proc. Natl. Acac. Sci. USA, 77(7):4216-
4220), 293 (ATCC Accession No. CRL- 1573), HeLLa (ATCC Accession No. CCL-2),
CVI (ATCC Accession No. CCL-70), WOP (Dailey, L., et al., (1985) J. Virol.,
54:739-749), 3T3, 293T (Pear, W. S., et al., (1993) Proc. Natl. Acad. Sci. USA.
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10(e.g., Wave Biotech, Sonerset, New Jersey USA) are used particularly for
suspension cultures. Typically stirred tank bioreactors are adapted for

aer ati on wei2ntp/@31$1, spargers, baffles or | ow shear i npelcCirarsgoizeezoibubbl e
colums and airlift bioreactors, direct aeration with air or oxygen bubbl es

maybe use 0S || re cultured in a.serumfree culture

o am ¢ RS AL o o SAOBe s S sl el v R ey RS Blaat(r ve agent such
as pl uronidpabecdd Rl (RN RELYENRIES! Ko dpragempR, AubldelIKMOf, Jihedaeration
process. Depending on the host cell characteristics, mcrocarriers mybe

used as gfoweh Bubsolisat déoltaraabiolrgyagecaePerlgbimg Awbtiates mekJohor the cel l's
maybe adapt.ed suspension,culture. The culturing.of host cells,

par 1 cul alV vk SeRb PR BORSL T s Eborknf it B A% B ndlSh of Foper at i ona
nodes 5uchm@cscenalta@bngaﬁi@ﬁh-(e.%t.,qimnt beRGRiaBde. DAItGHaR 3pReEmSi (ll drseparbr apeau et
al (1994) Cytotechnol ogy 15: 103-109), extended batch process or perfusion

cul ture. 2f2edugitureconbi nantly transformed mamual i an host cells may be
cultured in serumcontaining nmedia such nmedia conprising fetal calf serum
(FCS), it Host qetlefraybedultivat is spinen dlesksc giaks flaskes, mllet botdes, waveer um f r ee

medi a such. as di scl osgd, in en et al. (1995 t ot.echpol o 17:153-163, or
commer of apiogassrS i St KB HoS et eRR stmEP T Rt Ao cantr ox
NJ, USA), is?i@ﬂ@f@m_tm@e whes ﬁroﬂﬁ&ﬁﬁl&ﬁﬁt}éﬁ%& Fan@bi QBRTtEY of BMS Bireabehs as

gl ucose an s%{nt hetic growth factors such as reconbi nant 1 nsulin. The

ser um@ r ete.&uMave Bigjedy Spstset Memslergy Ureyuire ssadmartiquiislyefor auspensigre adapt ed
to growin u Iy ndi .t 1,00 i oach s to culture

such host C%@%Ss' IT]?L}C%@ %t%]regiot% %ﬁlﬁlreﬁ éar?rse%‘lg %E%)ﬁé(fi %8 a%ﬁ%é%‘tl elég& %/%'éxchange 80% of
the cul t uggargeeeibdffids @ 1dvinsheae mipal lerse Eonmibie Surhhednd digiflisisicacdlsl s | earn to

adapt in serumfree conditions (see_ e.qg. Scharfenber%QK .et al (1995) in
Ani el Cefitect@giRHen Bt A Oxygrnebbler sipyba ¥sadn ¥V here the epircgly aEeBeuver y E. C.

et al eds), pRPS %&ﬁn ik wmdre.%%ﬁﬁm tfie H{égldré%r@s-rug@gmehggivgﬁl dﬁgeﬁpr ding to

the i nvention nmay be secreted into the nedi um an vere rified
t her et¥ onpusdcnge aganasucdtag phdrohiedhés guedp pevarteell demagaesgreeulodf theri fi cati on

suitable for .the intended use. Eo exaI |l e, the use of therapeutic
ant i bodi e&crg§on WBC?SH\?‘S?HCPQWSPBH ¢ ptee g@ﬁ%‘iﬂ%}f?s’ﬁ%}ﬁ@ﬁ%’ﬁf% IB?%E “ts%i cally
mandat es g %r'éwlt@ﬁﬁ)tstr%g/fq?ldﬁ&ﬁo\fag%sdeggﬂdaehméqﬁﬂle@%ﬁrtﬁgéglﬂs@&y%E)%dfp%@t’o nmor e

|
typically 98% or 99% purity, when conpared to the culturé nmedia conprising
t he t her apepeistoragitliubbdihe sultunmg didoft qeds, fantstudartyevertebiate bsbedlls, firpm t he

AN T FERS A ) T AR
ul trapol t paictRmeake Dfapeapithl {190ty abioRRhnAbdHernadzMeby exdeh@daikdnoody can
10be harvested by mcrofiltration, ultrafiltration or depth filtration
wi t hout pPfogess or perfusion culture. Although recombinantly transformed mammalian host
cells may be cultured in serum-containing media such media comprising fetal calf
serum (FCS), it is preferred that such host cells are cultured in serum free media such
as disclosed in Keen et al (1995) Cytotechnology 17:153-163, or commercially
25  available media such as ProCHO-CDM or UltraCHO™ (Cambrex NJ, USA),
supplemented where necessary with an energy source such as glucose and synthetic
growth factors such as recombinant insulin. The serum-free culturing of host cells
may require that those cells are adapted to grow in serum free conditions. One
adaptation approach is to culture such host cells in serum containing media and
30 repeatedly exchange 80% of the culture medium for the serum-free media so that the
host cells learn to adapt in serum free conditions (see e.g., Scharfenberg K .et al

(1995) in Animal Cell Technology Developments Towards the 21st Century (Beuvery
E.C. et al eds), pp619-623, Kluwer Academic publishers).
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centrifugation. A variety of other techniques such as dialysis and gel

el ectrophoresi s and chromat ographi ¢ techni ques such as hydroxyapatite (HA),
af fini ty wbhnomsawamnaphy (optionally involving an af fini PETISQ@20¢503YSt em
such as pol yhi stidine) and/ or hydrophobic interacti on chromat ogr aphy (HI C)
(see US 13?1 .42&3, 746éw?re vaj |l able. In one %Elodl t he (gntl bodj es of
the i nventPiRodiEHIoe IH?gtO\} § INSEUIQN Ry b gagtst §ne difjrg 2RGIFEOYLEH usi ng
Protein AyQf ﬁlf?édfthé}kfrbfm(iﬁ[@@&&Qfﬁ(ﬁﬂ&ﬂnﬁiﬂe@%ﬂobﬁﬁe faleRelorchr omat ogr aphy
steps such as ion exchange and/ or "HA chromat ography, anion or cation
exchange, p@ﬂl&@tlex shitrblofer therioteadausephy andipéarthenisawt ﬁmrqphatuce

preC|p|tat| us viru noval .steps.a 0..20enpl oyed
(o P nauiis SE Im il PolRe Feded o By BRI S atidRieRate var t ous
steps,5a Rdit I5ioe puidly QP ak@ithdBed & E’@Hulcﬁll FDSRPAIGE $iord Bptal: 087, GfEst er e. g.,
100ng/ mL or greater of the anti fg the invention is provided and

t her ef or ePRdWnEhethcaniiwer ieehe C@furt) m@dlam?émsmﬁ thexbgreatticaantigadies Inoong/ ml
or greate n Jfu rations are
oubat ant 1 G Ey CARERs meab ek SRR SR B, SHSUR TR P ent' o

Bact eri al caystughsorafotiopad by@.u:l&iﬁfkyu@tmtéﬁdf the supcheate pri@geigon of anti body
fragrrents Such fragnents are |localized intracellularl é}eor Wthin the

peri pl as nfnl‘FrHQBIa&BF’éﬂiS%fﬂFrﬁﬂ%ﬁﬁdéoﬁﬂ%fheﬁﬂﬁétl%rﬁlﬁénaé%]rya S8tbetly 5%8f ol ded to
formagti led in the
art . 02! EonBREUELRPRRSGRNELEE euTRan: P Eol BRER TS P bt et

( 1999) Letd:ntnﬁlgpdlon M cnrehy of oth&3echndp2y Fuchl eherbysefsmmlt gl nlteund)plmmesml SO

relates to | s corrplsi a nucl ei cid, e.g ector, of the
| vent ; onsibStonaGetBhiseddids vty Fnsiodidi EattERoc e herd (e,

one or m&ﬁoﬂﬂwgﬁﬁgwtﬂﬁm;nﬁ@wlﬁ@aﬂ einheabsiang steh@ith ghai ns of a

humani zed 1 mmunogl obulin according to the |nvent| on, or a construct (i.
one or nopelybishéinelmidéor hydppholyaenteactiny dirematograghy G8KPrsei By such nucl e| c

acid(s), introd dinto U|t e hast.cell. by a nethod

appr ogi i ag 2'9?’22@#1%6 ﬁ‘éa%téglce?eﬁ O r?ehlﬁ antihqdi G g n’é? TBE™ ¢ r ansf ecti on,
el ect r opofadtot vaﬂv‘uefétamahuoﬂméﬂ% Meeapwfadejsﬁqg&%@m% oplOEiffigity or beconi ng,
operably linked to one or nore expression control elenments (e.g., in a

vector, i ghramairsaphydelleyekhelrthyr gropaosnshy pephuichap fon gxghageat ed into

the host gell, SR8 ato b3, Gfloh b EADLEARA! SOGAUEhSRNTbLERDS

suitabl e Tor expression e presenc ucer, sul
suppl enenhlﬁdamjnbhluap@ﬂp}mte ﬁ’eapﬂaidns Typic o, halflamstxdm rer@ovdl Riept ie,also
nutritional g@l enents, etc.),. whereb ﬁl t he encoded 10 ﬁ1 ol ypepti de(s) are

pr odug®d. epploy (er%dnanpﬁaraélﬁe&a]@a hemam el fdRD; E@Wle& epre VWP at ed f or
exanpl e, fEqm, yﬂﬁflg&) e p%&libs corﬁ{n’rllstlﬁg ?t 1?%@“1@&%/&{ ere. ?a%(ﬁﬁ

enconpasses expression in a ry g ) of a
t r ansgeni or gmatendf the apfitaxdty of ¢hegnyerntiobacpoyided erd thegpfore\WM@4r03918) .
embodiment of the invention. Concentration to 100mg/m1 or greater can be generated
by ultracentrifugation. Such preparations are substantially free of aggregated forms of

25 antibodies of the invention.

Bacterial systems are particularly suited for the expression of antibody fragments.

Such fragments are localized intracellularly or within the periplasm. Insoluble

periplasmic proteins can be extracted and refolded to form active proteins according

to methods known to those skilled in the art, see Sanchez et al. (1999) J. Biotechnol.
30 72:13-20; Cupit, PM et al. (1999) Lett. Appl. Microbiol. 29:273-277.

The present invention also relates to cells comprising a nucleic acid, e.g., a vector, of
the invention (e.g., an expression vector). For example, a nucleic acid (i.e., one or

more nucleic acids) encoding the heavy and light chains of a humanized
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CD80 Ligands 15The design and construction of CD80 ligands is intended to
maxi m se the specificity of the ligand for CTLA-4 over CD28. The sequence
of CD80 iwOknmmedion the art, cited exanple in Wi et al. PCIA8720120D807

conprises an ext racel lular 1g-V variable-like dorrai n, and an intracellul ar

| gC const ant - omai n referred enbodi t he extracel |l ul ar
domai n of 1%8608 b ‘ﬂ’éleaﬁc%lfém& tPlalbegﬁHent’PBr OTeACS Cm? SeOSEHNPBENG, 15,

20especi abdpserh&s] dblesnelordfidre vIMbAY | b@rﬂ BrifAd sRS IR Acm(Eweﬁ{\béiDBO to inprove
binding affinity, and to i nprove sel ect|V|ty for CTLA4 over CD28. See, for

exanpl e, Wrodticedlinto a1 @¥able Mastanetl dyathethod hmomwmthy hp# cahddectedic] udi ng

K71G K71 5109 23 23D 4 5190 3A,. MB1 NO7A,
KT1G, KILY, 51008 B2 % 1230 §ECEY TcPR] T9iBe T detdane  of
bi ndi ng abéihgidribe@Smifid! Gitkbl§ BhkdAAb RnEDEAofe SipesidRBok@d drendftf @ct.ed by

site-directed nutagenesis followed by expression of the nutant
pol ypept i HexYeckidindetanptiiigi gtaatnd Ryfpraerstsy i ﬁ?efC&HemEﬂgé%%th Bebhaahrel usi ng

CT LA— 4 I 5) J.
1o demerde o d6RE Pl R RS ahBi BB SR Bl e Bhepishitdle) it
pr of i | es asathe b&ssﬁeeﬁﬁmﬂme@mdtafbwmétﬁﬁ sﬁﬁﬁﬁﬁa&éﬁ wrth @.ﬁﬂ)lbplbﬂﬁ galtsassays. For

exanpl e, flow cy tometré can be used to assay the effect of wld-type or
mut ant CDB®Wh ekpreant 10r1ﬁt®t@%@laé@inpéemw\°ee@ Lrheishy thegacadadas peen

descriped Pblggéﬂ? Sgg'j be ﬁ@&h&ﬁ' qr Q%snl%g,gtg% Shdddled ﬂuﬁlgﬁ[s%tllbow 9&11615@

char act er d et a Pr oc Acad.” Sci. USA
94(11) : 5744laed, frh@x@npiastromuhe kost calbetiluirameliga, iok enikorispsoceand mut at i ons

can be introduced into 5 these do ins to optim.se, bi ndi to MHCII. The
o et v et R B Er T s T P Reh e BT Afabel 1 espont. of

CD80 || gaRgisnal or plant (e.g., tobacco) (see e.g., WO 92/03918).
CD80 Ligands

15  The design and construction of CD80 ligands is intended to maximise the specificity
of the ligand for CTLA-4 over CD28. The sequence of CDS80 is known in the art,
cited example in Wu et al., 1997. CD80 comprises an extracellular Ig-V variable-like
domain, and an intracellular IgC constant-like domain. In a preferred embodiment, the
extracellular domain of CDS80 is used as a ligand. For example, see SEQ ID NO: 15,

20  especially residues 1-241.

Mutations can be made in human CD80 to improve binding affinity, and to improve

selectivity for CTLA4 over CD28. See, for example, Wu et al., 1997.

Mutants other than W84 A may be made, including K71G, K71V, S109G, R123S,
R123D, G124L, S190A, S201A, R63A, M81A, N97A, E196A. See Peach et al., JBC

25  1995.270(6): 21181-21187. Assessment of binding affinity of mutants for both
CTLA-4 and CD28 can be effected by site-directed mutagenesis followed by
expression of the mutant polypeptides, and determination of Kd by surface plasmon
resonance using CTLA-4 and CD28 Biacore chips. See, for example. Guo et al.,
(1995) J. Exp. Med. 181:1345-55.

30  Mutants having advantageous binding and selectivity profiles can be selected, and
further assessed in cell based assays. For example, flow cytometry can be used to

assay the effect of wild-type or mutant CD80 transfected into the cells.
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In one aspect, only domains 1 and 2 (D1 and D2) of the four |g-like domains
of LAG 3 are used in a ligand according to the invention. It is believed

t hat t heswodorsdiossiare 10 responsi ble for interacti on wpPCh/ushe 204011
protein. Bispecific Ligand Constructs The construction of a bispecific

| i gand fob@g t.he general formula "ligand-Ilinkerligand”. Bispecific

ant i bodi e ¢ 18 in the art, and are descri bed above. Construction of
bi specific I] g%gds preferably involved construction and _expression of 15an

appr opr i ab-éGgéhas kssasratbed ik theast pechiths Sinfbegtitede thedVifrll potsinds of
construct| - 10 X¢ t hOes : L k16 pat permt
coval ent, aﬁ%ﬁ%}@%’rseﬁ%ﬁagfﬁ%%?é@%m?”%gwgnf‘%?é‘r ?g'g@é%zg?ﬁegt s, it
conpr i sesLAG}ahenfduy etrorediluigr Ighidkepduinygpep hndestatidheca @& ibirsgheed frite nol ecul e
conprising three conponents i $ conmﬁ# ted, such as a CTLA-4 ligand, a

i nker® anBesndVEns fopgnise bigdige to ree 20 may be conbined, bound
together, and the third pol ypepti de subsequently added to the fusion
product, ARecHientivanass of magtieonucan s alysebefdasciitegpbpes Wgesnert ofifplagd

pol ypepti ges,qsPol ypeptides in accordance with the present invention can be
pr oduced any desired technique, including chem cal synthesis, isolation

from biol ggi cal s lles and 25 Ssi of ,a hucl ei.c aci d encoding such a
ol ypept 1 HETterd o Edo s FanfRADTSF i O 1R BT IEREuitdta) at eq

f rom bi ol g@iccled $OuTigaR] acandinpdithd @edionSittiebdliek et thadithesd dgenesirs | f
desired. The invention thus relates to vectors encoding a bispecific

| i gan¥ actspensiie {5 intgaction, withitemMH(1L grotéignent t hereof . The vector can
be, for exanple, a phage, plasmd, 30viral, or retroviral vector. Nucleic
aci ds accBispeeificllagarkCopnstewtts on can be part of a vector containing a

sel ectabl e marker for propagation in a host. Generally, a plasm d vector is
i nt r oducedh¢ porastrpeten ¢fid @specifsugand solbvwsahe perrergd losphatiegapddoikpi-t at e, or in
a conpl ex ed. lipid. 51f the vector is a Vieiﬁlrf?@ it can be

packaged TR BisGeTo s Aishoardd S LGP PR AB M. ¢ nen
trans ducedCoLsrgucc):tiQI? g% bi(s:gflclifisé ligands preferably involved construction and expression of
15  an appropriate gene encoding the desired polypeptide. Other methods of constructing
by mixing the two polypeptides under conditions that permit covalent, ionic, or
hydrophobic bonding. In preferred embodiments, it comprises covalently bonding the
polypeptides. Where a bispecific molecule comprising three components is
constructed, such as a CTLA-4 ligand, a linker and an MHC ligand, two of the three
20  may be combined, bound together, and the third polypeptide subsequently added to

the fusion product, and bound to create a fusion product comprising all three

polypeptides.

Polypeptides in accordance with the present invention can be produced by any desired
technique, including chemical synthesis, isolation from biological samples and

25  expression of a nucleic acid encoding such a polypeptide. Nucleic acids, in their turn,
can be synthesised or isolated from biological sources, and modified by site-directed

mutagenesis if desired.

The invention thus relates to vectors encoding a bispecific ligand according to the
invention, or a fragment thereof. The vector can be, for example, a phage, plasmid,

30  wviral, or retroviral vector.

