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SPLI CE VARI ANTS 5 The present invention relates to the
identification of differentially spliced variants of the LA b6y e and
their use 3O 9P8803%onodul ators. It is now recogni zed that the proterns '
encoded by MHC Class Il region are involved in many aspects of immune -
recognition, 10 I ncl uding the interaction between different |ynphoid

cells such as | ynphocytes and antigen presenting cells. Different
observati ons have al so shown t haty M hesLicEedaasns which do not take pl ace
via CD4 participate in the effector function of T hel per |ynphocytes. The
| ynphocyte activation gene 3 (LAG 3) expressed in 15 human activated T
and NK cells encodes a 498 am no-acids (aa) type | nenbrane protein with

four extragcel | ul ar i munoglTHeil presenpeinventiory (digtéls) tdorthensddritificationl wfi s

of this sequence reveal ed notabl e patches of id&nti@t& Wlfh stretches of aa
sequences found &liffargatialy selerRm vaRigntso 8F thenkABnS dnRlecyla @pdginaimasevas al |

aa sequence honol; ' 20 CD4 is barely above background
| evel (‘appr oxi m;'@%%%@éﬁ%nce identity). There are also sone internal
sequence honol ogi es in thetLAGnR3wpeEsIHiZed ehae te drording dndoded apdMHE D3)

as well as between domains 2 (D2) and 4 (D4) suggesting that LAG 3 has
evol ved | i ke CD4 Mgsyydhdediopl aeatinoived dm mapy cespents ef IMMyBs &gogaitiare

1). | ddition, LAG 3 and 2 . : I d .i I
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cousi ns" within tdiso Isp8wn( fHat Sier mechanisms whichUdpngot tateamidceatvia £D4
cel lul ar adhesi on assa hor t he .,othen invention previously
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the a of ..
showed t hat rosetﬂaét"?‘egg?df'i%ﬁ @F‘%ZH”CHD”ZQ“ per IWRPROCYSSsf ect ed Cos- 7
cell's and MHAC class 1i[errirng Ipfpissisd esctiVefion gene 3 (LAG-3) expressed in

15 human activated T and NK cells encodes a 498 amino-acids (aa) type |
membrane protein with four extracellular immunogiobulin superfamil-y
(lgSF) domains (1). Analysis of this sequence revealed notable patches of
identity with stretches of aa sequences found at the corresponding
positions in CD4, although the overall aa sequence homology with human

20 CD4 is barely above background level (approximately 20 % sequence
identity). There are also some internal sequence homologies in the LAG-3
molecule between domains 1 (D1) and 3 (D3) as well as between domains
2 (D2) and 4 (D4) suggesting that LAG-3 has evoived like CD4 by gene
duplication from a preexisting 2 IgSF structure (1). In addition, LAG-3 and

25 CD4 genes are located in a very close proximity on the distal part of the
short arm of chromosome 12 (2, B. Huard, P. Gaulard, F. Faure, T.
Hercend, F. Triebel, immunogenetics 39, 213, 1994). LAG-3 and CD4
can therefore be regarded as evolutionary "first cousins" within the IgSF
(2).

30 Using a quantitative cellular adhesion assay, the authors 6f
the present invention previously showed that rosette formation between



specifically dependent on LAG 3/ VHC class 11 interaction (3). A direct an
specific binding of LAG3 to various human class 11 nol ecul es (including
different alleles and isotypes), as well as to nurine and ' gps | f
mol ecul es WRAS30¥ been observed with a LAG 31g fusion pr o?g?)r?@%%gds This 10
dimeric LAG 31g reconbi nant gl obulin binds MHC class 11 nononor phic

resi dues with a nuch higher avidity (Kg = 60 nMat 37[err]C) than CD41g
(5); LAG 31g is indeed able to block CD4/MHC class 11 interaction in an

i ntercel lul ar adhesi on assay (5). The role of LAG 3/class 11 nol ecul e

I nteraction has been |5 I nvestigated using LAG 3 specific nonocl onal
anti bodies (mAb) (6) and LAG 31g nolecules (7). This interaction |eads to
downregul ation of T cell clone _activation. Productive LAG 3/ VHC cl ass 11

i nt er?ct iSon is #ﬁ@‘%@ﬁnﬁfﬁﬁ@@gﬁofﬁ%&Iaf@oMF&t@§S$H@s@T%P9hQﬁ3’éeﬁéwLve
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not play a rol esbgclszibebihdﬂﬁlgfdfi I9NG B &5 QaMbusd REMBEASHASS §. molect®¥ (iAgludiry CD4.

I n addi tion, mAb bl ocki ng experinments have shown that LAG 3 does not

participate in differeacaligiesiand isbtypeshf asvwell @saks murineeand intorkeyosiaperdt] T
cell clones. The functional role of , LAG 3 i.s therefore strikingly,different
Crom that of 1 novasgeios hagaite bRpd obseladonth sl K e Resioh oM () This )

t hought at T ; ; gl 4
ol ) oui ) EaG 3 Rnerit TAG R FoddmBRafF YlAbIAYAAS MACSoSS ) Moridérbhfe
previ ously acti vesidded withld siucB)higivdmravidibedd 80 MG BN L) thaarCD4lgn(b)f o be

f tiall d and | d ' hl cells, i,e. T hel
Cerls 50 pLaRralnge | ipNpRf 30N WSk GHA/ObRhslas dbimaraiR) it 1an o, o

powerful Thl -ig ' y%gﬁ’é unziato, R Mnetti, L. Tomasevic,
MG, 35 ’{%ﬁﬁdﬁ'ﬂ%}é‘r X E@giﬁ%ﬂﬁw\/ d anno, P. Gernmano, C. Mavili a,

E. Maggi and S. Ronmgnani TheARHS of. LAG-3/¢68s 7T 5molkdfe intdrghiorehab sbedn
soluble LAG 3 (SLAG 3) were also found in the serum of patients wt

R 3 | h
rel apsi nés nul ti pneestigrtachyping MAG-3 i9peaiis) maneclsnakantbpdias (@) (@)rand
system ¢ [ upus ) ag 319 molecules (7). This interaction leads to downregulation of T cell

clone activation. Productive LAG-3/MHC class !l interaction is mediated

through T-T cell contacts, presumably via negative MHC class |l signaling
into T cells, Overall, LAG-3 is expressed only after lymphocyte activation
20 in vitro as well as in vivo (6) and hence does not play a role in the
induction phase of the response, in contrast to CD4. in addition, mAb
blocking experiments have shown that LAG-3 does not participate in the
recognition phase of MHC class Il-restricted CD4* T celi clones. The
functional role of LAG-3 is therefore strikingly different from that of the
25 other MHC ligands, CD4 and CD8. It is currently thought that T cell MHC
class )i molecules have a role similar to CTLA-4 following LAG-3 binding

(4), i.e. induction of clonal deletion of previously activated T cells (8).
More recently, LAG-3 has been found to be preferentially
expressed and released by activated Thi cells, i.e. T helper cells
30 producing IFN+y and TNF, and to be upregulated by IL-12, a powerful
Th1-inducing cytokine (F. Annunziato, R. Manétti, L. Tomasévic, MG,



eryt hemat osus (S. Romagnani, Cin. |nmmunol. |nmmunopath. 80, 225-235, 10
1996). These findi ngs suggest that LAG 3 could represent an useful

di agnostic marker for Thl-nediated i mune diseases, such asdiaspes 'S

t hyroi di t WO %3888 | di abetes nellitus, nultiple sclerosis, %Chr on' }gwg?sease,
rheumatoid arthritis, acute allograft rejection and acute graft-versus-host
di sease (GVHD). On the other hand, the jpresence of 15 hi gh | evel s of
SLAG 3 in the serumof M patients and possibly of other patients suffering
of the above di seases, supports a naturally occurring protective role for
SLAG 3, as it could conpete with the nmenbrane-bound form and thus bl ock the
LAG 3- nedi ated i mmune responses. The authors of the present invention have
i nvestigated 20 whet her ot her forns of LAG 3 are expressed, due to

al ternative spli@iustiziofRtBiaginitl ¥abianng &6 /Gpmangs £3- Maviliay bt Magsi endi $
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transcripts of these genes thus contain both sequences corresponding to
exons and sequenseerases r(dPorfididem) @arichtafoas fewhpatientsowithe gystammic fupus

subsequent|ly excised by a nuyglear nultis rocess, known as -

eplici g, tere! y,erV?ﬁ?ﬁrpéwéua?S E@nﬁﬁ%@ﬁ@ | @é@waug"g@&eéﬁbe@.g%ﬁ%iat
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conpri ses1 cl eavage a)? t he a@@ggpgres etvmﬁ?tcaﬁ conc%mdtl'gdg\tr}gPr%%étiﬁoélno?stHe 5'

and 3' exons. | ndizgabstiasamrkerhefoex ofts! prexiated | imraune ndiseaseisnc supbr ased

donor _ans aceept BRSBBIGtEs dnrasitin, Sumei hotiabeiasores e ProwIe: ScRgoss.
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al ternative spli giafgversas{mst idisaasde(GVBD). Ornuthaiotherasénd,othe presence of
15 high levels of sSLAG-3 in the serum of MS patients and possibly of other
patients suffering of the above diseases, supports a naturally occurrin_g
protective role for SLAG-3, as it could compete with the membrahe-bound
form and thus block the LAG-3-mediated immune responsss.
The authors of the present invention have investigated
20 whether other forms of LAG-3 are expressed, due to alternative splicing of
the nuciear transcript.
Most eukaryotic protein encoding genes contain the
sequences present in the corresponding mature mRNA in discontinuous
DNA fragments (exons) interspersed among sequences (introns) that do
25 not form a part of the mature mRNA. The primary transcripts of these
genes thus contain both sequences corresponding to exons and
sequences corresponding to introns. The intron sequences are
subsequently excised by a nuclear multistep process, known as pre-
mRNA splicing. Namely, introns are demarcated by consensus sequences
30 at their 5'(donor) and 3'(acceptor) boundaries. The splicing process



sonme genes, it is known to be cell and devel opnental specific. The
alternative splicing leads to the production of nmultiple 15 _ protein

i soforms froma single gene. It is one of the nolecul ar process responsible
f or gener aWags/38he® protein diversity. Mre than 50 genes ar ECTFREPA
known to generate protein diversity through the use of alternative
splicing. This nmechanismis particularl& common and el abor ated anong t he
contractile protein genes. 20 The aut hors of the present

i nvention have di scovered three new differentially spliced LAG 3 variants,
respectively referred as LAG 3V1, LAG 3V2, and LAG 3V3. LAG 3V1 encodes a
sol ubl e 36 kD protein containing 8 new am noacid residues after the D2
domai n, LAG 3V2 encodes a 25 transnmenbrane protein of 61 kD which does

not contabn dometompHsesioldalage aVtheacoaptsr sits withldormcbmitabt figatien bf the 5'
containing 8 new am poaci d residues after domain D3. These variants provide
new approaches f@Md 3 @RMASg both the regul ation of the LAG 3 gene and the

bi ol ogi cal. function of th r ' re. r.

manuf acture of new i mmnoerrlgiﬂ?%ttcoarsegbq %Eg%ggB g%%é‘?i"*a’?#“&%!%o'ﬂ?igg"%ﬁ%
mnic the biol ogingsloneunaturemRNA thréugh an invéﬁéiwtai{étidmosboﬁs’étu@i% rs
agoni sts or antagonists of the interaction between LAG 3 and the MHC cl ass

11 nol ecul es. Thef GeNreans Rcepker splicssites providinga sirglergenesprodyst. at ed
nucl eoti di.c sequence sel ect.e [0 e.grou nsisting of: a).th

nucl eot i gloc sequences SEQ '%Dgﬂbgrﬁg%ée% h : %V%Dctﬁfeﬁ'i’esg‘%ﬂe 58”33"_‘ ae]@éﬁ?th
N err]5, b) the gplidec@itedi WhrRadwelc esad\toC Biffeyént diake L) rr'nf@@ﬁé‘ﬁism

cHpiaer
conditions to any of the sedquences defined in a) and which code for a
pol ypept i de whi cteguiating, this atternstiveheplicing ararpbedy lundecstootiebutiat east dor

SauenCes O B0 deBA"hE o idBapey At divaloshebl s§EBRE! © code 10
The alternative splicing leads to the production of multiple
15 protein isoforms from a single gene. It is one of the molecular process
responsible for generating the protein diversity. )
More than 50 genes are currently known to generate protein
diversity through the use of alternative splicing. This mechanism is
particularly common and elaborated among the contractile protein genes.
20 The authors of the present invention have discovered three
new differentially spliced LAG-3 variants, respectively referred as LAG-
3V1, LAG-3V2, and LAG-3V3.
LAG-3VI encodes a soluble 36 kD protein containing 8 new
aminoacid residues after the D2 domain, LAG-3V2 encodes a
25 transmembrane protein of 61 kD which does not contain domain D4, and
LAG-3V3 encodes a soluble 52 kD protein containing 8 new aminoacid
residues after domain D3.
These variants provide new approaches for studying both
the reguiation of the LAG-3 gene and the biological function of the
30 protein, and are useful for the manufacture of new immunomodulator

compounds, especially compounds which mimic the biological function of



b), and which code for a pol ypeptide which is a genetic variant of the
LAG 3 nol ecul e. The present invention is also directed to the purified
pol ypepti des encoded by the nucl eotidic sequences defined a sgh 20
pol ypept i O 98B&5Yesi gnat ed hereinafter as "LAG 3 variants"9€¥%g%§?esent
invention is also relating to pharmaceutical conpositions conprising a
LAG 3 variant pol ypeptide. These conpositions are useful for treating

i mmune-rel at ed pat hol ogies, in particular Thl-dependent diseases such as
Hashimoto's thyroiditis, type | diabetes nmellitus, multiple 25
sclerosis, Chron's disease, rheumatoid arthritis, acute allograft -
rejection, acute GVHD, Grave's ophtal nopathy, cerebral malaria, Lyne

thritis, t] thriti Y i ni a-ind d), HCV-i.nd h iC.
hepati ti a3 primaHiCss] G WEVGH caBl AdlgRE; QOTUSA, GbianRRORIER: PE ISEjesRgHoRd
recurrent aborti BQW Eﬁé@aﬁai‘ﬁmQﬁ%sﬂ?H&@ﬂééﬁf pilori-induced
e

gastric antritis. present 1 nvention also relates to

the use of the LAG 3 vari alhe $ubjedthef thaubrestnt envdntionmisiahsd udratisolated
conmpounds. Such 6 5 conmpounds can mimc or alter the biol ogical
function of LAG Bugisalidic Seagence selasted romiaegrayPaeesstineofs ome

nodi fications of the cellu | Qt -' i ' opardg sl b f
LAG 3 or its variants. Thegggﬁsﬁﬂﬁéﬁﬁ@gmﬁﬂf\ég \aq%% |Q!qrﬁeg't’ e%%d%& 3{10&
monocl onay anti bgeiced N°gh, Fab' and F(ab')2 or Fv fragnents thereof,

directed to a 10 speci fic epitope of one of the above-defined LAG 3
vari ants. The use of thesebkihecnyglectigiciseauenees whighuhybndiag usdet stringeaht s

esul' i ho. conposPPraiens dp eyl bh g ReRRkes ARRY i ACenfiifh ool
invention. 15 polypeptide which BN VAR S8t the TYEIUS ABIdcitd her provides a

t herapeutic net hod treating i mune-rel ated pathol ogi es conprising the
adm nistration to a patient) dheanugiéotidicaseéguandas shieh farei clegenecatedt gs or

a composi xtsi on Copgsrdltséi or}gthgagie%e igrcio re'ttoaﬂsweanrbc?ecc}tgd\(g seiecg ér?geisegéﬁned in a) and
b), and which code for a polypeptide which is a genetic variant of the
LAG-3 molecule.

