DESCRI PTION Titl e of Invention ANTI-MSTI R ANTI BODI ES AND USES THEREOF
Background [0001] MSTI R (macrophage stinulating 1 receptor; human MSTIR is
shown i n veenBanks@scessi on No; NM 002447.2), al so descr ipbegrano/bEhbor

CDW 36, is a c-Met related tyrosine kinase found on cells of epithelial
origin. The 1400 am no acid single chain precursor is cleaved into a

di sul fide-linked heterodi mer consisting of an extracellular 40kDa a-chain
and a 15CkDa b-chain, which includes the intracellular tyrosine kinase

domain. Simlar to c-Met, MSTIR i ive cell growth, mgration,
cell dissociation and matrix inva @ﬁgﬁﬁfﬂﬁy et al., Carcinogenesis 24,

1291- 1300, 2003; Lee, et al., din Cancer Res 11, 2222-2228, 2005]. Both
t yr osi nEitleioTdaedmtisne over expressed on a variety of malignant tunors, such

as brea | gl ﬁﬁg&e , et al., Cancer Res 66,
9162-91 ?Imﬁjwﬁémcro aggﬁstTl(ﬁnu a gry protein, is the only |ligand
to MSTI R known so far. MSP binding triggers aut ophosphoryl ation of the

MSTI R tyrosi ne kinase domai n. Thereby activated MSTIR transduces a variety
of diffBaekgirowdd hway cascades. [Wang, et al., Carcinogenesis 24, 1291-1300,
2003; O Toole, et al., Cancer Res 66, 9162-9170, 2006]. Generation of

bi ol ogi active, truncated MSTIR variants through nRNA splicing has

al so been reported [V\ang, et al., Carci nogenesis 24, 1291 1300 2003] . For
exanpl ey R Z 1 riant u col org carci.noma
sanpl es, Shﬁg](magro Ve eesﬁprugaéuslgonecmpfﬁglﬁlfmﬁ%% f‘?esgo‘gf’é%l Ikaf:cels?‘}%rh on in
nude m Ne; N¥h0024t7.29) also daseritgaae RON ork 80w 18 is 2008t reldted ty'rbﬁﬂ IFhasifodaddi es
i ke EVI C— AIOb ock. t he I| nd-receptor interaction and are potent

i nhi bi t‘eﬂge 10 F@é@bﬁld%ﬂgahd%okﬂﬁewcg YREle Fhagn PresyISoH gleayeddpio and

tunor i ggisaais1ihdTRa6dinet cosistind-G Rk triRelu P 4013 5dch At 48 a Z8APJa- B-chain,

which includes the intracellular tyrosine kinase domain. Similar to c-Met, MSTIR induces '
invasive cell growth, migration, cell dissociation and matrix invasion. [Wang, et al.,
Carcinogenesis 24, 1291-1300, 2003; Lee, et al., Clin Cancer Res 11, 2222-2228,2005]. Both
tyrosine kinases are overexpressed on a variety of malignant tumors, such as breast, lung or
prostate cancer [O’Toole, et al., Cancer Res 66, 9162-9170, 2006]. MSP, macrophage
stimulatory protein, is the only ligand to MST1R known so far. MSP binding triggers
autophosphorylation of the MST1R tyrosine kinase domain. Thereby activated MST1R
transduces a variety of different pathway cascades. [Wang, et al., Carcinogenesis 24, 1291-1300,
2003; O’Toole, et al., Cancer Res 66, 9162-9170, 2006]. Generation of biologically active,
truncated MST1R variants through mRNA splicing has also been reported [Wang, et al.,
Carcinogenesis 24, 1291-1300, 2003]. For example, MST1R 4160 variant was found in some
of colorectal carcinoma samples, and its overexpression without ligand mediated tumor
formation in nude mice [Zhou et al., Oncogene 22, 186-197, 2003]. Anti-MSTIR antibodies like
IMC-41A10 block the ligand-receptor interaction and are potent inhibitors of receptor and
downstream signaling, cell migration and tumorigenesis [O’Toole, et al., Cancer Res 66, 9162-
9170, 2006].

[0002]

In conclusion, antibodies blocking MST1R activity are of potential therapeutic relevance in

human cancer.



[ 0002] In conclusion, antibodies blocking MSTIR activity are of potenti al

t herapeutic rel evance in human cancer. Summary [0003] It is an object to
provi de hwomnioasbssunani zed anti bodi es agai nst MSTI R [ @0@AP20d10/052379%n0t her
object to provide antibodies that are safe for human adm nistration. [0005]
It is also an object to provide nethods for treating di sease or and/or
condi tions associated with MSTIR up-regul ati on by using one or nore

anti bodi es of the invention. These and other objects are nore fully

descri b§d herein. [0006] In one enbodi nent, an isolated antibody or

functi on‘é'fm\af%\grrent that contains an antigen-binding region is specific for
MSTI R. [0007] Such an antibody or functional fragnment thereof may contain
an antib@%]bi ndi ng region that contains an H CDR3 (heavy chain CDR3) region
havi ng the am no acid sequence of SEQ ID NGO 1 or 4; the antigen-binding

r egi on MHesyanfabj¢ch trprovidé hdmamandhudiRZzed hutehogies bgainst BOFRP)R.r egi on havi ng t he
am no acid sequence of SEQID NO 2 or 5; and the antigen-binding region

al so najp084int ain an H CDRl (heavy chain CDR) region having the am no acid
sequence of SEQ ID NGO 3 or 6. Such an antibody or functional fragnment

t her eof It isanodenblgedt taproxideiagabdaiiesdhat@gre @i fonhirhat adiwinisahtish. an L- COR3 (| i ght
chain CDR3) region having the am no acid sequence of SEQID NO 7, 8, 9,
10, 11 @004)2; the antigen-binding region may further include an L-CDR
(light chain CDRI') region having the am no acid sequence of SEQ ID NO 13
or 15; Rihlidu dbjéct BErotide eettids &FitRRtin ESalPor 28Rk 3brdlitdhslassoblRied (Witig ht

chain CDRZI) regi on having. o ) ) )
MSTIR up-regulation by using one or more antibodies of the invention. These and other objects

~

are more fully described herein. ' o
[0006]

In one embodiment, an isolated antibody or functional fragment that contains an antigen-binding

région is specific for MST1R.
[0007]

Such an antibody or functional fragment thereof may contain an antigen-binding region that
contains an H-CDR3 (heavy chain CDR3) region having the amino acid sequence of SEQ ID
NO: 1 or 4; the antigen-binding region may further include an H-CDR2 (héavy chain CDR2)
region having the amino acid sequence of SEQ ID NO: 2 or 5; and the antigen-binding region
also may contain an H-CDRI1 (heavy chain CDR1) region having the amino acid sequence of
SEQ ID NO: 3 or 6. Such an antibody or functional fragment thereof may contain an antigen-
binding region that contains an L-CDR3 (light chain CDR3) region having the amino acid
sequence of SEQ ID NO: 7, 8, 9, 10, 11 or 12; the antigen-binding region may further include an
L-CDRI1 (light chain CDR1) region having the amino acid sequence of SEQ ID NO: 13 or 15;
and the antigen-binding region also may contain an L-CDR2 (light chain CDR2) region having
_the amino acid sequence of SEQ ID NO: 14 or 16.

[0008]

Antibodies (and functional fragments thereof) described herein may contain an antigen-binding

region that is specific for an epitope of MST1R, which epitope contains one or more amino acid



the am no acid sequence of SEQ ED NO 14 or 16. [0008] Anti bodies (and
functional fragnments thereof) described herein nay contain an

ant i gen- bivodbmgrosegi on that is specific for an epitope eCTNBI1HosM ch
epi tope contains one or nore am no acidresidues of am no acid having the
am no aci d sequence of SEQ ID NO 17. For certain antibodies, the epitope
may be |inear, whereas for others, it may be conformational (i.e.,

di sconti nuous). An antibody or functional fragment thereof having one or

nore of these propert.i .may _cont ai n, an _ant i - hindi.ng reqi on .t hat
cont ai ngesgiﬁe 2 ?cé%lﬁ%rlln %%lsiaﬁldj“%‘?éd %Fﬂ?%egggg(ﬁ@%gn%e I%l?cg@(gn DNO 1 or
4; the amiboges thé eiliop@ miag bk tined¥ByhdredstfbestherdGt ta@ bétortbraidndl €0d. 0N havi ng

the amino acid sequence of SEQ I.D NO 2 or_ 5; and the antigen-binding

regi on HISSPLIREGISEofiR & ipodh oFfedergnal HaeBentiBRrea{ Jaying oBgPTBOREL thestquence of
SEQ I D BQpe@ilena@co@_&lﬁIﬂn%nt%@]i'—ﬂ?hdﬁ%’l%%kin‘tﬁat@%t’aﬁ\?‘éﬁ{ %Dkﬁ?e%iﬁ%%ﬂe may
contain an antigen-binding Tegion that contains an L-CDR3 Tegion having the
am no agmihosesequracod! FENOID DD, ord; tig anfigentBindihg region @ay funéer include an

ant i genyblRELNG -1 edi an further inclu = C ~egi Qn _shown.in SEQ I D
no 95 HRORE MG R i o RS TR oG TR B PR RO

r egi 03 Feggvonnedsot they c&iﬁiarf]lOaraHi@)Remgeddlcl&vihfg tﬁgﬁﬁhﬁ abia sed.tfbn(‘)e_lr oﬂ.‘ﬁEQm[)I@mg obr

Pepti de vari ant t he, sequences, di scl ose erein are al so enbrace

vari ousSe At M%ﬁé -ghecifig@npbady) of i 18 venkiop grayicaglalp anmtisembiadingEsaian that| ude

ant i - MSZhfriadid PLDESreBRYINA0ing theYiKo ﬁaaisgqléﬂémwj b ReAvenoe Wit by 18t
| east 60 percent sequence identity in the regions with the CDR r egi ons

havi ng theantiginiinding teegaguantsther ingdady aDL1EDR 1 regpn sBowrt in SEQID NO:diddyror  at

| east 80, . : ' i f £9i ons
navi ng. ¢ erd g BERRARE RNEMREk ol R GDRG S iy 0 SptidAckeD

i ncl udeseqaeecefi SEQNBIN®: bhodi Ivodi es having a |ight chain am no acid sequence
with: at |east 60 percent sequence identity in the COR regions with the CDR
regi ons[0o89] ng the am no acid sequence of SEQID NO 7, 8, 9, 10, 11, 12,
13, 14, 15 or 16; and/or at |east 80 percent sequence honology in the CDR

r egi ons Pgptide vatist€dIithe sequences disclosed herein are also embraced by various embodiments of

the disclosure. Accordingly, the embodiments include anti-MST1R antibodies having a heavy
chain amino acid sequence with: at least 60 percent sequence identity in the CDR regions with
the CDR regions having the amino acid sequence of SEQ ID NO: 1, 2,3, 4, 5 or 6; and/or at least
80 percent sequence homology in the CDR regions with the CDR regions having the amino acid
sequence of SEQ ID NO: 1, 2, 3,4, 5 or 6. Further included are anti-MST 1R antibodies having a
light chain amino acid sequence with: at least 60 percent sequence identity in the CDR regions
with the CDR regions having the amino acid sequence of SEQ IDNO: 7, 8,9,10, 11, 12,13, 14,
15 or 16; and/or at least 80 percent sequence homology in the CDR regions with the CDR
regions having the amino acid sequence of SEQ IDNO:7,8,9,10, 11, 12,13, 14, 15 or 16.