28



The nucleic acid insert is operatively |linked to an appropriate pronoter,
such as the phage | anbda PL pronoter, the E. coli lac, trp, phoA and tac
pr onot er swothss/®B¥40 early and | ate pronoters and pronot @c3/ustomzessoovi r al
LTRs. O her suitable pronoters 10 are known to those skilled in the art.
The expreﬁsi on copstructs further contajn sitgs for transcription

i nitiati oNICEEAFRACFYRINELALC NFentioa R R BYf PhRYCHYFHCBHINEE /| bosome bi ndi ng
site for tdans)i@klaRe (R0 sRaiABinRAkdst. @knefally NeplabARSELIPR Sinfydieased by
the constructs preferably includes a translation initiating codon at the
begi nni ngiranpreaipitateniuchial o nalcwdophqsplivse pleGipitete, UAG) @pmpliopwitatel y

posi ti onedléatfﬁlt he . end of the 15pol ypeptide to be translated. As indicated,
t he expreg l\llpégt ors preferably include at |east one sel ectabl e narker.
Such rk i ncl ude di hydrofol ate reductase, (418 or .neonycin resistance
for eukar %ﬁ? Eecé%rllﬁaéfﬂPf’d?%‘n&’ﬁ&aflé%gFgé’Wr? Hene Rk ARRF)RT 4 BF ﬁ‘BgéFﬁl in

resi st anCcgpO8Nedeh Han@utddihid¥hst &1 20 coil and ot her bacteria.
Represent ati ve exanpl es of appropriate hosts include, but are not |limted

f
to, bact exy S q: : ! r : I I
t yphi muri Eirh@lélé % ;aé]fit}?\%gtlns ggefrF%V,quidlélﬁedié aggg@{(% If:ig[? P g&g%ég.s%éiéﬁar onyces
cer evi si aphaye 1knbdu BL pasitiaed, fe; F. icnB éat trpepHos\ sidothe poniasopbiSvd0S2 and
Spodoptera Sf9 cells; aninmal, cells such as , HEK293, and Bowes
mel anoma YD @4 IAHPTYPAKES LYIArANOSE 5?%%3&?%%@? %ﬂﬁ'éré]&ipémaﬂﬁrscondi tions
for the abeVSodRssHRENiNOS GELISTIRY &pkid@OR chiktfulR fAfther@BftaftV@icl abl e

comercially. Anong vectors preferred for use in bacteria include pQE70,
pQE6O andfq@Engripaivainiaitie, fermmaQbAGHEN, inlthe frangeBbereisgvinpa rivesner s,

Phagescri pt vector.s A, ANH1Ga, H18A, HAGA, avail ahle from

St at agenBdngin e T oifhe i oh bR Bt b AS s

PDR540, pRinkauay pidfahbls ih¢10desBhAmRRELR iR AlnBRdod AGhe Bé‘%’-iﬂﬂng) aed grred
eukaryotic vectors are pW.NEO, pSV2CAT, p0&4, pXTl and pSG avail able from
St r at agentermgréion Sviem, ( \NIGANBE At aprseprigelsipoaibpeed at g @i a. Anong
vect o preferred. fQr iLn mamal i an cell expression include pSG Vector,
PCIW. YPeft ?B%E%%ia}te%REm, pCl, pSl and pBI CEPCW. Preferred
expression vectors for use in yeast ens include, but are not limted to
oVESa, D IR A r et Hpsf B RS isac el fRes,

PPI C3. 5, piitHRRikeBHhUn dihpRbERats KedRRbEXS 1825 heFAOGH Sesf ddrdceaai | abl e from
I nvitrogen, Carlsbad, CA). Introduction of the conStruct into the host cell
can be ef téerydicisglical ci um phosphate transfection. DEAE-dextran medi at ed

transfection, cationic |lipid-nediated transfection, electroporation,
t ransduct cdmre iand éxttacpaline pkanatrtyein oretmdidlin Sushinpe géred or culturing in E.

20  coil and other bacteria. Representative examples of appropriate hosts include, but are

not limited to, bacterial cells, such as E. coli, Streptomyces and Salmonella
typhimurium cells; fungal cells, such as yeast cells (e.g., Saccharomyces cerevisiae or
Pichia pastoris); insect cells such as Drosophila S2 and Spodoptera Sf9 cells; animal

cells such as CHO. COS, HEK293, and Bowes melanoma cells; and plant cells.

25  Appropriate culture media and conditions for the above-described host cells are

known in the art and available commercially.

Among vectors preferred for use in bacteria include pQE70, pQE60 and pQE-9,
available from QIAGEN, Inc.; pBluescript vectors, Phagescript vectors, pNHSA,
pNHI16a, pNHI8A, pNH46A, available from Stratagene Cloning Systems, Inc.; and
30  ptrc99a, pKK2233, pKK233-3, pDR540, pRITS available from Pharmacia Biotech,
Inc. Among preferred eukaryotic vectors are pWLNEO, pSV2CAT, p0G44, pXTI and
pSG available from Stratagene; and pSVK3, pBPV, pMSG and pSVL available from
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10are described in many standard | aboratory manual s, such as Sanbr ook et
al., referred to above. A polypeptide according to the invention can be
recover eawendiyesiéii ed from reconbi nant cell cul tures byCmaiskeirioasm? met hods
i ncl udi ng anmoni um sul phate or ethanol precipitation, acid extraction,

ani on or ti on. exchange chromat ogr.aphy, phosphocel | ul ose. chr t ogr aphy,
hydr ophobP APeiar 4810 CYBIT ol1e Bﬂrua%ﬁy@a@flfa?lﬁ? 5l Extomisnabiphy.
hydr oxyl apg&k tWechr i os@Rhy, RONA S Eg?ﬁ%@gﬁ@l%)ﬂ-pﬂ\f@ﬂl preferably,

hi gh performance |iquid chromatography (" ") s enpl oyed for
puri fi cat CONY. Prefeyipd pkprdssoravastme fargise o ydaet qystememiclidey butaronoican al so be

recovered..fr.om bi i our Lacl udin il uj ds, tissues
and cel | s}l & é"cPﬂ"%’ p@{ QTEEV?Q%G)Q&?S&@S(R%%UEG?@ gsﬂ(ﬁA%?aingSpect ed
tunmoursti spEs BPIGEJS,G})PHEmz,eﬁHIL-S[! pRId3 5KOPPICYN, vRE PhDg es (aicsanighiag to the
i nvention can be chem cally synthesised using techniques known in the art
(for exanﬁp@,lnw@g@iﬁ,&a@hb@ﬁppﬂ)%& Proteins: Structures and Ml ecul ar
Principles, W H Freeman & Co. , N Y. , and Hunkapiller et al., (1984)
Nat ur e, 3l@rotostichidl)the Emrstragtantol the hest pell gqelpt ditheteddrypralcsim ghedphater par t

250f a bispecific Ligan ccording to the invention can.be. synthesised by
ise of & BEpriedeTSDRAREEBEF el lutPrleeton gL FREBRUGANLe w th the

i nvent i onuah@eddi® CéldiRfpotatiod St lsiudtion! i€cBEA) dr [Bthed BREYUE KiltamedtRodsSEQ | D
NGs: 1 and 2 provide the nouse surrogate DNA and groteln sequences of

bi spetd f i are|degearhgd in mapk pehdare dabomtey manugkngictpg Su@Bepok £t 30 rpfgireéd wit h
the MHC | jgand L ' Gy-9 (@
sequence. \Ategs it faieeRERAE Biley¥ ol e 2at Bs KSPUEH AR AR o s,

SEQ | D NOsiomdreadtfibifiairceN iclud®bg & eHknbagahahddNAnddingaoiheiniursequences f or
the sane constructs as SEQ.ID NGs; 1 and 2, except that the 1g&a Fc region
i s pl acedsWPhae Ay fRanol greciutations agidsxtraeiiqs, Apien ok cRtipneehanghe CDBO and LAG 3

pepti des %@nﬁ%ﬁ?%&vﬁ%@o@épﬁé@&m&%fﬁa %,?{é{dgc{b%ﬂi‘é@ﬂé?ac%ﬁ h the Fc

regi on between term na are referred to as gene 1
and géhe Zhroonstgraphysaffinegg peotriawedraphysShysiEeX il ipa@schrématiogdraph p nmd/ledén human

DNA and protein sequences i ich wld-type se nce has been preserved.
No nut at i BWQH]&F%%WP&H VIO&i R F%%%@W%Fmﬁ%@@“%ﬁi@@éoﬁﬁpﬁh: 7 and 8, a
VB4A nut agiH:p”L@@sS aesRyempde phRrduizan CDBO (the equival ent of VBBA in nouse)
and an R75E nutation has been made in LAG 3. The remaining SEQ I Ds (NGs: 7-

14) descr PQSrpQ[;tDi%E aé&}cﬂhé e ipﬂss&rlflqn\gﬁﬁgn @ﬂgalgéa‘g% ?éc&ge?gcgﬂgﬂlctﬁélogical

sources, including bodily fluids, tissues and cells, especially cells derived from

20  tumour tissue or suspected tumour tissues from a subject.

In addition, polypeptides according to the invention can be chemically synthesised

using techniques known in the art (for example, see Creighton, 1983, Proteins:

Structures and Molecular Principles, W. H. Freeman & Co., N. Y., and Hunkapiller

et al., (1984) Nature, 310:105-111). For example, a polypeptide comprising all or part
25  of a bispecific ligand according to the invention can be synthesised by use of a

peptide synthesiser.

Bispecific ligands in accordance with the invention are described in detail in the SEQ
IDs appended hereto. SEQ ID NOs: 1 and 2 provide the mouse surrogate DNA and
protein sequences of bispecific ligands in which the CTLA-4 ligand CD80w88a is

30  paired with the MHC ligand LAG-3, separated by the IGg2a Fc region and a Gly-9
(G9) sequence. A terminal His tag (H6) sequence is provided at the C-terminus. SEQ

ID NOs: 3 and 4 provide mouse surrogate DNA and protein sequences for the same
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Ther apeutic Applications Suppression of T cell activity is desirable in a
nunmber of situations in which i munosuppression is warranted, and/or an
aut oi nmureocorsdiosisdn occurs. Accordingly, targeting of PoE/USTUADAIIHC
interaction is indicated in the treatnment of 15di seases involving an

i nappropriate or u iy i respaonse, such as i.nf]a ion,

it o P udhas SRR Mool THUGIe G Budlr RUCRERFeiS! ARBRG enbodi ment
such di sea$gifl (s PIARS PobypRPridy bRInTHMNR: 8PROQARd I AC-8PBl@R%\rdi sease.
Exanpl es of such autoi mmuné and/or inflanmmatory di seasés are set forth

above. | nsapamteshinodP atne, Thauoly aiawgesentorwit thotdeegios batygen theDigahdst es
T1D). 20 | t nbodi t, the i di to the i ti
sed fo aPbUIPARANCHE AL RORBY T Il isat aPassny SN Saup Rt e use.

alleviate raft-ver sushost . di sease. _For a description of .existin
{r eat ront SERGP lapa'f{ SES Biwidatia 2sadd Pudnape _F?sslaﬂfh@w_ 8)¥iSone
Marrow Tr %%&%@Bb&ﬂp@s@r&@ﬁ N%qgutat%}g_ arr@fn%H@, RGBS t6IAsEh MLeA@m-

Advant ageously, the antibodies of the invention may be used in conbination

25W th ot ﬂFﬁdEg‘iﬁiﬂJéQ'ﬁanﬁgB%%kE&m\{ﬂtm Ha§ 98 Fmb & ttogﬁrﬁa(ﬂj;%’éﬁ?{lﬁe of
aut oi mune di Seases, conbi'nation tuherapy may i'Ncl Ude administration of a
| i gand of equiiealpited Vi3S A nvi@ntdep and agR 7 Hie mutdtion has bexh madeeintl, AG43. The t oget her

with the |ligand is n_effectiye anount for preventing or treating
such aut ofHAIRES SPLIRUNCN eLb b AR RS AF Beddotd SbAGhe 1

di abei®s, (dfaen&@nbi nation therapy may enconpass one or nore of an agent
that pronotes the growh of pancreatic beta-cells or enhances beta-cell

transpl aml‘ﬁ%%agﬁutﬁ%[ﬁ%i@%ﬁ&fsta cell growth or survival factors or
ntrbo

i Mmmunonodulatory a Ies. Wiere said autoi nmune di sease is rheumatoid

arthritisg said.combination. therapy . .my enconpass one or noyre of
et hot r exSPRTeSiTch O qenBics AR B SYEBERE SRubiehs M wMRhei on protein,
an anti - | im@un&uppRtdionlis WarrafedaiMd/or da-albioi@imme cbnditidd oéduid. body, a

non- st eroi dal anti-i nfl| ammt o% drﬁa %SAI D), or a disease- 5 nodifying
anti - rhedseerngh tRiegtmekt)e CEbA4MHfpneractine iviadicaicd Anthedigatpental be a

(rom Ehaot S E i STk Andib-0fe SO im et ARSI o) Wher e sai o

aut oi munfdinseana, atoinenmtiopemdetinditiona ispldng sudhjeehhgisms.Hemat opoi et i c
growt h fact orq{is) (such as erythraopaietin, G CSF, CSF, 1L-3, IL-11,
t hr ombopofBPPHMeRt sush greaspairtisqrfieiy An areEympag aul/dnBmmaiosy fiseasant i vir al |

antif ungabx&‘rﬁfﬂg§ bt fRY 2B ANThO LSS iﬁﬁammatory diseases are set forth above.

In one embodiment, such disease or disorder is Type 1 Diabetes (T1D).

20  In another embodiment, the ligands according to the invention are used to aid
transplantation by immunosuppressing the subject. Such use alleviates graft-versus-
host disease. For a description of existing treatments for graft-versus-host disease, see
Svennilson, (2005) Bone Marrow Transplantation 35:S65-S67, and references cited
therein. Advantageously, the antibodies of the invention may be used in combination

25  with other available therapies.

With regard to the treatment of autoimmune diseases, combination therapy may
include administration of a ligand of the present invention together with a
medicament, which together with the ligand comprise an effective amount for
preventing or treating such autoimmune diseases. Where said autoimmune disease is

30  Type 1 diabetes, the combination therapy may encompass one or more of an agent
that promotes the growth of pancreatic beta-cells or enhances beta-cell

transplantation, such as beta cell growth or survival factors or immunomodulatory
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Wher e sai d autoi mune di sease is psoriasis, the additional agent may be one
or nore of tar and derivatives thereof, phototherapy, corticosteroids,

Cycl osporwoeos/oosistam n D anal ogs, mnethotrexate, p38 m Pogars2@coiinat ed
protein kinase (MAPK) inhibitors, as well as biologic agents such as

anti-TNF-a nts_and Rituxan(r). Were said 15 autoimune disease is an
i nf | amat 6‘?‘3’%3&%@ ECSSéadtsaém_zlP%B{neéai?ﬁsedé Pt s~ RGBS case or
ul cerati Y%e%?'rﬁéﬁenc&ﬁ%as%dﬁhbk AR o BGEMbrERYe, AR AR NI o ARABO RS a

am nosal i cyl ates,” corticosteroids, imunonodul ators, antibiotics, or

bi ol ogi c AY&ht secsptohIaBisRempretae i yntaHd6Hurdntiallu1y, orfng-1E obomrati-ldn

e O PR o A R S ST L E AR 20 pnven e

no |'imtakio@if§ingiahh- feGMaGe d@ gDV ARDGIForai¥Bsple, the QREkibAAI QBeRmdybeat | ve

amount of the conpounds to be used in conbination is contenpl ated.

Accor di nghyiolegieal agentisucli sssnaweio NI agent 6. g hEnprel dptliximetetiangfade@t use in

Tﬂiéﬁf.yoﬂﬁ?f% ?agalhisngﬁ@gl (glﬁjglgrat'@gto? '%&&gﬁ%ﬁiﬁﬁaﬁ@% WRNRAR AL PG imubE Present
pharmaceuti cal “25conpositions conpri sing

pepti des aBesed Mgndtepdidir: tpineplant rejeori@n he@atopbledt grsatifacals)Campaesi tions In

a preferred enbadi nent i s _provided a pharmaceutical conposition

,th
conpri si n@ryﬁerP‘élﬁtélbi(}‘p@F} G%%Fagcéf%i‘h]gﬂi‘erthEmF%éﬁ‘Ft-an, or a ligand or

04, SO by 1R T gl OB B gL 200

u epti des, nucleic
aci ds or 3Vield saibh@ouhmesne discade sqQuesSads, beraiditiondheygnaney bebwr oredoteo, i n t he

foll owi ng di scussion, as. "co unds”. A pharmaceutical conposi.tian
nccor di ngot 6t LSS RGLHE BFrers PROIOOREBY S B BTo RGO =T HETE. compound
or conpoupdhafRRahktBoddxalDHY8 aliloBeh-dcthaldd Rekiniihabe ASTAFK AR hibU6rsl Agr edi ent .

Typically, the conpound is in the formof any pharnaceutically acceptable
salt, or wel.as bwhegieagppr oph aatw]-TAR-@ngdndgand Ricexao®s &Heor said t aut oner ,

5enantjioner racenat.e, or canpi nation thereof. active.ingredients of a
phar it eUEHETGBYOET 1 EGHBRRIrRACYRatgats GAD) RFPet e PHEder di ng t o
the i nVenbk&ﬁ’@b%eé‘s@%%[&fa@i‘v@@ol}it%, %;Hdﬁitfon%d}g%hﬂ B bd 8 @RRGkIE activity,

for exanple, in the treatnent of graft-versus-host™ di sease, when
adni ni st epmchosalicytesnconvibdsehrode pemdgonrodublieorpantibioticaror bmdegic 4gentn anot her
enbodi nent

combi nat i Blﬁ:h\cl)ﬁrsl %fzj(ﬁagl% ?@gﬁﬁgﬁ%@iegf CEJRSO:J%EE;:)\?WQ [rgybgesﬂis'?gb: 2 for
reating e Barthe at Lod SO0 AL SR Yuf Mo 2L Qy gent oned
20  convenient by the person skilled in the art and for the purpose of this specification, no
limitations with regard to the order, amount, repetition or relative amount of the
compounds to be used in combination is contemplated. Accordingly, the antibodies
according to the present invention for use in therapy may be formulated into

pharmaceutical compositions. The present invention is also related to pharmaceutical

25  compositions comprising peptides according to the present invention.
Pharmaceutical Compositions

In a preferred embodiment, there is provided a pharmaceutical composition

comprising a bispecific ligand according to the invention, or a ligand or ligands

identifiable by an assay method as defined in the previous aspect of the invention.
30  Ligands may be immunoglobulins, peptides, nucleic acids or small molecules, as

discussed herein. They are referred to, in the following discussion, as “compounds”.
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one or nore conpounds of the invention may be conbined with one or nore art
recogni zed conpounds known to be suitable for treating the foregoing

i ndi cati one 20B%08161t hat a conveni ent, single conpositi oRCTAIS2012/045017

adm nistered to the subject. Dosage reginen may be adjusted to provide the
optinmum t era eutic res onse. For t L% several divided dPses may be

adni ni ste fqeptighl cp Bo%%a“r‘r‘ﬁ BOFEHYhE R YMPaEtieR gt Rate, d| cat ed

by the eXb&ﬁﬁﬁglsga@eBmfa&ﬁldtd}%a]@@ﬁﬁdsvcaﬁwwaﬁﬂn@@ulatmg iﬂa@ua&wl slaggr edi ent
may be adm nistered in a convenient manner such as by the 2 raI

|ntravenomSN¢mm@b@cmaﬁ§pws&Muhﬂanmmmdu%mﬁbtﬁhamﬁaeuphunan@Uusﬂy|ntranasal

i ntradermal or ository, routes or inplanti e. g. sing sl ow rel ease
ol ecut esjeeepupBIRRY <o Via® pdpethe. Wniibes B fom nBdet e hor ed: ent
may bes r egutintioghel ichifiate OGt @ehbikhtidn MRdresti Bhe AdivRiSireditntsaf 8 i ngredi ents from
t he action of enzynes, acids and other natural conditions which may

i nact i vat Bhaymiageutisacomnenition gamprigipg die acHvaierastiat aecordiag setieve i ngr edi ent

by ot her n@% cher@ @Sﬁéﬁklaﬁ%ﬂ) %kﬁl%{t%&'&e‘ﬂ%{lt t%h%zra}%dt e{%ﬁvﬁ Bﬁ&a%’le il

adm ni stere reven SPrhac |va r’exampl e, the
active i ngieatbaandnt Efﬁgraﬁeveadmhmsﬁdlea’aeﬂ whenadmadijtaredrih amoontadiitini st ered with
enzyne inhibitors or in |liposonmes. Adjuvant is used in its broadest sense
and |ncIué@§n§%9nﬂﬁﬁﬁﬁ§“§FF#ﬁ}atlng conpound such as interferon. Adjuvants
30cont enpl ated herein include resorcinols, non-ionic surfactants such as
pol yolet ermﬁl@r smbpflimank @ne gpeore ersnpatady pf the ury@phw e beupeskin Enzyne

I nhi bi tor §0+91% t'ij(%l Rﬁig@cﬁr% }éC%FIIILZg(P gdn&%ou'ﬂd%ﬁgwmg bé Qul Ef«j-:efor rea[t1n§ the

wat er - i n- Oi as conven osones. The

active i ngﬁﬁdml&fhﬁldﬂfauo@in&ﬁbaﬁﬁg aflyroMihs bvredenmed teiddions. Atcordingly,
intraperitoneal ly. Dispersions can al so be prepared in glycerol, liquid
pol yet hyl @%orgn%cﬂoglpoa%ﬁ of hednyprtion Y 'éf‘o?or%maed Withopg or @ﬁffeﬁlfrt ordi nary

condi ti On?eceggm%d)éo%%uﬁ@éjkm tott&SRable for treating the foregoing indications

15  such that a convenient, single composition can be administered to the subject. Dosage

regimen may be adjusted to provide the optimum therapeutic response.

