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The corresponding DNA codes for a type I trans-

menmbrane protein of 498 amino acids containing 4 extra-
cellular sequences of the immunoglobulin type. LAG-3 is
a member of the immunogleckulin superfamily.

20 The mature protein comprises 476 amino acids
(SEQ ID No. 1) with a theoretical molecular.weight of
52 kD. The extracellular region contains 8 cysteine
residues and 4 potentlial HN-glycosylation sites. By
Western blot analysis, it was shown that LAG-3 inside

25 PHA-blasts or activated NK cells has an apparent mass Mr
of 70,000. After treatment with N-glycosidase F, a
reduction in size to 60 kD was obtained, thereby demon-
strating that native LAG-3 is glycosylated. Fuller
details are described in WO-A 91/10682.

30 BAIXBERAS et al., in J. Exp. Med. 176, 327-337
(2), have, in addition, described their finding that
rosette formation between cells transfected with LAG-3
(expressing LAG-3 at.their surface) and B lymphocytes
expressing MHC Class II was specifically dependent on

35 LAG-3/MHC Class II interaction.

Surprisingly, this ligand for MEC Class II was
detected with higher levels on activated CD8' lymphocytes
(MHC Class I-restricted) than on activated CD4* lympho-
cytes. In vivo, only a few disseminated LAG-3* cells (MHC
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-2 Class Il-restricted) were to be found in non-hyperplastic |ynphoid
tissue conprising the primary |ynphoid organs, that is to say thynus and
bone marrow. LAG 3" cells were to be found in hyperplastic |ynphoid
nodul es and tonsils, 5 as well as anong peri pheral bl ood nononucl ear cells
(PBMC) of patients receiving injections 2f-high doses of |[IL-2. These
observations confirmthat LAG3 is an activation antigen in contrast to
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Il ol ecul esﬁrom endogenously synthesized proteins, while Class II
molecules present to CD4*' helper lymphocytes peptides
originating in the £first place from foreign proteins
20 which have entered the endocytic, that is to say
exogenous, pathway. T helper lymphocytes regulate and
amplify the immune response, while cytotoxic lymphocytes
are needed to destroy cells irrespective of the tissues
expressing "non-self" antigens, for example viral anti-
25 gens. The mechanism of recognition involves intracellular
signals leading to an effective activity of T lympho-

cytes.
It is apparent that, to initiate an immune
response mediated by T (CD4°) lymphocytes, the foreign
30 antigens must be captured and internalized in the form of
peptides by specialized cells, the antigen presenting
cells (APC). The resulting antigenic peptides are re-
expressed at the surface of the antigen presenting cells,
where they are combined with MHC Class II molecules. This
35 MHC Class II/peptide complex is specifically recognized
by the T lymphocyte receptor, resulting in an activation

" of the T helper lymphocytes.

Moreover, animal models created by recombination
technigues have made it possible to emphasize the part



(3) and possessing al nost no peripheral CD4' T |ynpho 5 cytes and having
only a few mature CD4' |ynphocytes in the thynus have proved to be

conpl etely incapable of responding to T-dependent antigens. CD4"/- nutant
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| mmune recognition, d|n th |nteract Lyeen di f.ferent, | hoi d
cells such as Iyrrphosgg S K e% ‘134 nt ity teld s. uﬁafe‘:faéﬁq:eirﬂflfg)
observati onsdéareaabdo'rsmgmphouwa:te @me.wumm sSwiincxmado dm»teltqzke pl ace

Vi a 0 t r NGt i p yt es.
Thes%?feren £ grg fggtrj\'?%undge |ér)1ecr§ T l talc-péﬁge p ay
Cass Il andimgsthﬂgahbs P#PrPHé’-P&n@fsWemn Jrﬁh]:ﬁﬂfl ance
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Fi
wer e creat eq@igqecakowia P slor of tgunctional helper lymphocytes
despite the absence of CD4. These cells are restrictive

20 to MHC Class II and produce interferon-y when they are
activated by the antigen. This indicates that the lineage
of the T lymphocytes and their peripheral function need
not necessarily depend on the function of CD4.

It is now recognized that the proteins encoded by

25 MHC Class II region are involved in many aspects of
immune recognition, including the interaction between
different lymphoid cells asuch as lymphocytes and antigen
presenting cells. Different observations have also shown
that other machanisms which do not take place via CD4

30 participate in the effector function of T helper lympho-
cytes.

These different observations underline the
pivotal role played by MHC Class II and its ligands in
the immune system.

3s Moreover, the importance is known of chimeric
molecules composed of the extrac?toplasmic domain of
proteins capable of binding to ligands and a constant
region of human immunoglobulin (Ig) chains for obtaining
soluble forms of proteins-and of cell receptors which are



10 ference as regards their immne function relative to control mce.

H therto, no direct binding to MVHC Cass Il of nolecules derived from CD4
has been reported. This strongly suggests that sol uble CD4 nol ecul es do
not interact in vivo with MHC Cass Il nol ecules. 15 Surprisingly, the
authors of the present inven- tion have ghown that sol uble nolecul es
containing dif- ferent fragnents of the extracyt opl asm ¢ domai n of the

LAG 3 proteigs i e, capapher9t. i Q.dl g% tt%hé\élgg éss 11, olecules and of

havi ng an i mrunosuppr essant act | XtracytopTasH ¢ region of LAG 3
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35 sol ubl e pdal y?im)t!_r deefuac Weges dremdtred a ?hqaenmﬂmréhmdedfﬁeﬁ‘dﬁ.lie native
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G-3 protein were capable of binding to MHC Class II

molecules and of having an immunosuppressant action.

20 The extracytoplasmic region of LAG-3 represented
by the sequence SEQ ID No. 1 comprises the domains D1,
D2, D3 and D4 extending from amino acids 1 to 149, 150 to
239, 240 to 330 and 331 to 412, respectively.

Thus, the subject of the invention is a soluble

25 polypeptide fraction consisting of all or 149, 150 to
least. one of the 4 immunoglobulin type extracellular
domains of the LAG-3 protein (amino acid 1 to 159, 160 to
239, 240 to 330 and 331 to 412 of the sequence
SEQ ID No. 1), or of a peptide sequence derived from

30 these domains by replacement, addition and/or deletion of
one or more amino acids, and which possesses a specifi-
city at least equal to or greater than that of LAG-3 for
its ligand.

The present invention encompasses, in particular,

35 scluble polypeptide fractions having a sequence derived
from the native LAG-3 sequence originating from the well-
known phencmenon of polytypy.

The soluble polypeptide fraction is characterized
in that it comprises the peptide region of LAG-3



protein (amno acid | to 149, 150 to 239, 240 to 330 and 331 to 412 of
sequence SEQ ID NO 1) conprising one or nore of the arginine (Arg) rests
at the positions 73, 75 arid 76 of sequence SEQ ID NO | substituted with
glutamc acid (Qu). Preferably, the soluble polypeptide fraction

conprises a |loop in which the average posgtion of the atoms formng the
basi ¢ |inkage arrangenent is given by the position of amno acids 46 to 77

(SEQ I D No. Desdorditad i feri Rhbakifrin Diy Tabl eag-ar dif fges E*ﬂﬁ Egf 7@m by
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C-termi nal abg/ ategtacEments) amiitsonaanaq!o&orammtdﬂo% B BSde!sbeNmBEat i n.
The term "fusiogn roteiy nRans uggrtlon of an rote ermtti

g
modi fi cati on®0r 2 Ch&PIVYi co-- chent caf “PESLHRES 71%1 'f%gﬁ@l’\?g 5P the
extracyto- pbasgreadewathaaf thhe QA@BGpBoﬁermtExhﬁphad ofosuedamp i on
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gre defl ned Eggvggggoung Fh8 ﬁi?ﬁgaé&é %I n B%E&ﬁg tﬂggylg%n ?‘3 | of a
human i munoyP6baki AF tbFe‘Fe#%’i’-?°§h°b§éﬂ-§*pé¥?g@°mmnogIfobbh| extSaeh

fusi on poot ebpeopttsRe clidiRiai & MAWIE[ic. S These fusion proteins may
be obtai ned by reconbination techniques well known to a person skilled in

the art, for exanpPevant@ganufle’ sutheassohubldeswyitmeb byddr aﬁrrmo:lcem at
al. (5). Gqur&bh%ri&wlé‘ﬂ,at‘lledEEtBQQtOfofpré)@U?E!aQ@ szne 19¢t hgge d4ysl on

proteins conpri,sin Ogg nogl obulin re fused with ep t| ge sequence

of LAG 3 as defffi JEbnsY%?s@‘F?‘%?ﬁﬂﬁ Rg |4ﬂf@é‘we@ EhehdAG-3
fragnments of CDNAtefmdl Mnim shédpdl ypeptlidde regp ons @@y es;p@@dltgg e

o S5 e LR AR MBeLE AR ST ATBLELL SR e e Y
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cells, for exafphéamifseeddovi&l) .

20

Preferably, the soluble polypeptide fraction
comprises a loop in which the average position of the
atoms forming the basic linkage arrangement is given by
the position of amino acids 46 to 77 (SEQ ID No. 1)

25 appearing in Table 1 or Table 2 or differs therefrom by
not more than 5%. '

The soluble polypeptide fraction advantageously
comprises, in addition, the second immunoglecbulin type
extracellular domain (D2) of LAG-3 (amino acids 150 to

30 241) .

Advantageocusly, the soluble polypeptide fraction
comprises, besides the peptide sequence of LAG-3 as
defined above, a supplementary peptide sequence at its
C-terminal and/or N-terminal end, so as to constitute a

35 fusion protein. The term "fusion protein® means a portion
of any protein permitting modification of the physico-
chemical features of the subfragments of the extracyto-
plasmic domain of the LAG-3 protein. Examples of such
fusion proteins contain fragments of the extracytoplasmic



cells. The fusion proteins according to the invention may also be obtained
by cl eavage of a LAG 3/1g conjugate constructed so as to contain a
sui tabl e cl eavage site. 25 The subject of the invention is also a thera-
peuti c conposition having inmunosuppressant activity conprising a soluble
pol ypeptide fraction according to the idvention. This conposition mﬁll be
useful for treating pathologies requiring inmmnosuppression, for
exanpl e aut %ﬁweoﬂlﬁﬁ@SﬁasTQEeS&Qt@ﬁLdO}bbt}e | BuRl 98 kR ah%%t e use
of antibodies directed ai nst or sol ub pol ypeptide fracti‘ons
derived frofhad@ 3G FES duneetrriragionof A ByRan: impunegdhbudtdinbodi es,
in particul 3frdfifed50, fﬁbisgéy%BdIEéQbihﬁuﬁb?ﬁ%%%ﬁ%mf(” the preparation
of a thera- “peutic conposition” having i mmunos nulatory activity.
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mat ur at ison, Hdder #Rkiahi Produidld fRdp- bbi @mricﬂsu Eynﬁabeﬂb%aeabhs
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abnor mal behavi our, Geremabhyl epeaking,céhies mathndhoef i poPduckyoacekifvity of

anti - LAG 3 2ldge 20MiSh pEotiRid %bmn's&%aguahimebuoﬁ%mnthg.@hes 10

have an i munosuppr essant action. Such antibodi s g or
nonocl onal ; Hﬁﬁ£\}'é"rth ndnBepsAde &Hﬂ"i?&&l’es°farrehci)‘r%f%?r@ﬂ i‘Fﬁé pbrye cl onal

anti bodi es k416 dY QRAIIEAANIH I IHEd @ Waldtdnee fraghedts S¥CRDAA t hat
breferred, GRAKIELANE GHS PRIYPSRC AR Fea P FoTe papind i, S LBRRg
epi t ope andorydehdvmﬂsdhmatwmﬂh3beWh@rereppcdprﬁbthiaﬁhehhahpmifﬁba-
oot APy treRRY g3 fl bd | SRl Eodbag KRR ap) fLokREPERGIGR !

t oget her wi ©f vehe ahmmhﬂ-@bﬂlinar é%c‘FPE&de}n‘!ELfm@tWéFh EPNA The
subj ect of {fagyl 'd@ée&fdzon tha ahse:arablonld%@ bbawaimdl agdionact a¢

agai nst the antl dies according. to Ee i nvention, {#contaln t he
i nternal | mdgEiyatiyencef JFiCare e&&en?’F%F%%’bﬁ‘We L8% n§FAGS 0 MHC
A ass |1. Sfektddd bete craghentsuseDNA | inpant iexpr¥gsizn system, in

20 particular mammalian cells{ for example hamster ovary

cells.
| The fusion proteins according to the invention

may alsec be obtained by cleavage of a LAG-3/Ig conjugate
constructed 8o as to contain a suitable cleavage site.