The present invention is also directed to the purified
polypeptides encoded by the nucleotidic sequences defined above. Said

20 polypeptides are designated hereinafter as "LAG-3 variants"”.
The present invention is aiso relating to pharmaceutical compositions
comprising a LAG-3 variant polypeptide. These compositions are useful
for treating immune-related pathologies, in particular Th1-dependent
diseases such as Hashimoto's thyroiditis, type | diabetes mellitus, multiple
25 sclerosis, Chron's disease, rheumatoid arthritis, acute allograft rejection,
acute GVHD, Grave's ophtalmopathy, cerebral malaria, Lyme arthritis,
reactive arthritis (Yersinia-induced), HCV-induced chronic hepatitis,
primary sclerosing colang.itis, contact dermatitis, unexplained recurrant
abortion, aplastic anaemia, and Helicobacter pilori-induced gastric antritis.
30 The present invention also relates to the use of the LAG-3

variants for the manufacture of immunomodulator compounds. Such



The invention is also relating to a therapeutic nethod for 20 treating
I mmune-rel at ed pat hol ogi es conprising the adm nistration to a patient of an
anti-LAG 3 variant- antibody as defined here-above, or a therapeutic
conposi t i owessMsesni ng sai d anti body as active ingredient. PETERSPEPE] ed
enbodi hent, the invention is directed to an isol ated nucl eoti de sequence
sel ected fromthe group consisting of SEQ 25 ID Nferr] 1, SEQID N err]
3, SEQID N err] 5 or the fully conplenentary sequences thereof. The

i nvention also relates to a purified polypeptide which is resulting from

t he expression of one of the nucleotidic sequences of the invention. .
Preferably, the polypeptide is selected fromthe group 30 consi sting
of LAG 3V1, LAG 3V2 and LAG 3V3, respectively encoded by the sequences SEQ

1D Nerr] 51, SEQcbMpbliadslcah aiicSoR difer Nher bibidgicdl unctidn Sof LAG-3 and/or
respectively correEpondi ng to the sequences SEQ ID Nerr] 2, SEQID N err]

4 and SEQ | D N| eLAG-8. vamigntpolingusing deerefereosamey medifieatiansy shithencelbame
obtai ned by any of _the sta r. s. of,. purd,fi Lon. of . rane or

sol uble 10 H}I%"taéﬁ%ﬂg,s '@K?’?ngglﬁ%gggwﬁo%@ éfl %ég%/bgﬁ)y%rdgﬁggn of genetic
engi neering techni ques. Saffe!RELERGHRENtIANERIEISE dirBetedBasdiy-Otr Pbndcional
nucl eoti di ¢ sequence codi ng for one of the peptide of the invention into an

expressi on vect oentisodiesaBab, pakbisand, F@bdot dreFv fragmentsdhéersof odirénied toal | s
with this expression,vector, hy any,qgf the nethods ,avail able to_the skilled
berson. 18" °} SRECTG ERtAge Al Pt e BRGYSTTRSI YA SgRATISI TS wae o
nucl eoti dic seunHgspes ne L ' ahEri i i R

Transcri ptase Po yrrerasgeec@%alah%‘g@%té?@rﬁ) 5%;"@'?1?; %yr@ﬁ%iﬁféﬁggﬁﬁq ant
cDNA. Briefly, t¢terap8itici srexiagnostid ftompositidnsat ed - iwethnapethghesslitirg ood
| ynphocytes (PBL), and, 20 Is reverse-transcribed and mplified

using a specifFEMPRSItIoNS: . @A) FADRY Withipe the ?‘?Pﬂ%e‘%cég% BfeSERk

pr esent inventiori"h etnl?iﬁnpri nmers are consisting of a sense prinmer and an

antisense prinmer are

15 The present invention further provides a therapeutic method
for treating immune-related pathologies comprising the administration to a
patient of a LAG-3 variant in an efficient quantity or a compaosition
comprising said variant as an active ingredient.

The invention is also relating to.a therapeutic method for

20 treating immune-related pathologies comprising the administration to a
patient of an anti-LAG-3 variant- antibody as defined here-above, or a
therapeutic composition containing said antibody as active ingredient.

in a preferred embodiment, the invention is directed to an
isolated nucleotide sequence selected from the group consisting of SEQ

25 ID N° 1, SEQ ID N° 3, SEQ ID N° 5 or the fully complementary sequences
thereof.

The invention also relates to a purified polypeptide which is
resulting from the expression of one of the nucleotidic sequences of the
invention. Preferably, the polypeptide is selected from the group

30 consisting of LAG-3V1, LAG-3V2 and LAG-3V3, respectively encoded by
the sequences SEQ ID N° 1, SEQ ID N° 3 and SEQ ID N° 5 and



| ocated at two specific positions on the LAG 3 sequence which wll be
described in nore details in the foll ow ng exanples. The resulting cDNA is
25. tk@gg ERASU ied by enzymatic anplification and can becwmpres/eriet i n
an approprldt 0St cell. The present invention also relates to expression
vectors conprising a nucleotidic sequence coding for a pol ypeptide
according to the invention and host cell7s transforned with these vectors.

8 5 An "expression vector" refers to a replicable DNA
construct used either to anplify or to express DNA which encodes one of the
pol ypeptides of the invention. Host cells may be prokaryotic or eukaryotic,
I ncluding but not limted to bacteria, yeasts, insect cells, manmalian

cel I's, ing uding rggidctivBly corrédptrlindte helsEqgarosy SEa [ Neval SEQ © Nhe
present invention is also directed to anti-LAG 3 variants anti bodi es or

fragnment s t her eofandaSEQdD N&6B. above. Optionally, these antibodies or their
fragnments can be |inked to a nmarker (radioisotope, fluorescent dye,
enzymatic marker...) or to a therapeutically active 15 nol ecul e, which

is for exanple a cytotoxi cmgm%twgggad&mﬁbqa%%wmgi_ B8)bthfined

prepared according to well-kn such~as t descri bed by

BENEDI CT A. A. et byl any of .thé/stamdirdometihvamsuof parificdtionnwb chembrarsen or sadike
are well known fromthe prior art, especially th? one descri bed by KOHLER
and M LSTEA N. Thipsoteins, by peptiAgsynt 1R DXiaPRIIGRIG™, SQQW%%@Fé'”&PE”Q

descroed o L Tob T, G, BRTEMBRLEIRMAE, £ iEeSht oo o

purifying a poly e accordin osage
identification nmychoencéebdingebhodeios the peptidarpt the inventio intbrar exbression

radi o- i munol ogi cal nethod of the RIA or I RVA type, .an inmmuno-enzymatic 25
nmethod, |ike tWeCtarL pERn asp@ipiesmid, @nd the Hangermatien af finst calls with this
| munof | uor escence pEIGSvelBE, by 4R)'drHRe TheoblUvATEBI P Siba Frbn,
15 like for instance electroporation.
Advantageously, the nucleotidic sequences of the invention
are obtained by RT-PCR (Reverse Transcriptase Polymerase Chain
Reaction) of the corresponding LAG-3 variant cDNA. Briefly, total RNA is
extracted from activated human peripheral blood lymphocytes (PBL), and
20 is reverse-transcribed and amplified using a specific pair of
oligonucleotides primers. In the case of the present invention, the primers
are consisting of a sense primer and an antisense primer which are
located at two specific positions on the LAG-3 sequence which will be
described in more details in the following examples. The resuiting cDNA is
23 then amplified by enzymatic amplification and can be subcloned in an
appropriate host cell.
| The present invention also relates to expression vectors
comprising a nucleotidic sequence coding for a polypeptide according to
the invention and host cells transformed with these vectors.



manuf acture of therapeutic conpositions able to block the activity of LAG

3 variants, i.e. having i munonodul atory activities, such as induction of
30 the maturation, differentiation, proliferation and/qr. l.an of
cells expr#&gx9§0® LAG 3 variant, e.g. activated T and NK Cgh@#@%ﬂ;@%

The anti bodies to LAG 3 variants may be used as potentiators of vaccines or
i munostimul ants in i munosuppressed patg ents, such as patients infected
with H'V or treated with inmunosuppressant -substances. The therapeutic
conpositions according to the present 10 I nvention conprise soluble
LAG 3 variant proteins or antibodies as defined above, as well as a -
phar maceutical |y acceptabl e vehicle. These conpositions may be formul ated
according to the usual techniques. The vehicle can vary in formin

accor danceJ with the chosen Aﬁd%kﬂ}esstsf&} Lgaopo%gréotrgr?kgpw@ébq@tmgl cons*rg:l;t

sublingal,” rectal or nasal. 1 composi t1 ons

parent eral adm nuséd agithen, tad Renplifhiar! © @ixpresse DNAIWhics osnuodee sherdfl the
wat er as well as ot her possible ingredients pronoting the solubility of the
conposi tion or i P8lyREPlides of thejavedipred. The parenteral administration

route can consist of intraHgngg,{s ,ingsg(r)%ﬁ?@&ic%rﬁg%ﬁ?ﬁ%ﬂfmﬁé"bﬁ?%?”S'

20 The t herapeutic

sust ai ned-r el eas@mitedeto bactefia! iyeak®| ihsdct! culig; nedimiatiaatdaMR! snclli@hgeeanpl e
i n aut oi mune di seases. The dose to be adm ni stered depends on the Subject

to be treted, ilingamhichuam cammengalypudilableof his/her i mune systemto
achi eve the desired degree-pf protection. The pregis unt activ
Thgredient 25 - tobe. adnPresERdEv AP 78 Hiel s Tak-a ) Hnits
practi tioner whogptibbdieSi bt Fyrhérts! frRboRNEs @mehhgbao&.upﬁilo%wg\,g@%éé@ns

according to the invention can conprise, in addition to soluble L
variants or the antibbdigsedr thaiofrdigments aamebeninked th,a markér (ragdidisotepe,

i,g?lr gﬁit eg ’ tghgaﬁga{)qps:gggy tg\tﬁegbpgg}c@atic rt%% néjll'..fsi orite hae nzh%?elnpebu%cgl&oalc‘ iv% 3
15 molecule, which is for example a cytotoxic compound.
The polyclonal antibodies may be prepared according to
well-known methods, such as that described by BENEDICT A A. et al. ().
Methods of production of monoclonal antibodies are well known from the
prior art, especially the one described by KOHLER and MILSTEIN. This
20 method, together with variants thereof, are described by YELTON et al ().
These antibodies can be used in a method for purifying a
polypeptide according to the invention, or for a dosage or identification
method. Said method is for example, but not limited to, a radio-
immunological method of the RIA or IRMA type, an immuno-enzymatic
25 method, like the ELISA method, or a direct or indirect
immunofluorescence method.
The invention also includes the use of said antibodies for the
manufacture of therapeutic compositions able to block the activity of LAG-
3 variants, i.e. having immunomodulatory activities, such as induction of
30 the maturation, differentiation, proliferation and/or function of cells
expressing a LAG-3 variant, e.g. activated T and NK calis.



to the invention. As an exanple, there nmay be nentioned sol uble LAG 3 10
5 variant proteins according to the invention fused to a toxin, for
exanple ricin or diphteria anatoxin, capable of binding to dGemss3or |

nol ecul es ¥RPEBOR | | | ng the target cells, for exanple | eukaem c or

mel anoma cells, or fused to a radioi sotope. The exanpl es which follow,
together with the attached 10 reference figures, will illustrate the

i nvention iin greater detail. LEGENDS TO FI GURES 15 - Fig. 1
represents the schematic structure of wild type (ww) LAG3 and its variants
V1, V2 and V3. LAG 3V1 derives fromthe retention of intron 4, i.e. -

cl eavage at the donor and acceptor sites flanking intron 4 does not occur.

An in-frame stop codon | ocated ter.8 codo i g the.r aigisg' tr 4

| eads to atr uncat ed sol ub?@‘iA@‘%d'%? o?cgi ﬂi%é VE?'ani%n ni ‘h% ﬂ%,ngfsand
8 new am no aci d sRghiatePs &7 Gadlihesa s irmRRoStimdimts Oirf hmmquﬁup?ae@fedt he
donor site on intron 5 to the acceptor site on intron 6. As no shift of the

readi ng frame occatients,hesuasulasi npatioxds 3\afested eiwith s HiVt r ams treatedhnavith
protei n which does not cont aiqnﬁm&he D4 domain. 25 LAG 3V3

derives from cl edTHGNFFIRRARS PUEStaNCERiscript at a different _
pol yadenyl ati on site | ocat eﬂ\é“lﬂ\gré)dblﬂ&"%?ﬁfd%]ﬁﬂ&% tg&oﬁainggg%o{hghggrgggnﬁ.