For example, several divided doses may be administered daily or the dose may be

proportionally reduced as indicated by the exigencies of the therapeutic situation.

The active ingredient may be administered in a convenient manner such as by the
20  oral, intravenous (where water soluble), intramuscular, subcutaneous, intranasal,

intradermal or suppository routes or implanting (e.g., using slow release molecules).

Depending on the route of administration, the active ingredient may be required to be
coated in a material to protect said ingredients from the action of enzymes, acids and

other natural conditions which may inactivate said ingredient.

25  In order to administer the active ingredient by other than parenteral administration, it
will be coated by, or administered with, a material to prevent its inactivation. For
example, the active ingredient may be administered in an adjuvant, co administered
with enzyme inhibitors or in liposomes. Adjuvant is used in its broadest sense and
includes any immune stimulating compound such as interferon. Adjuvants

30  contemplated herein include resorcinols, non-ionic surfactants such as
polyoxyethylene oleyl ether and n-hexadecyl polyethylene ether. Enzyme inhibitors

include pancreatic trypsin.
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preparations contain a preservative to prevent the growth of

m cr oorgani sns. The pharnaceutical forns suitable for injectable use

i ncl ude swenrnismoagueous sol utions (where water sol ubl e) por/useepss®IDNS and
sterile powders for the extenporaneous preparation of sterile injectable
solutions_or dispersion. In all cases e [ m nust be 10steril e and nust
be fluid PH’%WB"/%‘%E@H? Wappgn- QY- B‘ini“ siqps @z vellas copvepfianalpe st apl e
under thejgapdieki ons of manufacture and storage and must be preserved

agai nst the contam nating action of mcroorgani snms such as bacteria and

fungi . Th‘i‘h&é‘ét{de% r‘éé’iQ?tt}ﬁ p;ﬁ?l%")é/ %cp{‘nm?srterg ngef’r@ﬁéfaﬁg oAl a%@hé&ﬁé&lﬁv‘e”i ng, for

exanpl e, water, fano exa cero propyl'ene gl ycol,

and | i qui gbﬁ%ers}/ Ons £ & %h bgp}(%grled 1 gfaeroF li ulde%dlyegtrlgﬁet%eagqxcog ]nét ures ther eOf

and veget € ol eroft or exanple, by

the usg Ofmﬂufb@aﬁdrétﬁ a8t éhoids Undet dsﬂdmary ndithms Baktota@pand asQthekdhre required
particle size in the case of dispersion and by the use of surfactants. The

prevent i oRTCHRratipRs GRtdinp PEPCTREYIOMGRNSNE NS SEaRhSd NHEWSQERPISEout by vari ous
antibacterial and antifungal agents, for exanple, parabens, chlorobutanol,
phenol , 20hephdsimacasical, fotrhi surablssar meavtﬁdbletlltﬁ@ 1n¢1k@e sterfle eguacah polotienss, | t may

be pref erpbl . Lo nohbleol sotonbs, AGentSe o Ol SXATRI & Sdans,gr sodium
chl ori de ro nge rp i e 1nj e conpositions dan be

br ought aF@phrabyn bhﬁemsenjt:aaﬂslheolaaaﬂimidiép@fssomn alyenes thdeby hiige ®osor pti on,
for exa al um ni um nonostearate and gelatin, Sterile |nkectable

sol ut iQ)ns starile and et Beifliig tp Sacopasant St A ytSie ngability existig Hepnse e s@blet he

25 th

ror ot eng L0 Wioni ol 6 BORKARL-EA SRRARD b Be RGO flpd i 1 TeT
st eri |l i zatoraamingengna@ionyf ndti®peraaisansue & pceparaad fﬂmgl | Thearapderatn bg t he

sterilized active ingredient into a sterile vehicle con ns the
basi c di sﬁé‘%é‘?‘&r‘?r ﬂﬁﬂ?ﬁﬁmnam YR CORAHRS &Y Fekate: MALF: é\g?aélﬁ fobyp i)&?’f hose

enurer at eg, Aoy &1 dofol! H16p ABREINbol oAl 11duRd POVEIRTRn O clINEnPIERAERL [ O Of 30

sterile injecta e so1ut|ons he preferred nme preparation are
vacuuhSdrynn@kandﬂnheﬂmﬁeézeddsgnmgeDé&Hhﬁ@ugwwﬂumhyyaebdnanpmmd@r of the

active ingredi en S addi tion redient fr previ ously
Srert e esuaatesSy BE pgndh Rambe Shckas E By Pt R her Bt Doty

accept abl gqaped paticRRLAR tH dasedt dispeiGbH SARBbIMY uadef Rlrfac@Blsvents, _
di spersion nedia, coatings, antibacterial and antifungal agents, isotonic

and absor g} ﬁfév@ﬁ AVIEEE A98A0S nAdol tgaﬁlslnl sK&n bd Bl%ugﬁteabQBWio'ﬁ@di a and

agents for arnmaceutical active substances Is we kno In the art.
Except i namﬂw:teasl andyantifungal agents, for example, parabens, chlorobutanol, phenol,

20  sorbic acid, thirmerosal, and the like. In certain cases, it may be preferable to include
isotonic agents, for example, sugars or sodium chloride. Prolonged absorption of the
injectable compositions can be brought about by the use in the compositions of agents

delaying absorption, for example, aluminium monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating the active ingredient in the

25  required amount in the appropriate solvent with various of the other ingredients
enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the sterilized active ingredient into a sterile
vehicle which contains the basic dispersion medium and the required other ingredients
from those enumerated above. In the case of sterile powders for the preparation of

30  sterile injectable solutions, the preferred methods of preparation are vacuum drying
and the freeze-drying technique which yield a powder of the active ingredient plus

any additional desired ingredient from previously sterile-filtered solution thereof.
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5 conventional nedia or agent is inconpatible with the active ingredient,
use thereof in the therapeutic conpositions is contenplated. Supplenentary
active i yoedizssican al so be incorporated into the compodistéiessoltt is
especi ally advantageous to formul ate parenteral conpositions in dosage unit

formfor ease of admipistratjon and upiformty of dosage. sage ynit form
as used hér&rel Br Bt aﬂa_gn%e%_%f( E%P?Qf&icég}eéﬁédfﬂhﬁllg?ng l}Pfl_ngsa?él @it ary
dosages fgf 41D TRINIR} i mSMB) @GtiSgst Qntﬁﬁlctfefiﬁllaén‘é%htiﬁﬁ‘l%ﬁﬂ d4@his, GQBhRI Ni Ng a

predeterm ned quantity of active material cal cul atedto produce the desired
t her apeut ard dfsbeptionidnlagmgegeets aaththgilikh. Tireuseed gidhedeghandagatstfocal carrier.
The specif'cation.fpr.the n veI.dosg e uni.t fornﬁ oftthe invention are

di ctated BYHREEP eac?PWSlH’égaEﬁ?féWe nPRS I8 HiE AL ERaFLET 81 stics of

15t he |act boReBéRl hbiadtdgthies PRbmbeIBIaith I8 ARRYIAGedblede th@edBnachi eved,
and (b) the limtations inherent in the art of compounding such as active

mat eri al fhsrtheraReutic eampesitionstis dpryemplatadn SupRlemgtaysicEve efrdiantietad di seased
condi tion EgbgﬂkggxgﬁgingHg%hhgogﬁohgpalred. The principal active
npounded T o

ingredien?s are ¢ r-convenirent and effective 20 adm nistration

in effective amounts with a sui.table phar eutical.ly .acceptable carrier in
dosage uni'es PRPRATY foviitedudd g Rde BarpBH S paRTtoh Ao SRR TRT ar y
active i negyredicdtagmitib@atbAsnd @nifofgitdet ®fshad) Ebside (n@f fofB s Bsddtetdig usual
dose and manner of adm nistration of the said ingredients. In order to

faci | 19 at eeferelto plesically diseyste etssoitpbumintary despgatifagthamanyodiass, to cells,
25 pept| d?&'ée@/@gofe Rt %:az:ﬂ dft cg{lgﬁgx}%gfeg?t;ep@(ﬁe& g& it pof Ac'titvg n#a?erl%[ 085 a

cel | menbran exanp close use o usogeni ¢
pepti des, ciloulated énp@ludcohadagrepeidrastasic effestin anecipapt Withshe deqiigechain fatty
aci ds and ot her nenbrane bl ending agents to increase protein transport
across t hBhaepreytisalnagita. Thharseifigadoroion die newehingazeynt Rrepodscri bed in WO

97/ 37016 annt5 e 1SRy ald\GRCAQRbERRDANE] Bl CRLEEEAGRs of N @
further aspe%t t 8re%}s %%%&p%eé ?hgﬁacfﬁVéh?%greaﬁéﬁf 5% t he Fﬁvention as
her ei hbef dreactef maedal ord ths partinulhhthetapedtodfect fbedichieasd aed (ahe al one or in
conbinati?n. S : : . .

1mitations inherent in the art of compounding such as active material for the

treatment of disease in living subjects having a diseased condition in which bodily

health is impaired.

The principal active ingredients are compounded for convenient and effective
20  administration in effective amounts with a suitable pharmaceutically acceptable
carrier in dosage unit form. In the case of compositions containing supplementary
active ingredients, the dosages are determined by reference to the usual dose and

manner of administration of the said ingredients.

In order to facilitate delivery of peptide compounds, including antibodies, to cells,
25  peptides may be modified in order to improve their ability to cross a cell membrane.
For example, US 5,149,782 discloses the use of fusogenic peptides, ion-channel
forming peptides, membrane peptides, long-chain fatty acids and other membrane
blending agents to increase protein transport across the cell membrane. These and
other methods are also described in WO 97/37016 and US 5,108,921, incorporated

30  herein by reference.

In a further aspect there is provided the active ingredient of the invention as

hereinbefore defined for use in the treatment of disease either alone or in combination
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with art recogni zed conpounds known to be suitable for treating the
particul ar indication. Consequently there is provided the use of an active
i ngr edi erwoabi1ddes7éinventi on for the manufacture of a nedctarsent/ofin7t he
treatment of di sease associated with an aberrant inmune response.

5Mor eover, tﬁihere i S.provided met hod_ f or, aﬁ? eétl n% ﬁondl tion associ at ed
with an aB&PRALHeECq ﬂéO‘int dgowa by Pt &: HEFett ‘?P‘H&Clﬂlﬁr a subject a

t her apeut | i@dati¥n E@(;If% Ue¥@y 8iRURtr&fidd thi dansk dndeﬁsa% ficabdigt WBlRO an assay
nmet hod as descri bed above. The |nvent|on is further described, for the

pur poses vaentllcbmf@r ﬂ@tmmufmlluy of pmedivanteot fooWiertgeagrentpl ésseaswsmamdl es
Exanple 1 E a_bi sgem fic fusion protein that engages CTLA-4 and
crossl i nk¥™ t ertrﬂ]éu?@lﬁ fAPRNE 11. To generate a bi speci f| c fusion

prot ei t selectivel i cally engages 15 CILA-4 and

si nul t ne@ﬁgwer |t]§j%{f’ésspl)f4’t’lafg OF‘éth Ut COBRRIEN AE198 with Bt oy red to
her eaf t er y@srHPRMRIe Itegi%ns c@ﬂﬁ)rl%%%dﬂmgk{%rlﬁgﬁ) ff@u@jé@@ll tH%HﬁeﬂﬁéaYlyf or CD28
(Wi et al., 1997) was fused to LAG3, a natural |igand of MHCI | “(Bai xeras

et al., lef&tivimimebe(ofetligand idehgfiahle u@ﬁgmswmqtlmdwdiesmhcA@é)eva| ng a

| i nker conposed of nine glycines, which in turn was attached to the Fc
portion ofrhﬁbueetidrgi@them dpseriped,tfedihy pAfhosesr cfaBestiatisn onliycimltheé i ng hal f-1ife
(Fig. 1A, ﬂqn respo to a ligand of this configuration, CTLA-4 engagenent
and |igat fQl “‘tl%g‘f”??én were expected to occur indi rectly, via formation of
t he tr| -mol ecul ar conpl ex (CTLA-4/MACI I/ TTCR) in the i mune synapses during
ear| ylo cExpmplesi vation (Fig. 1B). Conceptually, outside of the context of
t he i mune synapse, binding of the bispecific fusion protein to either 25
CTLA- 4 or Exmaple Bl one or to both CTLA-4 and MHCI | should not lead to
inhibition of T cell activity. The engagenent of CTLA-4 by CD8Owa was

desi gned Design iof g dispedifid-fdsien gnetieimthav emgagese CTdcX ¢ andlarrbsstihkpitas phat ases t o
t he cyt oph,gﬁgl tﬂé]’ ﬁf CTLA-4. Meanwhile, binding of LAG3 to MHCI|I was

i nt ended Vi rM th-4 into the proximty of the cognate TCR, which binds
the pMHCI ] conplex in the

To generate a bispecific fusion protein that selectively and agonistically engages

15 CTLA-4 and simultaneously ligates it to the TCR, mutant CD80 (CD80w88a, referred
to hereafter as CD80wa) that binds CTLA-4 but has minimal affinity for CD28 (Wu et
al., 1997) was fused to LAG-3, a natural ligand of MHCII (Baixeras et al., 1992;
Triebel et al., 1990). CD80wa was joined to LAG-3 using a linker composed of nine
glycines, which in turn was attached to the Fc portion of mouse IgG2a to purportedly

20  increase its circulating half-life (Fig. 1A). In response to a ligand of this
configuration, CTLA-4 engagement and ligation to the TCR were expected to occur
indirectly, via formation of the tri-molecular complex (CTLA-4/MHCII/TTCR) in the
immune synapses during early T cell activation (Fig. 1B). Conceptually, outside of
the context of the immune synapse, binding of the bispecific fusion protein to either

25 CTLA-4 or MHCII alone or to both CTLA-4 and MHCII should not lead to inhibition
of T cell activity. The engagement of CTLA-4 by CD80wa was designed to trigger
CTLA-4 signaling via the recruitment of phosphatases to the cytoplasmic tail of
CTLA-4. Meanwhile, binding of LAG-3 to MHCII was intended to bring CTLA-4
into the proximity of the cognate TCR, which binds the pMHCII complex in the

30  immune synapse (Fig. 1B). The combination of these two binding events was

expected to deliver an inhibitory signal to the TCR. A control fusion protein
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30 i mmune synapse (Fig. 1B). The conbination of these two binding events
was expected to deliver an inhibitory signal to the TCR A control fusion
protein worpty®sTeg CDBOwa and | g&Ra Fc was al so const r rcTas2¢iBiogso11A) ,
whi ch shoul d not be capable of crosslinking CTLA-4 to the TCR (Fig. 1C) as

it lacks LAG 3. est ontrol fusion pr ins, were_expressed in

Chi nese hﬁ%?réﬁm%eg)rgbwéépﬁlgg No)ifa ?IF%WWW‘E &1? nfﬁ)y“’i“ ﬁg‘f@é’r‘)&phy on a
protein G,eeijibR. of/é&gm%gaﬁge@Tmr@t&&l@ meyedidSicNGs i 13&s et usi on _
chromat ography. The test bispecific fusion protein (CD80wa-LAG 3-Fc) is

referred i I d sequence:
SEQ | D Notrﬂife?t an?o%lﬁmélgﬁ%l rpd(ﬁe@gwsétf e éu5§feS?%§§o@ll }ém“%ﬁb @é;lg BeBA
(nucl eot i ded petfireneiel afBny kRroN@togkfphyam sprostn G csﬂaqmenAggreﬁ:E@ wBeNO 17) .

As exp cted, bqth fusion .ote ns appeare on .non-reduci ng 10
SDS- P el BSBE SE8GXH B@‘Bﬂlai‘%éapiﬁﬁa?h%ﬁat %Pe IfoHEPRPIAIB, 100 kDa;
BsBA 70 k@]bSWa—L%@glF&gls%rﬁé@agﬁéﬁ(nqu%hEle bd@Bhdet 'SGE‘DLYPEE\R)‘CU” her
confirnmed by Western blotting, using antibodies against LAG 3 and CDS0.
Exanpl e 2aBg® dcithiegitrseT SEQ 1D NEx Hiani dre ¢omtrahcaaistroge@DE0wistedisl ynphocyt e

t 15Th t bj | t At hi bit
Lo me T kiR S B e e rebndti RGN QT Ao k) sthbads TiQ by
neasur i ngim heo: pmdmts tedlf bdthTdsioMNpeei i ¥bpehRd as G2 B ﬁ&%&mFT cells

t hat had been [Eurl fromBALB/c mce were m xed with APCs isolated from

C57BLI® nmdPe-R GErﬁéls[iBéBem%kQﬁ FeBeli®eklen) anfas popogersgBpA. 1MUPde | gRa
and CTLA- i and

bl ocks th%%gAb?l% r%{ agégtr%%&%f , V\Erwea ]?%écl?u %ﬂdm@tltl Wergguzrglﬁdg%nqlrg}%five
control s, by ¥&@ech bloeding, using hutshodiesakaiBsd.A0t3 zﬁQItCIBS(BA in the m xed

| ynphocyte reaction inhibited IL-2 production albeit not to the same extent
as that aghhmypkd by CTLA-41g (Fig. 2). This difference was likely the

result of BsB-nmediated T cell inhibition occurring |ater than
CTLA- 419- gefiiaiBfls Wéllbdchb%n Yesamdeaid @l ?’mpfl%ytgisea‘%ﬁ@n i nhi bition
only occurred after A-4 was upregul ated folTomng T cell activation. The

I nabi {4 ty 10l BIRR bt 89%919 ahd BEBRIGHAHGH PR LEANALY WA JAERES if ARt
allogenic mixed lymphocyte reaction by measuring the production of IL-2. Naive
CD4*CD25 CD62L"E'CD44¥ T cells that had been purified from BALB/c mice
were mixed with APCs isolated from C57BL/6 mice in the presence or absence of the
BsB or BsBA. Murine IgG2a and CTLA-4Ig, a co-stimulation inhibitor that binds to

20  CD80/86 and blocks their binding to CD28, were included as negative and positive
controls, respectively. Inclusion of BsB but not BsBA in the mixed lymphocyte
reaction inhibited IL-2 production albeit not to the same extent as that achieved by
CTLA-41g (Fig. 2). This difference was likely the result of BsB-mediated T cell
inhibition occurring later than CTLA-4Ig-mediated inhibition. More specifically, for

25  BsB, inhibition only occurred after CTLA-4 was upregulated following T cell
activation. The inability of BsBA to reduce IL-2 production strongly suggests that
engagement of CTLA-4 alone is insufficient to prevent T cell activation because
concurrent crosslinking to the TCR is required. To exclude the possibility that the
LAG-3 portion of BsB plays a role in T cell inhibition, LAG-31Ig was tested in this

30  assay and verified not to inhibit T cell activation.
Example 3

BsB directs T cell differentiation into Tregs.
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engagenent of CTLA-4 alone is insufficient to prevent T cell activation
because concurrent crosslinking to the TCRis required. To exclude the
possi bi | iwQ 2btsaw3tshe LAG 3 portion of BsB plays a rol e iPaTUSe@Rl045017

i nhi bition, LAG 31g was tested in thi s 30assay and verified not to inhibit

T cell ation 3 B |re differentiatjon.into Tregs.
Early terh'?%%fqnﬁ‘ﬁla&?n?@kg S@%“Tlfl% Y g %%Pgéﬁ}geﬁﬁu% 1@%&“@’&%& ation,

i nhi bi tiopf &fronTQEnaiingnﬁibbpgmapp@R@tﬂnmltm;[@ﬁe & 4 o4 ﬁfﬁhﬁp aftient & a | ow
affinity antigen, or weak co-stinulation during T cell activation have been

shown to Wnduccestﬁmdpeen dupreE selbactvatios kew b‘Eecelhdwrdtoflhémcerﬂqxaﬁl on toward a

Treg phenotype. 20 n 4 hi nast o et
2o PooosyreSigadiadRiy T Shefispndhn ey phetoNe B L N

Acad. sci (200%11434915/11@@)783&8@% HaARinBsBef 41, CE008G I Kp. NGaREsses-sf; the TCR by
activation-induced LA-4 with consequent attenuation of TCR si gnal ing, its

abi lity toaasetlal 2008 pa+ Mirledsadnasi. 540l 06vEAPUABEY):. ANabeB fmaescpezLhi ghGFP"
T cell f 2007
3. ¥ ol TSRy A PR R b T L ep Sl 71 he

pr esence of TBRllg:vrahﬁng@ abfHtpv ganemiteFoxp3amadgssias abbo dvbhacel Naiwafter five
days of culture r \éﬁgFP a | arge nunber of CD4+CD25GFP T cells anong the

BsBt r eat e@DéLeﬂ)ézle A, Ce]rlﬁ H"&P@e‘li &rm Bespsr5ORR knorsringnisa fHa#aset r eat ed
Wi th USBLI( ! 96@75} J( FhiflunctAr8 2981 -L673) Ral %L%e@&mﬁ he '%Fe@t%d%ﬂ &ﬁ# fx(DE‘sg 3A,

bottom |l e panel’), 15 suggesting that ese CD4+ wer e
Foxp3+ Tr agthe pﬂ'asemnif iBsBh dr i s8 AL | Fldw regtonoaityl analybis wif ehemeﬂs aftevdinve dagh | ect ed

o e Rl Rk B TG Rk el RRep ) IR and TErplp (ool et
TFG 13 wepgadetaci el BA, MilGiIIRM Anel bﬁ@r%ttaﬁf%ﬁ%%gllsct@éalt&i With thoudA, | eft
panel s) but not in media of cells treated with BsBA or m g&a.
IgG2a (Fig. 3A, top left panel) or the BsBA control (Fig. 3A, bottom left panel),
15  suggesting that these CD4"CD25"GFP" T cells were Foxp3* Tregs. To confirm this
finding, cell culture media were collected and assayed for the signature Treg
cytokines, IL-10 and TGF-f (Cools et al., (2008) J. Cell Mo/. Med. 12:690-700).
Large amounts of IL-10 and TFG-f were detected in the media of BsB-treated cells
(Fig. 3A, left panels) but not in media of cells treated with BsBA or mIgG2a.
20  Surprisingly, CTLA-4Ig did not induce generation of GFP" Tregs or IL-10 and TGF-B
production. Without being bound to a particular theory, the mechanism by which
CTLA-4lg curtails the T cell response is different from that of BsB. LAG-3Ig alone
or in combination with BsBA also failed to induce generation of GFP" Tregs,

suggesting that BsB-mediated crosslinking of CTLA-4 with the TCR was required for
25  Treg induction.