25 The subject of the invention is also a thera-
peutic composition having immunosuppressant activity
comprising a soluble polypeptide fraction according to
the invention. This composition will lba useful for
treating pathologies requiring immunosuppression, for

30 example autoimmune diseases.

The subject of the invention is also the use of
antibodies directed against LAG-3 or soluble polypeptide
fractions derived from LAG-3 as are defined above, or
fragments of such antibodies, in particular the Fab, Fab’

35 and F(ab’), fragments, for the preparation of a thera-
peutic composition having immunostimulatory activity.
"Immunostimulatory® means a molecular entity capable of
stimulating the maturation, differentiation, prolifera-
tion .and/or function of cells expressing LAG-3, that is



| mmunosuppr essants, and, for exanple, in autoi nmune pathol ogies. The

t herapeutic conpositions according to the 30 present invention conprise
soluble LAG 3 proteins or antibodies as are defined above, as well as a
pharma- ceutically acceptable vehicle. These conpositions may be

fornmul ated according to the usual techni ques. The vehicle can vary in form
in accordance with the chosen adnminis 35‘tration route: oral, parenteral,
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adni ni stra- tt?ons,q‘yt ﬁfe J\'/’Eﬁ%%‘éygfﬁ ° er?é’%g'lp’ﬁ/ }gorf'p?s]r;s% s?ﬁ?i RBERaLBR-3as
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15 the ggtib di es_according to the invention another active ingredient,

wher e approp PFYPe2BodRa W8 F R 3% ri'to LAG 3 or to an anti body
according to the i nvémchorntddbodires may bm pdiyelomal bher motoohemalpl ubl e

LAG 3 protei or dj » ' f d i n, r anmpl e 20
ricin gr di pﬁtéﬁg?igg'a#&iﬁ%ﬁl&&ﬁpﬁ?ﬁégﬁ ng?ﬁgpt&%%@gd a%ﬂseol?g%me)cul es
and of killi®dorad apkibpdiem zayrbe PEepaped aecreding be welhbrimewnrel | s,

or fused to fetREHS; isuRkORMs tHE: CX88Pt£BedNbeh pENEDI®T 006! et 4t h the
35 afttaf%edwlrgg&?rﬁnce figures, é/g(}_lfol IIus;_rat eﬁ%he invention in gregter
etail .~ EXA 1MBPEELe, iBh VAT PYRHRGE 9T ACTHFRH P
presence of enhéi £aAE S8hasnchleynalreanipezddies £33t Waingle Ll top®naed onal
2t the ONOMSRHEr emen 5y th ePReT 3P Reieln fuy., | Al BBALTOHPS! 1O
production of monoclonal antibodies are wall known from
the prior art, easpecially the one described by KOHLER and
20 MILSTEIN. This method, together with varianta therecf,
are described by YELTON et al. (7).
The subject of the invention is also anti-idio-
type antibodies directed against the antibodies according
to the invention, which contain tﬁe internal image of
25 LAG-3 and are consequently capable of binding to MHC
Class II. Such antibodies may be used, in particular, as
immunosuppressants, and, for example, in autoimmune
pathologies.
The therapeutic compositions according to the
30 present invention comprise soluble LAG-3 proteins or
antibodies as are defined above, as well as a pharma-
ceutically acceptable vehicle. These compositions may be
formulated according to the usual techniques. The vehicle
can vary in form in accordance with the chosen adminis-
35 tration route: oral, parenteral, sublingual, ractal or
nasal. ' .
For the compositions for parenteral administra-
tion, the vehicle will generally comprise sterile water
as well as other possibile ingredients promoting the



. described in HUARD at al. (8). These antibodies belong to the isotype 1gd.
35 These antibodies were tested for their biological effects on activated
T lynphocytes, stimulated by specific anti- genic peptides or processed
antigens presented by IPC Cass Il nolecul es expressed by autol ogous
antigen presenting cells, expressing LAg 3. An anti-CD48 nonocl onal

anti body designated 10 H3 -was used as irrelevant 1g@ antibody (negative
control .). Thelskilidayi ngfcothenteatpanit Dbn arss - LiAG 32834 1 £31t Lo CHS

ant i bodi es t erqin by i nQfd yor,es- 5 cence on PHA

( phyt ohae W&S%Fgflgﬁl n?ﬂ?bg g§?§t5%%ﬂc &d#ilnlir?é? AGLAR FRYRRS (A RIRI 8 Bar r
virus (EBV).ofmateayencusifimtranusteias, ot hubmrooiones iHYfddbodkep, wer e
added in the proporij,gn (thet'}a&)l éhe sat ur tin concengatlo . The T

| ymphocyte |ines used Were.  onithe one HAMC210*?Re ERBnePPsa HerithR from
peri pher?al bsestainaghoelease typeed dgai pairtd qeaptn deEgs mildEd O edin

i nfluenza hagpgpg I NigQ( ggen ' ) N0, aci d,.sequence

ext endi ng from a%ﬁ%ggéi Segoglé%gbg%q?pé&t&%\ép%lée , arpne St SRR/ hand

the clone 285° Y 2§RPRLEFLESE| GARSRIS(eRi Fh@ BLShesd itphdrealtzieanmineyt es
of a single MWIPdrt{ONDir 61i Godl Sty ¥ RIEAHdR BEALOKT & ddR £olNe
antigen present ng.c | s é}APg_ ‘gorres ondlgg to clone 154 were
EBV-transfor%%ﬂi‘B ?y%‘ﬁoc PRLTRE ARITEACHoRFPt DRI TR g PTRCiB® The
anti gerlQr esemdimgs Cof| actdivessidfredhehtg tbo b oamfﬂiwe&eeEBMag st or ned
B | hocyt h 0. Ls_cl S restrict to ELA DR7.
Fory(r:rF oneyl 4”9{1%} A@%@%’ggg&yv&gg Pﬁ%gggf@%nﬁ 3’5/"6 V&ﬁq‘oﬂ'@ t2 hal f
hours with &he direatmert.of the p20 peptide, then washed and irradiated
10,000 rad). 25 T el t - ' tifration

: R T e e e AL S o L

pl ates at the sane tine as the clone 15
cells/m) ifdaveptionican cepPEigme A% additienpbagsaiubiel EAS-Bmazati ng

R s et A T e
m tonycin or,_irradiated, en adde e ocytes in the_ presence
of BT (wni oL WoRES BRPEGPELath paund PR K cFhemirad e one 2
cells was 10 AGH ad soran pdtibbdynadicoerdingCitionthle) invenzdded] aAls
varying 35t ' val I 2., Each _experi nment
was carried a?u?%’#gtlﬁ'p%a{%. Tﬁé %3%3#’1(:3 g‘ﬁ‘érgg&té‘?g'%e%siebgaagrf’ﬁg?‘ﬁ@an cpm
and after S@ROTHODFOfthnclnyentiemdfunsedhtonaghexis, for example

20 ricin or diphtheria anatoxin, capable of binding to MHC
Class II molecules and of killing the target cells, for
example leukaemic or melanoma cells, or fused to a radio-
isotope.

The examples which follow, together with the

25 attached reference figures, will illustrate the invention
in greater detail.

EXAMPLE 1
P eration of active T hocyte lines in the
presence of anti-LAG-3 monoclonal gg;ibodiea

30 The anti-LAG-3 monoclonal antibodies used were
1784, described in BAIXERAS et al. (2) and deposited at
the CNCM under No. I-1240 omn 10th July 1992, and 11E3,
described in HUARD et al. (8).

These antibodies belong to the isotype IgGl.

35 These antibodies were tested for their biological effects
on activated T lymphocytes, stimulated by specific anti-
genic peptides or processed antigens presented by MHC
Class II molecules expressed by autologous antigen
presenting cells, expressing LAG-3.



control (T Ilynphocytes cocultured with APC unladen with - 10 i mrunogens).
The proliferation tests were carried out on -96-well plates. The
absorption of tritiated thymdine in the individual 200 Al wells was
nmeasured after adding 1 G of thymdine for the last 18 hours of culture.
The 5 results were expressed in the formof the nmean of 3 tests. The
standard devi ati on was usually | ess than912% (a little more in the case of
very | ow cpm rreasure reover, .m xed culture (clone 154/ APC)
supernatants were é& %%E‘P&&Qﬁf‘éﬂgﬁnﬁlﬁgdﬁﬁ Hefberased ¥PvR3ed 10

i nto sanpl eS'waBduEEdZQlﬁ drrelMvadHt IthGJhEaxittiE‘o (dedd @ivONcySELL]) |
comrerci al i mmnoass% kits: | nnmu otech E | NF- t t|trat| on klt

Genzyne IFN-,y kit a EaneFErat PR8 R kA 1d nakdon
study was caanttdcpds tatﬂﬁo@ﬁhﬁbwa&h tdet PrRlheer dly ormmfi@&&&-cl one

154 brought _into con t with the p20 specific tigen at varyin
concentrati oﬁ?nﬁﬁd°f’n£?%e oﬁ%&?@&?&;‘@“&gg&t’r&éﬁé@)oﬂa%ﬁ'?’- %elr%rﬂng‘f'%al
anti bodi es otransébemad: bypn@Epeirecin aat-i:-bo.dim (fegayi. vexxsomhbolgro.m The
i ndi vi dual r 1 ar Lrrespectiv f the
concentrati o?g%’%&g @,§@g @L‘S ’hgﬁ%gl \A%%F%Fg&ief'owgﬁg %‘;ﬁg f
prolifera- tFBA Rﬁ@Pﬁé‘Fiﬁ’Bdl éd timﬁﬂ al-'—hﬁ gﬁ###%’ﬂ-n@rwwgatronion t he

proliferation of T |TﬁBhQCY?ﬂ§hb&?‘ébal§Elew tBelihReza, 25hi chéGrie | onal
ant i bod ob erveg éyg caII gﬁz%? nts of t he nonocl onal
ant i bodiy ﬁ/e? ong &34 84T H&%§§G”q BSPRBFVEAS ¢l one
154. The proi-aieedt agaipnsdaf id peptide y@:h.bel,tlﬂg aat li\umaﬂmdw H i gen

with the 17 F ag ts 5 ). was_30 sim_lar to that of cells
i ncubat ed in Bé{'ﬁgPp;ése@ 01“‘(z‘ja\ﬂ;|'{;.+"{eg 19§X§'ﬂ'ﬁnoﬁ oﬁﬁg‘ngnt ?ngy PP )
(Figure 1). eXtesdingsfircs aimdag meid h206bser 338 HpRllogertidd)f,ecdrsd are

t attributabl f f
fhe ant] . LACS om0 feildr SR the SAgeyad (AT 1PkphO8yEs AL O\ o1
the 11BF antderiveds ﬁm#bcpeﬁaphaﬁeibdmovm 2¢ \hssaprgdesiumanit ed

with Ithe ?ntdfl@é\rd(tﬁm AGADAEE l&iﬁﬁmér{ﬂhﬂ :ﬁ@.@éﬁﬁsm@nﬂf 1 7t o APC
nonocl onal antj podi es._ - coc Wi e - correspondi n
in the presem%f%?n[ﬁ*"m&fe'ﬁgu??gi éﬁpgho%ﬁ’r'?msi?ﬁﬁ*ﬁgf°ﬂ1’epré$f]e?ﬁ sgof