The retained intron 5 sequence contains an in-frame stop c

resul ti ng 10RNA enipodntiora ¢omprisd esblableu bAG-Br ekrant wwrdtdins oot antivobies @3,
D3 and 8 new anmi no acid residues. 30 [ '

schemati ¢ repr esefffiiacbAbeYe (3o Wali 3D A/ B&%fﬁ‘%ﬁ%’ﬁﬁ?'ihﬁp-ﬁﬁ;%‘giq ﬁ@'l‘is_é}ﬁai-g"q‘f@ne.

P 0 et Ao Mgl Scorigd B e st rfilbes The
vehicle can vary in form in accordance with the chosen administration
route : oral, parenteral, sublingal, rectal or nasal.

15 For the compositions for parenteral administration, the
vehicle will generally comprise sterile water as well as other possibfe
ingredients promoting the solubility of the composition or its ability to be
stored. The parenteral administration route can consist of intravenous,
intramuscular or subcutaneous injections.

20 The therapeutic composition can be of the sustained-release
type, in particular for long-term treatments, for example in autoimmune
diseases. The dose to be administered depends on the subject to be
treated, in particular on the capacity of his/her immune system to achieve
the desired degree of protection. The precise amounts of active ingredient

25 to be administered may be readily determined by the practitioner who will
initiate the treatment.

The therapeutic compositions according to the invention can
comprise, in addition to soluble LAG-3 variants or the antibodies
according to the invention, another active ingredient, where appropriate,

30 bound via a chemical bond to LAG-3 variant or to an antibody according

to the invention. As an example, there may be mentioned soluble LAG-3



3V2 or LAG 3V3 are indicated by dotted Iines. SP: signal peptide; Dl-D4:
| gSF domains 1-4; TM transnenbrane sequence; CYT: cytoplasm c.domain;
11-19: intron 1-9. New exons in LAG 3Vl and LAG 3V3 are shog@'&éﬂ;‘%ﬁ'd 10
boxes. - FwposB8ds® a schematic representati on of wLAG 3 an T The -
| ocation of the primers and probes used for the isolation of LAG 3Vl is

I ndi cated by arrows. DNA fragnents anpl iéied using the specific priners are
shown by single lines. The size of the { agnent s obtai ned by 15 RT- PCR
is indicated. - Fig. 4 shows a Southern bl ot analysis of wLAG 3 and

LAG 3V1 cDNA fragments anplified by RT-PCR with priners F459 and R460. a)

et hi di um brom de stained gel. b) blot hybridized with a 20 LAG 3

speci fic cDNA probe. The | ower band derives fromwLAG 3 while the upper
one, evident onl yatiandprotging dceerdinghto the inventibndused\® Z/toxin, Br @xahpéows

hern bl lysis of LAG DNA f s amlified by RT-PCR with
br i mer s F176 and RIS ApIerA AIRAB: CAPaed Finvdo e MHe Class Ibmajasdes
primers i d T ~st . |
Speci 1o ol § gopr BS §i4Mipd i 8t celle WL EkaihéRteleadtml W hefipz b1l f e

one is a wt LAG 3/fugéd 84 radioismdpel ex. - Fig. 6 is a schematic
representati on of wtLAG 3, LAG 3V2 and LAG 3V3. The |l ocation of the primners
and probes used for the 30 The examplasi whichf felkaw.3\pgethar (with e iattached

cpeci 11 ¢ 1) mor s TareretRO MRLAF BT Jlusrale e inyann BB orspRt st 2 o

obtained by RT-PCR is indicated. - Fig. 7 shows a Southern bl ot anal ysis of
wt LAG 3, LAG 3V2 and LAG 3V3 cDNA fragnents anplified by RT-PCR with
primers F176 and R401.

LEGENDS TO FIGURES

15 - Fig. 1 represents the schematic structure of wild type (wt)
LAG-3 and its variants V1, V2 and V3. LAG-3V1 derives from the
retention of intron 4, i.e. cleavage at the donor and acceptor sites flanking
intron 4 does not occur. An in-frame stop codon located after 8 codons in
the retained intron 4 leads to a truncated soluble LAG-3V1 protein,

20 containing D1, D2 and 8 new amino acid residues,

LAG-3V2 lacks exon 6, due to the ligation of the donor site
on intron 5 to the acceptor site on intron 6. As no shift of the reading
frame occurs, the resulting LAG-3V2 protein is a transmembrane protein
which does not contain the D4 domain.

25 LAG-3V3 derives from cleavage of the nuclear transcript at a
different polyadenylation site located ~170 bp downstream to the 5' end of
intron 5. The retained intron 5 sequence contains an in-frame stop codon.
The resulting mRNA encodes a truncated soluble protein which contains
D1, D2, D3 and 8 new amino acid residues.

30 - Fig. 2 is a schematic representation of the intron/exon
organization of the LAG-3 gene. Splicing events which result in the



10 a) ethidiumbrom de stained gel. b) blot hybridized with
the LAG 3D2 specific oligoprobe F459. The upper band derives fromw LAG 3
whi.le the 780 and 940 bp bands derive from LAG 3V2 and LAG 3¥3/gpos/03307
respect i veMP 985885% 8 shows the agarose gel el ectrophoresis pattern of RT-
15 PCR products obtained with LAG 3V2 and LAG 3V3 specific priners,
i.e. 173N2R and 173N3R, respectively. -4fFig. 9 shows the Western blotting
patterns of PHA-blasts with anti LAG 3 in mAbs. EXAMPLES
Exanple 1: Coning of human LAG 3 variant 1 (LAG 3V1) by RT- PCR on human
PBMC (Peripheral Bl ood Mnonuclear Cells) 25 RNA -
extraction and RT-PCR PBMC were isolated by Ficoll-Hypaque denS| ty
gradient centrifugation and activated with 1 [err]/m PHA and 100 Um [IL-2

for 48 hr at 37[ ejankraticriVof® L Lhe) AH.90% EKAr.
D rect mRNA ki t ?JQJ, agen ?ncmgagtsg@?tﬁﬁ&éﬁﬁé eﬁﬁéﬁ%%eﬁ LAG.901 XaG

reverse-transcri M2 of LAGa3V3are lndlcateddly(dmyeqmnlemr using a first strand
synthesis kit (RT-PCR kit, rat.agen, ol | 13 5
Amplification of cDNA was pErfor Fﬂ‘% Cﬁ PgA ﬂﬁ@n@%nsarﬁd‘* 10M: ng
each of forward e SEQ I D
Nerr] 7) and revttt-aé?{ss'e pr?ﬁ%%e%énf§%wm@@g

(SEQ ID N 8) which anneal tNewezbestn {AG-3¥3-artl LAGI3VYR Bie shévros Js@\aded

LAG 3 sequence, respectlvely (Fig. 3). Thirty PCR cycles were perforned,
each cycl & incl ud9¥§Sdenaturation at 94[err]C for 1 min, annealing at

CoRte) Sobher "ol o g L SP 1 sdmb corfhfgfiof G PRl
anplified DNA was3\VT, atte lesatienl obtheaprimers and probes used for the isolation of LAG-
3V1 is indicated by arrows. DNA fragments amplified using the specific
primers are shown by single lines. The size of the fragments obtained by
15 RT-PCR is indicated.

- Fig. 4 shows a Southern blot analysis of wtLAG-3 an-d
LAG-3V1 cDNA fragments amplified by RT-PCR with primers F459 and
R460.

a) ethidium bromide stained gel.' b) blot hybridized with a

20 LAG-3 specific cDNA probe. The lower band derives from WiLAG-3 while
the upper one, evident only after hybridization, derives from LAG-3V1.

- Fig. 5 shows a Southern biot analysis of LAG-3V1 cDNA
fragments amplified by RT-PCR with primers F176 and R460. a) ethidium
bromide stained gel. The major band derives from WtLAG-3. b) blot

25 hybridized with the LAG-3 intron 4 specific oligoprobe 4. The upper band
derives from LAG-3V1 while the lower one is a WtLAG-3/LAG-3V1
heteroduplex.

- Fig. 6 is a schematic representation of wtLAG-3, LAG-3V2
and LAG-3V3. The location of the primers and probes used for the

30 isolation of LAG-3V2 and LAG-3V3 is indicated by arrows. DNA fragments



2 % agarose gel. The expected 485 bp LAG 3 fragnent was observed (Fig. 4a).
After blotting onto nitrocellul ose nenbrane filter and hybridization with a
32P-1 abel  ed LAG 3D1 D2 specific cDNA probe obtained by PCRP J}@ ?(H on to
the 485 bpWaPH58459-890 bp band was 20 found. The 890 bp £ gnen
reanplified, cloned and sequenced. - C oning and sequencing of the 890 bp
LAG 3 fragrrent: The 890 bp fragment was,;gloned into the vector

[err]CRTM err] (Promega) and the insert was sequenced using the ABI Prism
Dye 25 Term nat or Cycl e Sequenci ng Ready Reaction Kit (Perkin-El nmer)
and the automated DNA sequencer nod. 373A (Perkin-Elnmer). The results .
indicate that this fragnment is 892 bp in length and derives froma LAG 3
variant retaining intron 4 (Fig. 2). Due to the presence of an in-frame

st 5p codon 1 Tl g bl pHRRRE o it el TS e oo

C-term nal am no tRe FghReits BBtikdd B R]:|) PCR islifideatedconf i rmation of LAG 3Vl
expression: To confi rm that the LAG)-’ 1 fragnment derives from nRNA and not

from genonmic DNA, a second- FFIFgP@FGI‘mmal Seuthema bigteanalysie bf IMLAG-3, UAGY
the forward pringr F176 (5! GGCCTCGA TGAC 3') ID Nerr]

whi ch anneal s tg‘a)}{?glaggt @@é@? FRIMeRES 33rRHRG Y, &Jr%%ﬁhé"té‘e@féﬂ@@
prinmer RA60 (Fi 9.p13% afd R¥BY F176 which spans the D1/D2 splice junction

site, should not aIIowtﬁe anplification of LAG 3 genomic DNA. 15

Upon agar gse gel el ectropha)eathigiunh tromiddRtamedigel. ) ﬁlbeh géevithbiHa bp
wt LAG 3 band was observed (Fl . ..5a). Sauthern blotting the LAG 3
intron 4 specifi dAPTRRS M'QQ"Q@VQMQTEW%@‘PP@A@AWﬂBBV?S frepMBGe3er r |

[ Shated the eXiiGl i 3B Ui Ulune Bpfe u CAS B e R R
upper band was respectively.
- Fig. 8 shows the agarose gel electrophoresis pattern of RT-
15 PCR products obtained with LAG-3V2 and LAG-3V3 specific primers, ie.
173NV/2R and 173/V3R, respectively.
- Fig. © shows the Western blotting patterns of PHA-blasts
with anti LAG-3 in mAbs.

20 EXAMPLES

Example | :
Cloning of human LAG-3 variant 1 (LAG-3V1) by RT-PCR on

human PBMC (Peripheral Blood Mononuclear Cells)
25 - RNA extraction and RT-PCR :

PBMC were isolated by Ficoll-Hypaque density gradient
centrifugation and activated with 1 ug/m! PHA and 100 U/ml IL-2 for 48 hr
at 37°C, 5% CO2. mRNA was extracted by the Oligotex Direct mRNA kit
(Quiagen Inc., Chatsworth, CA, USA.) and reverse-transcribed with an

30 oligo(dT) primer, using a first strand synthesis kit (RT-PCR kit, Stratagen,
La Jolla, CA, USA).



confirmed to correspond to LAG 3V1 while the | ower one was a w LAG

3/ LAG 3V1 het erodupl ex. 25 Exanple Il: Coning of hurran
LAG 3 variant 2 (LAG 3V2) and LAG 3 variant 3 (LAG 3V3) by

activated MBMEB/R95® 15 - RNA extraction and RT-PCR PBMC were isol at ed by
Fi col | - Hypaque density gradi ent centrifugation and activated with 1
[err]g/mM PHA and 100 Um 1L-2 for 48 Kk at 37[err]C, 5% CJerr]. Total

RNA was extracted by Tri Zol reagent (G BCO BRL): 10 Total RNA
(5[err]g) was reverse-transcribed using the anchor oligo(dT) priner
m xt ure ATl 7A AT17C and AT17G (5

GCBCCCTGGATCCCGACCTAA(T) [err] (SEQ ID Nlerr] 1) followed by A Cor G (Flg.
6) which allows to obtain cDNA nol ecul es with honogeneous 3' ends and an
anchor forssubsequent PCR Arbplification of cDNA wessy performedn withpt 28e U Rlaqg

reaction was erforrred in 50 err, final v of 1x buf f er
DTT, 1 nMdNTIB FOYMPSESSe mb b@ Boe?Aq gg?) fQRvar opﬂ"ﬁfpe%%glp N

RT (G BCO-BRL) at W 90[ ]C
for 5 mn. RNA m‘g@’ﬁ{:g&p{@%@@%’ﬁ@?@@ﬂ’ﬁé@f oe I‘\Iéﬁ r) at 37'[Qerr?C§'15%r
30 mn. 20 reverse pnmé?CRtlaaS(aOeT(BOH'mA@ATGGNEATG!G@AGGTGTTAG@U 6
and the reverse pr| ner R401

&) CCGGACCTAA 3! % {:%158 | DN 13%
whi ch anneal s to FheSEQ IBndA V*CS‘T'C"tmeQ'IinTUC’@O“qaﬁl hg-49 Bl -Ra6a of
should allow to A f
Tlnction &b o pdiater Sedigncd,Beshethbl RS ) “FhiByi R Eydldiubisthithtmed
[err]l cDNA equi V@dcpiéyde® uﬁ?cl@ lhgrddrﬁtdr@ﬁ@h abRbldeC fﬂorlﬂ%lheéxﬁdéalfdgr@d 66°d fofe
cont ai ni ng 1x Taq buffer, %DNA pol ymer ase (Advance
Bi ot echnol ogi es) ,1 mim, and s@snsgonzai ?@rflo]’ﬂlrleTP 10% DVSO and 50 pnol es
each of F176 and R401 priners. A hot start
- Analysis of amplified DNA by Southern blotting :
15 A 10 ul aliquot of the amplified DNA was fractionated on a
2 % agarose gel. The expected 485 bp LAG-3 fragment was observed
(Fig. 4a). After blotting onto nitroceliulose membrane filter and
hybridization with a 32P-labelled LAG-3D1D2 specific cDNA probe
obtained by PCR, in addition to the 485 bp band a ~890 bp band was

20 found. The 890 bp fragment was reampilified, cloned and sequenced.