Example 4
Induction of Tregs by BsB requires self-stimulated TGF-3

The concurrent detection of elevated levels of IL-10 and TGF- following treatment
with BsB raised the possibility that the cytokines, TGF-f in particular, played a role in
30 facilitating the generation of Tregs (Fig.3A). To address this, culture media were
collected over a period of five days and analyzed for cytokine and Foxp3* Treg
content. Elevated IL-10 and TGF-p levels were detected as early as day 2 post-
treatment, and Foxp3™ Tregs were detected after day 3. Without being bound to a
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20 Surprisingly, CTLA-41g did not induce generation of GFP Tregs or |L-10
and TGF- 13 production. Wthout being bound to a particular theory, the
mechani srwbyouiosts1 CTLA- 41g curtails the T cell responsecCirasdiesoent from
that of BsB. LAG 31g alone or in conbi nation with BsBA also failed to

i nduce gener, ation of P Tregs estl t BsB- d| ated cr os sI i nki ng
of CTLA- 4PHicyat fheor cg: \R/&g ga‘ﬁﬁ Rr8 “F’SP Oré?%fﬂlfﬂ] @ Pffi%‘cﬂ@&‘? Y gHmu
| nduct i onpeR, % &@tvddin Bs& dh?inHnﬁ@t%nS eAddigbd HM@&M@% AmdibdBe ( &@f{&cur rent

detection of elevated levels of IL-10 and TG~ 13 foll ow ng treatrrent with
BsB rai seéIDﬂh)eprsmabuslontW cohtaiol Igﬁreicwt‘ d&Cﬁ)ago thg @red Bdietiqpeassdycul ar, pl ayed

arole in 30fa ti t he ener regs A To address this,
ol ture nedmeRtly WoRdEe e BFETO R ol Sieel B v Bl s R BRO8 0 o
cyt okise Mpﬁawamharé@gth@@mﬂﬁsﬁgag&havtaif@otLArﬂaﬁda@@uHs%aehB Ievel S were
detected as early as posttreatnent, and Foxp3+ Tregs were detected

after dayC@sslmkmgdeﬁhﬂoié&ﬁd)ya%ﬁﬁﬁlmléatad pagageaensak G aspductiomeviigisyenous
roducti o f T ti b aJre
gl fferent ﬁlerl F%Cr?%ég'[?é a%tl%nt@d%‘ﬁ—uﬁ% %r@ﬁ?\éyaﬁflt oﬁgﬁ%%ﬁ bu? not

an i sot yperes@uklyabpdrgd t§ q:ﬂdnaequ&)modhmdnr(ejhEﬁ egali, nhogy V.ofvpasdtedy corrpl etely
bl ocked the a arance of Foxp3+ Tregs. (Fig. 3B). Wthout being bound 5 to
a parti cull 81 ‘ﬁ)ebff'y) Ylthgugyreg d@ﬁ%{ﬁ’@‘%ﬁtwaémom%sﬁd Hrhisistedysubsequent
crosslinking to the TCR by BsB stinul ated endogenous TG~ 13 producti on,

whi chl® n Tags hayrdomagessiterabledhdrapauéa Ppigntignn rr@d@baémgm@i%eam CTLA-4 and

. (LooBniET RN GGeR Kb GEREhER ot fubiiEE: Siud SRAPRERET, Son Ve
not assesgfpbriancd bf the Spdettycityldd tHy @dscddaMegsipamt the mslecwﬂt allilﬁ@nﬁ hey apeuti c

potential in nodul ati 2\9 t he di sease nmanifestations in several animal nodels
of aut oi ighl OH—HM%FPCCﬂfF%TIIC%WE wHE ot ctHeteha®itt city of the

| nduced. Trag5, A0RIAkisREN R EHROL PRILARS NS beRAc N aghted.

Non- anti gen specl regs that WI| not vate agal nst particul ar
aut oaid i gpmwmably net monde@ntly ahmaubopptdsgen- Hpeel ipproschecthavaciliteel | s are

15presuma not fun tional ly i nosu ve. roaches that
" agi litat e generatlon 0 large numbers o antlgen fp%cﬁ regs argﬁlg%?y desprgble?'

treating these ailments. Moreover, strategies that facilitate the de novo induction of
antigen-specific Tregs in situ (e.g. in islets of pancreas for T1D or in the lamina
propria for ulcerative colitis or Crohn’s disease) are preferred over the use of adoptive

20  transfer of in vitro differentiated or expanded Tregs.
Example 5

BsB-induced Tregs are functionally suppressive in a cell-cell contact-dependent

manner.

To assess whether the BsB-induced Tregs were functionally suppressive, BsB-

25  induced Tregs and TGF-fB-induced Tregs, which served as a control, were purified
using fluorescence-activated cell sorting (FACS) and mixed with CFSE-labeled
syngeneic responder T cells at different ratios and allogenic APCs. Cells were co-
cultured for three days in either transwells or regular culture wells, after which the
proliferation of responder T cells was analyzed using flow cytometry. As

30  summarized in Fig. 5A, both BsB- and TGF-fB-induced Tregs cultured in regular
culture wells almost completely inhibited the proliferation of the responder T cells.

The potency of the suppressive activity of the BsB-induced Tregs was comparable to
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t he generation of |arge nunbers of antigen-specific Tregs are highly
desirable for treating these ailnents. Mireover, strategies that facilitate
t he de nowo 2018dwateilon of anti gen-specific Tregs in situPCeUs2012/043037 et s of
pancreas for T1D or in the lam na propria for ulcerative colitis or Crohn's

di sease) are red over the use of. adoptive 20tran r in vitro
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functi onalby égwﬁ@arnaﬁﬁmsit R RokRldiiof OF bespOiticrGieASRARMBRIT SBRRRLe TO assess
whet her the BsB-induced Tregs were functionally suppressive, B sB- 25

i nduced Trapgstethidom@e T@¢gh ndautetswElle g¥ithautibeing benndep aparacdarthealy, were
purified wsing fluorescence-activated, cell sorti FACS) ,.and, m xed with
PRSE. | abell B Ophsane 207 S Fomurd 3 EdFel st bl Pat bt B8 R ol 1 ogeni c
APCs. gl keerated eytlan€dbriddhic@dadiors. Shpgatifkahss hdtiodl indRkiohloRAR WRfibsdyor regul ar

culture wells, after which the proliferation of responder T cells was
anal yzed tsinlp (e JEpS ey iy theasgdar ailfyreayell dig nok akEpqy thasmppisstie BsB-  and
TGF-13-in : r r i I I letely
i bi e SiRaS 5 ST PPl it PR A e ) IpEa B SO o 11
suppr essi wgitady it TGF-PIfD 11hasBsiBnohshiee the BupgsssvasSactionpar BB éndueed hat  of
TGF- 13-i nduced Tregs. In contrast, Tregs generated by either BsB or TG 13
di d not silf#sfHhanE 9Pﬁlﬁ’ﬁilbF%dHF%S%PEﬂSFlP%g&tTiQﬁTBélel}Cé%E&iﬁéé‘?lgﬁ@el | s when
the T cells were separated fromthe Tregs in a transwell. Wthout being
boundlQ o Expmplé @ul ar theory, Treg suppressive activity depended on
cell-cell contact and was not nediated by 5 secreted cytokines or other
factors. BeBplarectsntjfferengiation iob @T-1IT celds imbo aifitigem-spetifivdlthegs.o |1 L- 10 (cl one
JES5-2A5) in the regular culture well did not affect the suppressive
activity ok itewvidfennd that BsBanwionilfesidiproldn icotpdadg TDRGs/a(ahld.AGB) . The

addition of an anti body to TGF-131D11 al so did not affect the suppressive
activity g‘?SBééﬁtiCFR:?&]éfgﬁé?%'?‘,:toéﬁl@c?‘éﬁéﬁlaiMHgJé]St‘:F‘%}W“‘r PES U ession by
TG 13- i ngyced TILRIR af hl18eenrBVH RL AN Lo LB ES R dicltRiGitRe gﬂofdﬁ&fo%rgf' ation of

Or-11 T cell's into antigen-specific Tregs. As it was found that a
bi f unti i omatigehispeofic prags evas esaned s iF'n gneb8gatathanpobp&G3 nhiBs B) T-11Hat

crosslinks LA-4 t e TCR (via MHCI ) can induce the pro i on of
Foxpas Tr 695 TR AR Biedresdibis mih O pbFERMaTEDr: weataB Bt [ R Phg t ne
product i OBn®P- subunits) specific for a chicken ovalbumin peptide (323-339) (Barnden et al.,
1998) and mixed with syngeneic APCs in the presence of Ova323-339. After 5 days
of culture, significantly greater amounts of Foxp3* Tregs were detected in OT-I1 T
20  cells that had been treated with BsB (Fig. 4A, middle left panel) than by the mIgG
control (Fig. 4A, upper left panel) or by CTLA-4Ig (data not shown). This induction
of Tregs was inhibited by the inclusion of anti-TGF-f antibody in the cultures (Fig.
4A, bottom left panel). Without being bound to a particular theory, differentiation
was mediated by endogenously produced TGF-f in an autocrine or paracrine manner.
25  Levels of IL-2 were decreased while those of IL-10 and TGF-f were increased in the

media of BsB-treated cells (Fig. 4A, right panels).

To monitor the proliferative activity of the induced Tregs, OT-II cells were preloaded
with the fluorescent tracer, CFSE. As shown in Fig. 4B, BsB-induced Foxp3* Tregs
were determined to be proliferative as indicated by a dilution of the CFSE signal. As
30  expected, the addition of CTLA-4Ig, a co-stimulatory blocker, reduced T cell
proliferation. Hence, BsB was able to inhibit T cell activation and induce the

production of Tregs in both an allogenic MLR and antigen-specific setting.
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15antigen-specific Tregs was exam ned. To investigate this prospect, nave
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I nduction of Tregs by B rmay i nvolve attenuation of the AKT/mIOR signaling
pat hway. mehlungze#aptlt/fsTlhtg\dewlnptncratbavcantalgamzmg%Iﬂifﬁlﬂaﬂ hﬁ&l@o bﬁfgnal i ng

Const 1+ ut 1Rt HERRyaS el R0 B HE o s 3Ry 1o et BRSO i &

rapanyci n%&ﬁwgyst dr¥ alsBRmBVed(ihi®sBL S AR Blduetion o2D@8), anG IR atd A8i-t hat t he
AKT and OR signaling pathways intersect to influence Treg fate. Moreover,

T cells d€ﬂ2§|a@ﬁb041¢ﬁ wwam@ﬂewﬂmt@% gkl 91 RBrlel eedehwell e nor nal
contr P% oﬁt%l Ih1c1‘¥ na1V eﬁs wgre Se%defior 1);9 our ogtﬁﬁgiﬁ?l ﬁf c%ﬂﬂ)ver

obligatory ol e co- I'nhi ecul
stained with ﬂuorescently—labeled antibodies agalnst phosphorylated AKT and mTOR

and analyzed by flow cytometry. Phosphorylation of both AKT and mTOR was
attenuated by BsB and PD-L1 co-immobilization (Fig. 6). Without being bound to a
particular theory, signaling events mediated by CTLA-4 and PD-L1 inhibitory

20  molecules may converge at some point along the AKT/mTOR signaling pathway

during T cell activation to regulate Treg differentiation.
Example 8
Exposure to BsB sustains Foxp3* expression in induced Tregs.

In vitro-induced Tregs, unlike fully committed natural Tregs, are reportedly less

25  stable and can lose Foxp3* expression upon extended culture in the absence of the
initial inducer (e.g., TGF- or retinoic acid) (Selvaraj and Geiger, (2007) J. Immunol.
178:7667-7677). In the current study, BsB-induced Tregs showed similar instability,
with some cells losing Foxp3 expression following repeated culture (Fig. 7). To test
whether re-stimulation by BsB could prolong Foxp3 expression, Tregs were first

30  induced by coating 96-well plates with both anti-CD3/anti-CD28 antibodies and BsB.
Purified Tregs were then subjected to an additional round of culture in the presence or

absence of BsB. Re-stimulation of the purified Tregs with BsB allowed for
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controlling adaptive Treg devel opnment by antagoni zi ng AKT/ nTOR has al so
been reported (Francisco et al., (2009) J. Exp. Med. 206:3015-3029). To
det er m newpf20tdymw3®1pat hways are al so i nvol ved i n BsB- nedcatusdoiz/aiwet i on of
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clearance from the circulation.
Another potential explanation for the rapid clearance of BsB could be due to its
uptake by carbohydrate receptors on non-target cells. Examples of such receptors

20  include the asialoglycoprotein receptor (ASGPR) on hepatocytes (Weigel, 1994) and
the mannose receptor on macrophages and endothelial cells of the reticuloendothelial
system (Pontow et al., 1992). Analysis of BsB using the NetNGlyc server suggested it
has the potential to harbor up to 10 asparagine-linked oligosaccharide side chains per
monomer (Fig. 9). A monosaccharide composition analysis indicated that BsB

25  contained approximately 37 mannose residues, and all the predicted asparagine-linked
glycosylation sites may have been used because each of these asparagine-linked
oligosaccharide glycans contains the core-mannose structure with three mannose
residues (a total of 30 mannose residues). In addition, a small amount of high-
mannose type oligosaccharides may also exist to account for the extra mannose

30  residues. Indeed, significant amounts of under-sialylated tri- and tetra-antennary
asparagine-linked, as well as some high-mannose type oligosaccharides were

identified by mass spectrometry of permethylated glycans released from the protein.
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10life (t112) of -12 hr (Fig. 8A). This profile was unexpected since the
phar macoki neti cs of Fc-containing fusion proteins or antibodies is
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Foxp3* Treg in the blood when compared to saline-treated controls. However, this
increase in Tregs was transient as a difference in the number of Tregs after 4 weeks of
20  treatment or at later times points was unable to be detected. A similar transient
increase in Tregs in lymphoid organs was noted previously following treatment of
NOD mice with an anti-CD3 antibody (Nishio et al., 2010). Without being bound to a
particular theory, the BsB-induced Tregs may have reverted to Foxp3™ T cells after
cessation of treatment. They may also have been recruited by specific target tissues
25  (e.g. pancreas) to execute their function. Regardless, this short course of treatment

with BsB in a late prevention treatment paradigm appears to modestly delay the onset

of disease and decrease the number of mice presenting with overt T1D (Fig. 10B).

The modest response noted may have been due to the presence of active insulitis in
the 9 week-old NOD mice prior to commencement of therapy. An inflammatory

30  milieu has been shown to favor the conversion of activating T cells to Th17 cells and
suppress their conversion to Tregs. Inflammatory cytokines such as IL-6 or IL-4 have

also been shown to inhibit Treg conversion and promote the loss of Foxp3* expression
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A short course of treatnment with BsB del ayed the onset of autoi nmune

di abetes 10 in NOD mce. As the EC50 of BsB for inducing Tregs in vitro was
esti mat edwoaotsaoatsout 100 nM and its circul ati ng hal f-| iPCe/usas2obmntr (t 112
at -12h), BsB was tested in NOD mice in a |l ate prevention paradi gm NOD
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cytoki nes such as IL-6 or IL-4 have al so béen shown to inhibit Treg

conver si om MO prgmdmenisthred| Bsdswhdn caxpsBed toxthe sdige divaied cPrtegls plidaioet t o et
al ., 10; , Kast n et..al 2Q10;: Koenen et..al . 008)....To.ci.rcunvent these
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prior to pyiatst i nduction of auto-reactive T cells and insulitis. CTLA-41g
was al so 1 ncluded as a positive control in this study as Bl uestone and

col | eaguegonsistent with the report of NOD mice administered CTLA-41g (Salomon et al.,

2000), the levels of Tregs in the blood (Fig. 11A) were significantly depressed
presumably because of CTLA-41Ig’s effects on CD28/B7 signaling (Tang et al., 2003).

20  Treatment with CTLA-4Ig also aggravated the disease with mice exhibiting an earlier
onset of disease (Fig. 11B) and higher penetrance of disease when compared to the
saline- and mIgG-treated controls (Fig. 11B). The reason for the discrepancy between
these findings and those reported by Bluestone and colleagues (Lenschow et al., 1995)
is unclear but may be due to the differences in the CTLA-4Ig used or the dosing

25 regimen employed. In the present studies, a dose of 10 mg/kg of human CTLA-4Ig
(Orencia) was used instead of 2.5 mg/kg of mouse CTLA-41g by Bluestone and
colleagues. Moreover, BsB treatment was not extended beyond 7 weeks. Without
being bound to a particular theory, the use of a higher dose of CTLA-4Ig afforded a

more complete blockade of the co-stimulatory signal required for Treg homeostasis.
30 Example 11

A longer course of treatment with BsB significantly delayed the onset and

reduced the incidence of autoimmune diabetes in NOD mice.
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5(Lenschow et al ., 1995) had denonstrated a benefit using this agent in
this nodel; m gQ&a was used as an additional negative control to saline. In
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Due to the genetic heterogeneity of the NOD mice, a small number of the untreated

20  animals did not develop disease at 35 weeks of age. Analysis of the islets of these
non-diabetic animals (from the saline-treated cohort) showed the p-cells were intact
with no obvious evidence of lymphocytic infiltration or insulitis, (Fig. 12B, panels a-
c). A few Foxp3™ Treg cells were present in the islets of these mice (arrows in panel
¢). In contrast, islets from diabetic NOD mice (from the saline-treated cohort)

25 revealed the presence of invasive insulitis (Fig. 12B, panel d) and complete
destruction of the B-cells (panel €). In addition to CD3" T cells and Foxp3* Tregs,
large numbers of non-T cell lymphocytes were also evident (Fig. 12B, panel f).
Similar histopathological findings were noted in the corresponding BsB-treated mice
that remained disease-free at the end of the study or that developed T1D during the

30  study. Interestingly, in ~50% of the islets of BsB-treated NOD mice that remained
non-diabetic, evidence of peri-insulitis were noted (Fig. 12B, panel g); however, the
B-cells were well preserved (Fig. 12B, panel h). Staining with antibodies indicated
that the cells at the periphery of the islets comprise primarily CD3" T cells and Tregs.
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5exposure. As the potency and circulating half-life of BsB are intrinsic to
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the islets o ese mce (arrows I n panel . I'n“contrast, ets from
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Crosslinking CTLA-4 and TCR via MHCII using a novel bispecific fusion protein
(BsB) efficiently induced the production of antigen-specific Tregs as well as the anti-

15  inflammatory cytokines, IL-10 and TGF-f . Previous studies showed that Tregs are
critical for conferring immune tolerance and that antigen-specific Tregs are more
efficacious in animal models of autoimmune diseases. BsB was further evaluated in
animal models of autoimmune diseases, such as T1D. Without being bound to a
particular theory, it was hypothesized that if BsB promoted the induction of antigen-

20  specific Tregs during the early phase of activation of autoreactive T cells in NOD
mice it can delay the onset or halt the progression of disease by converting the

autoreactive T cells that are undergoing activation to Tregs.