the anti - LAGrérenEBM-0nansfiitmed B lymphocytes of the same donor
(DR3/DR11l) as T 154. The antigen presenting cells corres-
20 ponding to clone 28 were EBV-transformed B lymphocytes of
the same donor. This clone was restricted to HLA DR7.
For clone 154, the APC (5 x 10°) were incubated
at 37°C for one and a half hours with variable doses of
the p20 peptide, then washed and irradiated (10,000 rad).
25 The cells were plated out on 96-well microtitration
plates at the same time as the clone 154 cells (0.5 x 10°
to 10 x 10° cells/ml) in a 3:1 ratio. For clone 28, the
responding cells/stimulating cells ratio was 1.
_ The HLA DR7/EBV APC cells were either treated
30 with mitomycin or irradiated, then added to the T
lymphocytes in the presence of DT (which remained in the
culture). The £final concentration of clone 28 cells was
100,000 cells/ml.
[*H] Thymidine (1 uCi/well) was added at varying
35 time intervals from day 2 to day 10 of culture.
Each exper:’uhent was carried out in triplicate.
The results were expressed as the mean cpm and
after subtraction of the cpm £found in the negative
contrdsl (T lymphocytes cédcultured with APC unladen with



bodi es observed with clone 28, nanmely the prolongation of 5 proliferation,
are simlar to those observed with clone 154. Tests were carried out
designed to neasure the miscellaneous cellular events occurring after the
antigenic stinulation of clone 154 cells incubated in the 10 presence of
anti-LAG 3 nonocl onal antibodies. The cells were harvested during
conventional antigenic stinulation of-c}®ne 154 in the presence of
anti-LAG 3 or anti-CD48 nmonocl onal , anti bodies or in the absence of

anti bodi es, AFRURSIERS ) oTRN PRI} ET2 bioR test s AeeBeanarebed out on

transmenbr ang 6@l Platad MaNESoRiti Gy d £ - SLPLEBAL BALS 1 UERE 3
col |l ected at gpffercf mf i nteryval s after stinmulation and tested For t he
presence “IN‘Q‘&" ROR it VFRlds Waf cBeagkrapf: afiter adding

P rrunof | uor eac meotfe&lhirn(iﬁrﬂde mmmlma&om@p%@&m afh - CD25
nonocl onal antl- odi es showed that |IL- recgptors wer e weakly but

signific nt | ¥eEN¢ éas‘éﬁ 8 SNRrefs E‘ﬁe%ﬁ'ﬂl OFFc okt ithA JBedR. oF ndl ar
tﬁsts Wi th aneigt6D3 Thed dﬂﬁﬁ4Mt?evLa@~€%8h W&loﬁzllsfmlﬂll 1y id ¥ dilesn Spoved g
that LAG 3 5 r ¢SS romt owi ng activati on onwards.
In additi o\rll\q gégég}ére ?%nigf ng cZ‘QBfL §°‘§n%P”r 23supgmenta),.

modul at ed byMpneowam.onimdhcuM:uraA@3on9nb54éABﬂhl superbatiants véte

showi ng t hat cghf:f!.ﬁ'é@.nt ffikul-aa theigh abezﬁnglhﬁ'ﬁdmﬂhm% pr&f@i‘gsﬁo“
at one

anti-LAG 3 nono 30 clonal antibodies and th events al'read
place 33 hoiiR§cafsarPiermand i fFozAtesat estfiS il ncﬁl?%cttliywt hef LAG 3

plays a regulakraeyonOhfsiny &éMnesElas. imansaeba it | IdefBStech

nonocl onal odi e eas roliferagi enc 35 ac

i munopot ent ?gfg ‘i g.@gs't t%&‘t% Tardon |Eignvo %@’“?n FP,E-T' d%&'&tl%@'l on"
of CD4' T chpima;tt Chemichl®s Iledhatkite. role of LAG 3 on the

anti gen-dependent sti T | XRr of
LAG 3 fusion protei nssA' r%l?& ?Qtﬁfg't&'éans@é?e/rpl ve%yf E%?L%%ﬁgmgre Yobt a7 ned
by a retdnbi aahabbiiaht sbrnpEatiferasioni paptilescess slgneohiﬁ |ls=rmggm
coding for L3 ithdddh cm;ltag :-.fxﬁr B20 's%@é&@g.'co%t anEEn&au)'rJF‘]ﬁg

transi ent expression Séstem g of "transfect ed s cel
syst em makesCPRCEBETAEHPD & thec preaense ofT 2aREMECRaRE f3REHN
proteins. RecAagbs naﬁanabmohamhnaﬂuebomaa COEl | Bfir®léva@tit monoclonal

antibodies (negative control). _

20 The individual results of 1§ séparate tests
showed that, irrespective of the concentration of added
antigen, the initial point up to the peak of prolifera-
tion was not modified, but a significant prolongation of
the proliferation of T lymphocytes incubated with the

25 anti-LAG-3 monoclonal antibodies was observed systemati-
cally. Fab fragments of the monoclonal antibody 17B4 were
prepared and used in a test of proliferation of clone
154. The proliferation profile of T lymphocytes activated
by the antigen with the 17B4 Fab fragments (15 ug/ml) was

30 similar to that of cells incubated in the presence of
whole 17B4 monoclonal antibody (40 ug/ml) (Figure 1).
These results show that the observed biological effects
are not attributable to a non-specific reaction induced
by the Fc region of the anti-LAG-3 monoclonal antibodies.

35 Similar results were obtained with the 11E3 anti-
LAG-3 monoclonal antibodies.

Clone 28 was also stimulated with the antigen
(tetanus anatoxin 10 ug/ml) in the presence of 17B4
monotlonal antibodiea "~ after coculture with  the



10 described by MANIATIS at al. (22). The nodifications were nade as
recomended by the manufacturer. Construction of LAG3 D1-D4 |a and LAG 3
D1D2 la Fragnents coding for the DID2 or DI-D4 regions were anplified (30
cycles) froma fragnment of cDNA (FDC 15 sequence) enconpassi ng LAG 3 cDNA
(TRIEBEL at al. (1)), wusing Taq pol ynergse free from5'-endonucl ease
activity and relatively resistant to an exposure to very h| gh

tenperat ur e; cbpfeapBhil hgahben ma%nfa%l-.-%%%ct&\/ o ,,rgienafw 380C

(with a Perkin El mer Cetus thermal cycler”). Specific prlrrerrs wer e
used as reccfRRWR iR Fl’nﬂ'“f-ablze beI ow. The resulting anplified fragments

(739 by and 1312 byrher eetact b 884 e Gl ¥, nbRsRGhEela. ver e

inserted into a l?I asm d (Stratagene 25 Inserts were prepare af ter

di gestion wi®®d 5|° %Wﬂaw#tfarﬁil?%r SARe Il SR PTHATIIHIR S es of
the vecsor pedMréePBeies, apeDWintidialg wierinsse ! 6BBepCRNBwiHR kalRih by

St rat agene), Illustrated-in Figure 3, so as to exchange the DNA
sequences coO y for CD8 for those 30 coding for the subfragnments of LAG 3.
The resulting expretesba wecteorcarmindi aetd demigpepdncesmeadupg fuie D1D2

or D-D4 fu S co or nctlon
regi on of as’ﬁpaman :H%%Eal ﬁ:‘ﬂiﬁ. g& TA%‘[EQ?,LPr |°trréebr%r u'gé% %ﬁghgl |f ﬁ_AG 3
DNA sequenceRrtpig Boimularian| of Rlone Afs qs’é’d!fi@rc’-&mﬁéchi@ttlhm of

the mmencodesk-Sabndd age sBOL-L.H8CY WohBclodl arAdBIHidd, Primer (5')LAG3
DiD2 5' CGAGGCCCAGACCATAGGAGAGATGT 3' fromthe | eader couplin

untransl ated start of%®q t a5 e DRTVaRhiAd c AURing, s CORVAREHITRlaci d .
241 Pri mer (ﬁﬁi&nmﬁﬂﬁﬂﬂwmwm&wm%e331159| ¥£ coup-

Snd of D2 1ing Slfge 1 0B ahR 1) bD%e® bkt deii" 4S8 58166%3 P %na
absence of antibodies, and tested for the expression of
15 LAG-3 and CD25 transmembrane receptors, and samples of
culture supernatants were collected at different time
intervals after stimulation and tested for the presence
of IFN-y, TNF-«a, IL-4 and IL-2.
Two-colour direct immunofluorescence tests (anti-
20 CD3 monoclonal antibodies and anti-CD25 monoclonal anti-
bodies) showed that IL-2 .receptors were weakly but
significantly increased 5 days after the antigenic
stimulation. Similar tests with anti-CD3 and 11E3 (anti-
LAG-~3) monoclonal antibodies showed that LAG-3 was over-
25 expressed from the day following activation onwards. In
addition, the secretion of IL-2, IL-4, IFN-y and TNF-«
was also modulated by incubation with anti-LAG-3 mono-
clonal antibodies, thus showing that different cellular
-events are modified by the presence of anti-LAG-3 mono-
30 clonal antibodlies and that some events already take place
24 hours after stimulation.

These results show indirectly that LAG-3 plays a
regulatory role for CD4' cells. The fact that anti-LAG-3
monoclonal antibodies increase proliferation, and hence

35 act as immuncpotentiators, suggest that LAG-3 is involved
in the "deactivation® of CD4* T lymphocytes with a
negative role of LAG-3 on the antigen-dependent
stimulation.



Primer (3'")fromthe | eader 5 GCGCAGATCTACCTGGEECTAGACACCTCTGIGAA 3' sequence
to amno acid 412 Bglll coup- End of D4 ling site CDM7 is a eukaryotic
expression vector derived fromthe vectors devel oped by SEED at al. (10)
for the 20 cloning of DNA and its expression in H colt and eukaryotic
cells. CDM/ possesses the follow ng features: (i) the human

cytomegal ovirus promoter for transient- ®Xpression in mammalian cells; (ii)
a viral origin of SV40 for an autosomal replication of manmalian cells 25
expressing T antigen;EXAMBREr2VX (type Col El) as plasnid origin for a

hi gh copy nunber; mﬁ:ﬁﬁ%? S£hE6LLoGLT 0F LARSHSLARGR O AMG 1 N and

tetracycline in Tet “an
replication of M3 f&ﬂltthﬂea m%@%fd#iéﬁmlfé‘oﬁ %3 werp ebtaimmd 30

pronot e, a”@ﬁ'(evé'}:e%oﬂﬂhhaﬂ?!‘eﬁﬁ.ortm *L‘?Binﬁos Cg-]q‘bqi bsa%gkogous

DNA. - 14 The .transient expression_ in CoS C
transf ecBed FORRTIGing WADﬂRdéﬂpgsu#‘P’abPéGeﬁpraé%dslBNAvéé’@éPg (ki A8 for

(eI2 B ge{/ ké(% QEQ%B% j.%bxgrii/ﬁa’gﬁnw e @fta@ﬁaﬁg)? rslée%ﬁosfseaﬁatlon
ns, usi ec us ur o

Li ege, BE). FRES&4eE \ﬁeq'eé) tg%’t%geé%%a??\uaﬁ ?u?%é 'gaﬂeau A

cont ai ni ng . p¥seiiblienetal prdducer savebiad smgerot anbsmb&mnu tbdedva 6

days after Legusheqli Yook (Ui OXNASnglatds vE24! Eha0LLYSLRE protei ns

was anal ysed rom super na S ‘as vve rom ce

transf eéPed éeFFS‘ibBﬁ Wsmﬁﬁﬁﬁét esnalysi(82) wi Thﬁtmdi@ﬂahbnosmﬂah

anti bodi es. hgggngrse%tdoyﬁ,ﬂaag@rg}al &g\%@p§ggu§grl n the supernatant of
cells 15 transfected W|t g for LAGS 1D2 Ig orLA3C-}3 D1 D4 I g.