- Cloning and sequencing of the 890 bp LAG-3 fragment:

The 890 bp fragment was cloned into the vector pCRTMil

(Promega) and the insert was sequenced using the ABI Prism Dye

25 Terminator Cycle Sequencing Ready Reaction Kit (Perkin-Elmer) and the

automated DNA sequencer mod. 373A (Perkin-Elmer). The results

indicate that this fragment is 892 bp in length and derives from a LAG-3

variant retaining intron 4 (Fig. 2). Due to the presence of an in-frame stop

codon in intron 4, this variant, named LAG-3V1, is predicted to encode a

30 soluble 36 kD protein containing domains D1, D2 and 8 new C-terminai
amino acid residues (Fig. 1).



techni que and 30 PCR cycles (96[err]C for 30 sec, 65 err]C for 30 sec, 72C

for 30 4 mn) were used. RNA w thout RT was used as negative control
in PCR experinment. 16 5 - Southern bl ot analysis of RT- {B.,ﬂ;&%g&t,s
RT- PCR pr ooo8s58¢520 [err]l) were fractionated by agarose ge

el ectrophoresis and blotted onto Hybond N+ nyl on nmenbrane (Amersham. The
bl ot was hybridized with the DI G| abel eg, LAG 3D2 10 speci fic ol igoprobe
F459 (Fig. 6) in 5X SSC, 0.02% SDS, 0.5% bl ocking reagent (Boehringer), O.
1 % N-laurylsarcosine at 55[err]C for 30 mn. The blot was washed tw ce
with 2x SSC, 0.1 % SDS at 55[err]C. Hybrid detection was perfornmed wth
HRP- conj ugat ed anti-DI G anti bodi es (Boehringer) and ECL reagents
(Amersham . 15 The results showed that in addition to the
expected 1.12 kb wt LAG 3 fragnent two m nor bands of approximately 940 and
780 bp wer® present both in the ethidiumbrom de stained gel (Fig. 7a) and

in the Southern blot (Fig. 7b). 20 - Sequenci ng of LAG 3
fragnents: The 940 and 780 bp PCR fragnents Were i sol ated from agarose gel,
reanplified with F176/ RA01 k4 afton AL SRPYe8BiGH: The results

showed that the 780 bp fragrren erives rom an I n- frarre ski ppi ng of LAG 3
exon 6 (Fig. 2). This vari arg confimmethatABe3MRG-3\81 Zagment dnra@scfr@m MRNA

encode a 61 kD transmenbrane protein which d@%ﬁ}ﬁé&h contain the dorl:rml n
(Fig. 1). SequendéynetfremegenamisPNAagseren feerireentyas, aeme
cl eavage f the n r d f.f
| ocat ed 9/0 bp M%% fé&f%ﬁ fg}r‘%gfa {? ror@bﬁ%@ég‘@é@ ég%)
retained intron YSEYBMNeCIL@hich mnm tmnﬁﬁlaﬁﬁdés ¢25<7@$0qu Lﬂmes seqmértoeng
MRNA encodes a 52 kD sol ubl e LAG 3 vari ant, naned
and the reverse primer R460 (Fig. 3). Primer F 176 whlch spans the D1/D2
splice junction site, should not allow the amplification of LAG-3 genomic
DNA.

15 Upon agarose gel electrophoresis of the PCR products, the
expected ~520 bp WtLAG-3 band was observed (Fig. 5a). Southern
blotting with the LAG-3 intron 4 specific oligoprobe 14 (&
CCCCACTCTGCTTCACATTT 3') (SEQ ID N° 10) showed the expected
930 bp LAG-3V1 band and an additional ~800 bp band (Fig. 5b). The two

20 fragments were reamplified and sequenced. The upper band was
confirmed to correspond to LAG-3V1 while the lower one was a wtLAG-
3/LAG-3V1 heteroduplex.

25 Example il :
' Cloning of human LAG-3 variant 2 (LAG-3V2) and LAG-3
variant 3 (LAG-3V3) by RT-PCR on activated PBMC

30



17 5 contains domain D1, D2 and D3 foll owed by 8 new am no acid
residues (Fig. 1). Both LAG 3V2 and LAG 3V3 maintain the 4 glycosylation
sites of wWLAG 3. - Confirmation of LAG 3V2 and LAG 3V3 exppesairosessdD

To confirmWG&/BIR essi on of LAG 3V2 and LAG 3V3 and to assess the presence
of the entire 5 sequence encoding the LAG 3 N term nus, RT-PCR was
performed on total RNA from activated PBMC with the forward primer

173 (5 TATAGGATCCGGTGCCCAG ACCATAGGAGAGATG 3') (SEQ ID Nerr] 13)

whi ch anneal s to nucl eoti des 15 212- 233 of LAG 3 sequence spanning the
ATG start codon, and the reverse prinmers -
V2R (5" GGCGTTCACGTGGTTGGGCACCTGTGATCGATT 3') (SEQ ID N err] 14) or V3R

(5" TCACCTACTCGAGAAAAGTGGGGECCGAGAT 3') (SEQ ID N 15) (Fig. 6). As the
primer V2R anneals to the sRNAextractionoan@®T-PCR site D3/ TM of LAG 3V2 and
the prinmer V3R anneals to the 5 sequence of intron 5 retained in LAG 3V3,

only anplification of thes®BMl were dsplateth iy dieRlbtypagusr densilye orafiney

with annealing te &k . rpthe, fir : / f he
remal ni ng v esr’s, t e cte
e 25 oy o CRRTOgY 0 Bhy aevala Wil 1 L P AG DBIUA L rfor it
1.10 Kb LAG 3V2 aich72C289%KB0-AG 3V3 fragments were found (Fig. 8). DNA

sequenci ng of the anplified agnents confirned that LAG 3V2 encodes a 61
kD transmenbrane protein cdtali RNdgwasnextractel byDPriZoiBreagent t(GIBE@-BRLANe

9™ " (TR i RECRIRED v T e L b b R gt

been di scover ed, B rembr i bound [ WA 3 dCLAG 305) andtag .
GGCCCTGGATCCGGACCTAA(T)17 (SEQ ID N° 1) followed by A, C or G)
(Fig. 6) which allows to obtain cDNA molecules with homogeneous 3'
ends and an anchor for subsequent PCR.

15 Reverse transriptase (RT) reaction was performed in 50 ul
final volume of 1x RT buffer, 10 mM DTT, 1 mM dNTP, 40 U RNase
inhibitor (Boehringer) and 400 U Superscript | RT (GIBCO-BRL) at 37°C
for 90 min. RT reaction was stopped at 80°C for 5 min. RNA was digested
with 1 U RNase H (Boehringer) at 37°C for 30 min.

20 PCR was performed with the forward primer F176 and the
reverse primer R401 (5" GGCCCTGGATCCGGACCTAA 3') (SEQ ID N°
12) which anneals to the 3' anchor of cDNA (Fig. 6). Primers F176 and
R401 should allow to amplify all LAG-3 splice variants containing the
D1D2 junction up to pely(A) tail.

25 PCR was performed on 5 ul cDNA equivalent to 0.5 ug total
RNA in 100 pl final volume containing 1x Taq buffer, 2.5 U Tagq DNA
polymerase (Advanced Biotechnologies), 1.5 mM MgClp, 200 uM dNTP,
10% DMSO and 50 pmoles each of F176 and R401 primers. A hot start
technique and 30 PCR cycles (96°C for 30 sec, 65°C for 30 sec, 72°C for

30 4 min) were used. RNA without RT was used as negative control in PCR
experiment.



sol ubl e forns which | ack the transnenbrane sequence (LAG 3V1 and LAG 3V3).
The analysis of LAG 3 variant expression in specific T cell subsets and in
different activation states can provide useful |nforrrat|on

better und&neea383ng of the LAG 3 function. Exanple I11: ;QT/EP98/J3%7
Characterization of LAG 3V3 protein Human peripheral bl ood mononucl ear
cells (PBMC) were obtained by centrifuggtion on ficoll-diatrizoate density
gradient frombuffy coats of blood donation units. PBMC were obtained from
two heal thy 20 donors. PBMC collected fromthe interface between the
supernatant and the gradient were washed three tinmes in PBS and finally-
resuspended at the concentration of 2.106 cells/m in RPM 1640 cul ture
medi um enriched with 10 % fetal bovine serum (FBS), 2 nmM L-gl utam ne,
penicilling100 UM and streptonycin 100 [err]/m . Phytohenaggl utinin
(PHA) and 25 reconbi nant human interleukin (I1L-2) were then added at a
final concentration of 1 [erSquthern biot arcdysisrof REFEBpredugts The cel | s

were incubated at 37[err]C in % CO[ ere for 72 and 120 hours.
At the end of the |ncubat|oBTtP¢rBosP"°9é'F§5] @@Q&%@ﬁ@%@ ted Eﬁ@%‘f‘?%gﬁ[) 50

m pol ypr opyl ene t for m g'he
super nat ants vvereél%%ﬁpﬁc{}g%’g | n’melb%%iie elo;ﬁfﬁ)roggnngt NZO[TjQTCrH%BF% ot al
protein deterni né(Wnﬁ?éTsM@m%)Ca'hél Bibt owhs bhyydritkzedy aifnotise DIGL%B?eIed LAGHUE)d

usi ng the Coomassie Plus Protein Assay (Pierce, Rockford, IL,

anal ysi s, 1400 [ erspegifiss oligapspiee RASS:( ﬁnﬁ) i BX\S9ei ec@z{n&DS.\/a@deockmg

centrlfugatlon resy 0nq err]O, 10
[err]] sanple bufrpépgg&(%%émgab Qﬁ%(ﬂt%'gg@%@é %%Z :é)djﬁ‘?ﬁj 5 m nutes
at 100[err]C 10 The blot W3 WasREERive Witht he8sSCoaded Sms &t B5°C.

pol yacrylam de Tris glycine gels for SDS-PAGE anal ysis and run under

denat urating and hybhid detpctiondvas pedommedwitb iR Braonugmted enti-DIGhantibadiems

stopped when the e, Hoal 4 GPERPdebhEndthhRRLmL." 9!

15 The resuits showed that in addition to the expected 1.12 kb
wtLAG-3 fragment two minor bands of approximately 940 and 780 bp wer.e
present both in the ethidium bromide stained gel (Fig. 7a) and in the
Southern blot (Fig. 7b).

20 - Sequencing of LAG-3 fragments :

The 940 and 780 bp PCR fragments were isolated from
agarose gel, reamplified with F176/R401 primers and directly sequenced.
The results showed that the 780 bp fragment derives from an in-frame
skipping of LAG-3 exon 6 (Fig. 2). This variant, named LAG-3V2, is

25 predicted to encode a 61 kD transmembrane protein which does not
contain the domain D4 (Fig. 1).

Sequencing of the 240 bp fragment showed that it derives
from the cleavage of the nuclear transcript at a different polyadenylation
site located ~170 bp downstream to the &' end of intron 5 (Fig. 2). The

30 retained intron 5 sequence contains an in-frame stop codon. The resulfin'g
mMRNA encodes a 52 kD soluble LAG-3 variant, named LAG-3V3, which



The gel was renoved and incubated for 20 mnutes in 15 transfer buffer.
A nitrocel |l ul ose nenbrane 0.45 [err]mwas incubated for 10 m nutes in
transfer W\%&gfssdtsﬁ a separate container with gentle agitatigsy/Edd@3fot ei ns
in the gel e en transferred el ectrophoretically to the nmenbrane for 90
m nutes at a constant 75 volts. Wen the transfer was conpleted, the
menbrane was dried at roomtenperature gnd then 20 I ncubat ed for 20
mnutes in 1 % (WvVv)KOH with gentle agitation and washed 4 tinmes with PBS
for 5 mnutes. The nenbrane was stained 5 mnutes in Ponceau S solution to
show proteins and nol ecul ar wei ght markers and destained 4 tinmes with PBS.
Non-specific binding sites were bl ocked by incubating the nmenbrane
overnight at 4[err]Cwith 1 %Mle in 25 PBS/ 0.5 % Tween. After

el i mnatign of i it Honpot t Pc - LAG 3
nonocl onaf) ant i l;béodd?.g{/!ﬂg1 rgrlgﬁxdb?ﬁéﬁg)gi Pgt%? ;'tg ?@?9}1@3 %m%f’ g?ﬁpﬁ‘gé@%?ﬁ%%%é
After one hour dfig.mjuBath hAGBVE @ma LABGIB Iamairdain thle 4glyicastylation tsites of

menbr ane was vvasm times with PBS/0.5 % Tween for 10 m nutes each and
t han incubated f 8- hour at roomtenperature 30 in agitation with
goat anti-nouse pol yclonal antibodies conjugated with 20 5

hor ser adi sh peroxi dase (HRP)diluted 1:1000 in bl ocking solution. At the end

of the incubation, the mentCenfrmationTTILAGAVZIaRE LAGBVE X SresBioL TS 10
The i munobl otted proteins were then reveal ed using the

enhanceddehemni | uni nescent {EcohfimethedxgrassionefrhAGV2 ant LAG-IMAaRY to
Lanes 1 and 3 of _fiqure 9 represent, the resylts obtained fromdonor .1
respectively af t%ﬁsegﬁ tgﬁdprffgnﬁ%tﬁr’] sthPn%”JHﬁt#o?ﬁqqﬁﬁ’ﬁPe%&chﬁ?ﬁéh%%%N'
correspond 1o dogRhintisaRET-PRFPwas [pRrfolfRet TPBER FANAGtdin SRlivatetTBIIE with
RAJI as negative control. The starting protein concentratlons were
respectively 3. itheg/ nforwar® nypriiner 2. Fag/ b’ ; FATAGGCATCCGETHCEICAG om