[0010]

An antibody disclosed herein may be an IgG (e.g., IgG), while an antibody fragment may be a
Fab or scFv, for example. An inventive antibody fragment, accordingly, may be, or may contain,

an antigen-binding region that behaves in one or more ways as described herein.

[0011]



regi ons having the am no acid sequence of SEQID NO 7, 8, 9, 10, 11, 12,
13, 14, 15 or 16. [0010] An anti body disclosed herein may be an 19gG (e.qg.,
1gG ), whwbeommoaossi body fragnent may be a Fab or scFv, pConpsmeni® An

i nventive antibody fragnment, accordingly, nay be, or may contain, an

ant i gen-bi nding region that behaves in one or nore ways as described
herein. [001 1] Anot her enbodi nent al so4relates to isolated nucleic acid
sequences, each of which can encode an anti gen-bi nding region of a hunan
anti bod f unct.i onal . fragnent. ereof .that is specific.for. an epitope of
veri R Soher RGBT vt FAAEER s AT RRI-LAED slete R RS Sl v R S5 R0 an
ant i bodyn @nigen-bildingaegios efubntsh Saibedy aduhdtiviml i n@ho thered Ohai i kpdeficobr SEQ
I D NOS: 18, 20 or._a nucleic acid sequence that hybridizes under _high

Stri ngemip@aﬁaf) MSdh&- %Bcli fau %ﬁﬁ?‘gﬁ%‘FW@t?“&ﬁ dyargpls hepyyghaimefag, 20
The ”Ucirﬁide?EAcﬂineihgé‘S s&ﬂ@&@%el@ct&%frbﬁ%@gﬂohg Qéns‘i‘é?iﬂg Bf 9EQAD NG9! &L 86lora

anti body or Tunctional fragnent thereof, and may contain a sequence

sel ect enndleionqid begugnesuhat hybridigesiunderdfighsfiin gebeamditikms t@the co@pleagntagd, 32,
or a nu i j u t hat hvbri di,zes.under hi gh,st.fingency. condi ti ons
Gl o SEOADSOLRNS G e sllR s iR b ARG iR BRSSO L)

to the conplenentary str _

Nucl ei cisalaied aintlesiyror hattibeed] Eiagmenteheeof] ald reay contdie & seguenitleped toai then.
Thus, vectors and h I cont ai ni ucl ei ¢ aci d sequence di scl osed
her o) n SPUP S9SEUpgPY ﬁ%ﬁﬁﬁr@%iﬁe%é& %é%i eHHPUFE PO SRS P Hed herein
may be aRide inddh BihRGHgkfcyLonitioR W tRCEdnfpI &R thiGRirhANGE SEPES RO: 22, 24,
enbodi nents, therefore, include a pharnmaceutical cConposition containing an
i nvent i ¥ 28m9 ¢y (or functional antibody fragnent) and a pharmaceutically
acceptabl e carrier or excipient thereof. In a related aspect, another

embodi M2} ncl udes nethods for treating a disorder or condition associ ated
with the undesired presence of MSTIR or MSTIR expressing cells. Such nethod
cont ai nNutlhie agide gescubedltbréin iarst suitabie for secambdingnepodigtion e dtus, estens fanchhost

effect] ge?ls%ggtglﬁgngog m}cpe?c acid sequence disclosed herein are also further embodiments.

[0013]

Compositions described herein may be used for therapeutic or prophylactic applications. These
embodiments, therefore, include a pharmaceutical composition containing an inventive antibody
(or functional antibody fragment) and a pharmaceutically acceptable carrier or excipient

thereof. In a related aspect, another embodiment includes methods for treating a disorder or
condition associated with the undesired presence of MST1R or MSTIR expressing cells. Such
method contains the steps of administering to a subject in need thereof an effective amount of the
pharmaceutical composition that contains an inventive antibody as described or contemplated

herein.
[0014]

Yet other embodiments relate to isolated epitopes 0f MSTI1R, either in linear or conformational
form, and their use for the isolation of an antibody or functional fragment thereof, which
antibody of antibody fragment comprises an antigen-binding region that is specific for said
epitope. In this regard, a conformational epitope may contain one or more amino acid residues in
SEQ ID NO: 17. An epitope of MST1R can be used, for example, for the isolation of antibodies

or functional fragments thereof (each of which antibodies or antibody fragments comprises an



phar maceuti cal conposition that contains an inventive anti body as descri bed
or contenplated herein. [0014] Yet other enbodinents relate to isolated

epi t opes WO 2MFUWIRSSei t her in |inear or confornmational f&CHJIPZNYOIHY r use
for the isolation of an antibody or functional fragnent thereof, which

anti body of antibody fragnent conprises an antigen-binding region that is
specific for said epitope. In this regard, a conformational epitope may
contain one or nmore amno acid residues in SEQ ID NO 17. An epitope

of MSTI R‘ﬁﬁ’? t i 1.25: gl

functiona ?‘é‘gﬁ‘ Qe%f)x?ﬂng?égp@ (12%%%9&;1 e\?ﬁ ﬁ%)hgﬁﬁl es or °g§§!‘?t§‘§‘c‘i‘?% said

f r agmentpstopooflVISTER vatheamt angibod yblitmatiyragd usegmog thehmatibody(ispecifinctiohdr such

epi top Oﬂg)r SI n the steps of contacting said epitope of MSTIR with an

anti bo t%? isolating the anti body(ies) or liinctional fragnent(s)

t her eof i%OlS] h| anot her enbodi ment, the disclosure provides an isol ated

epi tope[OB MSTI R, which consists essentially of an am no acid sequence in
such_an epitope "consjsts essentially of one

SEQ I D d
of Qt he Qoﬁﬁﬁéﬂaq@%ﬂ?%?e% fggﬁﬁb@a\fﬁ REPVigles gn §@&&éﬁ@é@%f@48£b%.whleth%qnswéat ures,
provi degksditafly b Asidb béian ueﬁ@@lh;gE?HﬂNm‘W RRh&dirabdiy, saff &fdpifope basic

and novel characteristics o ope. [0016] The di’sclosure 1S al so
di r ect eonistyesgentiafsef r@le(qf)th@mm@@t@lv preceding ypwogtidequeRcesaipy ddditingalbone or

nore a C 0, aci en I , 17; (i)
an ant 1 A UESHARE ofdibal® AR BT I Wb Ol 1 or e
to |solmamcmnalmrofﬂw@1tMers of such library that binds specifically to
such epitope. (DETAILED DESCRI PTION) [0017] The present disclosure is based

on t he @bdsglovery of novel antibodies that are specific to or have a

The disclosure is also directed to a kit having (i) an isolated epitope of MST1R comprising one
or more amino acid residues of the amino acid sequence in SEQ ID NO: 17; (ii) an antibody
library; and (ii1) instructions for using the antibody library to isolate one or more members of

such library that binds specifically to such epitope.

(DETAILED DESCRIPTION)

[0017]

The present disclosure is based on the discovery of novel antibodies that are specific to or have a
high affinity for MST1R and can deliver a therapeutic benefit to a subject. The antibodies
disclosed herein, which may be human or humanized, can be used in many contexts, which are

more fully described herein.
[0018]

A “human” antibody or functional human antibody fragment is hereby defined as one that is not
chimeric (e.g., not “humanized”) and not from (either in whole or in part) a non-human

species. A human antibody or functional antibody fragment can be derived from a human or can
be a synthetic human antibody. A “synthetic human antibody” is defined herein as an antibody
having a sequence derived, in whole or in part, in silico from synthetic sequences that are based
on the analysis of known human antibody sequences. In silico design of a human antibody

sequence or fragment thereof can be achieved, for example, by analyzing a database of human



high affinity for MSTIR and can deliver a therapeutic benefit to a subject.
The anti bodi es di scl osed herein, which may be human or humani zed, can be
used i n MOROWINBERt s, which are nore fully described h@C&JR201)/08233] A
"human" antibody or functional human antibody fragnent is hereby defined as
one that is not chinmeric (e.g., not "humani zed") and not from (either in
whol e or in part) a non-human speci es. 6A human anti body or functi onal

anti body fragment can be derived froma human or can be a synthetic hunan
anti bod

navi ng. Sty SYBEAY GagMyR R Bt dovishnd Epq RBBEI BLEBRURAE e iBEY
sequencegtainbdthemfrorh aésrmheo nxa;rtmde afiahymarsamibolin omfunttwmarnnalhbdybfmgmaﬁ,qm ences.
In silico desi a hu n an equence o ment t her eof can be
neh evette R ERtoflt B MR a0 bPPA A HBEe Shant bR 0§ e ant | body
f r agmengrigie gueNGEIsisa Ldaa tasalorPan?iBb¥iBERk e R0 AMEANE Rakitdl kbt&bé)g the data
obt ai ned therefrom Another exanple of a human antibody or functional

anti bodgpofiypgment, is one that is encoded by a nucleic acid isolated froma
library of anti body sequences of human origin (i.e., such library being
based OR “AlinhMOeH £RibbRIR AldcABAA hiaR D Aibba FRAHEH ) defihOPESEinAs ohlimani zed
anti body" or functional humanized antibody fragnent is defined hereln as
one t hathatis (i) riynwérfmﬂe@l nén-bwman spurcel{gigan taosgeos I(l@sg which beargadigtendlogonsuse
which b ne, .syst.e i hod based on a
numan gEnreny G e et TS anA ilan bt SRS OB Hormi n 1 s
der i vedwhermein the narinbleulvatainis |dgnwdaﬁtdn hli\én—(hﬁﬂﬁh aﬁgmdlﬁdrﬂlertohﬂalddbmedsf roma

human ori gi n _or ('ii conpl ement ar deternlnln |on CDR) -grafted,
Wheroi nosrived E8ped bman el ey co ATy OF ACRET ST n o 1 e
one or waé@mfﬂa@cmr()kﬁle%rM@dMﬁamk& ﬁorﬂ@%bfhuﬁfaﬁ oﬁgmhwﬂﬁaoﬁdrgh&eand the
const ant donain élf any) is of hunman orig used herein, an

ant i bodifampwers okthe yprigbiedanyain areofihyman péglinfailé ﬂtecfpflmm demaing(fenly} iso4l | y

human origin.