Ooncomtantly, a r ece s £S \¢ -
negative control usi magmmmcoemgetwortwsmmaaé D16 K PE Sbﬁﬁ

[AG 3 DL DivPEeamiRaks o WGP ErPEq TRy da todsm et o4 A, VRS hod

on protdsn As8qubkarese entiompamadig nYAGHA cDNA| (\mssmw ystedaby SDB} PAGE,
fol I owed by \QQQHB'S?aﬁ polymerase free from 5’-endonuclease activity
and relatively resistant to an exposure to very high

as

temperature; the amplification was followed by a
denaturation at 98°C (with a Perkin Elmer Cetus "DNA

20 thermal cycler®). Specific primers were used as recorded
in the table below.

The resulting amplified fragments (739 bp and
1312 bp for LAG-3 DlD2 and LAG-3 Dl1-D4, respectively)
were inserted into a pBS plasmid (Stratagene).

25 Inserts were prepared after digestion with XhoI
and BglII and introduced into the XhoI/BamHI sites of the
vector pCDM7-CD8-IgGl (pCDM7 being derived from pCDMS8
marketed by Stratagene), as illustrated in Figure 3, so
as to exchange the DNA sequences coding for CD8 for those

30 coding for the subfragments of LAG-3. The resulting
expression vectors contained the segquences coding for
D1D2 or D1-D4 fused to the DNA sequences coding for the
-CH,-CH, junction region of a human IgGl chain.



25 staining or a Western bl ot analysis using anti-human ig antibody.
EXAMPLE 3 Production of soluble subfragnments of LAG 3 In order to produce

| arge anounts of reconbinant 30 proteins, a stable expression system
consisting of transfected mammalian cells was devel oped. The host cells
are anchor age- dependent hamster ovary (CHO cells iso- lated from CEO cells
deficient in dihydrofolate reductase -(DBFR) and consequent|ly necessitating
glycine, a purine 35 and thym dine for their gromh. The pivotal role of
DHFR in the synthesis of nucleic aciZABLEAirsors, conbined with the

sensi tivity-of ﬂﬁagﬁm&ww b W g.;&eapsﬁa allellA ah%%ﬂi ate

anal ogues - suc otrexate van
Transfecti o

DHFR gene pd
the cul turi
amount s of
associ at ed herevvlth Constructlon of LAGS D1 LAG B D&%@ bﬂ%@x? D4
Fragnments o ' veroanpli fi ed
using a PCR

primerssspegisi efocckBohdodcerciddirRcdiagirer 316 5 10j 15 20 TABLE 4
I i fying LAG 3 DNA sequences—By PCR Pri mar§ g‘?etg.

anplificatign of. fhe Du-Resu encoded subfragrren 1 nmer f dffA
5" CGCOGTC é@é&ﬁ}(‘;ﬁccA T%A ® ¥rG 3' from | ARTESACT® Sal |
untrans| at efl €art of stqieAEErIed | |'1"f‘g‘n5H’é‘-°5 sequencesi'ﬂ ansd 2titon
acid 149 Priinmer (3') 5 GCGCGTCGACTTACATCGAGGECCTGGECACAGECGCAG 3!
Primer (3¢)

5’ GCGCAGATCTCTCCAGACCCAGAACAGTGAGGTTATACAT 3/

10 BglII coup- End of D2
ling site

Primer (S5’) LAG-3 D1-D4
identical to LAG-3 D1D2

Primer (3’) from the leader
15 5' GCGCAGATCTACCTGGGCTAGACAGCTCTGTGAA 3/ sequence to
amino acid 412
BglII coup- End of D4
ling site '

CDM7 is a eukaryotic expression vector derived

from -the vectors developed by SEED et al. (10) for the

20 cloning of DNA and its expresaion in EB. coli and

eukaryotic cells. CDM7 possesses the following features:

(i) the human cytomegalovirus promoter for transient

expression in mammalian cells; (ii) a viral origin of

SV40 for an autosomal replication of mammalian cells

25 expressing T antigen; (iil) w VX (type Col El) as plasmid

origin for a high copy number; (iv) a Sup F selection for

- resistance to ampicillin and tetracycline in Tet*™ and

Amp**™ E. coli strains; (v) an origin of replication of

M13 for the release of a single strand; (vi) a T7 RNA

30 promoter; and (vii) a polylinker for an efficient cloning
of heterologous DNA.



Sall coup- End of D1 Iing site Prinmer (5 )LAG 3 D1D2 identical to LAG3 D1
Primer (3')fromthe | eader 5 GCGCGTCGACTTAACCCAGAACAGTGAGGTTATAC

3' sequence to amino acid 239 Sall coup- End of D2 ling site Priner
(5")LAG3 D-D4 identical to LAG3 D1 Priner (3" )fromthe | eader 5
GCGCGTCGACTTAACCTGGECTAGACACCTCTGTIG 3 se&gence to amno acid 412 Sall coup-
End of D4 ling site The resulting arrpllf d fragnents were digested 25
with Sall and |nsert|n o th (Stratagene). The
anplified sequences W&fz ! Stgetened into the

expressi on vect or pCLCE& AXE1Ya (BHE:R]h.Ef)I Vﬁﬁ ﬂm&fb@de@ymeaﬁt
( Bi ot echnol oqy, IS a

24, 1993 t
eukaryotic expfr enéfs]} on \Fe%l%arblpﬁm’c%r?%;ﬁé’i‘t? ﬁEF%or‘&Pdif’gr Pl%re °é'>'55‘Pé'SS| on
cDNA and its LAG-B D;quﬂ iIg cabt cAG A3 enkanyorgc cel €8 IY)pbyseiaegrbhe

foll f Y, th tallothio 1

agd gwpgl%ya§§nyl g'tsji on ge%ﬁgn?é“s@ dbp'?g%rs}{o Pﬁ&ea d‘beffb:f’rre 3 93&;'&5?@ ng'ﬁl ?glnﬁg
site) to 5 bapRrazatR (Bunegengrdln lofégde B;ﬁén-e Tife iceldmcwimre( plated hunan
| ntervening SuEICgE A GO AHILAdie GANY - nRaqEH Oéoﬁekﬁﬁ}ﬂge%ég gf the

gene for the subunit of a glycoprotein for talnlng
transcripti orfoeSRIc SRAE EieTium %HEPM’CM‘E% Wit draeno 6i dawsof 10
replication QffteIRcrahsfektigene for resistance to anpicillin for

bacterial, anplificati and iv a F tran tion unit of Sy 40 to
bri ng ag8ut transcri &%éon Y3F ?ﬁgss gje%%srﬁgé‘iiﬁ' s“g‘f%ié‘f‘?‘ oﬁraﬁaYn
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sel ective n¥ditBm tda | §~7c?épam@¢!ﬁ1<?ﬁ#¥| pﬁnyin'-#lgo@heler t Fepunovmactive

materials were observed in the supernatant of cells

15 transfected with DNA coding for LAG-3 D1D2 Ig or LAG-3
D1-D4 Ig.

Concomitantly, a recombinant CD8 immunoadhesin

(CD8 Ig) was obtained as negative control using the same

expression system and the expression vector pCDM7-CDS8
20 (Figure 3).
The recombinant proteins LAG-3 D1D2 Ig, LAG-3
D1-D4 Ig and CD8 Ig were purified by means of the
standard method on protein A-Sepharose. The resulting
material was analysed by SDS-PAGE, followed by Coomassie
25 staining or a Western blot aralysis using anti-human Ig
antibody.
EXAMPLE 3
Production of sol e subfragments of LAG-3
In order to produce large amounts of recombinant
30 proteins, a stable expression system consisting of
transfected mammalian cells was developed. The host cells
are anchorage-dependent hamster ovary (CHO) cells iso-
lated from CHO cells deficient in dihydrofolate reductase
(DEFR) and consequently necessitating glycine, a purine
35 and thymidine for their growth. The pivotal role of DHFR
in the synthesis of nucleic acid precursors, combined
with the sensitivity of DHFR-deficient cells with respect
tc tetrahydrofolate analogues such as methotrexate (MTX),
has “~two major advantages. Transfection of these cells



20 tions were conbined and cultured on a nmedium containing increasing
anmpunts of MIX. Levels of expression were neasured by Western bl ot

anal ysis using the 1734 nonocl onal antibody. O ones producing high | evels
of reconbi nant sol ubl e nol ecul es derived fromLAG 3 were 25 propagated in
bi oreactors, and the material derived fign1 LAG 3" was purified by ion
exchange chromat ography and imunoaffinPty. Western bl ot anal yses

reveal ed, in ernat ant lls tra sfect ed it ression vectors

codi ng for ‘?%%EAE&%“HSEEQ\ ‘f’gcg H2 SRY EA@-’@QDFWBABH%E&?% PRTRISE ent M
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The respect of gt ' active mater| §. garresponde to
t he expecte Ja%es f%@%‘%&ﬁ% Lﬁ §e&cf:6v€1§15 ﬁl FoR5A*3S and 35
a putative Nugjorrsdsingmrmiuntgs af MK yeswddta AG ampDifi chgiea38 £anmi no
acids caenta e Y I AG 3 D1-D4 |
(4I12 anino :aeg{léd]g’&@ r#%‘?%?qn%&Iélegfyégéy?gf?ggagft&eg'?)ér@‘?%]} EXAVPLE 4 °
Speci fic binding of daBrugtia Ji2 ; :

reactivity of the mynaglonalsadt 'M'@édﬁfg foEr Q;fhd—'ﬁ(i' 3D@%2D$6 ?lwer .

studi ed by indirect 1 nmunofl yores-_ cence et cell's

i ncubat ed” f 51°IPTA Werecdmplifded, yaing, Es@ Beqﬂtk}_%%df?tmalg tocps | g,
a nurine Ny bpralearidibady pre¥ddusAlt, Wsiny tMdCoCliness! bpecDR1BP, DQ
conj uggy ed to FI TC%FI uor esgel n i sothiocyan 10 ate) froma Coul ter clone,

or =urife | ISR }9 R¥¥vant i munogl obulin G conj ugated to FITC. The
cells were washed and-incubated at 4C for 30 mnutes with either a goat
anti-human 1g polyclonal F(ab')2 conjugated to fluorescein or a goat
anti-nouse | g polyclonal antibody 15 conjugated to fluorescein (Coulter
clone). To confirmthe LAG3/MHC Cass Il binding, LAG3 D -D4 Ig was

i ncubated with MHC Class Il-positive or -negative cells. Four B | ynphocyte
| i nes expressing MHC Cass 11 (L31, Phil EBV, Raji, Sanchez and Personnaz)
were 20 treated with anti-C ass Il nonocl onal antibody 949, or the
supernatants of Cos cells transfected with DNA coding either for LAG 3
D-D4 Igor for CD8 I1g. The five call |ines expressing the different

hapl ot ypes of MHC Class Il nol ecules were recogni zed by LAG3 Ig in the
same way as 25 by the anti-C ass Il nonocl onal antibodies (positive




control), while the supernatant containing CD8 Ig (nega- tive control) did
not bind to these cell lines, as could be expected. Four MHC d ass
Il-negative cell lines (CEM RIJ, HSB2, X562) were treated with the sane
reagents as 30 above. None reacted, either with the anti-MHC C ass 11
(negative control) or with LAG3 Dl -D4 Iy showing that the binding of
LAG 3 D1-D4 is specific to MHC Class Il ~nol ecul es. Further experiments
were carried out using (i) 35 nouse blLasts transfected or otherw se
wi th genes coding for human DR7 or &‘ABLQ 4, (ii) nouse calls expressing
or otherw se masgaﬂd #ore@mdskfx(mg )LAG&C& mm emledmmmeﬁ:mv BchDB

cells, and (g
pridersnober ltbes.-bEu.gwei&) otUaju ImCDB || OReshud it ndy Dl- D4