Despite BsB exhibiting a modest potency (due to its moderate affinity for the MHC-II
and TCR) and a short circulating half-life (which limited its exposure), a short course

25  of treatment reproducibly delayed the onset of T1D in NOD mice treated at an early
age (between 4-6 weeks of age) and when they were older (between 9-12 weeks of
age). However, the observed benefits were modest and unsustained. A longer course
of treatment (10 weeks) of NOD mice (between 4 and 13 weeks of age) with BsB
significantly delayed the onset of disease and the incidence of animals developing

30 TI1D. Without being bound to a particular theory, this benefit was imparted by the de
novo generation of induced Tregs that were either produced locally (e.g. in the
pancreas or pancreatic draining lymph nodes) or distally that were then recruited to

the pancreas to protect the islets from destruction by autoreactive T cells and other
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destruction of the 13-cells (panel e). In addition to CD3+ T cells and
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(Chatenoud et al,, 1994; Daniel et al., 2011; Sinon et al., 2008; Vergani
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i mrune t oL anes ARk Mot 50 SRE ML | LConldiBUR sBliSidTRY Sichfddag@ci ous in
ani nal m)gf's or?‘glut%ll m*ru%pga aiigggasels. és’élswas furst Ee% e a1g§at§ in ani nal
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progressi on of di sease by converting the autoreactive T cells that are

under goi n{Vithowt being beunddo Trpagtscul abelory, shiBgBydxticbiuse npraaytortastivepot ency
(due to its, nmoderate affinity for the C-I.l, and T nd .a sho

v oul a1 RO erietpaaniirion ff ted s Bl o TSRS RE Tty 25 o

t r eat p@nt 10ve RN EId WE hitbieabt@leay e€listih eheaN§8Ek-61d mikPniphtWakk Pieecmidbd eat ed at an
early age (between 4-6 weeks of age) and when they were ol der (between 9-12

weeks of defegtionghirdused Trags beyansrtpatdn afadsting npbipe ohbigast Thhilcigasust ai ned.
A I onger ﬁlof'lreﬁ? was also transient in nature. As a similar observation was noted in animals
subjected to anti-CD3 therapy (Nishio et al., 2010), it is possible that the induced
Tregs were unstable and lost expression of Foxp3. It is more conceivable that the
25  Tregs were recruited from circulation to affected target tissues. In contrast, NOD
mice treated with CTLA-4Ig exhibited a significant decrease in the number of
circulating Tregs. Treatment also aggravated the disease as evidenced by an
expedited onset of disease and a higher incidence of animals displaying overt disease.
This is consistent with previous reports showing that the co-stimulatory pathway is
30 involved in Treg homeostasis and that a lack of co-stimulation reduces the production
of Tregs. Blocking or knocking-out CD80 or CD86 in NOD mice also results in an
earlier onset of T1D (Salomon et al., 2000; Tang et al., 2003).
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animal models of autoimmune diseases or organ transplants have demonstrated that

adoptive transfer of Tregs can restore the balance of Tregs versus effector T cells,

30 thereby controlling the exuberant autoimmunity associated with these diseases (Allan
et al., 2008; Jiang et al., 2006; Riley et al., 2009; Tang et al., 2012). However, the use
of adoptive transfer as a therapeutic strategy presents several challenges to translation

into the clinic. Firstly, the number of autologous Tregs that can be isolated from
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presents S@gebaPhewps. ehiyeynbsrs andsreenfages PHEB4t heeld imfdi CDIF Bselly, the
nunber of ; ME% Iﬁﬁﬁ{eﬁa‘?&% tﬁgg’!{mgﬂl 1PSr NEOD R ks Wﬂﬂ&%wg% dflpod of a

human subject nce ex ensi ve ex Vi Vo expansi Ke Tr egs
is often pﬁﬁéﬁlﬁﬁﬂlyory\/\ﬂilsczippmh&ﬂ ¢fegetivh i deldyine b londdgd diyeadd grogtaskiby.
Secondly, as the isolated Tregs are pol ycl onal the¥1 can exert a pan-immune
suppr €8si ¥8° flerianmmt shBd Nt dydat we mee petent gndithat haor agigre and’ nost

| mpor t ant b)boratbi'l@p}f&hﬁ%dk‘r‘dew gﬁdﬁle Iﬁfﬂé it @sess'ugf‘ésf 4R nERBhHRIE

(Bl uestone et al u et 2009
may also be apphed towards the management of other immune-mediated diseases.

Results reported herein were obtained using the following methods and materials

25  unless indicated otherwise.

Animals. Female wild-type C57BL/6 (H-2"), BALB/c(H-2%), transgenic OT-II mice
expressing the mouse a-chain and B-chain T cell receptor specific for chicken
ovalbumin 323-339(Ovas»3.339) in C57BL/6 genetic background, and female non-
obese diabetic (NOD/LtJ) mice were purchased from The Jackson Laboratory.

30  Animals were maintained in a pathogen-free facility and studies were conducted in
accordance with the guidelines issued by the U.S. Department of Health and Human
Services (NIH Publication No 86-23) and by Genzyme’s Institutional Animal Care

and Use commiittee.
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25  CDG62L"CD44"Y cells to a purity of greater than 98%.

Antigen-specific Treg induction assay. Assays in an allogenic MLR setting was
performed as previously reported (Karman et al., 2012). For antigen-specific T cell
activation, 10° naive OT-II T cells were mixed in round-bottom 96-well plates with
10° irradiated syngeneic APCs in the presence of Ovasas sz at 0.5 ug/ml and 1 pg/ml
30  soluble anti-CD28 (clone 37.51, eBioscience). The test constructs, mouse IgG2a, or
mouse CTLA-4Ig were added to the cultured cells at a saturating concentration of 100

ug/ml. The cells were cultured for 5 days to induce production of Tregs and analyzed
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Bi acore assays and nonosacchari de conposition analysis. Biacore was used to
conpare the binding of BsB and nlig&a to the nouse neonatal Fc receptor
(FcRn). BvOebiy03mw1CVb chip was imobilized with -1430 ROTAfS20/08®17

FcRn- HPC4 using 15am ne chem stry. Each sanple was serially diluted 1:2 to
final congentrations of between 200 d 6.25 nM.i BSP ( fth 0.005%
sur f act anEy 9?@}%@%%%&%%0 etedfor GRSt Pl o &ﬁ?ﬁf@?ﬁl&v%md by 3
m n washwef Is dikis p&i iR hiRufabtuf&rs indkhRisW FRER MRS ERgRbRkAked, Wi th 10mV
sodi um borate and 1M NaCl, pH 8.5. The carbohydrate nonosacchari de

conposi t i pwifidd BEB QAII Arvally wet labaded withg N GHSE 20 pmonet 3T°CleBwyi bed by
Zhou et al. (Zhou et .al., 2011). | ion of .ngve T.cells. Naive T cells
From the. sreBREvafhsaly remcroibond %% sfudy B Bl or Tore

nm ce Wer ed@ifibéd fsbvby CoRgRete cultaREEF6AS HOR tballbwwedn Ry divide before being
fluorescence-activated cell sorting. Cells were first negatively sel ected

by magnet Pealwedbydstoyae vemetiy- (1 datess oxisl g dcdslls.csls waeastaped o8 as CD4+CD25-
25 CD62Lh I i I : %or-: j pecific
T oa aa AP BIREE Sl LN SRR, P L apecs
previ ous| gBiewntechndKaiinnag weth RH-Cy7 20djd)atedaiti-Bot p3oemibseidredIK-cel |
activation, 105 nave OT-11 T cells were nmi xed in round-bottom 96-wel |

pl ates w {65 eBEHSFIERGEY at ed syngenei ¢ APCs in the presence of 0Va323 329 at
0.5 gé)rm and 1 ig/nl 30sol ubl e anti-CD28 gl:chlgone 37.51, eBioscience). The
t est EdnsChgenasokingirsandagezaientsrof ol yem@pL Ahg PhaseacekiagidesitBsBrwigs cul t ur ed
cells at . i 0 t) 0 i «.I1h 2| e cultured
for 5 daygetf% %Slﬁ%(gﬁlc%%ﬁ%dgﬁﬁfg%/%%ﬁ Tr 28@‘9 éjllr(%b%]%a yza Seéng@?#%‘&vY‘vﬁét onetry.
Medi a wer icohy Baheditbial mfetivsi Blood whb cdllectdd-blGapighonSreih Blegding@t ELI SA
kits per the manufacturer's instructjons. To assess T cell proliferation,
purified hafehicd M. 4% heandg2\ha alter admainisgaggen. fhs lsvelsiaf GsBrateash wng n at
37C. They \, n | NeTreg

nduct | onPSEL Sk I8 48Hs 0 IR S BALEC SO0 RIS LI Gy 1o

al | owl 3§ hemouee D@0 datilizelyon @BlSevarg caated yme @6byelf plotws ayd owebatygd To det ect
Foxp3+ in T cell

. t ai ned. f f a K descr i bed
Hbove T ol PLBENDY 4Er bl Fors bl e P& FSRAoRY BEATEM e bogisoRug) and
stai ning_Wel veREn@itaoanhuoeieepant o FsPRoartiRataaHoReaRilichos.

eBi oscience). 10 Pharnmacokinetics nmeasurenents of BsB in mce. e
phar mac ok imaest thes adsfed BB thaweldet Brerplatesiwiere iBcuhbetsid-fot hCaBlgedlari ce. 20 ng/ kg

of BsB was_admi nistered into m.ce j ntraperi | .injection. Blood was
col oot ea BT FRIB AE R s Py ety AP e R AT Mo R higgRgp® 200 75,
af t er 2@dnLRIG 8 hadibsay-(1 Ellggnl) M8 la8d@f andS Rodhte@@6IHr Mhe PRItAtwdR R sHEasur ed
usi ng an ELI SA assa}g. riefly, 100 ill IéRl ig/m) of an anti -

4 times with PBS after which streptavidine-HRP was added. After 30 min, the plates

were washed 6 times with PBS and developed for colorimetric measuring. Purified

BsB diluted in assay diluent at various concentrations were used as standards.

Treatment of NOD mice with BsB. In the short course treatment, 4 week-old female

25 NOD mice were treated with saline, 20 mg/kg BsB, 20 mg/kg mouse IgG2a, or 10
mg/kg human CTLA-4Ig (Orencia) three times a week by intraperitoneal injection
over a period of 2.5 weeks. For the late prevention model, 9-12 week-old NOD mice
were treated with saline or 20 mg/kg BsB as above for 4 weeks. For longer course
treatment, NOD mice were treated with BsB or saline as above for 10 weeks from age

30  of 4 weeks to 13 weeks. Non-fasting blood glucose levels were monitored weekly
starting at 8§ weeks of age. Mice were deemed diabetic when their glucose readings
were greater than 300 mg/dL for three consecutive readings. Foxp3* Tregs in

peripheral blood was examined after two weeks of treatment by flow cytometry.

51



15 nmouse CD80 antibody in PBS were coated onto 96-wel|l plates and incubated
overnight at 4C. Plates were blocked with 5% fetal bovine serumfor 1 h,

af ter whiwb 20t3ap3wer e washed 4 tinmes with PBS. 100 il | eCThiSoadogmnpl es at
various dilutions were then added into the wells. The plates were incubated

PBS. B ot PrgiTAc Lt Lokt ishioge S baekest SHEFoBbyfofatr il G sailla ana

i ncubat ed J1a{e9’éh&}3mmen&b a2 el TIRINEDatbstduiREy WainRd RBR af ter which
streptavi d| ne- HRP was added. After 30 mn, the pl ates were washed 6 tines

with PBS #norestenty-dybetbdianti-Clo# ontitresly foic3 (hmarsand then whsheidf Red bBxB cdll$ ut ed in
assay diluent, at. vari oncentrati re us st apgdar ds. . Tr eat nent
of Moo i SeR R i ERGs TRARERAHAO B3P Al TS it oS SRl o 25
NCD mige walvdrt Gabe emédbﬂ%hlaﬂ@staﬁﬁd RE(hKOFIBEBlabeled BB FaxpPaamolig&2a, or

10 ng/ kg human CTLA- é)Or encia) three tines a week bé i ntraperitoneal
i nj ecti onf@\A8rmig aﬁélﬁ aboves Raperafa wegt distpstedan Balppe mﬁlhaﬁfﬂfedel 9-12

week- ol d h‘%?ra%&ﬁervi%ﬁﬁal [ Sl olWe{ fi‘laﬁs\%jh{&eoéf cg H?édég}dqggn ﬁ‘?ﬁe Ve for 4

weeks. For longer course trea mce wer &
sal i ne asdghoye for 10 weeks from age 30 of 4 weeks to 13 weeks.
Non-fasting bl ood glucose | evels were nonitored weekly starting at 8 weeks

of age. Msggisiel andegiedugdurbet ieidehenr D ﬂk%@&%tlﬁ%&ﬁtmﬂ)‘ﬂﬁ‘d e greater
than 300 ng/dL for three consecutive readings oxp3+ @gs i n _peripheral

bl oodevashm@agﬂwmaéelﬂ@vmgmaﬁmek@ﬂtbeSBr@apnedﬁWW@W worethey. Briefly,

50,111 "of gl e Ehogs s R galied Ll ahe) 68 AR -FRIR L, A FooR |

(cl one 93 CI ence) Tor arned with
f | uor escenib yodsaleeddedatBritaltyGi¥nifiednicbody for 30 min and then washed. Red
bl ood cells were |ysed using FACS Lysing solution (BD Biosciences) for 5

m n.  Af t el WeRihdN8gicalunaBlslsS NeREE Hufbe® CornRAhTB@BIphhFeMa dadstatnai hgd W th a
FI TC-| abel ed anti-Foxp3 antibody for 30 m n as descri bed above. Pancreata

were di ss€&3e50>tm°> leall uamgatn@ﬁemwadprqcps&ed Tlﬁsq@esaetmls “@m«flevaﬁeér mal i n and

the Oig"er %&ﬁuﬁg 4 gnoﬁa(aﬁ)tl 40 qﬂﬁﬁ% br%l cubaﬁg min 1X c1ht1ga$ella.}1§{g atistical

anal ysi s. ive i nci Ce'pres ent| ng W and 10

hyper gl yceid eheh 6ldcked Wih kéraat. SHAEs wérk inddd e ivitiantandl SDNaAbogTpesEd usi ng
the log-rank (Cox-Mantel) test in Prism5 (G aphpad, city and state). A
val ue of pup foowrdsbxdatdatisebhit harsesprishppipx aafhpqlweamor 2fnipopat hol ogi cal

anal ysi s. cHRhORh Rulhikioh OF PR D kB PANGERRA: YA, Byl ned for, ODS,

Foxp3+ ce ng an autonmate rocesser I'ssue“secti’'ons were dewaxed
15usi ng x;liaﬁnmetmhhdmeltetrethlyéroah]tongefm x-4hrin.eVedetoyt FaxpBhatdtiogs faere 25 min in

citrate buffer and then oc dwith serum j ncubated with an
anti - €6 Ef%k%whﬁwmaléotﬂﬂ B SRPOER Y aémé%ae ZRTPOABETR Mo se r adi sh
per oxi dasg;;aql \yéfg'fheBQﬁc%QteH‘Mth £PHOHRGE Rar @léﬁhb&glrﬂowo ffin (ERoWEPLODE al ned

by incubating wth 3,3 - di am nobenzi di ne etra ochl oride for 4 mn.
To det ect agg&tp@m,ralsl:at;alkdn@ phesmhatage polymer. Chromogen visualization was

achieved using Fast Red for 10 min. Tissue sections were counterstained using
hematoxylin for 2 min and washed 3 times with 0.05% Tween-20/Tris buffered saline
25  between steps. Adjacent serial sections were stained using an anti-insulin antibody as
described above. Pictures were taken using a Nikon Eclipse ES00 fluorescent
microscope with an attached digital camera from Diagnostic Inc. and images acquired

using the Spot Advanced software.
30

Sequences
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20 bl ocked with serum followed by exposure to an anti-Foxp3 anti body for
45 mn. Slides were then incubated with a rabbit anti-rat 1gG anti body for
30 min, fwDl20wBAM3TeYy a goat anti-rabbit al kali ne phospharaesaspabpmisn’

Chr onogen vi sual i zati on was achi eved using Fast Red for 10 min. Tissue
sections Xﬁre counterstai ned using hematoxylin for 2 mn and washed 3 tines
with 0.05 en-20/Tris buffered saline 25between steps. Adjacent serial
sections were stained using an anti-insulin antibody as descri bed above.