[0020]

As used herein, an antibody “binds specifically to,” is “specific to/for” or “specifically
recognizes” an antigen (here, MST1R) if such antibody is able to discriminate between such
antigen and one or more reference antigen(s), since binding specificity is not an absolute, but a
relative property. In its most general form (and when no defined reference is mentioned),
“specific binding” is referring to the ability of the antibody to discriminate between the antigen
of interest and an unrelated antigen, as determined, for example, in accordance with one of the
following methods. Such methods comprise, but are not limited to Western blots, ELISA-, RIA-,
ECL-, IRMA-tests and peptide scans. For example, a standard ELISA assay can be carried
out. The scoring may be carried out by standard color development (e.g. secondary antibody
with horseradish peroxide and tetramethyl benzidine with hydrogenperoxide). The reaction in
certain wells is scored by the optical density, for example, at 450 nm. Typical background
(=negative reaction) may be 0.1 OD; typical positive reaction may be 1 OD. This means the
difference positive/negative can be more than 10-fold. Typically, determination of binding
specificity is performeAd by using not a single reference antigen, but a set of about three to five

unrelated antigens, such as milk powder, BSA, transferrin or the like.

[0021]



recogni zes" an antigen (here, MSTIR) if such antibody is able to

di scrim nate between such antigen and one or nore reference antigen(s),

si nce bi MNIPrGIg¥8Esficity is not an absolute, but a rel RCTJE2030/63247Xy. | n
its nost general form (and when no defined reference is nentioned),
"specific binding" is referring to the ability of the antibody to

di scrimnate between the antigen of interest and an unrel ated anti gen, as
determ ned, for exanple, in accordance with one of the follow ng net hods

Such G t n
Such oA g6 OORRASna Y Bal e B B HESHEER, B il el AT
be car rthe thrgaiantigenand ooe ongomrelostly ralaed aetigen(s), vhiyc}smamdaiai refotence pomts

d I ti bod th h | d
ot r ancthypeEertorsRE SR Riahd e SEMALPER AdSIORHS  aehE BInTE CEPUSR el |
i S scortedhdaabllﬁtb@f@xpamtmuy dedlﬁdrtminaté Bétw%xﬁﬂilffefbnt PartsAoTGts RdFpet Rkl

background ative reaction be 0.1 OD; typical positive reaction
may be @g-cb Ig dOTRHBNQT FEEANy fM‘éT éECprfsqpﬂtPDf’éllﬂé‘g‘dWWH@éﬁf Behe'br e than
10-f ol dtemTl}{Ql' i gbﬁ ¥r a2t RISTIRAL i@ o BEIOR RRAAAIRG fliliYesldhe 6 S

using not a single reference antigen, but a set o out three to |ve
unr el atefamam agéresidussiefitargst MBTkRpowder, BSA, transferrin or the |ike.

[ 0021] However, "specific binding" also may refer to the ability of an

ant i bod9022] di scrim nate between the target antigen and one or nore closely
rel ated antigen(s), which are used as reference points, e.g. between target
MSTI R afildo taamgaihaﬁnmnhtim'mnnog%hﬁliﬁﬂ Oigphdrgby iselpfiged dsa Ibbtﬁ'ﬁhimg)'hgmyo tel ate to

the abil it od 0 discrjinnate hetween different sof its
targot i teferdz P 1G5 TeRranieb for tayubelis” il e e blenaiorvenbinbas ©
epi t opa&own a&xhﬁod}bstﬁlﬂfﬂxﬁlﬁlbnﬂrfragﬂeﬁ@ﬁleg&rK‘ "If@dcnbﬁﬂlfﬁgm@ﬁt”to%ﬂﬂ |V5T| R, or
bet ween one or nore kei/ am no acid residues or stretches of am no acid

r esi duetippdy/ prgenogigbyliRhepby B Apfingdss a feagmen bef Wéb@ﬂy/laﬁnuﬂogi?bh]@g(%ul in"

(1)1t G301, o EALEAD LS b5 Ayl o 0=

known arftan laothely tgridaliyin fdund mabnef aragme hyservdiabkat gior(s) dfianciniibedy i.6.ythgment

of an CDR-1, -2, and/or -3 regions; however, the variable “framework” regions can also play an

important role in antigen binding, such as by providing a scaffold for the CDRs. In various
embodiments, the “antigen-binding region” comprises at least amino acid residues 410103 of
the variable light (VL) chain and 5 to 109 of the variable heavy (VH) chain, amino acid residues
3t0107of VL and 4 to 111 of VH, and are the complete VL and VH chains (amino acid
positions 1 to 109 of VL and 1 to 113 of VH; numbering according to WO 97/08320). A
exemplary class of immunoglobulins for use in the embodiments described herein is

IgG. “Functional fragments” of the invention include the domain of a F(ab’), fragment, a Fab
fragment and scFv. The F(ab’); or Fab may be engineered-to minimize or completely remove

the intermolecular disulphide interactions that occur between the CH1 and CL domains.
[0023]

An antibody described herein may be derived from a recombinant antibody library that is based
on amino acid sequences that have been designed in silico and encoded by nucleic acids that are
synthetically created. In silico design of an antibody sequence is achieved, for example, by
analyzing a database of human sequences and devising a polypeptide sequence utilizing the data

obtained therefrom. Methods for designing and obtaining in silico-created sequences are



ant i body/i mmunogl obulin hereby is defined as a fragnent of an

anti body/i nmunogl obulin (e.g., a variable region of an 1gG that retains

t he anti ge¥O-201014B803§ r egi on. An "anti gen-bi ndi ng regi on" PET/JB1GAT2HTSOdY
typically is found in one or nore hypervariable region(s) of an anti body,
i.e., the CDR-I, -2, and/or - 3 regions; however, the variable "franmework"
regions can also play an inportant role in antigen binding, such as by '
providing a scaffold for the CDRs. In various enbodi nents, the

"ant i geg-hingi jen 1.58S t IcAQ a5 . ' s A to 103 of
the. varsnred, B9elAMPn AL ERAS gl 835 AT A KFHHEL Wiy
chai n, bl dddthbdse 2541688432000 ; &l/U Sf P¥lentNa 4,30@044lisduedfto WiHappkdt Al e t he
conpl ete, VL, and VH.chai ns m no aci.d positions 1 to 109 of VL and 1 to 113
of VH; Wh‘ﬁh&?ﬁe arﬁd‘&‘i?ﬂ%ﬂr?fﬁéB%r%e@;?/‘@é@’?(?}‘.t‘m&"exerrpl ary cl ass of

i mmunogl obul ins for use in the enbodi nents described herein is 1gG

"Funct i @aaibodieaDBRAbEd Hefeid)he i nvention include the domain of a F(ab') 2
fragnent, a Fab fragnment and scFv. The F(ab') 2 or Fab may be engineered to
m ni m z® % conpl etely renove the internol ecul ar di sul phide interactions
that oc®d*bet ween the CH and CL dommi ns. [ 0023] An anti body descri bed
herein y g@ dglri v_e(il froma reconbinant antibody library that is based on
ani no athgughey scloshen refergReeds aRde todhe follgwing represeagativ gnibdisged by

nucl ei c-@Gbalfy ddd@lor 8 RCSY BF MAIOREAk | MO KaEFEsentshnSntib&®) tﬁ%ﬁiggar\ra?ﬁibl@n

anti body sequence is achieved, for exanple, by analyzing a database of
human séqwemgém cangsppadingito §EQ IPONQpEHet 20D 8D ING:| i9z0r3g (pioteim)aand

obt ai ne . i gni n NGAG. HN, 514 §0-6r eat ed
sequen C%g&%ﬁfgﬁ{ég@ﬁ@{gggg Ezﬂ?%‘r? ﬁfé’%‘r‘%g eo,ug irlﬂﬂl%r@iﬁ (élf EEQ? bglhag jf ? zflb*.’ E§i3§ I a_n&‘z 96:
57-86, ZDMNAKSRQIDNO«al23,25]27)210y3hand 3Mprdtels. 254: 67- 84, 2001; and U. S.
Pat ent No. 6,300,064 issued to Knappik et al., which hereby are

i ncorpojoaegld by reference in their entirety. (Antibodies Described Herein)

[ 0024] Throughout this disclosure, reference is nade to the foll ow ng

r epr esemtoikiexemplfthd@t1esire pivided @l ¥ntibody havilig a LdMable avy Mgdn X. MOR X

represents an anti body havi ngj a variabl e ) ) ) )
corresponding to SEQy ID NO: 18 (DNA)/SEQ ID: NO: 19 (protein) and a variable light chain

corresponding to SEQ ID NO: 22 (DNA)/SEQ ID NO: 23 (protein).

[0026]

In one example, the disclosure provides an antibody having a variable heavy region
corresponding to SEQ ID NO: 20 (DNA)/SEQ ID: NO: 21 (protein) and a variable light chain
corresponding to SEQ ID NO: 24 (DNA)/SEQ ID NO: 25 (protein).