MBC O ass ||
binds to alljfcalls expressing MHC Class Il as efficilfefidyqe@ds the anfi-MiC
Class Il no antlbody 949. LAG 3 D1-D4 1 g bing d DP
hapl ot ypes t Ll nol ecul es axXProiadrah
transfected

6:C¢ Js to murine WMHC O ass Im)e

g n
ocyt Ss.” These rgsults

u
Cass I1_nol expressed b

represemt erSirF&CFﬁséﬁFchﬁFg‘iﬁw%G%F%Fuﬁe fol ecul es derivefi from
a ligand forfl MEC Cdass Il are capable of binding to|ciioRstiesdeedsi Nl VEC
Class |l. Sijnsdiar ceuper i mnewttsrashuved tdtarelfG 3 DID2 |haidgddncd @ocel | s

expressing NEGAJ @g6e | | | Nsaeg@itidelsi CebngBa¥Ieh 15 angwbtlishespang
efficiency gs LAG 3 D1-D4. EXAMPLE 5 Inhibition of LAG3/MAC Class || and
CD4/MHC C gss |1 interaction Rosette formation betwegen Cos calls
transfected || S0FWFt A5 Wi | d-t¥ LAG 3 and B | ynphocyt g¢s transfornmed th
EBV expr essiln FEYSSEEACITAH %F%%F%?%“%ﬁnst ratg¢d by BAI XERAS ft al .
(2). This infteraction is inhibited both by anti-LAG3 and anti-MSC [ ass
[l nondd ongl s€lTt kougpodi esEad?2b£ Tole net hod descri bed ijn this publicat)on was
nodi fi ed by rgmgagg_gg the Vi sual i zation and counting of Cos ceI I's bf nding
to B | ynphogit=asetyms v : ) g cubbat i on
of StCr-| abelhqd,.rB(gvyrrphocyt es W|th Cos cel S expressmag; LIAGzS (b| nzll ng

30 assay). identical to LAG-3 D1

Q) Q)

Primer (3') from the leader
15 5¢ GCGCGTCGACTTAACCCAGAACAGTAAGGTTATAC 3’ sequence to
amino acid 235
Sall coup- End of D2
ling site
Primer (5') LAG-3 D1-D4

identical to LAG-3 Dl

20 Primer (3°) from the leader
5’ GCGCETCGACTTAACCTGGGCTAGACAGCTCTGTG 3/ sequence to
amino acid 412
Sall coup- End of D4
ling site

— - . |

The resulting amplified fragments were digested
25 with Sall and inserted into the Sall site of puUC 18
(Stratagene).
The amplified sequences were verified, and the
ingerts subcloned into the expression vector pCLH3 AXS V2
DHFR ha IVS as described by COLE et al. (Biotechnology
30 11, 1014-1024, 1993) (Figure 4).
This vector is a eukaryotic expression vector
which -ig multifunctional for the ekprasaion cDNA and its



The possible inhibitory effects of soluble nolecules derived fromLAG 3 on
LAG 3/MHC Cass Il interaction, and also on CD4/MAC Class Il interaction,
were studied. 35 Cos cells transfected with a suitabl e expression vector
(coding for wild-type LAG3 or for CD4). Two days later, the Cos cells
were treated with trypsin and plated out again on the ba5|s of 0.05 x 106
cells/well on flat- bottorred 12-wel | tid3ue culture plates. 24 hours |ater,
- 20 510_'%1% cells 5 5 x 106) were incubated on this

nonol ayer of ’e'f"?'E ?Pl P karyotig feplla. hok. Prmsessemt theel | s
vere then asgulkdwingf ffdaturése Wel) s Mo hethdidd® DidiPSer 068 | Vpagflding 1
m of 5 nmedium he edges of the wells were was dby sucti1 on
using a Past®ff2 d%f‘gﬁ?f‘é“‘ Ralr %i AGcer | PSR enLaki op t IFeguanas PBS,
1% Triton f@v 40 m(md;uq:&-ﬁin?gca Efbﬂoi-ysa&egtwer esSEDELhEUGROe @ 3QO0 rpm

for 10 ._and f {ant ted. 10
LAG 3 0" Di T B CAtREN FoAPARFIPELERGES (e S45R<OF | LRRATEBH: MBI ass |

i nteraction a nhuban- "{ntebivading asasm;endiurmn cbBtagnbng |¢Hd demneri-ested
in parallel t trQls signi ficant nhi ition of
LAG 3/ d ass aﬁa&i"l%s‘e rac?gg %EBL gfgﬁ 95? g&mséla%t 33‘%’ ?FPS %5A) .
However , th@lly,&@!&’%{}r!:l fax PbtPﬁPéMcthiah deaveks ofir trahbyription
non-speci fi & lapNaphi bited dive Wns ehSe @Qﬂtigg’kn Wﬁgo\ﬁgﬁﬁikég’fg’ lg

proved_to be a potentlal | nhi bitor CD4/ d ass ter actio i"gure 5B)

under 28 exﬁéﬂlﬁé'rﬁ*aitmtoﬁ(fl tPRRs 33¢ WHFGh %DHPHHC €Pﬁss’-‘qqiﬁf¢ﬂ%¢° &Stion
was not nodiakipac $11 ininfer BBctgroall eﬂplifmc&ti%ﬂgeﬁi& (Do) LAGEERC ass

|1 interactl teracti These resul ts
repr esent th%r;ni‘s \é&%ire%%fu%?t a%gés‘g ‘g‘?et%o}ﬁf)g‘??t;% “gf t's'ﬁ’r‘ﬂBFéPﬁzP@ 25
cules in an°|fnttéwa(aqmrcﬁemi§lawIaehd;hi@nsandgamﬁufiEXAH/BhEoG
Immnosupprgggargragfstf %g%@; LAG 3 D1-D4 |la Functional tests were
performed using the pro feratlon testscdescrl bed above for the

bi ol ogt€al acti 30 RE S8 : geldgal antibodies. 3 days and
5 days (D3 and Db) azfﬂaere mruzp vedidhy dddihg lehE %Aa-aDﬂu' grRgoyed a
strong |nh|B %}I on o l é;ratlon of Ione 28, \/\2 human CD8 |1 g and
I gG had noPdPPect ¢ FL '@ 6'? mYeR® cRpedi heht EXamPEess CHQ i BHRSut with
cl one 154 (Eedlss 7andanchedeweklls were cultured on a selective
medium. Cells capable of multiplying under these condi-

20 tions were combined and cultured on a medium containing
increasing amounts of MTX. Levels of expression were
measured by Western blot analysis using the 17B4
monoclonal antibody. Clones producing high levels of
recombinant soluble molecules derived from LAG-3 were

25 propagated in bioreactors, and the material derived from
LAG-3' was purified by ion exchange chromatography and
immunocaffinity.

Western blot analyses revealed, in supernatants
of cells transfected with expression vectors coding for

30 LAG-3 D1, LAG-3 D1D2 and LAG-3 Dl-D4, bands with apparent
Mr values of 15 to 18 kD, 34-36 kD (doublets) and 55 kD
(2 possible bands). The respective Mr values of these
immunoreactive materials corresponded to the expected Mr
values of glycosylated LAG-3 D1 Ig (139 amino acids and

35 a putative N-glycolsylation site), glycosylated LAG-3
D1D2 Ig (239 amino acids containing 3 glycosylation
siteg) and glycosylated LAG-3 D1-D4 Ig (412 amino acids
containing 4 glycosylation sites).

- -



partial inhibition in the presence of LAG3 Ig. A control carried out with
anti - LAG 3 nonocl onal anti bodies had the reverse effects, as observed
previously. - 21 A significant inhibition of the cell proli- -feration of
cells incubated in the presence of LAG3 Di- 04 Ig was al so observed for

cl one 28. These observations show that LAG3 D-D4 Igis a 5 potential

I mmunosuppressant of the proli feratldn]&f “T |l ynphocytes stinulated by an

antigen, and indicate.that LAG 3 nmight act as an "extingui sher" of the
secondary i nmune ré%ég—n—nduced by activated CDV T hel per Iyrrphocyt es.

- 22 SEQUENCE LI STEblech £1cCEBBARG um&tlamgslao /&PeaLﬂ. ok (TlZJ)T

GUSTAVE ROH&E%/ I ESES& “APPLI ED RESEARCH SYSTE
TITLE OF | ubl e pol ypeptide fractions der| ved from LAG 3,
t her apeutic conposi Thenreuae 19fi tanta £ Wﬁoﬁeblbﬁdle&ntﬁg)odl‘ﬂ'éwlﬂicﬂ:
CRARACTER 11 G873 B R P o Plc SRR Y, THOSP AR RS L e 15
TopoI ogy: l|demce. Tatrgetl celype: (4cDNAO Dganasmchbmm[foenso Hissue: T
PR eSunBE LA B Onae g RRSECSY Wl a0 Pl O
Tr p- Val - Al gntpgi(.pqaqqq_%lqmgl antibody, (949) anti-human MHC Class II
----------- ‘D?, ‘DQ) Tonjugated to FITC ('f‘.Lu‘o‘r‘a‘s‘c‘e‘i‘n‘ ‘i‘sb'th‘i‘o‘c‘ fan~- "~ 7T
D1 1 Leu- Gln Pro al - Pro-Val -Val -Trp
Al a- Prid Al £%h- {"é‘ﬂx i& SErcb?B°ThPrl P&rbeG EguFéfrﬁ A§'& igpele-
Leu- Ser - Leurdretl- iém:.ﬁglaﬁbalﬁzyGVabnihgaibﬂ- €on FiiTe-. GThePlc@1 140 were
A0 SO Mgl i By L B0y AR BV 0 B
goat anti- human Ig polyclonal 1='(a.b')2 conjugated to
fluorescein or a goat anti-mouse Ig polyclonal antibody

15 conjugated to fluorescein (Coulter clone).

To confirm the LAG-3/MHC Class II binding, LAG-3
D1-D4 Ig was incubated with MHC Class II-positive or
-negative cells. Four B lymphocyte lines expressing MHC
Class IXI(L31l, Phil EBV, Raji, Sanchez and Personnaz) were

20 treated with anti-Class II monoclonal antibody 949, or
the supernatants of Cos cells transfected with DNA coding
either for LAG-3 D1-D4 Ig or for CD8 Ig. The five cell
lines expressing the different haplotypes of MEC Class II
molecules were recognized by LAG-3 Ig in the same way as

25 by the anti-Class II monoclonal antibodies (positive
control), while the supermatant containing CD8 Ig (nega-
tive control) did not bind to these cell lines, as could
be expected. Four MHC Class II-negative cell lines (CEM,

RJ, HSB2, K562) were treated with the same reagents as

30 above. None reacted, either with the anti-MHC Class II
(negative control) or with LAG-3 D1-D4 Ig, showing that
the binding of LAG-3 Dl1-D4 is specific to MHC Class II
molecules.

Purther experiments were carried out using (1)

35 mouse fibroblasts transfected or otherwise with genes
coding £for human DR7 or human DP4, (ii) mouse cells
expressing or otherwise MHC Class II molecules, (iii)
activated human CD4® or CD8' cells, and (iv) T lymphocyte
lines-expressing the different haplotypes of MHC Class IIX
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20 with wild-type LAG-3 and B lymphocytes transformed with
EBV expressing MHC Class II molecules was demonstrated by
BAIXERAS et al. (2). This interaction is inhibited both
by anti-LAG-3 and anti-MHC Class II monoclonal anti-
bodies. -

25 The method described in this publication was
modified by replacing the visualization and counting of
Cos cells binding to B lymphocytes by counting the
radiocactivity remaining after incubation of *’Cr-labelled
B lymphocytes with Cos cells expressing LAG-3 (binding

30 assay) .