PR e S A L e SR N A

15 212-233 of LAG-3 sequence spanning the ATG start codon, and the
reverse primers V2R
(5'GGCGTTCACGTGGTTGGGCACCTGTGATGATT 3') (SEQ ID N° 14)
or V3R (8'TCACCTACTCGAGAAAAGTGGGGGCCGAGAT 3)
(SEQ ID N° 15) (Fig. 8). As the primer V2R anneals to the splice junction
20 site D3/TM of LAG-3V2 and the primer V3R anneals to the 5' sequence of
intron 5 retained in LAG-3V3, only amplification of these two variants

should occur.
PCR was performed with annealing temperature at 68°C for
the first two cycles and 72°C for the remaining 28 cycies. Upon agarose
25 gel electrophoresis, the expected 1.10 Kb LAG-3V2 and 1.23 Kb LAG-3V3
fragments were found (Fig. 8). DNA sequencing of the amplified
fragments confirmed that LAG-3V2 encodes a 61 kD transmembrane
protein containing domains D1, D2, D3, the transmembrane domain (TM)
and the cytoplasmic domain (CYT), while LAG-3V3 encodes a 52 kD
30 soluble protein containing D1, D2 and a new 8 aa C-tail (Fig. 1). o



20 agreenent with that expected for the putative LAG 3 variant 3 based
on the nRNA sequence. This band specifically aglpears I n :3:—|A+bl asjg;b%f.nd S
not present in the supernatant of the B-|ynphoblastic ce ¢Pep 07

pr ocgssed WO ¥789%upenat ant s from PHA- bl ast s. SEQUENCE LI STI'NG (1)
GENERAL | NFORMVATI ON: (i) APPLI CANTS: (A) NAME: Institut National de la
Sante et de |a Recherche Medicale (B) SIREET: 101 rue de Tolbiac (C CTY:
Paris (E) COUNTRY: France (F) POSTAL CODE (ZIP): 75013 (A) NAME: Institut
Qustave Roussy (B) STREET: 39 rue Camille Desnmoulins (C CTY: Villejuif

(E) COUNTRY: France (F) POSTAL CODE (ZIP): 94805 (G TELEPHONE: 0142114211
(H) TELEFAX: 0142115300 (A) NAME : Applied Research Systens ARS Hol di ng N.V_

B) STREET.: 6 John R Corgjr PO Box_ 3889 (C) ,Cl . RACAQ ( E)
E:Q)JNTRY : The Du'? cﬂ West | Fﬁﬁg‘?ﬁm ﬁ?ﬁés%if—‘ é@éﬁ‘fé\ﬁ“’%@-‘%ﬁ é?’?aﬁﬁe@YPE
iii) NUMBER OF Qfadibldeh: tid fhicibrasd® Wﬁ@ ?Rlék ﬁ:FQ# :
I(:: l)lp)py di sk (B) COVPUTER! |BM@%M?5npat ?EF? C ER2$ N S{?@@ dMub
PC- DOS/ M- DOS ( Dpolstianfomes whicklatk tRe| tearssmarmb@neVsequantet {LLAG-JI\FP@nd
LAG-3V3). The analysis of LAG-3 variant expression in specific T cell

subsets and in different activation states can provide useful information

10 for a better understanding of the LAG-3 function.
Example lil :
15 Characterization of LAG-3V3 protéin

Human peripheral blood mononuclear cells (PBMC) were
obtained by centrifugation on ficoll-diatrizoate density gradient from buffy
coats of blood donation units. PBMC were obtained from two healthy

20 donors. PBMC collected from the interface between the supernatant and
the gradient were washed three times in PBS and finally resuspended at
the concentration of 2.10° cells/mi in RPMI 1640 culture medium enriched
with 10 % fetal bovine serum (FBS), 2 mM L-glutamine, penicillin 100
lU/ml and streptomycin 100 upg/ml. Phytohemagglutinin (PHA) and

25 recombinant human interleukin (IL-2) were then added at a final
concentration of 1 ug/mi and 100 U/ml respectively.

The cells were incubated at 37°C in 5 % CO, atmosphere for
72 and 120 hours. At the end of the incubation times, cell suspensions
were transferred to 50 mi polypropylene tubes and centrifuged at 400 g

30 for 10 minutes. The supernatants were collected and immediately frozen

at -20°C. The total protein determination was carried out by the Bradford



(2) INFORMATION FOR SEQ ID NO 1: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
2279 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS; single (D
TOPOLOGY: |jinear. (1i) MOLECULE TYPE: cDNA (vi) ORI G NAL SOURSE/EP6dN3307
ORGANI SM %%%’?géd i ens (xi) SEQUENCE DESCRI PTION: SEQ ID NO 1: TCAGGCTGCC
TGATCTGCCC AGCTTTCCAG CTTTCCTCTG GATTCCGGCC TCTGGTCATC 60
CCTCCCCACC CTCTCTCCAA GGCCCTCTCC TGGTCT@OCT TCTTCTAGAA CCCCTTCCTC

120 CACCTCCCTC TCTGCAGAAC TTCTCCTTTA CCCCCCACCC COCACCACTG CCCCCTTTCC

180 TTTTCTGACC TCCTTTTGGA GGGCTCAGCG CTGCCCAGAC CATAGGAGAG ATGTGGGAGG

240 CTCAGITCCT GGGCTTGCTG TTTCTGCAGC CGCTTTGGGI GGCTCCAGIG AAGCCTCTCC -
300 22 AGCCAGGGGC TGAGGTCCCG GTGGTGTGGEG CCCAGGAGGG GGCTCCTGCC CAGCTCCCCT
360 GCAGCCCCAC AATCCCCCTC CAGGATCTCA GCCTTCTGCG AAGAGCAGGG GICACTTGGC

420 AGCATCAGCC A@MIW@WEMEWGrW IL,

B oo TISCHE AO oDl FEDoErooR e A b cer
'

660 CCGIDCAGTA CORCTAE G s CRETAEO AR A g 10

720 TGOGCCTGGG CQAG@@@WWTF@ACEG@MeWtMW@A@M@@TWd 5

780 GGGTCATTTT GAACTGCTCC GCCGCC CTGACCGCCC AGCCTCTGIG CATTGGTTCC
840 GGAACCGGGG CCRENtEEah GICC GGGAGICCCC CCATCACCAC TTAGCGGAAA

960 OCTACABAGA TGICTTCAAC CIreamPiss Y FIoTERAdE TR o iileise Tris
1020 CCACTCTGCT TEWEAETIEN fSrASBSRAGET Ea%@admmﬁaé%em CEnd
1080 ATGGGTCCCC AAACCAGGTT CTCGGCAGCG AGT AC GTCATTGCTG TGGGTCT

1140 TGTTCGACCC mAwmmmmmrmmmmmmn
1200 the dye front reached the bottom of the gel.

The gel was removed and incubated for 20 minutes in

15 transfer buffer. A nitrocellulose membrane 0.45 um was incubated for 10
minutes in transfer buffer in a separate container with gentle agitatioﬁ.

The proteins in the gel were then transferred electrophoretically to the
membrane for 90 minutes at a constant 75 volts. When the transfer was
completed, the membrane was dried at room temperature and then

20 incubated for 20 minutes in 1 % (w/V)KOH with gentle agitation and
washed 4 times with PBS for 5 minutes. The membrane was stained 5

minutes in Ponceau S solution to show proteins and molecular weight

markers and destained 4 times with PBS. Non-specific binding sites were

blocked by incubating the membrane overnight at 4°C with 1 % Mile in

25 PBS/0.5 % Tween. After elimination of blocking solution, the membrane
was blotted with anti-LAG-3 monoclonal antibody (mAb) 2H6 diluted at 5

Hg/ml blocking solution, After one hour of incubation at room temperature

with agitation, the membrane was washed 5 times with PBS/0.5 % Tween

for 10 minutes each and than incubated for one hour at room temperature

30 in agitation with goat anti-mouse polyclonal antibodies conjugated with



CCGTGGCCTT CCAGCGTCAT TGCCGGCCTT CCCTCTCCTT CCGACTAAGC CCACTTGCTG 1260
GGTTTCTGAG CCTCCTCAGC TCATCACCTT ATTCTGCTCC TTAGCACTCT TATGAGCCAG 1320
ACCATCTCCT GAATTCITCT GCCTCCCTTC CTTGCAGCCC CAGCACTCCC Tco%,mmlsso
AGCACCCAGCWEIBRBeSPTTG GGTTTTCTTT TCTCTTCAGG TCTGGAGCCC CCAA 1440
TGACAGTGTA CGCTGGAGCA GGTTCCAGGG TGGEGRGCTGECC CTGCCGCCTG CCTGCTGGTG 1500
TGGGGACCCG GTCTTTCCTC ACTGCCAAGT GGACTCggCC TGGGGGAGREC CCTGACCTCC 1560
TGGTGACTGG AGACAATGGC GACTTTACCC TTCGACTAGA GGATGTGAGC CAGGCCCAGG 1620
CTGGGACCTA CACCTGCCAT ATCCATCTGC AGGAACAGCA GCTCAATGCC ACTGTCACAT 1680
TGGCAATCAT CACAGTGACT CCCAAATCCT TTGGGTCACC TGGATCCCTG GGGAAGCTGC 1740
TTTGTGAGGT GACTCCAGTA TCTGGACAAG AACGCTTTGT GTGGAGCTCT CTGGACACCC 1800
CATCCCAGAG GAGTTTCTCA GGACCTTGGC TGGAGGCACA GGAGGCCCAG CTCCTTTCCC 1860

AGCCTTGGCA5 ATGCCAgrdér 0
CAGAGCTGTC TAGCCCAGGT GCCCAACGCT Wﬁm At i@%
GCCACCTCCT GCTGIerdid@ the aiubatng, m}?méﬁe GESEshElGR ey erib@a dbove. 2040
CCTTTGGCTT TCACCTTTGG AGAAGACAGT GGCGACCAAG ACGATTTTCT GCCTTAGAGC 2100
AAGGGATTCA CCCTCGCAGG CTCAGAGCAA GATAGAGGAG CTGGAGCAAG AACCGGAGCC 2160
GGAGCCGGAG CCGGAACCGG A TEGAGCCCGAG CCGGAGCAGC TCTGACCTGG 2220
AGCTGAGGCA GCCAGCAGAT CTCA GTCCAAAT AAACGTCCTG TCTAGCAGC

2279 23 (2) I NFORMATION FOR SEQ ID NO 2: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 247 amino acids_ (B) TYPE: am no acid (C) STRANDEDNESS: single
(D) TOPOLABY: linear (ii) NbhEECUNENHpftedproteing were) ther @vealedsosaEthg A)

RO S 1 S AR A )
10 15 Lanes 1 and 3 of figure 9 represent the results obtained from
donor 1, respectively after 72 and 120 hours incubation : whereas lanes 2
and 4 correspond to donor 2 and lane 5 to the lymphoblastoid cell line
15 RAJI as negative control. The starting protein concentrations were
respectively 3.1 mg/ml ; 1.9 mg/ml ; 2.8 mg/mi ; 3.4 mg/m! ; 3.4 mg/mi from
lane 1 to lane 5.
A band with an apparent molecular weight of about 5.5 kDa
reacted with anti-LAG-3 mAb. This apparent molecular weight is in
20 agreement with that expected for the putative LAG-3 variant 3 based on
the mRNA sequence. This band specifically appears in PHA-blasts and is
not present in the supernatant of the B-lymphoblastic cell line RAJI,
processed as the supematants from PHA-blasts.



Pro Ala G n Leu Pro Cys Ser Pro Thr Ile Pro Leu Gn Asp Leu Ser 20

25 30 Leu Leu Arg Arg Ala Ay Val Thr Trp A n Hs dn
Pro Asp Se 40 POT/EPes/i3807 Al a
Ala Al a Pr{é"’g”%?s??igs Pro Leu Ala Pro Ay _Pro H's Pro 50 : 55
60 Ala Ala Pro Ser Ser Trp Gy Pro Arg Pro Arg Arg Tyr Thr Val Leu 65

70 75 80 Ser Val Ay Pro Gy Ay Leu
Arg Ser Ay Arg Leu Pro Leu G n PreedfENcE LISTING 90

95 Arg Val Gn Leu Asp Au Arg Ay Arg G n Arg Ay Asp Phe Ser Leu 100

105 110 Trp Leu Arg Pro Ala Arg Arg Ala Asp Ala Ay Gu
Tyr Arg A}bla GENERAL ENFORMATION: 120 125 Val Hi s Leu
Arg Asp Arg Ala lRu:S6frsCYs Arg Leu Arg Leu Arg Leu 130

135 A( i ) namME4 01 Aoy e @ habd shadbde YetsahltE &N @eSEL Pro Pro Gy Ser
Leu Arg Ala Ser 145 Recherche Médich30 155

160 Asp Trp Val I(Igé SEREERs ML OCysuesSde RII®i8er Arg Pro Asp Arg Pro AFa 165

170 (C) géUT%Yngﬁ'e;riax\‘/gJ His Trp Phe Arg Asn Arg Gy G n Ay Arg
val Pro Val Arg ;1%2 : K 190 G u Ser Pro
Hs Hs Hs Leu BB & 1R é’§Leu Pro G n 195

200 (a) NaMO5IMAicSercuRPESreMRbusAgp Ser Ay Pro Trp Ay Cys Ile
Leu Thr Tyr Arg 2(B0 STREET: 39 rue Camilld]Besmoulins 220 Asp Ay Phe
Asn Val Ser lle I\)% gg?YAéﬁngggégrhr Val Leu Ay Asn 225 _

230 (F) po% CODE (ZIP): 94805 240 Ser Pro Thr Leu Leu Hs Ile
245 24 (G) TELEPHONE: 0142114211

(H) TELEFAX: 0142115300

(A) NAME : Applied Research Systems ARS Holding N.V
(B) STREET : 6 John R. Gorsiraweg PO Box 3889

(C)CITY : CURACAO
(E) COUNTRY : The Dutch West Indies

(ii) TITLE OF INVENTION: Lag-3 variants
(iii) NUMBER OF SEQUENCES: 15

{iv) COMPUTER READABLE FORM:
() MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)

{(2) INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2279 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(vi) ORIGINAL SOURCE:
{A) ORGANISM: Homo sapiens