[0027]

In one example, the disclosure provides an antibody having a variable heavy region
corresponding to SEQ'ID NO: 18 (DNA)/SEQ ID: NO: 19 (protein) and a variable light chain
corresponding to SEQ ID NO: 26 (DNA)/SEQ ID NO: 27 (protein).

[0028]

In one example, the disclosure provides an antibody having a variable heavy region
corresponding to SEQ ID NO: 18 (DNA)/SEQ ID: NO: 19 (protein) and a variable light chain
corresponding to SEQ ID NO: 28 (DNA)/SEQ ID NO: 29 (protein).

[0029]



heavy region corresponding to SEQ ID NO 18 or 20 (DNA)/SEQ ID NGO 19 or 2
1 (protein) and a variable |ight region selected fromthe group consisting
of SEQ | BvbQ@e10/@%)5524, 26, 28, 30 and 32 (DNA)/ SEQ | D NEsT1/Ed0BL4727, 29,
3 1 and 33 (protein). [0025] In one exanple, the disclosure provides an
anti body having a vari able heavy region corresponding to SEQ ID NGO 18
(DNA)/SEQ ID: NO 19 (protein) and a variable light chain corresponding to
SEQ ID NO 22 (DNA)/SEQ ID NO 23 (protein). [0026] In one exanple, the

di scl oS & e REAYPIESHe BRCIBEIE p&@mebayw,o% M@Jiﬁ%%bﬁialsmvm jogn
corresponding to SEQ ID NO " 20 (DNA)/ SEQ | D: 1 2 1 (protéin) and a
var i abl eorfeisgindingtaiSEQCIDY NOs pb IINAYSEQ IBEYQ: DI NDoted) apdhlagrisdlc]igibchdn 25

(protein). [0027], X hsclqsure.provi des an anti body
havi ng %3W§$9“§81 o E@%@%ﬁ@g?@@@%@é@hﬁ?é@, (Pt O ID NO 18 (DNA)/SEQ I D
NO 19 tein) and a variable |ight chain corresponding to SEQ ID NO 26
(DNA) / D NO 27 (protein). [0028] In one exanple, the disclosure

provi des an antibody having a vari abl eavy region corresponding to SEQ ID
NO 18 KRRy b .dﬁr%.os% PrOyidst &s ?Btﬁ’gaﬂﬁ%‘x%‘f‘ ?%’Eﬂgéﬁche?@h{eglﬂ‘?ai n

cor r espeylispishdin (SEEQ 1D NG: 128K RMSEGSBRNG 1H@roRsh) (@Rl akvalidble 1iFRCRSK! n one
exanpl e, the disclosure provides an anti body having a vari abl e heavy region
cor r es peiEaspding ts8EQ 1D NO: 32 (PN AMAFERIBNPDS3 ﬁﬂ@?tell!g (protein) and a -

vari abl e I'ight chain corresponding to SEQ 1D NO 30(DNA)/SEQID NO 3 1
(protei WP311 0030] In one exanple, the disclosure provides an anti body

havi ng a vari abl e heavy region corresponding to SEQ ID NO 18 (DNA)/SEQ I D:
NO 19 Inmnothei aspectnilie disolasuraptoyides Hlowdhgandibodies.

[0032]

In one example, the disclosure provides an antibody containing an antigen-binding region that
coritains an H-CDR3 (heavy chain CDR3) region having the amino acid sequence of SEQ ID
NO: 1 or 4; the antigen-binding region may further include an H-CDR2 (heavy chain CDR2)
region having the amino acid sequence of SEQ ID NO: 2 or 5; and the antigen-binding region .
also may contain an H-CDR1 (heavy chain CDR1) region having the amino acid sequence of
SEQ ID NO: 3 or 6. Such an antibody thereof may contain an antigen-binding region that
contains an L-CDR3 (light chain CDR3) region having the amino acid sequence of SEQ ID NO:
7,8,9,10, 11 or 12; the antigen-binding region may further include an L-CDR1 (light chain
CDR1) region having the amino acid sequence of SEQ ID NO: 13 or 15; and the antigen-binding
region also may contain an L-CDR2 (light chain CDR2) region having the amino acid sequence
of SEQ ID NO: 14 or 16.

[0033]

The disclosure also provides an antibody containing the antigen-binding region (i) H-CDR3
region having the amino acid sequence of SEQ ID NO: 1, H-CDR2 region having the amino acid
sequence of SEQ ID NO: 2 and H-CDRI1 region having the amino acid sequence of SEQ ID NO:
3, (i1) H-CDR3 region having the amino acid sequence of SEQ ID NO: 4, H-CDR2 region
having the amino acid sequence of SEQ ID NO: 5 and H-CDRI region having the amino acid
sequence of SEQ ID NO: 6. |

[0034]



corresponding to SEQ 1D NO 32 (DNA)/SEQ ID NO 33 (protein). [0031] In
anot her aspect, the disclosure provides follow ng anti bodies. [0032] In one
exanpl e, wbeodi/®sisesure provi des an anti body cont ai ni ngpem/Jazntiy/geardbi ndi ng
region that contains an H CDR3 (heavy chain CDR3) region having the am no
acid sequence of SEQID NO 1 or 4; the antigen-binding region may further
i nclude an H CDR2 (heavy chain CDR2) rsgi on having the am no acid sequence
of SEQID NO 2 or 5; and the antigen-binding region also nay contain an
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region having the amino acid sequence of SEQ ID NO: 13 and L-CDR2 region having the amino
acid sequence of SEQ ID NO: 14, or (vi) L-CDR3 region having the amino acid sequence of
SEQ ID NO:. 12, L-CDR1 region having the amino acid sequence of SEQ ID NO: 13 and L-
CDR2 region having the amino acid sequence of SEQ ID NO: 14.

[0035]

Another embodiment provides an antibody containing an antigen-binding region selected from
the group consisting of (i) H-CDR3 region having the amino acid sequence of SEQ ID NO: 1, H-
CDR?2 region having the amino acid sequence of SEQ ID NO: 2, H-CDRI region having the

“amino acid sequence of SEQ ID NO: 3, L-CDR3 region having the amino acid sequence of SEQ
ID NO: 7, L-CDR1 region having the amino acid sequence of SEQ ID NO: 13 and L-CDR2
region having the amino acid sequence of SEQ ID NO: 14, (ii) H-CDR3 region having the amino
acid sequence of SEQ ID NO: 4, H-CDR?2 region having the amino acid sequence of SEQ ID
NO: 5, H-CDR1 region having the amino acid sequence of SEQ ID NO: 6, L-CDR3 region
having the amino acid sequence of SEQ ID NO: 8, L-CDRI1 region having the amino acid
sequence of SEQ ID NO: 15 and L-CDR2 region having the amino acid sequence of SEQ ID
NO: 16,, (iii) H-CDR3 region having the amino acid sequence of SEQ ID NO: 1, H-CDR2
region having the amino acid sequence of SEQ ID NO: 2, H-CDR1 region having the amino acid
sequence of SEQ ID NO: 3, L-CDR3 region having the amino acid sequence of SEQ ID NO: 9,
L-CDR1 region having the amino acid sequence of SEQ ID NO: 13 and L-CDR?2 region having
the amino acid sequence of SEQ ID NO: 14, (iv) H-CDR3 region having the amino acid



am no acid sequence of SEQ ID NO 14, (ii) L-CDR3 region having the am no
acid sequence of SEQ ID NO 8, L-CDR region having the am no acid sequence
of SEQ | BvB@n1ole3@sd L- CDR2 regi on having the am no aci ¢csggerne4nf SEQ | D
NO 16, -(iii) L-CDR3 region having the am no acid sequence of SEQ ID NGO 9,
L- CDRI region having the am no acid sequence of SEQ ID NO 13 and L-CDR2
region having the am no acid sequence of SEQ ID NO 14, (iv) L-CDR3 region
havi ng the amno acid sequence of SEQ ID NO 10, L-CDR region having the

am no <G, no

acid seq %ﬁgggggﬁgz%%%ﬁlﬂg bBXIEQ f%%gtg\/?%?@ regl o%?(ﬂ He%g\éE% nlpﬁgég%l d

sequencd-IIR Bee@idnhakDg thelamine GERIsequegceoaf SF&)/ID]IJ(I BeLa}ﬁ)Rlbr@mndlaymguhm C e of

SEQ ID NO 13 .and L- Wely Vi thea cid se nce of SEQ

NG 14,60 o 3euepisrel S ENCR A0t b crEinn BB B Sufit it asBrcsed 1D No
L- Mmem an AAa\- GDRQh%lé\rﬂhﬂQng%hbdeWQU&fce SESEQPDN®: 143 (gl LCDR2

regl on having the am no acid sequence of SEQ ID NO 14. [0035] Another

enbodi feRR3 pegien bpvingthe aminomsigdscaenncaphbFQ Hah\l%rh, FoeRRBirpgipnbaviegihen
sel ect efhifg gﬁhts?(ﬁxgg%o#%%ﬂf tf%)t Et%RéZ&BR( ke ldmﬁg\l;%% tﬁ@ 28 a@ﬁvée&&nwg

aci d sequence o regi &on e amno 'acl d seq ence
of SEQ IDNAC, 2CDR30eRIon heging thelraninm acid begjueamdernd SEQRIDN@qd:b,ric@Dm @ﬁqnl D NG

Ceqi on TAeE PR R e i SRR AR, P B B s errshaying e esies i) o
havi ng defj@enaébNOEQIDNGEGY BRI &/ )H-CIEO iegowcﬁavd; the(dnhiho hbl@léﬁheﬁ@egcsfcsrlls@av' ng
the am no acid sequence of SEQ | D NO E&gl on havin the am no

aci d séfl¥Recd B egionNaying %@BRPClﬁéﬁllﬁﬁcq{g\ﬁ I} NO: grﬂ“l Rtrgidequence

of SEQ ,qu, gglg@ Hhe_@EpRH SEQ | D NO
8, L- CtglRlaD reg? %Rmh§VI ng {eﬁlgé gfrﬁﬁrgﬂgm 3sgquencgeg?ﬁ:d %VWH@%& c%Ifmdan L- CDR2

regi on St¢awnn90f BEQARING: 126 LeCBR & megiarehayin gSE armibo MEXd s&@e,ncc( of $5Q P BIOR3 3
regi on he .am no agi d seq ce of S !\Qg) H CDR2 regi on havi ng
the amitd EBRoEeR e e ot ﬁ“ﬂﬁqui“ceﬂ%%% i B having the ani no
acid  rop36]

In another aspect, the disclosure provides the following antibodies.