The possible inhibitory effects of soluble
molecules derived from LAG-3 on LAG-3/MEC Class 1II
interaction, and also on CD4/MHC Class II interaction,
were studied.

35 Cos cells transfected with a suitable expression
vactor (coding for wild-type LAG-3 or for CD4). Two days
later, the Cos cells were treated with trypsin and plated
out again on the basis of 0.05 x 10‘ cella/well on flat-
bottemed 12-well tissue culture plates. 24 hours latar,
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used as negative controls.

A significant inhibition of LAG-3/Class 1II

15 interaction by LAG-3 D1-D4 Ig was detected (Fig. 5A).
However, the LAG-3/MHC Class II interaction can be
partially and non-specifically inhibited by human CD8 Ig

and IgGl. Moreover, LAG-3 Ig proved to be a potential
inhibitor of CD4/Class II interaction (Figure 5B) under

20 experimental conditions in which CD4/MHC Class II inter-
action was not modified by human CD8 Ig or IgGl. This
suggests that LAG-3/Class II interaction is weaker than
CD4/Class II interaction. These results represent the
first proof of a possible competition of soluble mole-

25 cules in an interaction of MHC Class II with its ligands.

EXAMPLE 6

Immunosuppressant activity of LAG-3 D1-D

Functional tests were performed using the proli-
feration tests described above for the biological acti-

30 vity of the anti-LAG-3 monoclonal antibodies.

2 days and 5 days (D3 and D5) after antigenic
stimulation, LAG-3 D1-D4 Ig showed a strong inhibition of
the proliferation of clone 28, while human CD8 Ig and IgG
had no effect (Figure 6). Similar experiments were

35 carried out with clone 154 (Figure 7), and showed a
partial inhibition in the presence of LAG-3 Ig. A control
carried out with anti-LAG-3 monoclonal antibodies had the

reverse effects, as observed previously.

-
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HD129. 46798706130. 51629829474. 466743469 PRO 43 h0. 100036

HD229. 66486266029. 79977798572. 838768005 PRO 43 h0. 100037

C33. 31802366229. 98837471075. 414916992 PRO 43 C 0. 380038

032. 68236160330. 55703353976. 312332153 PRO 43 of - 0. 380039

Cl 32. 48313903830. 57426071273. 043136597 PRO 43 C2-0. 200040

H8133. 35062027031. 26318931673. 049049377 PRO 43 h0. 100041

K3232. 46379089430. 11053466872. 036743164 PRO 43 h0. 100042

COB31. 16094970731. 29972267273. 307487488 PRO 43 c2 ...--0.200043

H0131. 27989769032. 02416229274. 137779236 PRO 43 h0. 100044

HG230. 79456138631. 86280822872. 428352356 PRO 43 h0. 100045

N34. 68367385929. 90247726475. 503486633 PRO 44 n-0. 420046

CA35. 46573684730. 67914581376. 490524292 PRO 44 Ca0. 060047

HA35. 01852798530. 64545631477. 491592407 -PRO 44 h0. 100048 -

Co035. 50928115829. 01436805774. 655700684 PRO 44 c20. 060049

HD135. 41135786029. 24795913773. 577461243 PRO 44 h0. 1000S0

H0235. 21497345027. 95593261774. 801994324 PRO 44 h0. 100051

C35. 70064381132. 17292404276. 063224792 PRO 44 CQ0. 380052

036. 44823074332. 47742843675. 126922607 PRO 44 0' - 0. 380053

C836. 77934483029. 84271812476. 547348022 PRO 44 c2-0.200054 - 27

. H8137. 662769313' 3. 43) 550" : : 76. 8636- 0349 PRO44 h0. 1000 55

HH7.) 6. 66756439225. 0271034: : 77. 235625989 PROL4 hO0. 1440 55

COB6. 94076919629, 25099563175. 143180847 PRO44 C2-0.2000 57



HGL37. 44666290329. 98270983974. 483322144 PRO44 h0. 1000 56

HG237. 55329513523. 32986065775. 134750366 PRO44 h0. 1000 59

N35. 02667617833. 10418319776. 753837585 ALA45 n-0.5000 60

CA35. 03427887034. 54497909576. 400695801 ALA45 Ca0. 1200 61

HN34. 45235443132. 74750900377. 536170959 Al2A45 hnO. 2800 62

HA35. 10501098634. 65994644275. 298950195 ALA45 h0. 1000 63

C36. 20938491835. 32211303777. 0767 SEQRENSEMT 57 13800 64

036. 16352844235. 63726806678. 268325806 ALA45 0' - 0. 3800 65

CB33. 64636993435, 08319091876. 800727844 ALA45 c3-0. 3000 66

H8133. 53469848636 ERERALAGTFFORMATION)26 ALAAS h0. 1000 67

HB232. 82839202934. 53913879476. 290328979 ALA45 h0. 1000 68

H8333. 46557998735. 00133514477. 890525818 ALA45 h0. 1000 69

N37. 26675796535.. 6187 58BBPLECASTSI4 NS TATVIG GUITIBE RAUSSY/INSERM,
HN37. 21670150835. 23155 o3

CA38. 48938369836, 31038%%@%%% gg%% ?’%}%’g%‘%%’%m N.V.

HA38. 26512692336. 871 4581EBR70F7 1 EOYENTFON:A46 h0. 1000 73
C39.05841445937. 311935435781 42734473pMAM0 20 MM 4derived from
038. 92271041937. 1oo4lgg%%74 51 A46 0 -0.3800 75 )
ca39. 52604675335. 2153 237, ﬁ%ﬁﬁﬁﬁﬂﬁ* ABemPesdtiepy Mpe of anti-
HBI 40. 44655609135. 63348KQ9872n555484957 ALA46 h0. 1000 77

H8239. 13120651234 7.82 LA46 h0. 1000 78

HB3309. 82190322934-é) g%ggéégaoﬁ %#%@%@éggﬂA h0. 1000 79

N39. 73734861138, 38436508276, 180320740 ALA47 n- 0. 50008a

CA40. 29..512158539 5 Y

HH39. 71703720138, A ;
HA39. 901103973309. 31933593874 245994568 ALA47 hO. 100083
C41. 86978912439, Alrkf PERIETALA47 C' 0. 380084
042. 51833343540. 1668674 ) '

c 309. 72203064040‘@@@9@6&& . ;3285400 ALA47 ¢3-0. 300086
HSI 40. 0450782784 L&t 089§5. 145561218 ALA47 h0. 100087
HB238. 6153068544Q, 7 7 57 ALA47 hO.1000as
118340. 059757233%1?%%%%%25%’;6. gﬁgig%s ALA47 hO. 100089
N42. 537142218038, CRUEEolixn0y 41 brea06433 PRO48S n- 0. 420090
CA44. 00985717838 .47 818502 fépg452ﬂ§§50 PRO48 ca0. 060091
HA44. 53939056438. 85597229075 008773804 PRO48 h0. 100092
CD41. 90301132237.0xgamksms 7nomg 98p1 888PRO4S ¢20. 060093
HD141. 0811767583 % 1skie30 57 67pmS60696831 PRO48 h0. 100094
HD241. 4907112123§ﬁﬁ€12§§%$?;4 206848145 PRO48 h0. 100095
C44. 44869232239 & 044319153 PRO46 c' 0. 360096
043. 69203131140, Zxjitendel 7Redd2iB85a4 : PRO4S 0' - 0. 380097

Cl 44.30190277137. 30448586473. 500595093 PRM8 c2-0.200098
HB145. 2275243€x] 3£p 2404089472 897834778 PROA8 h0. 100099

118244. 4425624 0@36T 59 LSADG-An3 8162206461 FREASLAG-2heO0hG1n-Pro-Leu-

CA3. 05103302036. 92568584372. /02011108 PROA6 cZ-0. ZOOOIOTI

HGL43. 0843658754 -JBPAa42 F¢dwaa Oy ZRFAs PROFE NU. TO00TOZ -

1 Leu-Gln-Pro-Gly-Ala-Glu-Val-Pro-Val-Val-Trp-Ala-Gln-Glu-Gly-

16 Ala-Pro-Ala-Gln-Leu-Pro-Cys-Ser-Pro-Thr-Ile~Pro-Leu-Gln-Asp-
31 Leu-Ser-Leu-Leu-Arg-Arg-Ala-Gly-Val-Thr-Trp~-Gln-His-Gln-Pro-
46 Mp-S.:-Gly-P:o-Pfo-ua-ua-ua-P:o-Gly-Ein-Pro-hu-ua-on-

6l Gly-Pro-His-Pro-Ala-Ala-Pro-Ser-Ser-Trp-Gly-Pro-Arg-Pro-Azg-



HG242. 94666180435. 63541570172. 555740356 PRO48 h0. 1000103

NA5. 70079503540. 32427215673. 165817261 GLY49 it-0. 5000104

CA46. 28973007241. 29193115272, 184875488 GLY49 cqg0. 0200105

HN46. 20707702639. 98690795973. 991729736 GLY49 hn0. 2400106

HA145. 62061691341, 46015167271. 317451477 43 Y49 h0. 1000107

HA246. 35706329342, 28320694072. 672386169 (Y49 h0. 100010s

C47. 68231964140. 95085525571, 600997925 GLY49 c¢' 0. 3800109

045. 56040627441. 81141662671. 601501465 GLY49 a' - 0. 3800110

N47. 84297561639. 71838378971. 091018677 H S50 n- 0. 5000111

HN46. 94716644339. 22220230171. 052452067 HI S50 hn0. 2800112

CA49. 02011489939. 21639.@%0 #0rn3061 08120 s bt 00 -€80-k3001L-F1 y-Leu-Arg-sez-GLy-
HA49. 32453918538. 29616165270. 836235046 HI S50 h0. 1000114

C50. 40086364739. 9935 46Q5040- e:321 899k - FE SBQ g6V 0, FBA0MNAS Az 28l u-Arg-Gly-Arg-
050. 73347854640. 441502203469. 081466675H S50 | D - 0. 1800 116

CS48. 45534515438, 6730205 H195R77-Fh0 SGQuePr-12000: gL bEo-Ala-Arg-Arg-Ala-
H8149. 23850250238. 05170822168. 481765747HI S50 h0. 1000 118 |

18247. 63942718537 . 95 b33 5K B-60 v1441-G5Q 30+ -850~ A h -1Q00 Ik Qeu-Azg-Asp-Arg-Ala-
CO47. 95432281539. 69529342767. 919425964H S50 C50. 1000 120

ND146. 759342194401 30424790968 s0352I35 7R -380-hp3-Q.ed 20y -T24-Ala-Ser-Mer 149
CE146. 82557296841- 43370132466 -8732452 39850~ t50 2700~ 122 -~ =--=======-cuna-
NE247. 88761138920. 96400451766. 014495850H S50 np- 0. 5000 123

00248. 61,756515540. 01977539166. 717041016H S50 CS0. 0100 124 150 Thz-
HE146. 04324722341, 85284042466, 655242920H S50 ho. 1300 125

HE248. 092224121411 40338132865 ° 108055 5 35H S50~ Mo A2808r cr2eP-Trp-Val-Ile-Leu-
HD249. 56650161739. 59980773966. 396347046HI S50 h0. 1300 127 ,

N51. 27877044740. 10548600 S950NS 966 PG F tR- 1968 BzsgAla-Ser-Val-His-Trp-
CA52.66703414940.61891555871.077911;77PRC51 ca0. 0600 129

HAS52. 72318649341, 838085780841 e PROSTY HtF or(§ab-BieggVal-Arg-Glu-Ser-2ro-
CD50. 95644760139. 76708221472 624496460 1 C20. 0600 13

1( 0150. 97091738?%7‘655%‘?2’5‘?27’7%’7333’1{;815 '%?*}fdgibb%“éz“'?’°'G“"V‘l‘5°“