Pi ctures HWISOWSEkE Ustdi& i kon Eclipse EB00 fl uorescent m croscope with
an attached digital canera from D agnostic Inc. and images acquired using
t he Spot I{ureldkld regne. 30 Sequences Legend CD80w88a = CTLA-4 |igand
lg&Ra = 1g& Fc region @ = dy 9 5 Lag-3 = MICligand H6 = Hs 6 SEQ ID
NO. 1: CTUA-<4GBsB (Genel) = nouse

CD80w88a( aal- 235) - | g&RRa(aa241-474) - ®- Lag3(aa25-260)- 116 10 Nucl eoti de
sequente DhigBeuSKIGUgamdgat e construct (Cenel):

ATGCCTTGCAATTGT CAGT TGATGCAGGATACACCACTCCTCAAGI TTCCATGTC
CAAGGCTCARBEHGIECTTTGTGCTGCTGATTCGTCTTTCACAAGTGTCTTCAGA

TGTTGATGAACAACT GTCCAAGT CAGT GAAAGATAAGGTATTGCTGCCTTGCCG

TTACAACT S BT NEMAGATGAGT CTGAAGACCGAAT CTACT GGCAAAAACAT

CTLA-4 BsB (Genel) = mouse CD80w88a(aal-235)-1gG2a(aa241-474)-G9-Lag-
3(aa25-260)- H6

10  Nucleotide sequence of mouse surrogate construct (Genel):

ATGGCTTGCAATTGTCAGTTGATGCAGGATACACCACTCCTCAAGTTTCCATGTC
CAAGGCTCATTCTTCTCTTTGTGCTGCTGATTCGTCTTTCACAAGTGTCTTCAGA
TGTTGATGAACAACTGTCCAAGTCAGTGAAAGATAAGGTATTGCTGCCTTGCCG
TTACAACTCTCCTCATGAAGATGAGTCTGAAGACCGAATCTACTGGCAAAAACAT
15 GACAAAGTGGTGCTGTCTGTCATTGCTGGGAAACTAAAAGTGGCGCCCGAGTAT
AAGAACCGGACTTTATATGACAACACTACCTACTCTCTTATCATCCTGGGCCTGG
TCCTTTCAGACCGGGGCACATACAGCTGTGTCGTFCAAAAGAAGGAAAGAGGAA
CGTATGAAGTTAAACACTTGGCTTTAGTAAAGTTGTCCATCAAAGCTGACTTCTC
TACCCCCAACATAACTGAGTCTGGAAACCCATCTGCAGACACTAAAAGGATTAC
20 CTGCTTTGCTFCCGGGGGITTCCCAAAGCCTCGCTTCTCTTGGTTGGAAAATGG
AAGAGAATTACCTGGCATCAATACGACAATTTCCCAGGATCCTGAATCTGAATTG
TACACCATTAGTAGCCAACTAGATTTCAATACGACTCGCAACCACACCATTAAGT
GTCTCATFAAATATGGAGATGCTCACGTGTCAGAGGACTTCACCTGGGAGCCCA
GAGGGCCCACAATCAAGCCCTGTCCTCCATGCAAATGCCCAGCACCTAACCTCT
25 TGGGTGGACCATCCGTCTTCATCTTCCCTCCAAAGATCAAGGATGTACTCATGA
TCTCCCTGAGCCCCATGGTCACATGTGTGGTGGTGGATGTGAGCGAGGATGAC
CCAGATGTCCAGATCAGCTGGTTCGTGAACAACGTGGAAGTACTCACAGCTCAG
ACACAAACCCATAGAGAGGATTACAACAGTACTCTCCGGGTGGTCAGTGCCCTC
CCCATCCAGCACCAGGACTGGATGAGTGGCAAGGAGTTCAAATGCAAGGTCAA
30 CAACAAAGCCCTCCCAGCGCCCATCGAGAGAACCATCTCAAAACCCAAAGGGT
CAGTAAGAGCTCCACAGGTATATGTCTTGCCTCCACCAGAAGAAGAGATGACTA
AGAAACAGGTCACTCTGACCTGCATGGTCACAGACTTCATGCCTGAAGACATTT
ACGTGGAGTGGACCAACAACGGGAAAACAGAGCTAAACTACAAGAACACTGAA
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15 GACAAAGTGGTGCTGICTGTCATTGCTGGGAAACT AAAAGT GGCGCCCGAGTAT
AAGAACCGCGACTTTATATGACAACACTACCTACTCTCTTATCATCCTGEGECCT GG
TCCTTTCAGRQCEBBEEACATACACCTGIGICGT  FCAAAAGAAGGAAAGAGGAAPCT/US2012/045017
CGTATGAAGT TAAACACTTGCCTTTAGTAAAGT TGT CCATCAAAGCT GACT TCTC

A dehancroam

M@@ATTAWGWNWC@EW@F CCACGAGGG
L CCA

oo kit
; SCOUCCHCAPMEXGCTCRECGTGGTGT

GUBRPAGCTCTGCGCAC

C e
%&%@W@m@@é

TCT GCACAATG@@(GN@@EGE%G@GGGTHGGUHBM

TAGTCCCTCAGG

GCCTGTCTACA

%%E%L‘ECCAAGTCAGCCC

GKQG]@G' GGCTTCAATG

-4 G
GGCCTCGATGATTGCTAGT CCCT CAGG
AGTCCTCAAGCTGTCTGATTGEGTCCTTTTGAACTGCTCCTTCAGCCGT CCTGA
CCGCCCAGT SEQINB SONQT GGT TCCAGEECCAGAACCGAGT GCCTGTCTACA 15
ACTCACCGCGTCATTTTTTAGCTGAAACT TTCCTGI TACT GCCCCAAGT CAGCCC

CCTCEHE-T CEPE GBI FAE &t Bl ShidusEADSINGS! %@MI&M -474)-G9- Lgi-

TGCAGTICT

TCTCCATCACGTACAACCT CAAGGT TCTGGGT CTGGAGCCCGT Al
| D NO. 2: 3Ge2&R2oM)-HBsB (Genel) = nouse
CD80w88a( aal- 235) -1 g&a(aa241-474) - P- Lag3(aa25-260)- 116 Transl ated

pr ot ei n sdgamsiated pirotebusguenre aigatwesesunigatectonsiEanieeneACNCOL MADTPLLKFPCP
RLI LLFVLLI RLSQVSSDVDEQLSKSVKDKVLLPCRYN
SPHEDESEDRIASNEEIDHRUT 8/ KERC RRAPEFKNHRLSONEEYSIDEQIGKE \BURGY RISPCRYN

PRESW ENGREL PN 1T GBSO S GG RO (R L VLSDRC

FTVEPRGPTTT KBCNNCHEEARILY FEGRMALN\FRHIK KDVE TP S TERIGNRSAMYIXBHE CFASGGFPK

CEPOVQ BN I INSE B 3 GAARIGHIRE! NBARScD o S

CCATC ACCATCATCACTGA SEQ

WI'NNCKTEL NYWNERBGR DS RBYRCMHHSLABRMVTCVVVDVSE
HHTTKSF SRERGHG0E BN PRSP W REGRYERERGPDSCP TP

QPL HPHVQL ENIRALORCIERT KRR E R BRSVRLRORYTDFMPEDIYVE
ASM AgP S%Wéﬂ%ﬁ%@ﬁ%ﬁ&%%\@%%ﬁhﬁ%%esvwEGLHN
HHTTKSFSRTPGKGGGGGGGGGGPGKELPVVWAQEGAPVHLPCSLKSPNLDPNF
LRRGGVIWQHQPDSGQPTPIPALDLHQGMPSPRQPAPGRYTVLSVAPGGLRSGR
QPLHPHVQLEERGLQRGDFSLWLRPALRTDAGEYHATVRLPNRALSCSLRLRVGQ
ASMIASPSGVLKLSDWVLLNCSFSRPDRPVSVHWFQGQNRVPVYNSPRHFLAETF

35  LLLPQVSPLDSGTWGCVLTYRDGFNVSITYNLKVLGLEPVAHHHHHH
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35 LLLPQVSPLDSGTWGECVLTYRDGFNVSI TYNLKVLA.EPVAHHHHHH WO

2013/ 003761PCT/ US2012/ 045017 SEQ I D NO. 3: CTLA-4 BsB (Gene2) = npuse
CDB0wB8a(waleZaw}76E9- Lag- 3(aa25- 260) - | gRa(aa241-474) RaTlusedizaesosegquence
of nobuse surrogate construct (Gene 2): 5

ATGGCT TGCA@% TGATGCAGGATACACCACTCCTCAAGITTCCATGTC

CAAGGCTCAY TGTGCTGCTGATTCGTCTTTCACAAGT GTCTTCAGA

TGTTGATGAACAACT GTCCAAGT CAGT GAAAGATAAGGTATTGCTGCCT TGCCG

TTACAACT CEddreAtsBAGeneAGT aveusp EREOuARHapACPEEORAARn25-260)-
CACAAGT CERCE T GHAT T CCTCEGAACT AMAAGTGEOGCCOGAGTAT 10
CACTACCTACTCTCTTATCATCCTGGEGECCTGG

%¥$WWA&%%&%W%&%@&WC
-IC-"IA'\GCT Tgl & . - A&TTTCCATGTC

AAGAGAAT TEBEGGHEIKT! G(EG'MIGZCGWI’IUTI’GWCINKETGTCTTCAGA

é?‘%é‘iﬂlﬁ%ﬁ%@%%ﬁ%@@ e
.

AGDTCEAGHETGRATGT ACTCECAAAAACAT
8GCccGAGTAT

GCCT C@WUMMGWW%CTGACTTCTC

GTCTCCGC% AEA TAAAAGGATTAC

CTCAAGCTGCTTGATT WGGMGWAGE TTGGAAAATGG

A A G e rogrorome

GGACTCT %AWWMMAMWTMWMCACACCATTAAGT

%AC@T&GM@G@GWCG@WETG@M@H@MWGTGGTGTGGG

T o AL LTI AR P ccomocrs

AACCCZT AGEEAGCGAR QGG@GEMWTGJGG’[E@HMCAACCAGACAGT
AGAGCT CCAEAGGCAMEEGEK%CW@WWTCCAGGAGGC
CTGCGCAGCGGGAGGCAGCCCCTGCATCCCCACGTGCAGCTGGAGGAGCGLCG
GCCTCCAGCGCGGGGACTTCTCTCTGTGGTTGCGCCCAGCTCTGCGCACCGAT

25 GCGGGCGAGTACCACGCCACCGTGCGCCTCCCGAACCGCGCCCTCTCCTGCA
GTCTCCGCCTGCGCGTCGGCCAGGCCTCGATGATTGCTAGTCCCTCAGGAGTC
CTCAAGCTGTCTGATTGGGTCCTTTTGAACTGCTCCTTCAGCCGTCCTGACCGC
CCAGTCTCTGTGCACTGGTTCCAGGGCCAGAACCGAGTGCCTGTCTACAACTC
ACCGCGTCATTTTTTAGCTGAAACTTTCCTGTTACTGCCCCAAGTCAGCCCCCT

30 GGACTCTGGGACCTGGGGCTGTGTCCTCACCTACAGAGATGGCTTCAATGTCT
CCATCACGTACAACCTCAAGGTTCTGGGTCTGGAGCCCGTAGCCCCCAGAGGG
CCCACAATCAAGCCCTGTCCTCCATGCAAATGCCCAGCACCTAACCTCTTGGGT
GGACCATCCGTCTTCATCTTCCCTCCAAAGATCAAGGATGTACTCATGATCTCC
CTGAGCCCCATGGTCACATGTGTGGTGGTGGATGTGAGCGAGGATGACCCAGA

35 TGTCCAGATCAGCTGGTTCGTGAACAACGTGGAAGTACTCACAGCTCAGACACA
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5 CAGGICACTCTGACCTGCATGGTCACAGACT TCATGCCTGAAGACATTTACGT G

GAGT GGACCAACAACGGGAAAACAGAGCTAAACTACAAGAACACT GAACCAGT
CCTGGACTOYQANBBII6T TACT TCATGTACAGCAAGCT GAGAGT GGAAAAGAA  PCT/US2012/045017
GAACT GGGTGGAAAGAAATAGCTACT CCTGCTCAGT GGTCCACGAGGGTCTGC

(Gones) —ARbbCA HBIRS A FCIR G et s RaT skl * >

Tr ansl| at e GOAGL AL CAGCADTBEA TEAGDGSE MGG AGAT CALAMSIOANG G TCRACARTA

SPHEDESEDA A S0 RGP AR TEAR A T P GEARRG O CAGTA

TYSCWXKKERBGCNCAGAS KT ATKALH STRKICUISNRCOAGKRRIGAANSEEFGKCTAAGAAA

FTWEOaG A R AN RO RS RS DRGSR CRERTTTACG TG

HQPDSGQPTBIARAIGE ACCNRSRRQGHERNXANC RUABBIAZG G XL ARBNACECIGAACCAGT

KL SDIVL NS SRR AN AT PR ROV A SRS TGOAAAAGAA

GTVGCVLTY BRGNS G WOICIKAWAAS RECPECRCRSABGTERAREIAGGGTCTGC

PR R P S AT GRS oA

EWKWRW DI YVEWINNGKTELNYKNTEPVLDSDGSYFMYSKLR

VEKK HNHHTTKSFSRTPGK SEQ | D NO 5 CTLA-4 BsB human
construct dt ype oti de sequen aal-234) -

oo b ag 5( A Qi msh §DH0waant BT o Lag: 3a25260)
ATGGGCCA CATCACCATCCAAGTGTCCATACCTCAA

TTTCTTTCA GCT GGTCTTTCTCACTTCTGI TCAGGT GT TATC

Trererrod SR

Co0 %@W@Fmem

CAACCT CT CERRESTWITENGERBEAGNITTARUD EESEL GHE RGN TTERM@EAKGLIKY GDAHVSED

AATTAAAT
e AN IR rcom

ATCAAGT ATW%WWW RQPLHPHVQLE

OIREENY BSBEERGAETFLLLPQVSPLDS
5 WCPAPNLLGGPSVFI
1 S WWEVLTAQTQTHREDYNST
LRVVSALPIQHQDWMSGKEFKCKVNNKALPAPIERTISKPKGSVRAPQVYVLPPPEE
25  EMTKKQVTLTCMVTDFMPEDIYVEWTNNGKTELNYKNTEPVLDSDGSYFMYSKLR
VEKKNWVERNSYSCSVVHEGLHNHHTTKSFSRTPGK

SEQ ID NO. 5:

CTLA-4 BsB human construct wildtype nucleotide sequence = (human
CD80(aal-234)- G9-Lag-3(aa27-262-1gGla(aa240-471 )

30 ATGGGCCACACACGGAGGCAGGGAACATCACCATCCAAGTGTCCATACCTCAA
TTTCTTTCAGCTCTTGGTGCTGGCTGGTCTTTCTCACTTCTGTTCAGGTGTTATC
CACGTGACCAAGGAAGTGAAAGAAGTGGCAACGCTGTCCTGTGGTCACAATGT
TTCTGTTGAAGAGCTGGCACAAACTCGCATCTACTGGCAAAAGGAGAAGAAAAT
GGTGCTGACTATGATGTCTGGGGACATGAATATATGGCCCGAGTACAAGAACC
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15 CCAGCTGGAT GAGCGECGEECCGECAGCGCEEEGACT TCTCECTATGECTGCGC
CCAGCCCEECECECEGACGECCEECEAGT ACCECECCECEGT GCACCTCAGG
GACCGCCCOED QI BOISIECCCCT CCGTCTGCECCTGEECCAGECCTCGATGA PCT/US2012/045017
CT GCCAGCCCCCCAGGATCT CTCAGAGCCT CCCGACTGGEGTCATTTTGAACTGCT

CCTCTTCCT \TAGEACTGEGCOGT CCEGAAGTATGAAAAAGACGCTTT

g%@wwgg&@mmmm
(C ..C’ o

AATACTAGAAGBATAATTTGCT

e WAAAATGGAGAAG
UW%@@WW%%

KMAEIGERAATACAACCGGC

ACACCCT T( CAAGAACCACGT

CAGAAGA@MHGEU‘&CWGEIH@G@%@C@EQCUAMC@ GGZEC@OCCBSBCEELTMGmnSt ruct

;“3231 t ype|_Q@é@é&%'%g@gfé%@gQAWC%%ACGGTGCTGAG

MGHTRRQGT SESISGRYTOEEGQGAGACT SEOGEAG ENTHAGEVYAGCECBGIBCAGECCCGCGT

O KVEX DR GRSV S TP e e DL SRR P BT gecTaCaC

SW.ENGEEL BEASIOCEGRRETE A GREGAGVBIRTECACCTCAGG

HOPDSCPPARRA Br AP B ARSI PRE R T SUGBCEE OB P CPORECTCRATEA
RVQL DERCRORGICA ML GESRRADIEE G GTEA ERBACTGRGABL GRASIIA TTTTGAACTGCT
FLPQUSPIDSE AT HRECE b4 N Tt BV R PRRF T LRREAACCGEGEC
PAPEL MEGPEHERRCEEKGTION SRT FENE CAADNSHECEEXRENGDABMAGCGGAAAGCTT

e O N NSRS PIR A LG e

L DSDGSFFL YSKC TR SRS NYE ST CHAE B THNHOAKSA BEERGKAGETCADTROTCTGGCTLA- 4 BsB
T Con B A U BB B SFRERIS ST MR hamcTCACACA
TGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTT
25 CCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACAT
GCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTAC
GTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGT
ACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGG
CTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCC
30 CATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGT
ACACCCTGCCCCCATCTCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACC
TGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAA
TGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACG
GCTCCTTCTTCCTATACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAG
35 GGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACG
CAGAAGAGCCTCTCCCTGTCTCCGGGTAAATGA

57



20 1 g@ aN696/ 297 aa240- 471)

AT GGGCCACACACGGAGGCAGGGAACAT CACCATCCAAGT GTCCATACCTCAA
TTTCTTTCAGOBEBIGEHECT GGCT GGTCTTTCTCACTTCTGT TCAGGT GTTATCPCT/US2012/045017
CACGT GACCAAGGAAGT GAAAGAAGT GGCAACGCT GTCCT GTGGT CACAATGT

TTCTGIT CACAAACT CGCATCTACT GGCAAAAGGAGAAGAAAAT 25
GGTGCTGS@?%%%CATGAATATA@CC&CGAGTACAA@ACC
GGACCATCTTTGATATCACTAATAACCTCTCCATTGTGATCCTGGCTCT

ATCTGACGAER Ad Bskdunparesrenst aslated muatesinserpence = (human

%ﬁ%ﬁmﬁm¥%¢% 30
%%Wﬁ%%@%ﬁ?&%%%@%@%@mmmv

ORADANNICIZILALRPSDEGTY

TGTTAGCAGEERAQTBAW

QPENNYKTTPPV
st8LSPGK

GTCTGCESE;@%
CIIIIIJ%;?#%iiﬁ%%?ﬁg;DA CATGATCTCCCGGACCCCTGAGGTCACAT
CCGTGGET CGAAGACCCTGAGGTCAAGITCAACTGGTAC
GTGGACGCEX TAATGCCCAAGACAAA GCGAGCA!
RGBT BB by PRSI SAPIA PR RIS SRAPICE s Gpprman

CTGAAT CCCONSONINOOTHANIST (/75 H @aPAgEECC
CATCGAGAAAACCATCTCCAAAGCCAAAGGGCA GAACCACAGGTGT

ACACCHT GCtbselaNTOG2AHnZARBd TEACCAAGAACCAGGTCAGCCTGACC
TGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAA
GGG @@QM@@A&M@T@ATACCTCAA

CAGGTGTTATC
mmeM@%@ﬂW@@@WG@TGTCCWﬁ&T%@AM@in

S UGG MO e e oI Shaoum
| gd a%%ﬁ@'ﬂ@mm\ﬁ &«TGWGT SPSREPRIACRIRI CVEAGTASAACEEEWD

mggg@&@@%%%@&%%%%%dﬁ%%@ﬁcwE@CH%’:\'L5' Vi
ATCTGACGAGGGCACATACGAGTGTGTTGTTCTGAAGTATGAAAAAGACGCTTT
CAAGCGGGAACACCTGGCTGAAGTGACGTTATCAGTCAAAGCTGACTTCCCTAC
ACCTAGTATATCTGACTTTGAAATTCCAACTTCTAATATTAGAAGGATAATTTGCT
30 CAACCTCTGGAGGTTTTCCAGAGCCTCACCTCTCCTGGTTGGAAAATGGAGAAG
AATTAAATGCCATCAACACAACAGTTGCCCAAGATCCTGAAACTGAGCTCTATGC
TGTTAGCAGCAAACTGGATTTCAATATGACAACCAACCACAGCTTCATGTGTCTC
ATCAAGTATGGACATTTAAGAGTGAATCAGACCTTCAACTGGAATACAACCGGC

GGTGGCGGCGGAGGCGGTGGCGGTTCCGGAGCTGAGGTCCCGGTGGTGTGG
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ECVWLKYEKDAFKREH LAEVTLSVKADFPTPSI SDFEI PTSN | RR | | CSTSGGFP EP HL 35
SW.ENGEELNAI NTTVAQDP ETELYAVSSKLDFNMITNHSFMCLI  KYGHLRVNQTF

NVINT T GCCEOREEAEREYPVVWAQEGAPAQLPCSPTI P LQDL SLLRRAGVTWPQHOR2D3@#5017
PAAAPGHPLAPGPHPAAPSSWEPRP ERYTVLSVGPGELRSCGRLPLQ