[0037]

One embodiment also provides an antibody comprising (i) a heavy chain having an amino acid
sequence of SEQ ID NO: 49 or 51; and (ii) a light chain having an amino acid sequence selected

from the group of SEQ ID NOs: 53, 55, 57, 59, 61 and 63.
[0038]

Yet another embodiment provides an antibody selected from the group of (i) a heavy chain
having an amino acid sequence of SEQ ID NO: 49 and a light chain having an amino acid
sequence of SEQ ID NO: 53 (named as “MOR07919”), (ii) a heavy chain having an amino acid
sequence of SEQ ID NO: 51 and a light chain having an amino acid sequence of SEQ ID NO: 55
(named as “MORO07692), (iii) a heavy chain having an amino acid sequence of SEQ ID NO: 51
and a light chain having an amino acid sequence of SEQ ID NO: 57 (named as “MOR07923”),
(iv) a heavy chain having an amino acid sequence of SEQ ID NO: 51 and a light chain having an
amino acid sequence of SEQ ID NO: 59 (named as “MOR07924”"), (v) a heavy chain having an

‘amino acid sequence of SEQ ID NO: 51 and a light chain having an amino acid sequence of SEQ



sequence of SEQ ID NO 3, L-CDR3 region having the amno acid sequence of
SEQID NGO 9, L-CDR region having the am no acid sequence of SEQ DD NO 13
and L- CDRRoreégimBossavi ng the am no acid sequence of SEQrCDIMEd10/88R479(1V)
H CDR3 regi on having the am no aci.dsequence of SEQID NGO 1, H CDR2 region
havi ng the am no acid sequence of SEQID NO 2, HCDR region having the
am no acid sequence of SEQ ID NO 3, LiXDR3 region having the am no acid
sequence of SEQ ID NO 10, L-CDR region having the am no acid sequence of

SEQ I D

o 1o MENOHE e EERRORGB 1 A DR i, ekl SRR 0 |

H- CDR2 Hbgi(bﬁlhad/ahghttdhemahwmg ap @imdincs@ilisaquence bf SEQ IBINOI®3 2ymdd-aSDR reg| on
havi ng t aci d sequence of SEQ ID NO 3, L-CDR3 region having the
am no acl que?}ce of SEQID NO 11, L-CDR region having the am no acid
sequenCﬁBg)kaEQ ID NG 13 and L-CDR2 region having the am no acid sequence
of SEQ 14, and (vi) H CDR3 region having the am no acid sequence of

SE I D relonhV|n the am no aci.d sequence of SEQIDNO 2,
Q Egme&ﬁp%ﬁ%l esa‘ié’i%"%‘éﬁ’&?éﬂtﬂeano@ tiggnchingingyesgion that eapyind: egi on

haVI ng tReifRally e ?Ghéa ﬁ%g YERGE 8 onetePnidR: N&on@%ftakge%Tl'Reﬁh\Qﬁ% fievihfigh t he

am no aci d sequence of I'D"NO. 13 and L-CDR2 regi on havin he am no
aci d sedtiéprauere OSEQQIDN@ 17.4An P@@B@}Y 1§ spichiedranen “laglpeﬁ'mlty ﬁeadlagttgemslﬁr e

d pr S an
glr’]?:/'bOggleéa?rﬁr\p&?%%a%\me?xgyﬁggﬂggsg'16’(? @x%ﬁ&al%{'% r@%@?%ﬂ@rﬁenﬁfasuelﬁ%e 8f SEQ
| D NO d8ibody Bﬂantlgﬁdb@dmg regibmn géﬁcnbdstbhanelham ey exampk] tiad ax:Mﬂ;TSunﬂrme

Vet “anot et Bl Ren o fo mces s ionp By br B e b Y- gehe of (1)

a heavyeﬁb@memmme aftisyAiRAh A birdl 15 MSEICRitR hn SfERIt) OF NG thd? abid 16 nM ght
chai n having an am no acid sequence of SEQ ID NO 53 (named as "MOR0O7919"),

(ii) a H’éﬁa\b?n abont 3, nibvinpgrtigylagriseleied bugan or humanized antibodies or functional

fragments thereof comprising an antigen-binding region that is specific for a partial peptide of
MSTIR, having an amino acid sequence of SEQ ID NO: 17, where the antibody or functional
fragment thereof has an affinity against the partial peptide of MSTIR as a Kp of less than about
10 nM, less than about 5 nM, less than about 1 nM, less than about 0.5 nM or less than about 0.1
ﬁM as determined by surface plasmon resonance. While, the affinity against the partial peptide
of MSTIR as a Kp less than about 10 nM, less than about 5 nM, less than about 1 nM, less than
about 0.5 nM or less than 0.1 nM as determined by Solution Equilibrium Titration. For instance,
the affinity of an antibody, described herein, against MST1R may be about 0.98 nM or 0.02 nM
(monovalent affinity of Fab fragment).

Table 1 provides a summary of affinities of representative antibodies disclosed herein, as

determined by surface plasmon resonance (Biacore) and Solution Equilibrium Titration (SET):
[0040]

[Table 1]
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l ess than about 1 nM
|l ess than 0.1 nM as determ ned by Solution Equilibrium

| ess

For instance, the affinity of an antibody, described herein,
agai nst MSTI R nay be about 0.98 nMor 0.02 nM

]

With reference to Table 1, the affinity of MOR X antibodies was measured by surface plasmon

resonance (Biacore) on immobilized recombinant human MST1R. The Biacore studies were

performed on directly immobilized antigen. The Fab format of MORs X exhibit a monovalent

affinity range between about 0.02 and 0.98 nM on immobilized MST1R protein with Fab
MORO07925 showing the highest affinity, followed by Fabs MORO07923 and MOR07926. In
addition, the Fab format of MORs X exhibit affinity range between about 0.01 and 0.27 nM with
Fab MORO07925 showing the highest affinity, followed by Fabs MOR07923 and MOR07924 in
SET studies.

[0042] -

Another feature of antibodies described herein is their specificity for an area within the N-

terminal region of MST1R. For example, MOR X disclosed herein can bind specifically to the
N-terminal region of MST1R.



(monoval ent affinity of Fab fragnent). Table 1 provides a sunmary of
affinities of representative antibodies disclosed herein, as determ ned by
surface pveommes@sonance (Biacore) and Sol ution Equil i lpcirumoelops2atd on
(SET): [0040] [Table 1] TABLE 1: Antibody Affinities [0041] Wth reference
to Table 1, the affinity of MOR X anti bodi es was nmeasured by surface

pl asnon resonance (Biacore) on i mmobill4zed reconbi nant human MSTI R The
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An antibody disclosed herein is species cross-reactive with humans and at least one other species,

which may be, for example, a monkey or a mouse. An antibody that is cross reactive with/at

least cynomolgus monkey, for example, can provide greater flexibility and benefits over known

anti-target MST1R antibodies, for purposes of conducting in vivo studies in multiple species with

the same antibody.
[0045]

In one embodiment, the described antibody not only is able to bind to MST1R, but also is able to
inhibit activation of the MST1R. Inhibition of the receptor leads to suppression of intrinsic
kinase activity of the receptor and down-regulates signal transduction. Such down regulation can
occur for example by limiting ligand binding to MST1R, changing conformation of MST1R, or
internalization of MST1R. More specifically, the antibody disclosed herein can mediate its

therapeutic effect by MST1R via antibody-effector functions.
[0046]

Yet another embodiment relates to the inhibition of ligand-dependent MST1R phosphorylation
activity of MST1R by antibodies described herein. The disclosed antibody IC50 value of at least
100 ng/ml, at least 50 ng/ml, at least 20 ng/ml, at least 10 ng /ml or at least 5 ng/ml in MSP-

dependent MST1R signal transduction assay system such as an “Elk1 luciferase assay”.

[0047]



to detect denatured formof the same reconbi nant MSTIR protein, then MOR X
must have conformational epitopes within am no acids residues of SEQ ID NO
17. [ 0044)oAnioanBissody di scl osed herein is species crosgcrgantiyoR4vd t h
humans and at | east one ot her species, which may be, for exanple, a nonkey
or a nouse. An antibody that is cross reactive with at |east cynonol gus -
nonkey, for exanple, can provide greater flexibility and benefits over
known anti-target MSTIR antibodies, for purposes of conducting in vivo
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MSTI R, hgandM$F.nal i zati on of MSTIR Mdrre specifically, the antibody
di scl osed herein can nediate its therapeutic effect by MSTIR via
ant i bodgooedff ect or functions. [0046] Yet another enbodiment relates to the
i nhibition of |igand-dependent MSTI R phosphoryl ation activity of MSTIR by
ant i bodyesand@s£4rntiBedy NAEEHIA. hefdi® aldb SEPpREESA Mﬂpn?mﬂﬁed prefifeyaioerafimat | east
100 ng/m, at least 50 ng/m, at least 20 ng/m, at least 10 ng /m or at
| east 5callyhat cxpiessBERiElfendent NMSTIR signal transduction assay system such
as an "Elkl luciferase assay". [0047] Anot her anti body descri bed herein al so
i nhi bi t @ehiigapgdianfgiependent MSTI R activation [0048] A further antibody
di scl osed herern also inhibits ERK phosphorylation in response to MSTIR
| i gand NMSP. [0049]

[0050]

Antibodies described throughout the disclosure are not limited to the specific peptide sequences
provided herein. Rather, variants of these polypeptides are also embodied. With reference to the
instant disclosure and conventionally available technologies and references, the skilled |
practitioner will be able to prepare, test and utilize functional variants of the antibodies disclosed
herein, while appreciating these variants having the ability to suppress both/either ligand -
dependent and/or -independent activation of MSTIR fall within the scope of the present

invention.
[0051]

A variant can include, for example, an antibody that has at least one altered complementarity
determining region (CDR) (hyper-variable) and/or framework (FR) (variable) domain/position,
vis-a-vis a peptide sequence disclosed herein. To better illustrate this concept, a brief description

of antibody structure follows.
[0052]