C53. 70710372030, 431370 B0 AU T IbPLT CE7 0 V5500 T3 e TharTye-hsg-hsz-

HB153. 907955170§%. 44216918972. 729286194PRC61 h0. 1000 137 -

HB252. 37326431342. 28584671072. 449127197PRC61 h0. 1000 138 240 Leu-
c052. 10582351740. 37002563573. 440399170PRC61 02- 0. 2000 139

HGL52. 78205108639; H6%3 95805 830 A 2B620RRCRE - Tl -100r1h401 y-a1a-Gly-Ser-Arg-
H&251. 75372314540. 91203689674. 337333679PRC61 h0. 1000 141

N54. 70448357539. 72952’2205@-LQ33430L@:@9%2@G-@:5&@9—@4’2\/3l-Gly-Th:-Arg-Ser-
CA55. 79153060938. 74633026169. 603820801LEUS2 Ca0. 1200 143

HK54. 65374374440. 652 2R93006Th49AB544 4 51 FlJ578 r hrth-2860G 1441 y-Gly-Pro-Asp-Leu-
HAS56. 47920227139. 28820800868. 927917480LEUS2 h0. 1000 145

C55. 30188792137. 5266 24414408-TR456UP34 LIS L9 Ds 3300~ TkG Leu-Arg-Leu~-Glu-Asp-

301 Val-Ser-Gln-Ala-Gln-Ala-Gly-Thr-Tyr-Thi-Cys-His-Ile-His-Leu-

316 Gln-Glu-Gln-Gln-Leu-Asn~-Ala-Thr-Val-Thr-Leu~Ala-Ile-Ile-Thr 330

@ e 0 v - o S W = e Em w T N " S W M SR B AP W WS T W G R e S S - e e -

30 D4
331 Val-Thr-Pro-Lys-Ser-Phe-Gly-Ser-Pro-Gly-Ser-Leu-Gly-Lys-Leu-

346 Leu-Cys-Glu-VaJ.-'I‘h:-?:o-Val-Sez-Gly-Gln-Glu-A:g-the-Val-Trp-
361 Sez-Sez-Leu-A:.p-Th:-Pro_-Se:-Gln-A:q-Se:-Phe-Se:-Gly-Pro-‘fzp-

35 376 Leu-Glu-Ala-Gln~Glu-Ala-Gln-Leu~-Leu-Ser-Gln-Pro-Trp-Gln-Cys-



055. 63769531337. 42593002367. 562049866LEU52 of - 0. 3800 147

Cl 56. 67158508338. 31676101770. 829437256LEUS2 ¢2-0. 2000 148

KBI 56. 03674316437. 71046447871. 502593994LEU52 h0. 1000 149

HB257. 44554138237. 60272979770. 487434387LEU52 h0. 1000 150
cn57.36330795339.42074966471.6751022345EU§2 cL-0.1000 151

8056. 61755752640. 20067977971. 9268341064252 ho. 1000 152

CD157. 87505722038. 83391571073. 004547119 LEU52 c¢3-0. 3000 153

801158. 35313034139. 60187530573. 642135620 LEUS2 h0. 1000 154

801257. 04875183138. 40395736773. 601577759 LNUS2 h0. 1000 155

801358. 61856%¥40658-L326UB0F307RL 85246246 0e L Ele5 26 P-A1Q0AL d-BGA 1 ~Tyr-phe-
C0258. 53160858240. 08585357770. 927200317 LEU52 03-0. 3000 157

UD2159. 0289 764400 G4 87466396732 ;52560834512.82132 h0. 1000 158

ED2259. 30950927739.-35554504470 634849031~ 1=52-10-1000- 139 -==mmccccacmaa .
802358. 192760488%F259219360470..005569458 LI : U52 h0. 1000 160

N54. 53464889536. 60186386169. 354270935 3 AMASTLn=Ar95006-GlAatALrg-ALa-Pro-
CA53. 94056320235. 42030334568. 673507690 ALA53 Ca0. 1200 162 .

MVB4. 159572661 3% Y9381 AFE32 7792826513 Ed 4 - kguaSeu e - PBO(LeLE Bhr-Leu-Gly-
HA53.60048294%35.75332260167.671340942 ALA53 h0. 1000 164

052. 63977813784Vd888 2508 0BT A 353 EXT3 Y3BDU- Phe5Gly-Phe-His-
051.6283264%gg§;81 69832368.677047729 ALA53 of - 0. 3800 166

C355. 008785 £U33677 8858568, 423698425 A N*53 C3-0. 3000 167

83154.58275804233.46017074667.8@?3?61§§"AE3153'HOTTUUU'IBS‘ ---------------
83255. 8286628%7"

plas
83355, 47970199632: Z%ﬁi%%%gé?%g{% 8%‘ =§E§%§’- "Eg:‘iooge%g’g“'f-eu-Glu-
o1 304050055 4T TR B e, PO A B e Al e 4 14

HA50. 87876892133. 17252349970. 584587097 PRO64 hO0. 1000 173
CD53. 70583343534. 43542099071. 626182556 PRO64 020. 0600 174
HOL54. 21599197435. 40998077471. 739936829 PRO64 h0. 1000 175
HD254. 45336532633. 69352340771. 288909912 PRG54 h0. 1000 176 - 29 C30.
1. 79%2: . 02" 34. 94593007271. 6428. 17524PP. 054 C C. ; ao7-"'

050. 37798309336. 16440963771. 677795410PRC64 0' - 0. 3800178
CS51. 86789) 21933. 17382812572. 519187927PR0O64 c2-0. 2000179
HB151. 13550567633. 05183029273. 340660095PRC64 h0. 1000180
HB252. 18137741132. 15082931572. 232276917PR0C64 h0. 1000181
CGb3. 08712387133. 98919296372. 949317932PRC64 c2-0. 2000182
HG152. 76870346134. 87164306673. 538475037PR0C64 h0. 1000183
HG&253. 79182815633. 41407012973. 579086304PRC64 h0. 1000184
N48. 97743606634. 41442108271. 936706543G.Y55 n-0. 5000185
CA47.82262039235. 22502136272. 404747009Zr LYS5 (C90. 0200186
HN48. 95813369833. 38970947371. 929512024CGLY55 hn, 0. 2800187
HA147. 83028411936. 23857498271. 963676453CGLY55 h0. 1000188
HA246. 89652633734. 77238082972. 004432678G.Y. 55 h0.1000189
C47.67082977335. 26364898773. 950416565G3.Y55 c¢' 0. 3800190



047.24750900334. 24219894474, 498336792GLY55 o' - 0. 3800191
N47. 95615387036. 37284851174. 696281433PRO66 n- 0. 4200192

CA47. 83006668136. 39658737276. 179130554PRO66 cal. 0600193

HA48. 22514724735, 45769500776. 619560242PR0O66 h0. 1000194

Co48. 65368652337. 55616378874. 163940430PR0O66 C20. 0600195

HD) . 48. 10886001638. 04023361273. 332565308PRC66 h0. 1000196

HD249. 65272140537. 25608444273, 799308 7PRc56 hO 1000197

C46. 36190795936. 60487747276.%ERbE A5t 5 §8

045. 89009094237, 73273086576, 845039368PRCB6 of - 0. 3800199

CB48. 80489730837. 53176498476. 560951233PRO66 C2- 0. 2000200

1(8148. 54222106938. 03429412877. 511970520PRC66 h0. 1000201

H8249. 825592041137. 1PREBRZR6T6. 6974082954RPRAXE hd. 168020Med. 171, 1393-
cxns.78256607138.48§%§§86775.368530273PRC56 c2- 0. 2000203

HGL47: 90328979539. 1 157275. 434867859PR0O616- h0. 1000204

HG249. 6791229939. 13348007275. 321792603PRC66 h0. 1000205
N45.650573730%%.48&%%@%%;;@ 896896362H 5532n- §. 5@ngo@ed 176, 327-337
HN. 46. 04611969034. 6 15076. 439048767HI S57 hn0. 2800207

CA44. 24441909835. 50447464077. 387596130H S57 ca0l. 1200208

HA43. 66756057 736. 20764CR3¢Z6D7528368396HI19BM hAcdDD0RO9 1051-1066

C44. 17353057935. 94392776578. 901000977HI S57 ¢' 0. 3800210

O44. 75003051835. 23414230379. 736030579HI S57 of - 0. 3800211

c043. 61041641234, 0 FBHZIVGELA 18508854 HI.SEA - NPoep21353, 180-184
HB144. 27085876533. 32379531977. 623748779H S57 h0. 1000213

H3242. 68902969434. 03487777777. 796188354HI S57 h0. 1000214

CG43. 25040054 %33. 670N S0RCKER 7817818231 S3A &S0 Napwpa 5331, 84-86

NDI 44. 11642837533. 72364425774. 666069031HI S37 np- 0. 4200216

Cal 43. 32597351133. 13904190173. 713264465HIS§; %so 021 1
N3242. 06615828532, BENEREET 74 - 3681 Doy S575Ap- e %ﬁéﬁu&“ Immunology
C0242. 04500579833. 04646$8H1376. B819864832H S57 cso 0100219

83143. 71207046533. 00161228172. 711807251HI S57 b0. 1300220

88241. 37086486832. 22538375973. 464263916H S57 hn0. 2800221

8D241. 2368278%032. HEIBRBGSA 7B, 068380127 ANS57 Rey..1 30 Bipchem. 50, 657-
N43. 51385879537. 06 qgéig 318038940PRC58 i t-0.4200223

CA43. 59397888237. 5 6 b 719970703PROB9 Ca0. 0600224

HA44. 65764236537. 63066864081. 026939392PRO68 h0. 1000225
0042-83§§9909%38 0XADFA9 22 7 8e 404 65380 RmuRBGRIN A& ) G223

HD142. 09335327137. 51680755677. 751007090 PRO69 h0. 1000227

30243. 56911087038. 52786925277. 759674622 PRO68 h0. 1000228
C42.90598431236. 695020 Ad . T47@A9247. PROBB2C,0.18908220ar cloning : A
O41. 56980896036. 69398498581, 769706726 P -q.

_Ca43. 07251358039. %ﬁﬁﬁ.ﬁ%ﬁ% %7535i5g3E§g§5§EE§f§§gg§%%§i Laboratory,
Hal 42. 55979919439, 3a225887681. 485702515 PRO68 h0. 1000232

83243. 92065429739. 70635223480. 398040771 PRO66 h0. 1000233

CO42. 15644073538. 99949646079. 353309631 PRGBS c2- 0. 2000234

HGL41. 15185163438, SRR P31 7b983430288FePREFs RAC 35

11. COLE S.C. et al., Biotechnology 11, 1014-1024, 1993

30 12. COLE S.C. et al., Biotechnology 11, 1014-1024,
1993.



HG242. 02362060539. 99875259478. 896965027 PROC68 h0. 1000236

N43.54061889635. 96126174982. 605430603 ALA59 it-0.5000237 - 30

1U44.537330627; 5. 93233762282. 165. 599768 ALL59hnC. 2800 235

CA42. 94965362534. 94620895483. 526855469 ALA59Ca0. 1200 23)

HA42.19769287134. 35551452682. 965911865 ALA59h0. 1000 240

C42. 20898437535. 48888397284. 803985596 ALABOT' 0. 3800 241

042.49643325835.12735366885.9483337i§ ALAS90' - 0. 3800 242

CB44.10744476333. 97561264083. 839767 L 0. 3000 243

HB143. 761249%4233. 13653894084. 463287354 ALA59h0. 10684344  acom typa.