L NCSF SRR PR AV VRE SO A GBS OB TOCAGLCOCRUARTECCELEE ™™

FL PQVSPNDAGRAC TCAGDGFNY BGUIENACAGT AUECRGHEIACG CIBGOASKIZS CAEC CAGACSSVFLFP

AT RPREER GO RN Sy L e Rk R BG5S TOBRFOSERRCEETCACE

REPQVYTL PESRIGEGRNQCE T MG EEaGVEVESNEEC GANUGOBACGGTGCTGAG

855 e CEOR Uk CoPA A LB HE LA RLE Co o (geecteat “1H

CD8ONB4A/ BLAGSIRG AT GAGCGEAGCCHGCACEBRBIGEECAARTCREZFATGGCTGCGC

Ao AR S AN e e ARG S B RAGTARR AP RGSRGRCTECACCTCAGG

TTTCT TTCAMUCG'@MGCT GGC'UIQEUCEECT CAGTRIGEGCAEGBEICGAGGCCTCGATGA

%@ﬁTTTTGAACTGCT

CCCGGAACCGGGGC

GGT CCIL-ACTATGS AGBUGCCCACGATDGRHC BT Al

ATCTCoC ARSI KGRI A Et A Rd omacorT

AAGCGGGAAS SCTCRECTBTAGGGCTGCATCC

T e A A e St ororroro

ATTAAAT CTUGGEEBAGS DG AGROBAAGACTT GTAAGARAKCTCACACA

o A A A A G o orcrom

AFRCCTAECCGACATCOBCATGABCTCCUGEMECCCTGAGGTCACAT

Gr
%%%WW@%%%%@MW%M

GOTIOSECAAAGACBT GGGAGGAGCAGT
g?GCACCAGGACTGG
CCTCCCAGCCCC

LR R ABAACCACAGGTGT
R S RGTGGGAGAGCAA

CCATICICEGGACTCCGACG
CACCT

cac NI SR arcaoncons

&CCA&@WWMWWWADAACCACTACACG
OO OT T SRR A B AR A R G ERRGR T EnCT coT Ak
CGTGGTGGT CTGGTACG

SEQ ID NO. 8:

CTLA-4 BsB human construct variant translated protein sequence 1 = (human
30 CD80WS84A/S190A(aal-234)-G9-Lag-3R316/75E(aa27-262-
IgGlaN596/297Q(aa240-471)

MGHTRRQGTSPSKCPYLNFFQLLVLAGLSHFCSGVIHVTKEVKEVATLSCGHNVSYV
EELAQTRIYWQKEKKMVLTMMSGDMNIAPEYKNRTIFDITNNLSIVILALRPSDEGTY
ECVVLKYEKDAFKREHLAEVTLSVKADFPTPSISDFEIPTSNIRRICSTSGGFPEPHL
35 SWLENGEELNAINTTVAQDPETELYAVSSKLDFNMTTNHSFMCLIKYGHLRVNQTF
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10 TGGACGGECGT GGAGGT GCATAAT GCCAAGACAAAGCCGCGGEGAGGAGCAGTA

CCAGAGCACGT ACCGT GTGGT CAGCGT CCTCACCGT CCTGCACCAGGACTGEC

TGAAT GCCARACAGTNEAAGT GCAAGGT CTCCAACAAAGCCCTCCCAGCCCCC  PCT/US2012/045017
ATCGAGAAAACCAT CTCCAAAGCCAAAGGGECAGCCCCGAGAACCACAGGT GTA

CAC:‘.AAC:‘.AGCKEFKSfll5 BGS'[

CoBow 5%8@&%%&@&@@%%@8@8@&%@E‘f\?%@(@vfz%é%%?@wmmspF’S

I gGlaN596PA9EQ_G@S®V-F LA P RKPKOTHURRRHBPBRCPYD NS AEDPAVAGNVEHOSGEVH

| APEVKNGRT VAT KRS TR PR N SR PN ALPAPIEKTISKAKG

FHEAWFBNH@QGBNP@HE@MHI—BQEIB\EEEH‘@n

LAEVTL SVKAPHEHZA/ \SIFHEH SREEN THRRDY D BWEHYNEER GISR ENINHIQORP vV

ETELY%%&%@%&%@@B%% A HNEKEH) S1RB%Hscp

PAAAPGHP SWGPRP ERYTVLSVGPGGLRSGRLPLQ 30
PRVQL RG@@E PARRADAGEYRAAVHL RDRAL SCRLRL RLGQASM
TASPPGSLRASDW/I LNCSFSRPDRPASVHV\FRNRGQGRVPVRESPHHHLAESFL
FLPQVSPMDSdbvied BsByinpnancenstiugt voriapt wnclesdideseaupnoepspimaip £ | GGSSVFLFP

PEATL EREN SREMOR T g 202

QPREPQVY T LEGISRSBE/2ANQUBLREGLAHEFYPSDI AVEVWESNGQPENNYKTTPPV
L DSDGSFFL YSKL TVDKSRWOQGNVFSCSVMHEAL HNHYTQKSLSLSPGK SEQ | D NO. 11:  CTLA- 4
BsB humanA&'Gmﬁ(E(DACA(ZAC'%AG@OAG@&AA@AE@A]O@AEE@CAA@K@TLBMTAECCTCAA

Qﬁé‘%ﬁ@%gﬁﬁp@ré@%éﬁé@ﬁﬁ%A&%TGTTCAGGTGTTATC

2 ABA@GGWCZR@TGGTCACAATGT
TTTCTTT

[T,
CACGTGA Dé%\ GAAGAAAAT
TTCTGI TGAWW@MG@CMG@KWGW@KGTACAAGAACC

ATCT AEGROEANGATSCEARAAAGACGCTTTC

A&TA@ATA%%W%%ETTCCCTACA

CAACCTCTGGRGATITR ! MNEARGGATAATTTGCTC
ATCAAGT ATEGASAAT NCEA CGAGCTCTATGCT
25 GTTGCCAGCAAACTGGATTTCAATATGACAACCAACCACAGCTTCATGTGTCTCA
TCAAGTATGGACATTTAAGAGTGAATCAGACCTTCAACTGGAATACAACCGGCG
GTGGCGGCGGAGGCGGTGGCGGTTCCGGAGCTGAGGTCCCGGTGGTGTGGG
CCCAGGAGGGGGCTCCTGCCCAGCTCCCCTGCAGCCCCACAATCCCCCTCCA
GGATCTCAGCCTTCTGCGAAGAGCAGGGGTCACTTGGCAGCATCAGCCAGACA

30 GTGGCCCGCCCGCTGCCGCCCCCGGCCATCCCCTGGCCCCCGGCCCTCACCC
GGCGGCGCCCTCCTCCTGGGGGCCCAGGCCCGAGCGCTACACGGTGCTGAGC
GTGGGTCCCGGAGGCCTGCGCAGCGGGAGGCTGCCCCTGCAGCCCCGLAGTC
CAGCTGGATGAGCGCGGCCGGCAGCGCGGGGACTTCTCGCTATGGCTGCGCC
CAGCCCGGCGCGCGGACGCCGGCGAGTACCGCGCCGCGGTGCACCTCAGGG

35 ACCGCGCCCTCTCCTGCCGCCTCCGTCTGCGCCTGGGCCAGGCCTCGATGACT

I gGl
AT GGGCCACBAACHGNEA
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20 GGTGECEECEEAGECEET GECGEGET TCCERAGCT GAGGT CCCGGT GGTGT GG
GCCCAGGAGEEEGECT CCTGCCCAGCT CCCCTGCAGCCCCACAATCCCCCTCC
AGGAT CT CABON BODSBGEAAGAGCAGGEEGT CACT TGGCAGCATCAGCCAGAC PCT/US2012/045017

AGTGB0C0G0CCGCT GOOGCO0CCGGCCATOCOCT
%@%ﬁﬁTGMCTGCTC

COT CooT oA

CCAGCT CCATEACACUBRIUCCTAECAGETCAGTOTUIGITRIAITBGCHIT GGAACCGGGGCC

%@%JAGCGGAAAGCTTC

AWCC%WWGWT@M Cﬂ\GZDC'GmmETGAGGTCACATG

£ %%TTCAACTGGTACG

AGCAEGGGAGGAGCAGTA
CIECACAGGACTGGE
@ GTCTCCCAGCCCCC
, LSRR GARRACCACAGGTGTA

BCAAGACGETSOTEAGOGOACTIREAACCAGG TEAGCCTGACCT

TGGCCA
GCTCCIICT P
T AT MO ccnancouT

CAGAAGAGCCUTTAGT COGAGARTAABACAASAQCAT BICCTCECGTGEIEAAE TBEGACERN

oL AP IS GG EARE BT AR I8 B cRaps BT dR CAcenc

aN596/ 297 QGERACGHTT] CMCARERRQGTEERXIECANGRAEQA N PG ACSHAECBGTIACACG
HVTKEVKEV,

EELAQTRI Y@W&%ngm%ﬁﬁ&% VI LALRPSDEGTY ECWLKYEKDAFKREH

LAEVT VKW@I PTSN | RRI | CSTSGG-P EP HL 20

SV\LE ETALYAVSSKL DFNMT TNHSFMCLI KYGHLRVNQTF
GAEVPV\/V\AQEGAPA PCSPT| P LQDLSLLRRAGVTW

QHQPDSGPP rpERYTyRERafsdRrRigirpeuence 2 = (human

PRVQL DEW HEF%?@%M{MZTASPPGSL RASDVWVI
LNCSFSRP WP SP HHALA 25

L FL PQVSPMBECANEI6/ 207 RDair2OSHIANL TVL GLL VPRGSEPKSCDKTHTSPP  SPAPEL L GGSSVFLFPP
KP KDTLM | SRTPEVTCVWWDVSHEDP EVKFNWYVDGVEV
HNAKT KPREMGHIFRGUVSPERZPHQBNVE NCGKEYKCGKSBRESCRNV TKEVKEV ABKZBGHNVSY

VL SOESFFE v oRe T BRARN SR ER P eRb e RS T PR o
CTLA- 4 Bs BChiN ECOASKIREE L AEMTILSNVK A TS S [DIEE 198 GUkRIB RCE T SGGIr BER L
SWLENGEELNAINTTVAQDPETELYAVASKLDFNMTTNHSFMCLIKYGHLRVNQTF
NWNTTGGGGGGGGGSGAEVPVVWAQEGAPAQLPCSPTIPLQDLSLLRRAGVTW
QHQPDSGPPAAAPGHPLAPGPHPAAPSSWGPRPERYTVLSVGPGGLRSGRLPLQ
30 PRVQLDERGRQRGDFSLWLRPARRADAGEYRAAVHLRDRALSCRLRLRLGQASM
TASPPGSLRASDWVILNCSFSRPDRPASVHWFRNRGQGRVPVRESPHHHLAESFL
FLPQVSPMDSGPWGCILTYRDGFNVSIMYNLTVLGLLVPRGSEPKSCDKTHTSPPS
PAPELLGGSSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYQSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKG
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CDSOE196A/ 5190A5201A( aal- 234) - G9- Lag- 3R316/ 75E( aa27- 262- | gGla

N596/ 297Q( aa240- 471) ATGCGECCACACACGGAGGCAGGGAACATCACCATCCAAGTGICCATACCTCAA

TTTCTTTCAEBQROBI@IhGCT GCGCTGGTCTTTCTCACT TCTGT TCAGGT GT TATCPCT/US2012/045017
CACGT GACCAAGGAAGT GAAAGAAGT GGCAACGCTGTCCTGI GGTCACAATGT

TTCTGYF S| éQ%ENNYKTTPPV
GGIGCTGA AC
GGACCATCT EDGBBSFGA%KATMKSRW@OXGNMEBGSVMHEMHKMBKSCS LSPGK
ATCTGACGAGGGCACATACGAGIGTGT TGTTCTGAAGTATGAAAAAGACCCTTT
CAAGCCCGASENOT 8B TTEAAGT GACGT TATCAGT CAAAGCTGACTTCCCTAC
ACCTAGTATATCTGACTTTGAAATTCCAACTTCTAATATTAGAAGGATAATTTGCT 10
CAACCTCTGRAGALT BRBAHS e ART CAREAERIA RO S human
AATTAAATGCCAT CAACACAACAGT TGCCCAAGATCCTGAAACT CTAT
TGTTG@AG@W&MiWAM@Bm@@Emm@m
ATCAAGT AT A ACCTTCAACTGGAATACAACCGEC

AGATCTCAR m&mm&%@mmww

G (Htei GEICITTCHCACTTAIGTTCAGGTGTTATC

o W‘F&HGGTCACAATGT

CECBABAGGAGAAGAAAAT

GU A
RACEGCH ;e

exeiem-mm‘ APy
WMMCQFHWGGCTCTGCGCCC

s %é‘?@%éﬁ A&%

CAMBGCTGACTTCCCTAC

‘ WGGATAATTTGCT

. IACAACCGGC
BGOITOGERACCRGAGETICCGATGATGTGE
H Yeoe %CAATCCCCCTCC
BEGCATCAGCCAGAC
CGGCCCTCACC
EGEGCSEAGAT OCEAGCGITAGAAGEIBATGAR

ST e e

I gGlaN596C239«H@T€G@ATDGAGZIQCGGCCGGCAGCGCGGGGACTTCTCGCTATGGCTGCGC

EELAQTRI WMWW@W%%“%

ECVVLKYEKDARKREELES! C3DEE TRITSA GRLCIT CEIBEEREERIKT CGATGA

WPWWBWEBWR&@BEHQBB\ACCGGGGC

SR DR SRR G ccoommao

FL PQVSPNDSGPOGTICICT R CHSGIVICRICGDACTLA ECIRREGCTGCATCC

NAKTKPREEH B VA T PN MRS RAT B! IS KECTCTTCTCG

GTCTGCTGGTGCCCCGGGGCTCCGAGCCCAAATCTTGTGACAAAACTCACACA
35 AGCCCACCGAGCCCAGCACCTGAACTCCTGGGGGGATCCTCAGTCTTCCTCTT

D2 s
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20 QPREPQVYTLPPSRDEL TKNQVSLTCLVKGFYPSDI AVEVWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRWIQG NVFSCSVIVHEALHNHYTQKSLSLSPGK SEQ | D NO. 15 Human
CD80 MGHMRBQEBAFPBKCPYLNFF QLLVLAGLSH FCSGVI HVTK EVKEVAPLCSWS2& 20HNVEVEEL A
QIR YWKEK KWLTMVEGD MNI WPEYKNR TI FDI TNNLS | VI LALRPSD EGTYECVWVVLK
YEKDAFKRE \Y PTP I |-&ST P

ELNAL NV SRR RGO RIS BT KV ORI KCERE T
DNLLPSVAI GAG TR/EIEEEVECXLG MGAGER ACREARRENEBC TRRIGEVRPAAGTTSEACTGAYAC 16 BsBA

éSSSS’n“?'e%E%&@Gm%&&é%@m@@%%%mmxgtr. i

ATGCCT TGCASUBGE@@IGGAK CAICBIRICEGTCATGOACCAGGACTGG

TTACAACT CEMCG%W@MGAA@W@EB@G@@%AGNA@ACAGGTGT

AACAACCCAER PR CACRA M ET KA T AT LRI CAGCCTGACC

TCCTTTCAGRGCGHGE A ACGBCITCTAT CGCE@%AGAAGG»WGTGGGAGAGCAA

TACCDCCAA R A AR BAE eNEEREA AR IR HAC G ACTCCoAC

CTGCTTO GCCEOICEFTFGES ACBASAESITAGGTGGCAGCAG

A UM A S I G coneracnc

GTCTCATTASAGRRGAEBTTCT CACTBI CIBHCERBTARBAGET GGGAGCCCA
GAGGGCCCACAAT CAAGCCCT GT CCTCCATGCAAAT GCCCAGCACCTAACCTCT 15

TGGGT GGACSBQQEENDY, IGAT CT TCOCT CCAAAGAT CAAGGATGTACTCATGA
TCTCCCTGAGCCCCATGGT CACATGT GTGGT GGT GGATGT GAGCGAGGATGAC

CCAGATGT CeA®N-4/848]] MI%M%MMWw 3 = (human
ACACAAACCCATAGAGAGGAT TACAACAGTACT CT COGGGT GGT CAGT C
CCCATECAGERSORAN TR ad 2 3deARSAGPRAANAT ECaRB32Aa G0

A AN OO IAE IAGAGAACCAT CTCAAAACCCAMAGEGT

CAGTAAGA TGOCTCCACCAGAAGAAGAGATGACTA

ACGTGCA Wﬁ@@@ Er AR

AT ocaaT A CAGESH EVATLSCGHNVSV

GDAMWG@GWNMVRB\LRPSDEGTY
(d

GCEEMTBEHAEKMCLIKYGHLRVNQTF

CCGTAGCCC{%}W%@E@%&@%%VPVVWAQEGAPAQLPCSPTlPLQDLSLLRRAGVTW

QHQPDSGPPAAAPGHPLAPGPHPAAPSSWGPRPERYTVLSVGPGGLRSGRLPLQ
PRVQLDERGRQRGDFSLWLRPARRADAGEYRAAVHLRDRALSCRLRLRLGQASM
TASPPGSLRASDVVVILNCSFSRPDRPASVHWFRNRGQGRVPVRESPHHHLAESF
25 LFLPQVSPMDSGPWGCILTYRDGFNVSIMYNLTVLGLLVPRGSEPKSCDKTHTSPP
SPAPELLGGSSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYQSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPP
VLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

30 SEQIDNO.13:
CTLA-4 BsB human construct variant nucleotide sequence 4 = (human

CDSOE196A/S190AS201A(aal-234)-G9-Lag-3R316/75E(aa27-262-1gG1a
N596/297Q(aa240- 471)
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SEQ I D NO. 17 30 BsBA (CD80Owa-Fc) Protein = nouse
CD80w88a( aal- 235) -1 g&Ra(aa241-474) Transl ated protein sequence of nouse
surrogat evoansXasmtt ( BsBA; CD8Owa- Fc) : MACNCQLMDTPLLKFPCIP/URRO1210uF6VE L |
RLSQVSSDVDEQL SKSVKDKVLLPCRYN SPHEDESEDR | YWQKHDKVWVLSV

SO KB A SR B AG B B AT AR AR AABTSES HATARCTCAA

PRFSW.ENGRELETE N AGSQOREGETGT BRSQUDENT TINHTUTICAC TRCIHBNNGEEGTGTTATC

POPOVQ SRR A AR A S BN CRERH T CACAATGT

NNKAL PAPI ERTTSKPEEAGEECMGEI CTAOWGOIOMARADOTEGAAGAAAAT

WINNGKTEL R
T TS SRR L MR A P 87 B Gd SR ACARCAGGre
f or egoi NgQGEACTATCTOTGATATOACTAATAARDOACECCATIAT QAIICCGNG@OTCABGAGCCC
nodi fi cati ' ' | ' o adopt
T o var Pt RSB AT TR AT GG Tl T ARG ATHARAGRLE I it ne
scope of CAAGGHGGANACACOTEGETGAAGTCAGGEIATCAGT CAAAGSTGACTAICGTRA®NLS i N
any defi ni,t. ' L1 Lol L f.ariabl e
2 any si AGCAASATATE AR TR RAC Y EGTAR TR ThGMSR AT paT e
el emrend s. CAACQTETIGGAGGN TOTCEACAGLECT ORDCTOECETRATTGGUILSATGEGACGAAB I nent
as any si | ' ' | ' r ' ts or
port 1 one. ST RARRSRC AR A aC AR R ARGk AdAREBREA T AT
speci f i caTGINGOCAGEARAQT GOAATPCAATAT GAC AAICAADCACAGATTEATOTGEXTI®GNt as i f
each inde ' ' | £ call I-ngl xi dual 1y
i cat ean b ap A EiT R aRahoT Gy BAGK S SR G GRAR ATRR R Sl g
docunent s GATGGCGECARAGGEGGTGGCGGTTCCGGAGCTGAGGTCCCGGTGGTGTGG
15 GCCCAGGAGGGGGCTCCTGCCCAGCTCCCCTGCAGCCCCACAATCCCCCTCC
AGGATCTCAGCCTTCTGCGAAGAGCAGGGGTCACTTGGCAGCATCAGCCAGAC
AGTGGCCCGCCCGCTGCCGCCCCCGGCCATCCCCTGGCCCCCGGCCCTCACC
CGGCGGCGCCCTCCTCCTGGGGGCCCAGGCCCGAGCGCTACACGGTGCTGAG
CGTGGGTCCCGGAGGCCTGCGCAGCGGGAGGCTGCCCCTGCAGCCCCGCGT
20 CCAGCTGGATGAGCGCGGCCGGCAGCGCGGGGACTTCTCGCTATGGCTGCGC
CCAGCCCGGCGCGCGGACGCCGGCGAGTACCGCGCCGCGGTGCACCTCAGG
GACCGCGCCCTCTCCTGCCGCCTCCGTCTGCGCCTGGGCCAGGCCTCGATGA
CTGCCAGCCCCCCAGGATCTCTCAGAGCCTCCGACTGGGTCATTTTGAACTGCT
CCTTCAGCCGCCCTGACCGCCCAGCCTCTGTGCATTGGTTTCGGAACCGGGGC
25 CAGGGCCGAGTCCCTGTCCGGGAGTCCCCCCATCACCACTTAGCGGAAAGCTT
CCTCTTCCTGCCCCAAGTCAGCCCCATGGACTCTGGGCCCTGGGGCTGCATCC
TCACCTACAGAGATGGCTTCAACGTCTCCATCATGTATAACCTCACTGTTCTGG
GTCTGCTGGTGCCCCGGGGCTCCGAGCCCAAATCTTGTGACAAAACTCACACA
AGCCCACCGAGCCCAGCACCTGAACTCCTGGGGGGATCCTCAGTCTTCCTCTT
30 CCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACAT
GCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTAC
GTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGT
ACCAGAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGG
CTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCC
35 CATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGT
ACACCCTGCCCCCATCTCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACC
TGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAA
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Bl uest one GCIWL T CIMEC CVAT A@G@AAGCWMC@TGGR@AA@PM@@WGG@A@CAGHnu Rev