An antibody is composed of two peptide chains, each containing one (light chain) or three (heavy
chain) constant domains and a variable region (VL, VH), the latter of which is in each case made
up of four FR regions and three interspaced CDRs. The antigen-binding site is formed by one or
more CDRs, yet the FR regions provide the structural framework for the CDRs and, hence, play

an important role in antigen binding. By altering one or more amino acid residues in a CDR or



Yet anot her anti body described herein al so suppresses MSP-pronoted
proliferation of tunor cells that express MSTIR (Peptide Variants) [0050]
Ant i bodi ewodespdsed t hr oughout the disclosure are not Ipcwispadobseatde
specific peptide sequences provided herein. Rather, variants of these

pol ypeptides are al so enbodied. Wth reference to the instant disclosure
and conventionally avail abl e technol ogiees and references, the skilled
practitioner will be able to prepare, test and utilize functional variants

of the i
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invention. [0051] A variant can include, for exanple, an antibody that has
at | easf0063 altered conplenentarity determ ning region (CDR)
(hyper-variable) and/or framework (FR) (variable) domain/position,
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chai n) @fchlbfeend ﬁ&%iﬂfsp%ﬂﬁh@ HuCAnstraddier 40N B5ucRBd (B HREHHRRLEUTE Baatht (VL.
VH), the latter .o is in each case nade up of four FR regions and

t hree |NPe6éB&@@® CDRS The antigen-binding site is formed by one or nore
CDRs, yet the FR regions provide the structural franmework for the CDRs and,
hence, 90541 an inportant role in antigen binding. By altering one or nore
amno acid residues in a CDR orFR region, the skilled worker routinely can
gener at €hankilktdgutaditioé¢rcen ssef thedataint F160dyand €0 chalesignipepilecariathethacareened

I PN R e S
t 0 Kabagonstructed by changing amino acids within one or more CDR regions; a variant might also have
one or more altered framework regions. With reference to a comparison of the novel antibodies
to each other, candidate residues that can be changed include residues of the variable light and
residues of the variable heavy chains of MORs X. Alterations also may be made in the
framework regions. For example, a peptide FR domain might be altered where there is a

deviation in a residue compared to a germline sequence.
[0055] ~

With reference to a comparison of the novel antibodies to the corresponding consensus or
“master gene” sequence, candidate residues that can be changed including residues of the
variable light chain of MOR X, such as residues of VLA3 and including residues of the variable
heavy chain of MOR X, such as residues of VH3. Alteratively, the skilled worker could make
the same analysis by comparing the amino acid sequences disclosed herein to known sequences
of the same class of such antibodies, using, for example, the procedure described by Knappik et

al. (J. Mol. Biol. 296, 57-86,2000) and U.S. Patent No. 6,300,064 issued to Knappik et al.

[0056]

Furthermore, variants may be obtained by using one MOR X as a starting point for optimization
by diversifying one or more amino acid residues in the MOR X sequence, preferably amino acid
residues in one or more CDRs, and by screening the resulting collection of antibody variants for

variants with improved properties. Diversification of one or more amino acid residues in the



definition) for certain antibodi es disclosed herein and conpare am no aci ds
at a given position to each other and to correspondi ng HUCAL "naster gene"
sequenceswbasiodesmsi bed in U S. Patent No. 6,300, 064): [po®5#to1Tbe4skil |l ed
practitioner can use the data in FIG 1 and FIG 2 to design peptide
variants that are within the scope of the enbodi nents disclosed herein. In
one enbodi nent, variants are constructed by changing am no acids w thin one
or nore CDR regions; a variant mght also have one or nore altered
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[0058]

For example, (a) nonpolar (hydrophobic) amino acids include alanine, leucine, isoleucine, valine,
proline, phenylalanine, tryptophan, and methionine; (b) polar neutral amino acids include glycine,
serine, threonine, cysteine, tyrosine, asparagine, and glutamine; (c) positively charged (basic)
amino acids include arginine, lysine, and histidine; and (d) negatively charged (acidic) amino
acids include aspartic acid and glutamic acid. Substitutions typically may be made within groups
(a)-(d). In addition, glycine and proline may be substituted for one another based on their ability
to disrupt a-helices. Similarly, certain amino acids, such as alanine, cysteine, leucine,
methionine, glutamic acid, glutamine, histidine and lysine are more commonly found in a-helices,
while valine, isoleucine, phenylalanine, tyrosine, tryptophan and threonine are more commonly
found in B-pleated sheets. Glycine, serine, aspartic acid, asparagine, and proline are commonly
found in turns. Some preferred substitutions may be made among the following groups: (i) S and
T; (i1) P and G; and (iii) A, V, L and I. Given the known genetic code, and recombinant and ‘
synthetic DNA techniques, the skilled practitioner readily can construct DNAs encoding the

conservative amino acid variants.

[0059]



acconpl i shed by synthesizing a collection of DNA nol ecul es using

trinucl eotide nutagenesis (TRIM technology (Virnekas, B., Ge, L.,

Pl ckt hun,wé.2p108080%8i der, K. C., Wellnhofer, G, and Moromrey/JB20t0/0%24804)
"Trinucl eoti de phosphoram dites: ideal reagents for the synthesis of m xed
ol i gonucl eoti des for random nutagenesis.”™ Nucl. Acids Res. 22, 5600.).
(Conservative Amno Acid Variants) [00B7] Pol ypeptide variants may be nade
that conserve the overall nolecular structure of an antibody peptide
sequenc d i al am no
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i nclude aspartic acid and glutam c acid. Substitutions typically may be-
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substituted Tor one anot her based on the| r ability to disrupt a-helices.
Simlarly, certain amno acids, such as al anine, cysteine, |eucine,

met hi onli0A60] glutam c acid, glutam ne, histidine and |ysine are nore
commonly found in a-helices, while valine, isoleucine, phenylal ani ne,
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[0061]

DNA molecules of the disclosure are not limited to the sequences disclosed herein, but also
include variants thereof. DNA variants within the various embodiments may be described by
reference to their physical properties in hybridization. The skilled practitioner will recognize
that DNA can be used to identify its complement and, since DNA is double stranded, its
equivalent or homolog, using nucleic acid hybridization techniques. It also will be recognized
that hybridization can occur with less than 100% complementarity. However, given appropriate
choice of conditions, hybridization techniques can be used to differentiate among DNA
sequences based on their structural relatedness to a particular probe.. For guidance regarding
such conditions see, Sambrook et al., 1989 (Sambrook, J., EF. Fritsch, and T. Maniatis (1989)
Molecular Cloning: A laboratory manual, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, USA) and Ausubel et al., 1995 (Ausubel, F.M., R. Brent, R.E. Kingston, D.D. Moore,
J.G. Sedman, J.A. Smith, & K. Struhl. eds. (1995). Current Protocols in Molecular

Biology. New York: John Wiley and Sons).

[0062]

Structural similarity between two polynucleotide sequences can be expressed as a function of

“stringency” of the conditions under which the two sequences will hybridize with one



synthetic DNA techniques, the skilled practitioner readily can construct
DNAs encodi ng the conservative amno acid variants. [0059] As used herein,
"sequencewDaeniioyss bet ween two pol ypepti de sequences, ipodiJeztesstite
percentage of am no acids that are identical between the sequences.
"Sequence honol ogy" indicates the percentage of amno acids that either is
identical or that represents conservati%e am no acid substitutions.

Pol ypepti de sequences of the invention have a sequence identity in the CDR
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Fritsch, and T. Maniatis (1989) Mdlecular Coning: A laboratory nanual,
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1% in the number of mismatched base pairs.

[0065]
C. (Tm)u2 - (Tm) i1 = 18.5 logop2/pul

where pl and p2 are the ionic strengths of two solutions.
[0066]

Hybridization stringency is a function of many factors, including overall DNA concentration,
lonic strength, temperature, probe size and the presence of agents which disrupt hydrogen
bonding. Factors promoting hybridization include high DNA concentrations, high ionic
strengths, low temperatures, longer probe size and the absence of agents that disrupt hydrogen
bonding. Hybridization typically is performed in two phases: the “binding” phase and the

“washing” phase.
[0067]

First, in the binding phase, the probe is bound to the target under conditions favoring
hybridization. Stringency is usually controlled at this stage by altering the\temperature. For high
stringency, the temperature is usually between 65°C and 70°C, unless short (< 20 nt)
oligonucleotide probes are used. A representative hybridization solution comprises 6 X SSC,

0.5% SDS, 5 X Denhardt’s solution and 100 ug of non-specific carrier DNA. See Ausubel et al,



Har bor, USA) and Ausubel et al., 1995 (Ausubel, F.M, R Brent, RE
Ki ngston, D.D. Moore, J.G Sedman, J .A Smith, & K Struhl. eds. (1995).
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[0062] Structural simlarity between two pol ynucl eoti de sequences can be

expressed as a function of "stringency" of the conditions under which the
two sequences will hybridize wth oneanother. As used herein, the term
"stringency" refers to the extent that the conditions disfavor
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that di @hbdiraidfll TRRxemplary medium stringency solution contains 2 X SSC and 0.1%

SDS. A high stringency wash solution contains the equivalent (in ionic streﬁgth) of less than

about 0.2 X SSC, with a preferred stringent solution containing about 0.1 X SSC. The

temperatures associated with various stringencies are the same as discussed above for

“binding.” The washing solution also typically is replaced a number of times during

washing. For example, typical high stringency washing conditions comprise washing twice for

30 minutes at 55°Cand three times for 15 minutes at 60°C.

[0069]

Accordingly, the present disclosure includes nucleic acid molecules that hybridize to the
molecules of set forth in FIGs. 3A, 3B, and 4A to 4F under high stringency binding and washing
conditions, where such nucleic molecules encode an antibody or functional fragment thereof
having properties as described herein. Embodied molecules (from an mRNA perspective) are
those that have at least 75% or 80% (preferably at least 85%, more preferably at least 90% and
most preferably at least 95%) homology or sequence identity with one of the DNA molecules
described herein. In one particular example of a variant of the disclosure, nucleic acid position 7
in SEQ ID NO: 18 or 20 can be substituted from a C to a G, thereby changing the codon from
CAA to GAA.