H8244. 5446205F433. 53158569382. 924507141 ALA59h0. 1000 245  charge aad

H8344. 92591095034. 46730804484. 399597168 ALA591t 0. 000 246 =°

N41.19206237836. 32374191384. 559051514 *ALA6GONn- 0. 5066-24 /~*~—1;\___\
-0 ao

HN4 1. 12454986636.%33%2 83. Zggggg?p Agl,éggmg"gzgm 248 03000

CA40. 20308685336. 85, Bl AsMi0sa0il200 348  oliz00
HA40. 02394866935, D65 8622 4 A o 5 0.1300
C38. 82352828H37. o@é@%ﬁ gg;%% gﬁgﬁg gg?z%f a.3800
%%Zo@éﬁ%é%iﬁ%ﬁ%?ﬁ%a2§§3"‘R§§?’ Akﬁi‘égm?ﬁy’%&%?%s "o 2600

.0700
H5140. 0041485763823 52 SALSA 7 | 0.0700 1o
H3241. 63190%41737;:6%%22%3 Z égﬁiﬁm ;ibigﬁg %8@ 03700 13
HB341. 0900791B3238238 38 12 5 18070 -0.5700 13
N38. 61634068737. 921&%%5 gegggﬁ mgp,afz 2272, To.1200 1
CA37. 40376281737, 822 %@ gli; 0 0.2800 16
HA36. 49102020337. gzﬁggﬁgwg?é %%o EE% g%% 2%3‘8 o.3800 18
c039. 556003%7139. 832843096998 0 -0.3800 19
HD140. 59481@3013&9093@ 288 35404 331%%&%‘% g% o 1000 a1
HD239. 5710286633Q 75PYEB21535% - @gﬁgaggmﬂl&&q gggo g 0-1000 22
C37. 27539448036, 21238288381 Ho 3eh 2 23900 24
036. 26638793936 B70GOFEILO L ESTAIRES PROSINNELAI 7 04204 -0:3000 25

CS37. 47385748039 22888830 E08 2, 308505 HREB13050 wp. D@ 265 300 2%

H8136. 9497 k4561398 3243087836 38 . B 2047396 0 9743811909 BOV0«2B6 0.1000 ::

HB2. 36. 98544178048 284052915401 88 A2 738 SRR SEDOL: 267 §idsee 3o

CG38. 9686357443935 0003922827 108838807 RROVICREH SBO0M 368 -0.3800 i1

HC139. 30739608839, Q3232838143 980000 74 PIaehoasts ERDOIBY  3:dd00 33

HG239. 18028k 484461 .0%456909833L.60800iA15FIPREPLAES 2B 2F0 - g-::gg 34

N38. 24232482935. ?”77731%8133‘%592%330 S’vEPEi?hQ:ﬁé@) &7 aliooo 3

CA38. 18600 93430686688 3342 809 44772364 0432672 0.1000

HN39. 03554%534353?233’5@33582041531512388 EARAE Soibis o2l AIe
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HoR1. 42927389527 133 YAZ4RO TR 7881135004@1c2  -0.1700 277
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Hb223. 40199279830"53%3%5573 Qﬁi‘ﬁ%ﬁwﬁmﬁﬁsﬂﬁo@% -0.3000 382
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conposition having inmunosuppressant activity characterized in that it 5
conprises a soluble polypeptide fraction consisting of all or part of at

| east one of the 4 immunogl obulin type extra-cellular donmains of the LAG 3
protein (amno acid 1to 4, 5to 239, 240 to 330 and 331 to 412 of
sequence SEQ ID NO 1), or of a peptide sequence derived 10 fromthese
domai ns by replacenment, addition and/or deletion of one or nore am no

aci ds, and which possesses a specificity at |least equal to that of LAG 3
for its ligand. 2. The use:of & sol Gbesapelysept i deochpasticdnn 15 bansigti ng

of all or part Qfnalod€sste898nef a@@léltyrmyﬂagheéa!cheetaypeleEﬁthe Lul ar
domai ns of the LAG 3, protein (anlno acid 1l to 4, 23 240 to 330 _and

331 to £12 of SRTRMEIEIED FOINGLD PO*oYP%?t‘d?)eSFPEfélo%cﬁPé}rﬁﬂe’iWé?g ved
fromthese don&ﬂms by r@:&@ceﬁer&c 2Qaaddidh®nodndiios de|ﬂﬁm&%§i019@§ gr
nore am no acl

f' i t, | t
That of LAG S 129 1S H Ena CRoRe: HeTBREBarat (61 G > ey et | Emimo
conposi tion ha\acrngil Mrmosbppﬁemmwacﬁlwl toa 2503anﬂﬁe331.‘set:of g | 66di es
rai sed agai nst @gatﬁs&osgkubhg g@lgpg%ﬁ;#ﬁ éggé &prbéﬁlng

of all or part ast “one of t i Mmuno extra-celTul ar
domai ns!®f the ﬁ_‘”A@ 3 té’\f%ﬁ%l R RY d repkarement t o tm t&380rand

331 to 412 of spOuaNcsh 3OO§EQoh@ N@rl) n@&r@gaa:aﬁoa B.%Etd'sde SBeNERi ch
derived from these dommins %ﬁfgﬂ acenent addi ti on _.and/ or deletlon of

one or nore anfPFSRIIRS AP Chb¥sBEs e85 A8 Wreeitq TH3E AT | WAGT3
equal to that dod AGs3 Tigamds |igand, or fragnents of the said

onti bodhes, 191 (e PreBeSLAEN.SL R 1P OBULLE ERTOANILAN "N co L
ant i bodises ar e cmmrsacitired  aft i dbli @ opaftagfenas dfeast one of the 4
immunoglobulin type extra-cellular domains of the LAG-3
protein (amino acid 1 to 4, 5 to 239, 240 to 330 and
331 to 412 of sequence SEQ ID N° 1), or of a peptide
sequence derived from these domains by replacement,

20 addition and/or deletion of one or more amino acids,
and which possesses a specificity at least equal to
that of LAG-3 for its ligand, for the preparation of a
therapeutic composition having immunosuppressant
activity.

25 3. The use of antibodies raised against LAG-3
or against soluble polypeptide fractions, consisting of
all or part of at last one of the 4 immunoglobulin type
extra-cellular domains of the LAG-3 protein (amino acid
1 to 4, 5 to 239, 240 to 330 and 331 to 412 of sequence

30 SEQ ID N° 1) or against a peptide sequence derived from
these domains by replacement, addition and/or deletion
of one or more amino acids, and which possesses a



t hese anti bodi es, nanely the Fab, Fab' or F(ab')2 fragnents. 5. the use
according to Caim4, to characterized in that said anti bodi es are bound
to a cytotoxic nolecule or a radioisotope. 6. Anti-idiotype anti bodies
containing the internal inmage of LAG 3, raised against antibodies such as
defined in Clains 1 to 5. 15 7. A tHerapeutic conposition conprising anti -

i di ot ype anti bodi es according to Claim6. 8. A soluble polypeptide fraction
consisting of all or part of at |east one of the 4 i munogl obulin type
extra-cellul ar domains of the LAG 3 protein (amno 20 acids 1to 4, 5to
239, 240 t0:330 and 331 to 412 of sequence SEQ ID NO 1), wherein one or
nore arginine (Arg) rests at the positions 73, 75 and 76 of sequence SEQ
ID NO 1 are substitgted Wt h g&utanic acid (GQu). 9. A soluble polypeptide
fraction consiSRETYEL25C¥f & | LERSpardd4t at Ol dtdon@foflafel 4 for “its

i mrunogl obul i nLidame, extr afcayhehes @gnetns ehidheadAGHSIPEST eifdy A afi B0
acid 1 to 4, 5 to 239,.240 to.330 and, 331 to 412 of sequence SEQ ID NO 1),
or of a pepti &% SRY RN derived? frbATFABERCHGmi PE™BYS FEpPRC e N

addi ti on and/ a3 okt stwbatotyoaetdringr.e am no aci ds, and which

possessges a specificity at st .eq .t hat. of..LAG far its |igand,
wherei n t he pol ypept i de lgéqtlg%c%sgf ggéol%gbkg %Srt .lea‘rlmc03"‘n‘pr"i%st?a‘seJf*f1 Saqlg
suppl enent ar y epithddtieseqyencecnecilosal- tanmipadiand/cor Kragmenmnal efid, so

as to constitdiesd T oL & € MmandO1vA sQL ubtk g, pol pti fE i on
according 5 to Caim9 characterized i¥1 that it ig f%gtsherggou‘ﬁgg%o?za

toxin or a radiFAEWBEe:. 11. A sol ubl e pol ypeptide fraction according to
one of Cainms 9 or 10, charactkei zedsen thajcdfeingol ypepti @eg aiggi ony of
LAG 3 conprises a portion of .an .10 inmunogl obuline. 12. A soluble

pol ypegoti de frAGHST Hordi nf T8 aﬁﬂrgg%fbfrﬂg?%%%?i 266 i PRt TOhe?

i mrunogl obul | mytdoxdfc Ingidecsbe ype. a 18adbetbhodopk .producti on of sol ubl e

pol ypeptide fractions conding it i r aiml character- ized
in that the fragnents of%c'c gclo |ng°qf rént. h]ajen&&?%ﬁoée%i%den?aejg?]or?% the
corr espondi ng G-AGI3 iRV eHAGT 3 onranerd, agRéns tagpytdiadites afuah

anplificationaay ERned in Claims 1 to 5.
15 7. A therapeutic composition comprising anti-
idiotype antibodies according to Claim 6;

8. A soluble polypeptide fraction consisting
of all or part of at least one of the 4 immunoglobulin
type extra-cellular domains of the LAG-3 protein (amino

20 acids 1 to 4, S to 239, 240 to 330 and 331 to 412 of
sequence SEQ ID N° 1), wherein one or more arginine
(Arg) rests at the positions 73, 75 and 76 of sequence
SEQ. ID N° 1 are substituted with glutamic acid (Glu).

9. A soluble polypeptide fraction consisting
of all or part of at last one of the 4 immunoglobulin
type extra-cellular domains of the LAG-3 protein (amino
acid 1 to 4, 5 to 239, 240 to 330 and 331 to 412 of
sequence SEQ ID N° 1), or of a peptide sequence derived
from these domains by repiacement, addition and/or
30 deletion of one or more amino acids, and which

possesses a specificity at least equal to that of LAG-3

(3]
W

for its ligand, wherein the polypeptide sequence of



and tthe cDNA coding for the relevant region of the inmunoglobulin, this
CcDNA being fused with cDNA coding for the correspondi ng pol ypeptide
regions or derivatives of LAG 3, are inserted into a vector, and in that,
after transfection, the fragments of cDNA are expressed in an expression
system in particular mammalian cells, for exanple hanster overt nel _|a.
14. A Method of production of antlbodl qaccording to Caim1l or Caim
12, characterized in that a cl eavage is carrled out of a
LAG-3/|nnunogIobuI|n conjugate constructed so as to contain a SU|tabIe

cl eavage sitle.

LAG-3 further comprises a supplementary peptide
sequence at its C-terminal and/or N-terminal end, so as
to constitute a fusion protein.

10. A soluble polypeptide fraction according

5 to Claim 9 characterized in that it is further bound to
a toxin or a radioisotope.

11. A soluble polypeptide fraction according
to one of Claims 9 or 10, characterized in that the
polypeptide region of LAG-3 comprises a portion of an

10 immunoglobuline.

12. A soluble polypeptide fraction according
to Claim 9, characterized in that the immunoglobuline
is of IgG4 isotype.

13. Method of production of soluble polypeptide
fractions according to Claim 11 or Claim 12, character-
ized in that the fragments -of cDNA coding for the
polypeptide regions corresponding to LAG-3 or derived
from LAG-3, where appropriate after amplification by PCR,
and the cDNA coding for the relevant region of the
immunoglobulin, this c¢DNA being fused with cDNA coding
for the corresponding polypeptide regions or derivatives
of LAG-3, are inserted into a vector, and in that, after
transfection, the fragments of cDNA are expressed in an
expression system, in particular mammalian cells, for
example hamster ovary cells.

14. A Method of production of antlbodies according to
Claim 11 or Claim 12, characterized in that a cleavage is
carried out of a LAG-3/immunoglobulin conjugate

constructed so as to contain a suitable cleavage sgite.