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

TCAGGCTGCC TGATCTGCCC AGCTTTCCAG CTTTCCTCTG GATTCCGGCC TCTGGTCATC 60
CCTCCCCACC CTCTCTCCAA GGCCCTCTCC TGGTCTCCCT TCTTCTAGAA CCCCTTCCTC 120
CACCTCCCTC TCTGCAGAAC TTCTCCTTTA CCCCCCACCC CCCACCACTG CCCCCTTTCC 180
TTTTCTGACC TCCTTTTGGA GGGCTCAGCG CTGCCCAGAC CATAGGAGAG ATGTGGGAGG 240

CTCAGTTCCT GGGCTTGCTG TTTCTGCAGC CGCTTTGGGT GGCTCCAGTG AAGCCTCTCC 300



(2) I NFORMATION FOR SEQ I D NO 3:
1629 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (vi) ORI G NAL SQU
ORGANI SM  MSh$/3883% ens (xi) SEQUENCE DESCRI PTION: SEQ I D NO
TGATCTGCCC AGCTTTCCAG CTTTCCTCTG GATTCC@BCC TCTGGTCATC
CTCTCTCCAA GGCCCTCTCC TGGTCTCCCT TCTTCTAGAA CCCCTTCCTC
TCTGCAGAAC TTCTCCTTTA CCCCCCACCC CCCACCACTG CCCCCTTTCC 180
TOCT T T Ol RS ARG £LBECEANAG AT ARG ATEHEERAGE caccrcocdh
GGCCTTCCTG TTTCTGCAGC CCCTTTGSGT GGECTCCAGIG AAGCCTCT

TGAGGT A@T@@mm@@cmmmmmmm GTCACTTGB6O
AATCCCCCTC CAGGATCTCA GCCTTCTGCG AAGAGCAGGG GICACTTGGC

AGACAGT GAECEE AL BONCA BRI LS CEATEEEEF S CERRSEEEL GCCCCCGG&SO

AGOCT G AT A TR G ST CRCET AT, e eaEig

GCAGCCCGEGcERECEEE TAABC c T BEHRIIBCEA SSCCACEACCTEE L CRCELAGCEAESS caceTeca®6 0
CCGCGECCECG GIGCACCTCA GGGACCGCGC CCTCTCCTGC CGCCTCCGTIC
CCAGGCCT CECRIHKET XK CERIEECHASARET WFCTETRCATAC LTSGR CeCeCaeazg(

CoACOaCT R R AT AT (AR RAC T TACLEMA SoceTeeBg

CCT GCCCCAS c6 ¢aECES A6 E €XS8CATIRCT ¢HACEa c¥daChsd GEATdICACA ceeTeecagt0
TGGCTTCAAC GICTCCATCA TGTATAACCT CACTGITCTG GGTCTGGAGC

(i) SEQUENCE CHARACTER! STI CS;

60
120

(A) LENGTH:
single (D)

{EP%%@? 57 o

CCTCCCCACC
CACCTCCCTC
TTTTCTGACC
CT TCCT
0 AGCCAGGGGEC
GCABCCCCAC
0 AGCATCAGCC
cTé¥ccoaae

~TCCCGG
A%Ebccx;cce

CC&64CGAGTA

720 TGCGCCTGEG

GCETCATTTT

acHcrer

CCT&ECAGAGA

1020 CCCCAACTCC

CTTGACAGIRSCTAIEET CRARCTEIRSCT TTXARE- €ST CERASCFES CACTRESTEEE CATTIFFGCTGCCPELT GG

TGTGGGGA% g

G RER AT CATTAC

CCTGGTGA

COCT CCGAWe T A6 AT T €3G cAdAARCEXTRGE € PACEEMIDBECEACETEahAE 6 TGCA%%C%%A%}CAC—E%
CCACCT CCTRS TG R G TTAST TEXSISFATRAT TF L IBREC TFECTATT 865 CCTAAGIRGCTGACTEEBAGC

CTTTEECTT L At iR AR R AL SIS roccdfihlr

ATTGGCAATC ATCACAGGTG CCCAACGCTC TGGGAGAGCC CCAGGTGECCC

ATGGGTCCCC
TGTTCGACCC
CCGTGGCCTT
GGTTTCTGAG
ACCATCTCCT
AGCACCCAGC
TGACAGTGTA
TGGGGACCCG
TGGTGACTGG
CTGGGACCTA
TGGCAATCAT
TTTGTGAGGT
CATCCCAGAG
AGCCTTGGCA
CAGAGCTGTC
GCCACCTCCT
CCTTTGGCTT
AAGGGATTCA
GGAGCCGGAG

AGCTGAGGCA

AAACCAGGTT
CTTTATATTG
CCAGCGTCAT
CCTCCTCAGC
GAATTCTTCT
TTTAACTTTG
CGCTGGAGCA
GTCTTTCCTC
AGACAATGGC
CACCTGCCAT
CACAGTGACT
GACTCCAGTA
GAGTTTCTCA
ATGCCAGCTG
TAGCCCAGGT
GCTGTTTCTC
TCACCTTTGG
CCCTCGCAGG
CCGGAACCGG

GCCAGCAGAT

CTCGGCAGCG
CTGGCAGCCT
TGCCGGCCTT
TCATCACCTT
GCCTCCCTTC
GGTTTTCTTT
GGTTCCAGGG
ACTGCCAAGT
GACTTTACCC
ATCCATCTGC
CCCAAATCCT
TCTGGACAAG
GGACCTTGGC
TACCAGGGGG
GCCCAACGCT
ACCCTTGGTG
AGAAGACAGT
CTCAGAGCAA
AGCCCGAGCC

CTCAGCAGCC

AGTGGCCTAC
CACAGCTGCC
CCCTCTCCTT
ATTCTGCTCC
CTTGCAGCCC
TCTCTTCAGG
TGGGGCTGCC
GGACTCCTCC
TTCGACTAGA
AGGAACAGCA
TTGGGTCACC
AACGCTTTGT
TGGAGGCACA
AGAGGCTTCT
CTGGGAGAGC
TCCTTTCTCT
GGCGACCAAG
GATAGAGGAG
CGAGCCCGAG

CAGTCCAAAT

GTCATTGCTG
ATCACCCCTT
CCGACTAAGC
TTAGCACTCT
CAGCACTCCC
TCTGGAGCCC
CTGCCGCCTG
TGGGGGAGGC
GGATGTGAGC
GCTCAATGCC
TGGATCCCTG
GTGGAGCTCT
GGAGGCCCAG
TGGAGCAGCA
CCCAGGTGCC
GCTCCTTTTG
ACGATTTTCT
CTGGAGCAAG
CCGGAGCAGC

AAACGTCCTG

TGGGTCTCAC

CTTGCTTCTC

CCACTTGCTG

TATGAGCCAG

TCCCCACTGC

CCAACTCCCT

CCTGCTGGTG

CCTGACCTCC

CAGGCCCAGG

ACTGTCACAT

GGGAAGCTGC

CTGGACACCC

CTCCTTTCCC

GTGTACTTCA

CTCCCAGCAG

GTGACTGGAG

GCCTTAGAGC

AACCGGAGCC

TCTGACCTGG

TCTAGCAGC

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220

2279



CCTTAGAGCA AGGGATTCAC CCTCCGCAGG CTCAGAGCAA GATAGAGGAG CTGGAGCAAG 1500
25 AACCGGAGCC GGAGCCGGAG CCGGAACCGG AGCCCGAGCC CGAGCCCGAG CCGGAGCAGC
1560 TCT %@QCT GAGGCA GCCAGCAGAT CTCAGCAGCC CAGT CCAAATPW@@UG
1620 -

1629 (2) | NFORVATI ON FOR SEQ I D NGO 4: (23 SEQUENCE CHARACTERI STICS: (A
LENGTH. 422 am no acids (B) TYPE: am no acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: protein (vi) ORI G NAL SOURCE: (A

ORGANI SM (ﬂomrgﬁ&ﬁ&s r_(oggl% Q?ggl@\lcg DESCRI PTI O\ SEQ ID NO. 4: Leu @n Pro

Gy Ala d'u Pro Val Va rp AllaaG@n du dy Ala 1 5 -
10 (i) SEQUENGE cRaracfEmrs@resLeu Pro Cys Ser Pro Thr Ile Pro Leu
G n Asp Leu Ser 2(XA) LENGTH: 247 amino agi@s 30 Leu Leu Arg
Arg Ala Gy Val ThﬁB)T’F Eq #ippsaqddn Pro Asp Ser Ay 35 40
45 Pro Pro Al a Alafcélg%ﬁ(?“%@a% ag?’}% Leu Ala Pro Ay Pro Hi's Pro 50

55 ro Ser Ser Trp Ay Pro Arg Pro Arg Arg
Tyr Thr Val Lgu) G¥LECULE TYPE: protein 75

80 Ser Val Ay Pro dy Ay Leu Arg Ser Gly Arg Leu Pro Leu G n Pro 85

90 (vi) ORIGINAJ, SPYRLEV/3| G n Leu Asp GQu Arg Ay Arg Gn Arg Gy
Asp Phe Ser Leu 10@) ORGANISM: Homo sapiepngs 110 Trp Lou Arg
Pro Ala Arg Arg Ala Asp Ala Gy GQu Tyr Arg Ala Ala 115

120 (xi) SEQUENGEDESCRIPTION: SEQ ID NO: 2:

Leu Gln Pro Gly Ala Glu Val Pro Val Val Trp Ala Gln Glu Gly Ala
1 5 10 15

Pro Ala Gln Leu Pro Cys Ser Pro Thr Ile Pro Leu Gln Asp Leu Ser
20 25 30

Leu Leu Arg Arg Ala Gly Val Thr Trp Gln His Gln Pro Asp Ser Gly
35 40 45

Pro Pro Ala Ala Ala Pro Gly His Pro Leu Ala Pro Gly Pro His Pro
50 55 60

Ala Ala Pro Ser Ser Trp Gly Pro Arg Pro Arg Arg Tyr Thr Val Leu
65 70 75 80

Ser Val Gly Pro Gly Gly Leu Arg Ser Gly Arg Leu Pro Leu Gln Pro
85 90 95

Arg Val Gln Leu Asp Glu Arg Gly Arg Gln Arg Gly Asp Phe Ser Leu
100 105 110

Trp Leu Arg Pro Ala Arg Arg Ala Asp Ala Gly Glu Tyr Arg Ala Ala
115 120 125

Val His Leu Arg Asp Arg Ala Leu Ser Cys Arg Leu Arg Leu Arg Leu
130 135 140

Gly Gln Ala Ser Met Thr Ala Ser Pro Pro Gly Ser Leu Arg Ala Ser
145 150 155 160

Asp Trxp Val Ile Leu Asn Cys Ser Phe Ser Arg Pro Asp Arg Pro Ala
: 165 170 175

Ser Val His Trp Phe Arg Asn Arg Gly Gln Gly Arg Val Pro Val Arg
180 185 190

Glu Ser Pro His His His Leu Ala Glu Ser Phe Leu Phe Leu Pro Gln
185 200 205

Val Ser Pro Met Asp Ser Gly Pro Trp Gly Cys Ile Leu Thr Tyr.Arg
210 215 220

Asp Gly Phe Asn Val Ser Ile Met Tyr Asn Leu Thr Val Leu Gly Asn
225 230 235 240

Ser Pro Thr Leu Leu His Ile

245



Val H's Leu Arg Asp Arg Ala Leu Ser Cys Arg Leu Arg Leu Arg Leu 130

135 140 Ay @ n Ala Ser Met Thr Ala Ser Pro-Pro Gy Ser

Leu Arg Ala Ser 145 150 PERPEP9S/03307

160 Asp TP B89 e Leu Asn Oys Ser Ph$ Ser Arg Pro Asp Arg Pro Al a. 165

170 175 Ser Val Hi s T}p Phe Arg Asn Arg Ay Gn Ay Arg -
Val Pro Val Arg 180 185 190 Au Ser Pro

Hi s Hi s ¢y sireamidzanGer Seg foheoley Phe Leu Pro G n 195 .

200 205 Val Ser Pro Met Asp Ser Ay Pro Trp Ay Cys lle -
Lou Thr Tyr & gSBAMFNCE CHARACTERISTICS: 215 220 Asp dvy -Phe

LENGTHA . 1629, Rase, pai
928 Val Ser Ile @gt T%é&jﬁﬁaj‘l}yp ¥ Leu Ay Leu 225
STR

. ei 240 26 Gu Pro Pro Thr Pro
Leu Thr Val Tyr f)a-6botobid tousosr cArg Val 245 250

255 Gy Leu Pro Cys Arg Leu Pro Ala Ay Val Gy Thr Arg Ser Phe Leu 260
265 (ii) MOLECULR7IYP¥hrcDNRa Lys Trp Thr Pro Pro Ay Ay Ay Pro Asp
Leu Leu Val  Thr ) 280 285 Ay Asp Asn
Ay Asp Phe(“l‘ﬁrofggggéé S?@%ﬁaﬁﬂp %Qek’é}' Ser Adn Ala 290

295 %qo n a y Thr Tyr Thr Cys His Ile Hs Leu Gn
Gu @n dn Leu 305 310 315

320 Asn Al a(<ihr SEQUENTRrDHSERIIAN] |S8QI 1 MPhr3:Gy Ala A n Arg Ser Gy 325

330 . 330 AgAa Pro Ay Ala teu Pro Ala Ay Hs Leu Leu

Leu Phe TCARCSHGEC SIRATCTGCCC AGCTTTCCAG crgaé§wcwc GATTCCGGCC TCTGCHMIC) oy FY Val