(Functionally Equivalent Variants)

[0070]



bondi ng. Hybridization typically is perforned in two phases: the "binding"
phase and the "washi ng" phase. [0067] First, in the binding phase, the
probe i s Wounw/wdsshe target under conditions favoring BEBAPUIYEIHDN.
Stringency is usually controlled at this stage by altering the tenperature.
For high stringency, the tenperature is usually between 65 C and 70C,

unl ess short (< 20 nt) oligonucl eoti de2lprobes are used. A represent ative
hybri di zati on sol ution conprises 6 X SSC, 0.5% SDS, 5 X Denhardt's sol ution
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washi ngNOF®3. exanpl e, typi cal high stringency washing conditions conprise
washing twice for 30 mnutes at 55Cand three tines for 15 mnutes at 60C

[ 0069] @gegjrdi ngly, the present discl osure I ncl udes nucl ei ¢ acid nol ecul es
that hybridize to the

It is recognized that variants of DNA rholecules provided herein can be constructed in several
different ways. For example, they may be constructed as completely synthetic DNAs. Methods
of efficiently synthesizing oligonucleotides in the range of 20 to about 150 nucleotides are
widely available. See Ausubel et al., section 2.11, Supplement 21 (1993). Overlapping
oligonucleotides may be synthesized and assembled in a fashion first reported by Khorana et al.,
J. Mol. Biol. 72:209-217 (1971); see also Ausubel et al., supra, Section 8.2. Synthetic DNAs
preferably are designed with convenient restriction sites engineered at the 5° and 3’ ends of the

gene to facilitate cloning into an appropriate vector.
[0072]

As indicated, a rﬁethod of generating variants is to start with one of the DNAs disclosed herein
and then to conduct site-directed mutagenesis. See Ausubel et al., supra, chapter 8, Supplement
37 (1997). In a typical method, a target DNA is cloned into a single-stranded DNA
bacteriophage vehicle. Single-stranded DNA is isolated and hybridized with an oligonucleotide
containing the desired nucleotide alteration(s). The complementary strand is synthesized and the
double stranded phage is introduced into a host. Some of the resulting progeny will contain the
desired mutant, which can be confirmed using DNA sequencing. In addition, various methods

are available that increase the probability that the progeny phage will be the desired



nol ecul es of set forth in FIGs. 3A, 3B, and 4A to 4F under high stringency
bi ndi ng and washi ng condi ti ons, where such nucl ei ¢ nol ecul es encode an

ant i body wo 2b1mesosenal fragnent thereof having properti esTas2udes2uidbed
herei n. Enbodi ed nol ecul es (from an nRNA perspective) are those that have
at least 75% or 80% (preferably at |east 85% nore preferably at |east 90%
and nost preferably at |east 95% honotogy or sequence identity with one of
the DNA nol ecul es described herein. In one particular exanple of a variant

of the dj$fh0p § Sk GvefGingl %E&?ki r&'@

substi t ut ﬁ% fr%g%ggle%g C{H hg?gi glntg? ﬁgldt on ?n]n%rc %&%@?ﬁ:ﬁ’n&
(Functi M@hqmtﬁmmvlahmtmtSVan ant s) [0070] Yet anot her class of DNA variants
wi thin the scope of the invention may be described with reference to the

pr oduct e peptides.listed in FIG. 3C, 3D, and 4G to
4L). Th AAEAEAEOIR AR Rtind. E.anBeQ I£20eHes are characterized by the fact that

they encode the sanme peptide sequences found in FIGs. 3C, 3D, and 4G to 4L
due to fd0g3Hegeneracy of the genetic code. The ami no acid sequence in FIG
3Cis also shown as SEQ ID NO 19. The amino acid sequence in FIG 3D is
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The anmino acid sequence in FIG 4K i's al so shown as

ani no aer@dinggordiselopad aufimdyss inssrted so shown as SEQ | D. NQ 33. [0071] It
is recogni zed that variants of DNA nol ecul es provi ded herein can be
construti®édl i n several different ways. For exanple, they may be constructed
as conpletely synthetic DNAs. Methods of efficiently synthesizing

ol i gonudheertcodebgenn nalyde paniyecdy @Chrigueadeseribddh Sanbrenktdt dbsl 989 candi del y

g/vg‘lr : Z‘B%i%'s]ugb%iagt f‘ulsdégelAlterna%vely, ﬁeBNA Qequences ina)$ i3 Qﬂlemlcan y synt:heglzed uszng,

for example, synthesizers. See, for example, the techniques described in Oligonucleotide
Synthesis (1984, Gait, ed., IRL Press, Oxford), which is incorporated by reference herein in its
entirety. Recombinant constructs of the disclosure are comprised with expression vectors that
are capable of expressing the RNA and/or protein products of the encoded DNA(s). The vector
may further comprise regulatory sequences, including a promoter operably linked to the open
reading frame (ORF). The vector may further comprise a selectable marker sequence. Specific
initiation and bacterial secretory signals also may be required for efficient translation of inserted

target gene coding sequences.
[0075]

The present disclosure further provides host cells containing at least one of the DNAs described
herein. The host cell can be virtually any cell for which expression vectors are available. It may
be, for example, a higher eukaryotic host cell, such as a mammalian cell, a lower eukaryotic host
cell, such as a yeast cell, and may be a prokaryotic cell, such as a bacterial cell. Introduction of
the recombinant construct into the host cell can be effected by calcium phosphate transfection,

lipofection, DEAE, dextran mediated transfection, electroporation or phage infection.



ol i gonucl eoti des may be synthesized and assenbled in a fashion first
reported by Khorana et al., J. Mdl. Biol. 72:209-217 (1971); see also
Ausubel ewoabi1o/09s0spr a, Section 8.2. Synthetic DNAs pref ecalpyian4tesi gned
Wi th convenient restriction sites engineered at the 5 and 3 ends of the
gene to facilitate cloning into an appropriate vector. [0072] As indicated,
a nmethod of generating variants is to ®tart wth one of the DNAs di scl osed
herein and then to conduct site-directed mutagenesis. See Ausubel et al.,
supr a, . | ement 37 (1997). In a typical nethod, a target DNA
is clon @f&r—\lg{)E %Pe- stranded DNA bact eri ophage vehicle. Single-stranded
DNA is isolated and hybridized with an oligonucl eotide containing the

desi r edl0Ofiel eoti de alteration(s). The conplementary strand i s synthesized
and the doubl e stranded phage is introduced into a host. Sonme of the

r esul t i Hepfplrexgeassiomivédtors fontbactarial luse are sbmstwic ted b sertinlgiachructaral B& A onf i r med
usi ng DNA sequencing. .l n addition,, var.i.ous t hods .ar.e. avail apl e .t hat

i ncr eastHHE ﬁP%Qrﬁiglﬁg? ‘?etss}e‘fmie"l 'ﬁgétb?ro‘ﬂghi}mﬂﬂlgé@nam‘qn IBap R GBI ant .
These ngghdis cperblatidikdishake wah b figReohd) pkdifotéd. et \RB@r Will SondifrRe one or
commercially avail able for generating such nutants. (Reconbi nant DNA
constru%@§4§ﬁap%&5ﬁ%@@ﬂﬂﬁﬂygFGﬁmdPnPﬁémvﬁégéH@U@1@@magan@uﬂqwmﬁ%qﬁhqovides
r econbi pap: JRNA { GQASHIE U6 bR ViR AbnAD iR ihd TS Qﬁtaﬁagr B2 hbdE for
sequences described herein. These reconbi nant constructs are used In
connect fransfognahomingide &1 ¢olis Babillassubtifis, Semabellphpg@rirdyn phlageowr speciesl

vector, intq which DNA ol ecul e encodi ny disclosed antibody is

i nserte\a'ftﬂlflglb%%f]n erﬁh%e%%oé%‘)&gﬂ%gfgﬁ%mﬁﬁ%f’ ﬂ’élrkg?pg”d%’fg‘éfuﬂy t echni ques descri bed
in Sarrb@ggj(jaet al ., 1989, and Ausubel et al., 1989. Alternatively, the DNA
sequenc ybe chem cally synthesized using, for exanple, synthesizers.

See, fo xanpl e, the techni ques described in 4. gonucl eoti de nt hesi s
(1984, %‘i% r}ar{gﬁc%?rs Y by 9L exatpgle, bagieriophage-plasmidy b‘?r}t?ﬁ?‘&’cdélb”%se(@ﬁeer ence

her ei N vdtdr§ &an contain a selectable marker and bacterial origin of replication derived from

commercially available plasmids typically containing elements of the well known cloning vector
pBR322 (ATCC Accession No. 37017). Following transformation of a suitable host strain and
growth of the host strain to an appropriate cell density, the selected promoter is de-
repressed/iﬁduced by appropriate means (e. g., temperature shift or chemical induction) and cells
are cultured for an additional period. Cells are typically harvested by centrifugation, disrupted

by physical or chemical means, and the resulting crude extract retained for further purification.

[0078]

In bacterial systems, a number of expression vectors may be advantageously selected depending
upon the use intended for the protein being expressed. For example, when a large quantity of
such a protein is to be produced, for the generation of antibodies or to screen peptide libraries,
for example, vectors which direct the expression of high levels of fusion protein products that are

readily purified may be desirable.