Car bone. _ Soga AT TETE R RR e AT AT ARG I e AERRE AR e

usi ng cDNBAGKGAGCONETCand AT TCCRaGTAgaNeA under the control of

het er ol ogous regul atory elenments. Inmunol Cell Biol 76:34-40. Bar oj a,
ML., . SEQMaNO.9@nan, E. Bettelli, P.J. Darlington, T.A Chau, V. Ling,
M Collins, 5B.M Carreno, J. Madrenas, and V.K Kuchroo. 2002. Inhibition

of CTLA- 4CfIlL0¥-T4'BBB RYmhh RohdtAtt ¥ fiaMt ﬁ*dﬂs«lﬁte'ﬂ HotéR Eédiﬂh&@ﬂ eqRuffn
phosphat ase 2A. J I munol 168:5070-5078. Bettini,

M,
Szym:zak VS&&OE&%A/{S19%8%134(%1-1234X£§t1eag-ém161/751€(@a2ﬁr2626 Pan, C.G Drake,
Kor al 2011. Cutting edge: accelerat ed aut oi rrrrune
4 abet oo TRCASSeAROd e I 20t o167 5105: 5408, 108 air,

Porfet '0%9%*@é@ébﬁm@wéﬁfﬁvdim%ﬁh%@%ﬁwEﬁ&@%%‘éﬁﬁﬁ@ﬂw%g; on

del i veb s BEUAQTEREY W KM \AL TI\dd S GD/INIW R Y KODET F DEENINISS IVHatl RRSDHEG TS

Bl uost onet CY VAR EEL A REHAR Y T SRR E s NGBGo TR PEerd 1

f unct i onaBWIIENG E EILNAINTFYAQDRETAL YAUASKLD FNNAT TNReSFNG i YG HIR\ANQTB 16.

Gt ng e BT GRckR R scralpiN I had pCSi Py oRIE) (RBachififS; 2010

regul at or QHRRIBSGBPAAAPGIMPLAP GRBP ARSRW GPRRERM TeNAUGPEGL REGRTREQVEt , J.

orer 3o R e R RO REE MRS ULk £,

2091: 123- TAZPPGSRRASIW VNNCHF$RAMR S idyERNRGQAGRVEVRESPHHHLAES AT | nOS,

cel s to EHRGURBRP ARG b s PRI FA P GRARkSopk AT SPee neive T

transcri pPABELLGGISGVFEBRPBPKDTENS VERE\IDEY 188 SHEBEEVKFNWYVDGVEVH
NAKTKPREEQYQSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKG
20 QPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRWQQG NVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO. 15
Human CDS80

MGHTRRQGTS PSKCPYLNFF QLLVLAGLSH FCSGVIHVTK EVKEVATLSC

25 GHNVSVEELA QTRIYWQKEK KMVLTMMSGD MNIWPEYKNR TIFDITNNLS
IVILALRPSD EGTYECVVLK YEKDAFKREH LAEVTLSVKA DFPTPSISDF
EIPTSNIRRI ICSTSGGFPE PHLSWLENGE ELNAINTTVS QDPETELYAV
SSKLDFNMTT NHSFMCLIKY GHLRVNQTFN WNTTKQEHFP DNLLPSWAIT
LISVNGIFVI CCLTYCFAPR CRERRRNERL RRESVRPV

30 SEQIDNO.16
BsBA (CD80wa-Fc) DNA = mouse CD80w88a(aal-235)-IgG2a(aa241-474)

Nucleotide sequence of mouse surrogate construct (BsBA; CD80wa-Fc):
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i abetes. 1O IGATCARGAMC BE e GARBTEAGTE MR A BT Fei bt i ole:

%)éIG g (2152 22ACAACICT ﬂOﬁ'ﬁAR@AAGEATQAGTE@GM{WG@/AATCmACRGGUMK%:ACHFId M
Coou e or G AN SRR R B AT G R E AR AT (G R GHe AT 1 .

f\(ra g hriti s ARGANDCIEGARGITBABATGACAACACTIMAC TACGTCICTHATL AT CT GEIGIOOAIGG ge MaI
TF G ehlk T EARA G e CalA b acer G TR G Tt e R GRRE A ot
ac'lt Irrvmja';|O|OGGTSMTI@\MB'S'[AAMTT@GQGTETAGQ'AAAGTHGTWTCWWGCﬁG@EIIACZFC( C\E;aégg) .
iJZ, Cal ci ng%@éCi@iﬁaqéﬁ/ﬁkc%gagﬁgg%C&A‘%?@ﬁ%@ﬁ@(}%éAﬁTA i anchi ,
gﬂacébg? :) ; ETGCTTaRCTH.CCHREGGEGTT.TCITRAAGTCACEATT OTEJUIGR ERGGAAARDPGGPhan

Al tex ander WAMW&P@%E@@J ég%%ﬁ#ﬁjc CI@E@?‘[QF %Q%Q%T%%g human
E:glél(e +]2 o-rr EEACIAS:.ONI' TIAGTI AGGCDMC‘ZABAT?JTGRAQ'BCD@)AQG_ tmmm_ GABACOATTAAGBTT en}v: al
cohyams, RiTodlTaRAI AR AR e cchER e AeReRACT 1A TeqRMRr gk m
15Mur phy. GAGIRGCCTASAATONNBECCEGTCHT COMTIBRAATECECAGCIIGTAACCTCT

Nat | Fungr ot G4k 3 tRaRG R Tor UG oA ARATERAGERTG AR TBRINY =™

2010. Duall CrCaaTGAGCECCALGGT CACARGTLE BGGTEGT GRATGTGAGOBAGEATGARAl T
cel I's 0 peovenicfaliLRTERRAUCHRBREAKCARLE Bk haPRBTCREAIL A
ACACAAACCCATAGAGAGGATTACAACAGTACTCTCCGGGTGGTCAGTGCCCTC
CCCATCCAGCACCAGGACTGGATGAGTGGCAAGGAGTTCAAATGCAAGGTCAA
20 CAACAAAGCCCTCCCAGCGCCCATCGAGAGAACCATCTCAAAACCCAAAGGGT
CAGTAAGAGCTCCACAGGTATATGTCTTGCCTCCACCAGAAGAAGAGATGACTA
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TCTGCACAATCACCACACGACTAAGAGCTTCTCCCGGACTCCGGGTAAAGGCG
GTGGCGGCGGAGGCGGTGGCGGTGGGCCTGGGAAAGAGCTGGGTCTGGAGC
CCGTAGCCCACCATCACCATCATCACTGA

SEQ ID NO. 17
30 BsBA (CD80wa-Fc) Protein = mouse CD80w88a(aal-235)-IgG2a(aa241-474)
Translated protein sequence of mouse surrogate construct (BsBA; CD80wa-Fc):

MACNCQLMQDTPLLKFPCPRLILLFVLLIRLSQVSSDVDEQLSKSVKDKVLLPCRYN

SPHEDESEDRIYWQKHDKVVLSVIAGKLKVAPEYKNRTLYDNTTYSLIILGLVLSDRG

TYSCVVQKKERGTYEVKHLALVKLSIKADFSTPNITESGNPSADTKRITCFASGGFPK
35 PRFSWLENGRELPGINTTISQDPESELYTISSQLDFNTTRNHTIKCLIKYGDAHVSED
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Al lison. engagemnen accunu n and cell cycle

progr é3si eshdigdan. Sath vabodimedfs aresté withih thekdope of tHexplldeihg L&3mMR533- 2540.
Lenschow, D.J., S.C. Ho, H Sattar, L. Rhee, G Gay, N Nabavi, K C

Herol d, amfle dchatidll m&%gof 1285 ntsDh hhpaeiliad ofed {8RbR ifeiRMdud?- 1 and
anti-B7-2 nonocl onal antibody 10treatnent on the devel opment of diabetes in

t he nonobégf@idensdtthat vanude as anyBipelaplgmegtioricpyshinativg (ou_auhgqﬂébma@ns and P.
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as any single embodiment or in combination with any other embodiments or portions

15 thereof.

All patents and publications mentioned in this specification are herein incorporated by
reference to the same extent as if each independent patent and publication was

specifically and individually indicated to be incorporated by reference.
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4. Use according to to any preceding claim wherein the |ligand specific for
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CD86 (B7-wp.2018®31¢se according to to any precedi ng cl ai RCTRIseo1IONSOIhe

| i gand specific for the pMHC conplex is selected froman anti-MAC anti body
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apart by aelliatke¢gulatory gene CTLWgvihGa@Eslibilgy tomucoluammeﬁilseud’eemﬂuna the linker is
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Use accordrhg o claim7, wherein the polyamno acid sequence is & (dy9).
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| east one of nutations R73E, R75A, R75E and R76E . 16. Use according to
claim15, wherein LAG 3 conprises the nutation R75A or R75E. 17. A
bi speci f iwoknB/mgiee conprising a |igand specific for CTegaTasand/oasoii gand 10
specific for a pMHC conplex. 18. A bispecific biologic according to claim

17, wherein the |igand specific CILA-4 is | ect roman anti body
speci 1 ¢ BrecTEal i CaR ey Vargocieby fergis ol CRGGInRALT 20¥, ¢ ¢
bi ol ogi ¢ &6 of TiiNYeth-Prodh@hdiedulatory TCeclls o & DMOBLEI picditrers| i Igamnaoll5 speci fic

for the p gtl%??;}f ex is selected froman anti-MC anti body and LAG 3. 20.
A bi speci fic'Brofogi c according to any preceding claim wherein the |igand

specific r -4 and the li ds Lfic for C.co are spaced
apart by Aot s e Hchd L A3IE SREEN b o oD BT REEDE L s m D0,
wher ei i t hexH3(+Keklld. Sudarpioimmmoe? 2R 16R85a pol yam no aci d sequence and an

anti body Fc domain. 22. A bispecific biologic according to claim 21,
wher ei n t Aeoy&l,\WdmBaideyaRicHtraedJuEniclker) G PcBardndh M NlartinZ3.1odelbi, 8P Ashitfyi C

bi ol ogi c di n claiml rein l.i gand specjfic.for .CTLA-4 is
coeo- 268 NbD Rl PhEemhadr dfr o BERTht: 2B o PN FBES ik R0 | s
mut at ed t Boipddeaeawehsgeanddnaif pythdgenic CEAsT calS infvilx. Naeifuino! Hi: 1l00gi ¢
accor di ng, L& claim24, wherein CD80 is human CD80 conprising at |east one
of mutations'  WB4A, K71G K71V, S109G R123S, R123D, Gl24L, S190A, S201A,
R63A, MB1A, N97A and E196A . WD 2013/003761PCT/ US2012/ 045017 26. A

bi specific biologic according to claim?25, wherein CD80 conprises the
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mut ati on WB4A or E196A of human CD80. 27. A bispecific biologic according
to claim19, wherein the ligand specific for the MHC conplex is LAG 3.
528. A bi sweenfim3tiol ogi c according to claim27, wherei RCTAS2@2i0¢50mUt at ed

to increase specificity for pvMHCII. 29. A bispecific biologic according to
cl ai m 28, \i\,herei n LAG 3 is human LAG 3 conprising at | east one of mnutations
R73E, R75&MIBPSE and R76E . 30. A bispecific biologic according to

claim?29, wherein LAG 3 conprises the 10 mutation R75A or R75E. 31. A
met hod of Lt ol erYsiHg baspecidis|biolpgic samyrting e digapdinseifisifAgCebAchetd 4g said T-

cell wthy L - ' j | | | de derived
from sai dhg&r‘]htl %énlﬁgg?r%{@i@? étdglgpé%éo}rlrmb#‘%g)u%nz 03%??%4@%&%%?&? 3i ol ogi c
accor di ngtdlerisatiyn of e T-akll bly@bntcting dadd BRell B6G2n/Antgempetséromgtceathichy a
subject suffering froma candjtion selected from an i ne di sease or
tr ansp# ant® HI%ﬁCBE‘?E 6H?Ptt€‘6r?‘6FliV%‘i %E;mtsﬁ’él aofgHL CHUPPIEf tﬁiaygﬁ rﬁgﬂf@ean ubj ect in
need therggf bgpg}jiﬁpggqég’i& bi ol ogic conprising a |igand specific for CTLA-4
and a ligand specific for a pMHC conpl ex according to any one of clains 17

to 30. 33. ] ; L clal.m ' _bi cific
biologic 7s 20 S A aseng Ok epr R B el R PRI IR FhRE?
suppr essatigamirspaaifiof@ataopMHC complex according to any one of claims 1 to 14 in the

treatment of a disease selected from an autoimmune disease and transplant rejection.
10 3. Use according to claim 2, wherein the autoimmune disease is type 1 diabetes

(T1D).

4. Use according to to any preceding claim, wherein the ligand specific for
CTLA-4 is selected from an antibody specific for CTLA-4, and CD80 (B7-1) or
CD86 (B7-2).

15 5. Use according to to any preceding claim, wherein the ligand specific for the

pMHC complex is selected from an anti-MHC antibody and LAG-3.

6. Use according to any preceding claim, wherein the ligand specific for CTLA-

4 and the ligand specific for the pMHC complex are spaced apart by a linker.

7. Use according to claim 6, wherein the linker is one or more of a polyamino

20  acid sequence and an antibody Fc domain.

8. Use according to claim 7, wherein the polyamino acid sequence is G9 (Gly-

9).

9. Use according to claim 4, wherein the ligand specific for CTLA-4 is CD80.

10. Use according to claim 9, wherein CD80 is mutated to increase specificity for
25 CTLA-4.

11. Use according to claim 10, wherein CD80 is human CD80 comprising at least

one of mutations W84A, K71G, K71V, S109G, R123S, R123D, G124L, S190A,
S201A, R63A, M81A, N97A and E196A.

12. Use according to claim 11, wherein CD80 comprises the mutation W84A or

30  E196A of human CDS80.
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34. A nethod according to claim32 or claim33, wherein the autoi nmune

di sease is selected fromtype 1 diabetes (T1D), System c Lupus

Eryt hematwous13 @iy, Rheurmatoid Arthritis (RA) , inflanrarasgoowei’ di sease
(IBD), ulcerative colitis (UC), Crohn's disease (CD), nultiple sclerosis

ot 11 - ool Vaachabud < e onBeNitad st 1o e S el mot o <

thyroiditjgA&saves' disease (thyroid). Sjogren's syndrone, Cuillain-Barre
syndronme, Goodpasture's syndrone, Addison's disease, \Wegener's

gr anul omat @si s,p1r.d L S i 8¢ SGl b 0g: L
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tenporal &ntpMHCils, giant 30cell arteritis, autoi mune henol ytic anem a,
perni ci ous anem a, polyarteritis nodosa. Behcet's disease, prinmary bilary
cirrhosi sj5.uveilidesaccordingas diairm 4, whewindt AG-F 8\h@man 12468l @siptgingpendyl i tis,
gl onerul enephritis, sarcoidosis, dermatonyositis, nyasthenia gravis,

pol ymyosi feag ongof pakationa RAAEaR 73R {1k and; GHE -
16. Use according to claim 15, wherein LAG-3 comprises the mutation R75A or

R75E.

17. A bispecific biologic comprising a ligand specific for CTLA-4 and a ligand
10 specific for a pMHC complex.

18. A bispecific biologic according to claim 17, wherein the ligand specific for
CTLA-4 is selected from an antibody specific for CTLA-4, and CD80 (B7-1) or
CD86 (B7-2).

19. A bispecific biologic according to claim 17 or claim 18, wherein the ligand

15 specific for the pMHC complex is selected from an anti-MHC antibody and LAG-3.

20. A bispecific biologic according to any preceding claim, wherein the ligand
specific for CTLA-4 and the ligand specific for the pMHC complex are spaced apart
by a linker.

21. A bispecific biologic according to claim 20, wherein the linker is one or more

20  of a polyamino acid sequence and an antibody Fc domain.

22. A bispecific biologic according to claim 21, wherein the polyamino acid
sequence is G9 (Gly-9).
23. A bispecific biologic according to claim 18, wherein the ligand specific for

CTLA-4 1s CDS&O0.

25 24 A bispecific biologic according to claim 23, wherein CD80 is mutated to
increase specificity for CTLA-4.

25. A bispecific biologic according to claim 24, wherein CD80 is human CD80
comprising at least one of mutations W84 A, K71G, K71V, S109G, R123S, R123D,
G124L, S190A, S201A, R63A, M81A, N97A and E196A .
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26. A bispecific biologic according to claim 25, wherein CD80 comprises the
mutation W84A or E196A of human CDS80.

27. A bispecific biologic according to claim 19, wherein the ligand specific for

the MHC complex is LAG-3.

28. A bispecific biologic according to claim 27, wherein LAG-3 is mutated to
increase specificity for pMHCIL.

29. A bispecific biologic according to claim 28, wherein LAG-3 is human LAG-3
comprising at least one of mutations R73E, R75A, R75E and R76E .

30. A bispecific biologic according to claim 29, wherein LAG-3 comprises the
mutation R75A or R75E.
31. A method of tolerising a T-cell to an antigen, comprising contacting said T-

cell with an antigen-presenting cell which is presenting a peptide derived from said
antigen complexed to a MHC molecule and a bispecific biologic according to any one

of claims 17 to 30.

32. A method for treating a subject suffering from a condition selected from an
autoimmune disease or transplant rejection, comprising the steps of administering to a
subject in need thereof a bispecific biologic comprising a ligand specific for CTLA-4

and a ligand specific for a pMHC complex according to any one of claims 17 to 30.

33. A method according to claim 32, wherein the bispecific biologic is

administered in combination with a further immune suppressant or modulator.

34. A method according to claim 32 or claim 33, wherein the autoimmune disease
is selected from type 1 diabetes (T1D), Systemic Lupus Erythematosus (SLE),
Rheumatoid Arthritis (RA) , inflammatory bowel disease (IBD), ulcerative colitis
(UC), Crohn’s disease (CD), multiple sclerosis (MS), scleroderma, pemphigus
vulgaris (PV ), psoriasis, atopic dermatitis, celiac disease, Chronic Obstructive Lung
disease, Hashimoto’s thyroiditis, Graves’ disease (thyroid). Sjogren’s syndrome,
Guillain-Barre syndrome, Goodpasture’s syndrome, Addison’s disease, Wegener’s
granulomatosis, primary biliary sclerosis, sclerosing cholangitis, autoimmune
hepatitis, polymyalgia rheumatica, Raynaud’s phenomenon, temporal arteritis, giant
cell arteritis, autoimmune hemolytic anemia, pernicious anemia, polyarteritis nodosa.

Behcet’s disease, primary bilary cirrhosis, uveitis, myocarditis, rheumatic fever,
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ankylosing spondylitis, glomerulenephritis, sarcoidosis, dermatomyositis, myasthenia

gravis, polymyositis, alopecia areata, and vitiligo.
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