;gg Ser deglcdlc %Tbg%béu\(abcég&ﬁ*c@d’ T6ERTRBEr Ge¥rd¥dRa8 X cerrecte 120
CACCTCCCTC TCTGCAGAAC TTCTCCTTTA CCCCCCACCC CCCACCACTG CCCCCTTTCC 180
TTTTCTGACC TCCTTTTGGA GGGCTCAGCG CTGCCCAGAC CATAGGAGAG ATGTGGGAGG 240
CTCAGTTCCT GGGCTTGCTG TTTCTGCAGC CGCTTTGGGT GGCTCCAGTG AAGCCTCTCC 300
AGCCAGGGGC TGAGGTCCCG GTGGTGTGGG CCCAGGAGGG GGCTCCTGCC CAGCTCCCCT 360
GCAGCCCCAC AATCCCCCTC CAGGATCTCA GCCTTCTGCG AAGAGCAGGG GTCACTTGGC 420
AGCATCAGCC AGACAGTGGC CCGCCCGCTG CCGCCCCCGG CCATCCCCTG GCCCCCGGCC 480
CTCACCCGGC GGCGCCCTCC TCCTGGGGGC CCAGEGCCCCG CCGCTACACG GTGCTGAGCG 540
TGGGTCCCGE AGGCCTGCGC AGCGGGAGGC TGCCCCTGCA GCCCCGCGTC CAGCTGGATG 600
AGCGCGGCCG GCAGCGCGGG GACTTCTCGC TATGGCTGCG CCCAGCCCGG CGCGCGGACG 660
CCGGCGAGTA CCGCGCCGCG GTGCACCTCA GGGACCGCGC CCTCTCCTGC CGCCTCCGTC 720
TGCGCCTGGG CCAGGCCTCG ATGACTGCCA GCCCCCCAGG ATCTCTCAGA GCCTCCGACT 780
GGGTCATTTT GAACTGCTCC TTCAGCCGCC CTGACCGCCC AGCCTCTGTG CATTGGTTCC 840
GGAACCGGGG CCAGGGCCGA GTCCCTGTCC GGGAGTCCCC CCATCACCAC TTAGCGGAAA 900
GCTTCCTCTT CCTGCCCCAA GTCAGCCCCA TGGACTCTGG GCCCTGGGGC TGCATCCTCA 960

CCTACAGAGA TGGCTTCAAC GTCTCCATCA TGTATAACCT CACTGTTCTG GGTCTGGAGC 1020
CCCCAACTCC CTTGACAGTG TACGCTGGAG CAGGTTCCACG GGTGGGGCTG CCCTGCCGCC 1080
TGCCTGCTGG TGTGGGGACC CGGTCTTTCC TCACTGCCAA GTGGACTCCT CCTGGGGGAG 1140
GCCCTGACCT CCTGGTGACT GGAGACAATG GCGACTTTAC CCTTCGACTA GAGGATGTGA 1200
GCCAGGCCCA GGCTGGGACC TACACCTGCC ATATCCATCT GCAGGAACAG CAGCTCAATG 12607 ™
CCACTGTCAC ATTGGCAATC ATCACAGCGTG CCCAACGCTC TGGGAGAGCC CCAGGTGCCC 1320
TCCCAGCAGG CCACCTCCTG CTGTTTCTCA CCCTTGGTGT CCTTTCTCTG CTCCTTTTGG 1380
TGACTGGAGC CTTTGGCTTT CACCTTTGGA GAAGACAGTG GCGACCAAGA CGATTTTCTG 1440

CCTTAGAGCA AGGGATTCAC CCTCCGCAGG CTCAGAGCAA GATACGAGGAG CTGGAGCAAG 1500



H's Leu Trp Arg Arg G n Trp Arg Pro Arg Arg Phe Ser Ala Leu G u 370

375 380 An dy Ile Hs Pro Pro Gn Ala An Ser Lys Ile
Gu Gu Ley §a§5 390 3SCT/EP98/03307

400 G n Gavqb?%ss  Pro Gu Pro Gu Pro %u Pro Gu Pro Gu Pro Gu 405
410 415 Pro Qu Pro Gu n Leu 420 (2) | NFORMATI ON FOR

SEQ ID NO 5: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 1468 base pairs (B)
TYPE: nuchgtescaced G(GQGC&T‘RANE&EBLES&G &torgbRsdcDy s AdIRCEAEcabdarpat (i iikso
MOLECULE TYPE: cDNA ORI G NAL SOURCE: (A) ORGANI SM Honp sapi ens (xi)
SEQUENCE DEBEZRCPIF B T%CPWWC@ATWWMAWT?CCA@N -
CTTTCCTCTC8%%CII:C TCTGGTCATC 60 CCTCCCCACC CTCTCTCCAA
CCCT TCTTCTAGAA CCCCTTCCTC 120 CACCTCCCTC
TCTGCAGAAG: [T TiwFeRMAr EAN GERCEEAGDCu&:CG@ACCACTG CCCCCTTTCC 180
TTTTCTGACC TCCTTTTGGA GGGCTCAGCG CTGCCCAGAC CATAGGAGAG ATGTGGGAGG
240 CTCAGTTCCRlGCiKQW@GHWCGFmSCGCTTTCII;T GGCTCCAGTI G 'AAGCCTCTCC

1629

300 ERIOGREIEBAGGAGGG GGCTCCTGCC CAGCTCCCCT
360 CA, GCCTTCTGCG AAGAGCAGEG GTCACTTGGEC
420 i G CCGCCCCCGG CCATCCCCTG GCCCCCGECC

480 CTCACCCGEC ccoces ‘ TCCTGGGGGC CCAGGECCCCG CCGCTACACG GIGCTGAGCG
540 TGGGTCCCEGiAGRIETEIGCTYRASCEEaMEC TACCCCTGCA GCCCCECGIC CAGCTGGATG
600 AGCGCGGECCG  CCAGCECEEG GACTTCTCGC TATGECTGCG CCCAGCCCGEG CGCGLCGCGACG

O .
660 COGGOGAGTI O CER G e CRAQETIGA ; GIRACCGOGE. CCTCTCCTGC CBOCTCOGTC

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

Leu Gln Pro Gly Ala Glu Vval Pro Val Val Trp Ala Gln Glu Gly Ala
1 5 10 15

Pro Ala Gln Leu Pro Cys Ser Pro Thr Ile Pro Leu Gln Asp Leu Ser
20 25 30

Leu Leu Arg Arg Ala Gly Val Thr Trp Gln His Gln Pro Asp Ser Gly
35 40 45

Pro Pro Ala Ala Ala Pro Gly His Pro Leu Ala Pro Gly Pro His Pro
50 55 60

Ala Ala Pro Ser Ser Trp Gly Pro Arg Pro Arg Arg Tyr Thr Vval Leu
65 70 75 80

Ser Val Gly Pro Gly Gly Leu Arg Ser Gly Arg Leu Pro Leu Gln Pro
Arg Val Gln Leu Asp Glu Arg Gly Arg CGln Arg Gly Asp Phe Ser Leu
100 105 110

Trp Leu Arg Pro Ala Arg Arg Ala Asp Ala Gly Glu Tyr Arg Ala Alsa
115 120 125

val His Leu Arg Asp Arg Ala Leu Ser Cys Arg Leu Arg Leu Arg Leu
130 135 140

Gly Gln Ala Ser Met Thr Ala Ser Pro Pro Gly Ser Leu Arg Ala Ser
145 150 155 160

Asp Trp Val Ile Leu Asn Cys Ser Phe Ser Arg Pro Asp Arg Pro Ala
165 170 175

Ser Val His Trp Phe Arg Asn Arg Gly Gln Gly Arg Val Pro Val Arg
180 185 190 -

Glu Ser Pro His His His Leu Ala Glu Ser Phe Leu Phe Leu Pro Gln
195 200 205

Val Ser Pro Met Asp Ser Gly Pro Trp Gly Cys Ile Leu Thr Tyr Arg
210 . 215 22¢

Asp Gly Phe Asn Val Ser Ile Met Tyr Asn Leu Thr Val Leu Gly Lesu
225 230 238 240



TGOGCCTGGG CCAGGCCTCG ATGACTGOCA GCCCCCCAGG ATCTCTCAGA GOCTCCGACT

780 GGGTCATTTT GAACTGCTCC TTCAGCCGCC CTGACCGCCC AGCCTCTGTG CATTGGITCE
840 GGAACCGGGG CCAGGGCCGA GTCCCTGTCC GGGAGTCCCC CCATCACCAC Eégi;@%%
900 GCTTOCHOM/S89SPGOCCCAA GTCAGCCCCA TGGACTCTGG GOCCTGRRRC TCCTCA
960" CCTACAGAGA TGGCTTCAAC GTCTCCATCA TGBATAACCT CACTGTTCTG GGTCTGGAGC
1020 CCCCAACTCC CTTGACAGTG TACGCTGGAG CAGGTTCCAG GGTGGGGCTG COCTGOCGCC
1080 TGOCTGCTGG TGTGGGGACC CGGTCTTTCC TCACTGCCAA GTGGACTCCT CCTGGGGGAG
1140 GCOCTGACCT CCTGGTGACT GGAGACAATG GOGACTTTAC CCTTCGACTA GAGGATGTGA
1200 GCCAGGCEA %ﬁcﬁiﬁ&égj%éﬂt&‘éc&a%ﬂ? B AEACBANERG AEEABFRCAATG -
1260 CCACTGTCAC ATTGGCAAT CACAGGTC A GGT GGGAAAGGAG “TAGCTGCCCT

1320 CCCACCCIAY AAAGAH A A A TRVEICh) J @BAERCEEYy ARG LBASEE mieALLICACCC
1380 TGTGATGCCA GGCCACHBEEG CACAAGITCC AGAECCTGCC CATCTCGEOLC CCCACTTTTC
1440 TCACCCCCAT AATAAAGAAA CGAAACTG

1468 (2) | NFOREATHOWEGRPSERY IP5° N° Bay G SEPENGEP EYERLSEHTCS: (A
LENGTH. 338 anmino acCids (B) TYPE: amino acid (C) STRANDEDNESS: single (D)
TOPOLOGY: | i n@gr add iakn MIVERLE BndYRE 1OK Qi fod ¥1) AR @INAL: SWRGE (A
ORGANI SM  Honp sag ens (xi) SEQUENGE DESCRI PTI ON: 38EQ I D NO 6: Leu G n Pro
Gy Ala Gu Val Pro Val Val Trp Ala Gn Gu Ay Ala 1 5
10 Gln ala GlygThgy Eyﬁlggg &4F Béd IPPO“’Gy§°§é;r1“F‘FJO‘ Fht 9Pl o Leu A n
Asp Leu Ser 293 25 1 30 Leu Le °Arg Arg
Ala Ay Val Thn 1P vl en8uPii A8 1967 1fd ¥1¥%1a Gln Arg ser Gly 40

45 Pro Pro Ala Ala Ala Pro3f8y His Pro Leu #d;a Pro Gy Pro His Pro 50

55

His Leu Leu Leu Phe Leu
350

60
Arg Ala Pro Gly Ala Leu Pro Ala Gly Thr

340 345

val
355

Leu Leu Leu Leu

360

Leu Gly Leu Ser vVal Thr Gly Ala Phe Gly Phe

365

Leu
370

His Trp Arg Arg Gln Trp Arg Pro

375

Arg Arg Phe Ser Ala Leu
380

Glu

Gln
385

Gly Ile Pro Gln Ala

390

His Pro Gln Ser Lys Ile Glu Glu Leu

395

Glu
400
Gln

Glu Glu Pro

405

Pro Glu Pro Glu Pro Glu Pro Glu Pro Glu Pro

410 415

Glu

Glu Gln
420

Pro Glu Pro Leu

{2) INFORMATION FOR SEQ ID NO: S:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1468 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
{D) TOPOLOGY: linsar

(ii) MOLECULE TYPE: cDNA

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

TCAGGCTGCC
CCTCCCCACC
CACCTCCCTC
TTTTCTGACC
CTCAGTTCCT
AGCCAGGGGC

GCAGCCCCAC

TGATCTGCCC
CTCTCTCCAA
TCTGCAGAAC
TCCTTTTGGA
GGGCTTGCTG
TGAGGTCCCG ™

AATCCCCCTC

AGCTTTCCAG
GGCCCTCTCC
TTCTCCTTTA
GGGCTCAGCG
TTTCTGCAGC
GTGGTGTGGG

CAGGATCTCA

CTTTCCTCTG
TGGTCTCCCT
CCCCCCACCC
CTGCC&AGAC
CGCTTTGGGT
CCCAGGAGGG

GCCTTCTGCG

GATTCCGGCC
TCTTCTAGAA
CCCACCACTG
CATAGGAGAG
GGCTCCAGTG
GGCTCCTGCC

AAGAGCAGGG

TCTGGTCATC
CCCCTTCCTC
cceeerTrec
ATGTGGGAGG
AAGCCTCTCC
CAGCTCCCCT

GTCACTTGGC

50
120- —
180
240
300
360

420



28 Ala Ala Pro Ser Ser Trp Ay Pro Arg Pro Arg Arg Tyr Thr Val Leu 65

70 75 80 Ser Val Ay Pro Ay Ay Leu

Arg Ser . % AJ%E}E(;U Pro Leu @ n Pro 85 90 PCT/EP98/03307

95 Arg. val & Asp Gu Arg Gy Arg @n Arg Ay Asp Phe Ser Leu 100

105 110 Trp Leu Arg Prig Ala Arg Arg Ala Asp Ala dy GQu

Tyr Arg Ala Ala 115 120 125 VaI H s Leu

Arg Asp Arg Ala Leu Ser Cys Arg Leu Arg Leu Arg Leu 130 :

135 AGCATCAGCC AGACAGHEECcCEyGaBcacrd ac@mccbm cChrcodicac Smcc@m;sder 0 Gago Ser

Leu Arg Ala Ser 145

160 Asp TTEASRAGCE| EACEHCH TESEECaRsC ﬁﬁéG@éPC%rCéGFﬂ:%’Aﬁg FPTﬁFEG’FﬁC& Al a>$85

170 g < n Arg

val Pro \'}'gFG’JACr%CGE8%GGCC}J&CS§éCG\é%L\G&! %ﬁg&@@ﬁ &k c&%‘ﬂc&r&c%cypo §360 5o

H s Hi s Higgcbedtodl ecadctcsiy chRfvercese Eh@cd@uc@r&c&@cﬁe&ccccccmc; 660

200 205 Val Ser Pro Met Asp Ser Ay Pro Trp Ay Cys Ile

Leu Thr mscng;mlcpcccccccc GTGCACCTCA GGAGEGCGC CCTCTCCTGC CGCCTOSRFCASp (329 Phe

Asn Val Ser Net ., Tyr 5

230 Tc;cccc'rccc; CAG%%@.SG“AJ:'&%TZQ& \é%cét‘?:ﬂcgfé ggﬂz:\ég CGGTECFAET b 7I§gu Thr

Val Tyr Algar@yrmd éaddrscty 1heclete 246accacee aceererere cat?Blrrec 840

255 @y Leu Pro Cys Arg Leu Pro Ala Ay Val Gy Thr Arg Ser Phe Leu 260

265 GGAACCGGGG CCAGGQVQFATIG’FCWTéT‘Bi/§G‘F?~<E5FCFH¢ JUABCAICHC FTACEFSAA vy Pra§CAsp

Leu Leu Val Thr Gy Asn

Gy hep PRETTICTRRTREGETAN CERAPORER PR GOy Sy oRpanaggrocareiea™ Y 438

295 CCTACAGAGA TGGC20aLd Brédcacty TE'@MMETHNCT@M&TUI @G‘ﬂdI'CGA'(ﬂCS Lew2@ n

Gu @n dn Leu 305

320 Asn AIERCARCTOaFTTRACAGT TACGCTGEAC IqAéG'IITﬂCAGI CiGT@FGFqWﬁoCCGTﬁCWC d y1080
TGCCTGCTGG TGTGGGGACC CGGTCTTTCC TCACTGCCAA GTGGACTCCT CCTGGGGGAG 1140
GCCCTGACCT CCTGGTGACT GGAGACAATG GCGACTTTAC CCTTCGACTA GAGGATGTGA 1200
GCCAGGCCCA GGCTGGGACC TACACCTGCC ATATCCATCT GCAGGAACAG CAGCTCAATG 1260
CCACTGTCAC ATTGGCAATC ATCACAGGTC AGCCTCAGGT GGGAAAGGAG TAGCTGCCCT 1320
CCCAGGGTAG AAAGGACAGG GAGGAAGGGC TGGCAGGGCA AAGACTAGGC AAACCCACCC 1380
TGTGATGCCA GGCCACTGGG CACAAGTTCC AGAGCCTGCC CATCTCGGCC CCCACTTTTC 1440
TCACCCCCAT AATAAAGAAA CGAAACTG 1468

(2) INFORMATION FOR SEQ ID NO: 6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 238 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

Leu Gln Pro Gly Ala Glu Vval Pro Val val Trp Ala
1 S 10

Gln Glu Gly Ala
15

Pro Ala Gln Leu Pro Cys Ser Pro Thr Ile Pro Leu
20 25

Gln Asp Leu Ser
30

Leu Arg Arg Ala Gly Val Thr Trp Gln His Gln

Pro Asp Ser Gly
35 40

45

Pro Ala Ala Ala Pro Gly His Pro Leu Ala Pro
50 55 60

Pro Gly Pro His Pro



325

SEQ I D NO. 7:

TYPE:

MOLECULE T¢®BS/>

29 (2)

30 (2)

nucl ei ¢

| NFORMATI ON FOR SEQ I D NGO B:
LENGTH: 30 bglsae
TOPOLOGY:

| i gear ?

fopfin

330

%E%EPE TYE% P%%?\T%C%

NO 8: TCCTGCAGAT GGATATGGECA GGTGTAGGIC

(i) SEQUENCE CHARACTERI STI CS:
STRANDEDNESS:

335 Lys A u (2)

single (D) TOPOLOGY:
29 (xi) SEQUENCE DESCRI PTION: SEQ ID NO 7:
TCTCTCAGAG CCTCCGATGG GTCATTTTG

28

| NFORMATI ON FOR

(A) LENGTH 29 base pairs (B)

| pcrreEros oBioy

(i) SEQUENCE CHARACTERI STICS: (A)

£

EWE% bgﬁk nO%Il es(gg) ID -

| NFORBAXT VEN HERPBEQLY B3INOLe @ :Arfi §exSEQBANCH.CHARACBEREISTPES:  (A)

LENGTH: 21 base pairs (B) 8FYPE:

TOPOLOGY

(o g T

NO 9:
21 (2)

nucl ei ¢ acP®l (C) STRANDEDNESS:

single (D)

150G 634 argTEIFRSE ESER BL O SEQ 1D

| NFORVATI ON FOR SEQ I D NO  10:
Trp Leu Arg Pro Ala Arg Arg

val
Gly
145
Asp
Ser
Glu
Val
Asp
225

Glu

Gly

Gly
Gln
305

Asn

Lys

(2) INFORMATION FOR SEQ ID NO: 7:

‘His

130

Gln

Trp

val

Ser

Ser

210

Gly

Pro

Leu

Ala

Asp

290

Ala

Ala

Glu

115

Leu

Ala

val

His

Pro

195

Pro

Phe

Pro

Pro

Lys

275

Asn

Gly

Thr

Arg

Asp

Ser Met

Ile

Trp

180

His

Met

Asn

Thr

cys

260

Trp

Gly

Thr

val

Leu

165

Phe

His

Asp

val

Pro

245

Arg

Thr

Asp

Tyr

Thr
325

Arg

Thr

150

Asn

Arg

His

Ser

Ser

230

Leu

Leu

Pro

Phe

Thr

310

Leu

Ala
1335
Ala
Cys
Asn
Leu
Gly
215
Ile
Thr
Pro
Pro
Thr
295

Cys

Ala

Ala

120

Leu

Ser

Ser

Arg

Ala

200

Pro

Met

val

Ala

Gly

280

Leu

His

Ile

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
nucleic acid

(B) TYPE:
(C) STRANDEDNESS:
(D) TOPOLOGY: linsar

(ii) MOLECULE  TYPE:

cDNA

single

105

Asp

Ser

Pro

Phe

Gly

185

Glu

TYp

Tyr

Tyr

Gly

265

Gly

Arg

Ile

Ile

Ala Gly Glu

Cys

Pro

Ser

170

Gln

Ser

Gly

Asn

Ala

250

val

Cly

Leu

His

Thr
330

Arg

Gly

155

Arg

Gly

Phe

Cys

Leu

235

Gly

Gly

Pro

Glu

Leu

315

Gly

Leu

140

Ser

Pro

Arg

Leu

Ile

220

Thr

Ala

Thr

Asp

Asp

300

Gln

Gln

Tyr

125

Arg

Leu

Asp

val

Phe

205

Lsu

val

Gly

Arg

Leu

285

val

Glu

Pro

110

Arg

Leu

Arg

Arg

Pro

190

Leu

Thr

Leu

Ser

Ser

270

Leu

Ser

Gln

Gln

Ala

Arg

Ala

Pro

175

val

Pro

TyY

Gly

Arg

255

Phe

val

Gln

Gln

val
335

Ala

Leu

Serxr

160

Ala

Arg

Gln

Arg

Leu

240

val

Leu

Thr

Ala

Leu

320

Gly



(1) SEQUENCE CHARACTERI STICS: (A) LENGTH. 20 base pairs (B) TYPE: nucleic
acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA
(xi.) SE@EW%I PTION: SEQ I D NO 10: CCCCACTCTG CTTCACATTTEP98/03307
20 (2) . INF FOR SEQ ID NO 11: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 37 base pairs (B) TYPE: nucleic id (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA 30 (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO. 1l (COSoeHhe P oot AN TR T TFT T TTTTTTT ~
37 (2) I NFORVATION FOR SEQ ID NO 12: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 20cirasaCasaCeTCq@BYcd YWTEATTIIC| ei ¢ aci d (C) STRANDEDNESS: si ngl e9( D)
TOPOLOGY: linear (ii) MXLECULE TYPE. cDNA (xi) SEQUENCE DESCRI PTION: SEQ ID
NO 12 G@%?W%T&w&cﬁ%m NO: 8:
20 (2) | NFORMAT) MobtRReSERAdorhidsTids, (1) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 34 base paia§ sLENSrH: I YdEbaddighetL acid

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:
TCCTGCAGAT GGATATGGCA GGTGTAGGTC o
(2) INFORMATION FOR SEQ ID NO: 9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:
CCTGGGCCAG GCCTCGATGA C 21
(2) INFORMATION FOR SEQ ID NO: 10:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:
CCCCACTCTG CTTCACATTT 20
(2) INFORMATION FOR SEQ ID NO: 11:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA



(C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NO 13: TATAGGATCC GGTGCCCAGA CCATAGGAGA GATG
34 .(2) INF Esg\d FOR SEQ I D NO 14: (i) SEQUENCE CHARACTERCPEPS$033¢7A)
LENGTH. 32 "baSe pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: singl-e (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ ID
NO 14: GGCGITCACG TGGITGGGCA CCTGTGATGA TT

32 (2) I NFOR | . - { SEQUENCE CHARACTERI STICS: (A)
CENGTH: | 31 bUEd ShpuEer et Dbl SR, 48 hoR Y ] rRANDEDNESS: 1l ¢ (D)
TOPOLOGY:ggt et (¢dgoabfanCetdr iy refr(Xxi ) SEQUENCE DESCRI PTI ON:4,SEQ I D

NO 15: TCACCTACTC GAGAAAAGTIG GGGGCCGAGA T
31 1. By PEORMAEPNNERH 88011 ¥0sdduence sel ected fromthe group

consi sting of 1)@ idi quences SEQ ID Nerr] 1, SEQID Nerr]3
A

or SEQID N e ! (¢sSequences which hybridize under
stringent conditi @#S tvBe AlMcQfic agsequences defined in a) and which code
for a pol ypepti de(mhischancEpsEssar sagheof the LAG 3 nol ecule, and is sel ected
fromthe group cot®i SPPPIPGYf 1SBEeRT D N[err] 2, SEQID N err] 4 and SEQ ID

N err
[err] (ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:
GGCCCTGGAT CCGGACCTAA ' 20
(2) INFORMATION FOR SEQ ID NO: 13:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:
TATAGGATCC GGTCCCCAGA CCATAGGAGA GATG 34
(2) INFORMATION FOR SEQ ID NO: 14:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

{xi} SEQUENCE DESCRIPTION: SEQ ID NO: 14:
GGCGTTCACG TGGTTGGGCA CCTGTGATGA TT 32
{2) INFORMATION FOR SEQ ID NO: 15:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs -~
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: c¢DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

TCACCTACTC GAGAAAAGTG GGGGCCGAGA T 31



6 ; c) the nucleotidic sequences which are degenerated as a result of the
genetic code to the nucleotidic sequences defined in a) and b), and which
code for ayagbyppesi de which is a genetic variant of the LAGCTIERAS03WI| e
and.is-selected fromthe group consi sti of SEQID Nerr] 2, SEQID N err]

sel ected fromthe group consisting of the nucleotidi-e—sequences SE
Nerr] 1, SEQID N err] 3, SEQID N err] 5 or the ful mmm& | \!ﬁ
sequences thereof. 3. A polypeptide sel ected fromthe\m\ || of
LAG 3V1l, LAG 3V2 and LAG 3V3, having a sequence sel ect'edfrom' he group
consisting of SEQID Nerr] 2, SEQID N err] 4 and SEQID Nerr] 6
respectively encoded by SEQ ID Njerr] 1, SEQID N3 or SEQID N err] 5. 4.
An expression vector conprising a nucl eotigi giggauence according to claim1l
or 2. 5 6. An host cell~tramsformed with an expression
vector according to claim5. 7. A pharnaceutical conposition containing as
active ingredient a polypeptide according to claim3 or 4. 8. Antibodies
directed to a specific epitope of one of the 10 pol ypepti des according

to claim3 or 4. 9. Antibodjes according,to.claim3, wherejn said

anti bodi es are nonocl onal a t"lirﬂ)é%cﬁ%gedlo %%{'&%éﬁqf‘e?—‘(eaﬁe‘fctﬁd Eme the arekPs
thereof. 10. Use @ingigtiddrecti es according to claim8 or 9 in a nethod for
purifying, dosing or i1dentifying a polypeptide according to claim3 or 4.
15 10 11. Use aYfthennutiediidic saquendes$E® IDI NP rh, SHQ D NIB drhe

manuf acture of a é\Eaﬁgﬁu I c conposition for treating i mmune-rel ated
pat hol ogi es. 12. apeuti c conposition conprising as active

B o holyoen | oo ocs: FEEIRAI gufbi iy yorize uncer s
conditions to any of the sequences defined in a) and which code for a
polypeptide which is a variant of the LAG-3 molecuie ;

15 c) the nuclectidic sequences which are degenerated as a
result of the genetic code to the nucleotidic sequences defined in a) and
b), and which code for a polypeptide which is a genetic variant of the
LAG-3 molecule.
2. A nucleotidic sequence accordiﬁg to claim 1 selected from
20 the group consisting of the nucleotidic sequences SEQ ID N° 1, SEQ ID
N° 3, SEQ ID N° 5 or the fully complementary sequences thereof.
3. A purified polypeptide encoded by a nucleotidic sequence
according to claim 1 or 2.
4. A polypeptide according to claim 3, selected from the
25 group consisting of LAG-3V1, LAG-3V2 and LAG-3V3, having a sequence
selected from the group consisting of SEQ ID N° 2, SEQ ID N° 4 and SEQ
iD N° 6 respectively encoded by SEQ ID N° 1, SEQ ID N° 3 or SEQ ID N°
5.
5. An expression vector comprising a nucleotidic sequence
30 according to claim 1 or 2.
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manuf act ure of i mmunonodul ators conpounds. 14. Use of a pol ypeptide
according to claim3 or 4 for the manufacture of a therapeutic conposition

for treat wgg%s%gp ng i nmmune- rel ated pat hol ogi es. PCT/EP98/03307

) g

5 6. An host cell transformed with an expression vector
according to claim 5.
7. A pharmaceutical composition containing as active
ingredient a polypeptide according to claim 3 or 4.
8. Antibodies directed to a specific epitope of one of the
10 polypeptides according to claim 3 or 4.
9. Antibodies according to claim 8, wherein said antibodies
are monoclonal antibodies or Fab, Fab', F(ab') or Fv fragments thereof.
10. Use of antibodies according to claim 8 or 9 in a method
for purifying, dosing or identifying a polypeptide according to claim 3 or 4.
15 11. Use of antibodies according to claim 8 or 9 for the
manufacture of a therapeutic composition for treating immune-related
pathologies.
12. A therapeutic composition comprising as active
ingredisnt an antibody according to claim 8 or 9.
20 13. Use of a polypeptide according to claim 3 or 4 for the
manufacture of immunomodulators compounds.
14. Use of a polypeptide according to claim 3 or 4 for the
manufacture of a therapeutic composition for treating treating immune-
related patholcgies.
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