(Therapeutic Methods)

[0079]

Therapeutic methods involve administering to a subject in need of treatment a therapeutically

effective amount of an antibody contemplated by the disclosure. A “therapeutically effective”



entirety. Reconbi nant constructs of the disclosure are conprised with
expression vectors that are capable of expressing the RNA and/or protein
product s wb 20fvmessssoded DNA(s). The vector may further ecowrpeeaeos2agul atory
sequences, including a pronoter operably |linked to the open reading franme
(ORF). The vector may further conprise a selectable marker sequence.
Specific initiation and bacterial secrdtory signals also may be required
for efficient translation of inserted target gene codi ng sequences. [0075]

The pregitht KirSH/ i9 AR dlad il WhouRt OVArdRsibeBRSthatGEbf SifEQR QUM TG (Adepl@@st one
of the DNAs described herein. The host cel’l can be virtually any cell for

whi ch eMPiTER spasitive eelioing tegated aveaidf alsibiecti-teithenasasinglodose xaagsbalingitotd gher
eukaryob) £-RRLe &in) ,agff{]oﬁ% cgmﬂ%ﬁﬁar', WA oftEt doenfl WRIRY aﬁ%%é! OhdyFatldRS!
cell, suchtas a y%aseg1 cel'l,” and nay PeVa prokagryotlc cert Ysugh as a

bact er i ¢flan @a@Vdrse donditionuet ivhithainduheis texicidyicatin toleable! Mhe tubjedt enalyibe ahost
cell can be effeﬁted by cal ci um phosphate transfection, |ipofection, DEAE,
dext r anREicA PR mamatimal fegy, rabllib Sty IBRNSE PRITY OF OfhRRIger-ofder primate).
infectign. (Bacterial Expression) [0076] Useful expression vectors for

bact eriP8QUse are constructed by inserting a structural DNA sequence
encodi ng a desired protein together with suitable translation initiation

and t erfv aitbednokthg diselosym myglibgispadminiseieg withdae wiinedicaneniscanddn gpme
Pr OMD! kA e SfiiIdy thibht BRITBE LARIARE FOF oMo, RRSARINRI:Su S, B6hARNEY
mar kers and an orlglﬁ/ of replication to ensure “mai nt enance of thecvect or
and, i ftodesmnmahétexintopa padiv latieled aptihody tapaotentially funriher incecaboefficacgui t abl e
prokaryotic hosts for transformation include E. coli, Bacillus subtilis,
Sal monel0D&1]t yphi muri um and vari ous species within the genera Pseudononas,
Streptonyces, and Staphyl ococcus. [0077] Bacterial vectors maybe, for
exanpl eThdmmabaliesalebaibed hegeliracan bd-usal asphtagrepautic bas dgndshie s®1 wee vaiesy 6Bin
contain_.a sel ectahl rker, and bacterial origin of replication derived
from coﬁ‘r‘i%tﬂ%‘iséi‘f%ﬂ?qﬂgﬁﬁé%‘r@eﬂ PRSI IBete RRhsaieRint o of t he
vel | knoiicutdriQiuigh 1Y 8% tr@htment with an antibody of the disclosure are MST1R- expressing
malignant tumors and neoplasma, for example, breast, lung, colon, bladder, skin, pancreatic,

glioma, lymphoma, prostate, thyroid, ovary, gastric, liver, stomach and on the like.
[0082]

To treat any of the foregoing disorders, pharmaceutical compositions for use in accordance with
the present disclosure may be formulated in a conventional manner using one or more
physiologically acceptable carriers or excipients. Any antibody described herein can be
administered by any suitable means, which can vary, depending on the type of disorder being
treated. Possible administration routes include parenteral (e.g., intramuscular, intravenous,
intraarterial, intraperitoneal, or subcutaneous), intrapulmonary and intranasal, and, if desired for
local immunosuppressive treatment, intralesional administration. In addition, any disclosed
antibody may be administered by pulse infusidn, with, e.g., declining doses of the antibody. The
dosing can be administered by injections, such as for example, intravenous or subcutaneous
injections, depending in part on whether the administration is brief or chronic. The amount to be
administered will depend on a variety of factors such as the clinical symptoms, weight of the
individual, whether other drugs are administered. The skilled practitioner will recognize that the

route of administration will vary depending on the disorder or condition to be treated and will



pBR322 ( ATCC Accession No. 37017). Follow ng transformation of a suitable
host strain and growh of the host strain to an appropriate cell density,

t he sel ecwedopvoswser i s derepressed/ induced by approprcaieoreasns’yqe. g.,
tenperature shift or chem cal induction) and cells are cultured for an
additional period. Cells are typically harvested by centrifugation,

di srupted by physical or chenical neanzs and the resulting crude extract
retained for further purification. [0078] In bacterial systens, a nunber of

expr essjaR SRt SR \%I@B’é’ﬁ‘l%taagﬁﬁg f&%sﬁ{dﬁqd&?agse%ﬁale% ¢ he use

intended for the protein belng ex For exa en a rge

quant i t factoirs fouedchangividuadi n is to be produced, for the gener ati on of

anti bodies or to screen peptide |ibraries, for exanple, vectors which

di rect (0083kxpression of high levels of fusion protein products that are
readily purified may be desirable. (Therapeutic Methods) [0079] Therapeutic
met hodsDeeuninig aadefapﬂusib:ﬂryi affpctive éin@uniop L1t nbVellpe@@eplfdeIarce@(ﬂmnb tids

t her apeut i cal I?/ L‘f [&gqnount f ap an |bo cont enpl at ed. by .t he

di scl ostIVENoR, lapgely Wi 1) BATRGYA PRfIGRL CaprAt S“ﬁ%ﬁ%‘ﬂ?"f mfafsiratien, aad t he

amount gk nafireelthO @ détRing tfeafll. BthElafA@ince eaNbd foMnd ,Ford&BhpleinVRd | R

-positive cells in a treated area of a Subject-either as a si ngle dose or
accor di ngaltcemalswﬁme|1@t?@aawé Goafsireresa on dlasmenise iignrand dmBemiagiosrs wi t h ot her

290 S PR EAAS s DfpRL YA 10 Ohs @B fINSE ARAY K a8 ei CO

amount 1S OXICO ogi ca e su
non- hunBastan PaelM4ak Ryb, Coabﬁ!ﬁot) Moae spemﬁasldy deentiyhgor thabpwiticdlbedfectvaer

prinate An anti e .dis ure ht be co-adm ni stered
e et aal Bt B8 SR ttor s ite iy e sty o P ¥ o REmeey TomRy PESORT be
nodi f i edetedtfifiedarsaigth@hoddwellknoRady tHeQiH Adl}@mmnhmﬁ}e%dmtgqe@fénbmﬂé& I n or
a radio | abel ed antibody to potentially further increase efficacy.

The ant MBYAF detearined ptiemehe wme Wﬁ@n\f@@umagowthmemmqwewbgd e ow
di agnosfnlﬂrle ‘EQz%plEé“ a variety of

(Diagnostic Methods)

[0084]

MSTIR is highly expressed on cancer cells in certain malignancies; thus, an anti-MST1R
antibody of the disclosure may be employed in order to image or visualize a site or location of
possible MST1R in a patient. In this regard, an antibody can be detectably labeled, through the
use of radioisotopes, affinity labels (such as biotin, avidin, etc.), fluorescent labels, paramagnetic
atoms, etc. Procedures for accomplishing such labeling are well known to the art. Clinical
applications of antibodies in diagnostic imaging are reviewed by Grossman, H.B., Urol. Clin.
North Amer. 13:465-474 (1986)), Ungef, E.C. etal., Invest. Radiol. 20:693-700 (1985)), and
Khaw, B. A. et al., Science 209:295-297 (1980)).

[0085]

The detection of foci of such detectably labeled antibodies might be indicative of MST1R, for
example. In one embodiment, this examination is done by removing samples of tissue or blood
and incubating such samples in the presence of the detectably labeled antibodies. In aone -

embodiment, this technique is done in a non-invasive manner through the use of magnetic



situations where MSTIR i s undesirably expressed or found. D sorders and
conditions particularly suitable for treatnent with an anti body of the

di scl osurwoanm/WBEER- expressi ng nal i gnant tunors and necpliesneystior
exanpl e, breast, lung, colon, bladder, skin, pancreatic, gliom, |ynphoma,
prostate, thyroid, ovary, gastric, liver, stomach and on the like. [0082]
To treat any of the foregoing disorder2s, pharnmaceutical conpositions-for
use in accordance with the present disclosure may be forrmulated in a

convent; o AR ka0 - [ j : !ﬁ G5 jfers
or excilpl g?il 5. Aﬁ%%%%tsl bgg&%g@%g@%@ﬂ%%%ﬁg@% m nﬁagﬁlgﬁlg ! yES;dny
sui t abl teeatream of diskrsed) whare preseyce atapsenck oftp MiSTil Repasitive celfl isci rslevale indiitorg
treated. Possible adm nistration routes include parenteral (e.g.,

intra Lar... intrQaveno intraarterial, intraperitoneal, or

subcut G u,tlc' dIHENRNE ColnBheiBal: tranasal, and, if desired for | ocal

i nmunosuppressive treatnent, intral esional adm nistration. In addition, any
di scl og@68@nt i body may be adm ni stered by pul se infusion, with, e.g.,
declining doses of the antibody. The dosing can be adm nistered by

I nj ect | Diesantibodibs @fahd presedix aisglbsure tantbedyemdasd adcotdibg tol lmdaaltethdds@st i ons,
depending in part on whether the admnistratiop is brief or chrqgnjc. The
amount Hf%v%%p*gﬁawmugf%@é&eﬁ POmRAS A% vﬂwrea@r\,%lg%%deé?nbeg&em(l Jeies t he
cl i ni cadnySiiaHoRNEraghEhbredf) id dinbimdi iy b G ure WHRH PREMREARICaY HISptAWIE

adm ni stéred. The skilled practitioner will recognize that t’he route of
admi ni searzariveliclg [Suitghde yehddprandithejr ormulpgoniars destaibed rforcaxanipte, on t o - be

treat ed 1 r i | e i @t e t he
narvi A SIONSOPARIPRENCAR S IR E A BoATHRG 1ERRNERD) B CELSn
Det er m PAnNlaak Phier @pet990)ald grdexftd datn a/phaamacenticaily dcbeptabdeyadmpasitippept i de,
according to.this invention,.largely wll depend on particul ar patijent

e har act BIAUE R TR RIS Gion oCh FOmpRstions WA CHsa 40 GFECtE aioubcRECBE der
bei ng téeRdredf theRnabaicsWfitkigieRn Cst1dard Rigather WK a XiddBR Snounfof Bifrier
publications of the International Conference on Harnonisation and in

Reni ngt§hicles phar maceuti cal Sciences, chapters 27 and 28, pp. 484-528 (18th

ed., Alfonso R Gennaro, ED.,
[0087]

Preparations may be suitably formulated to give controlled-release of the active

compound. Controlled-release preparations may be achieved through the use of polymers to
complex or absorb anti-MST1R antibody. The controlled delivery may be exercised by se‘lecting
appropriate macromolecules (for example polyesters, polyamino acids, i)olyvinyl, pyrrolidone,
ethylenevinyl-acetate, methylcellulose, carboxymethylcellulose, or protamine, sulfate) and the
concentration of macromolecules as well as the methods of incorporation in order to control
release. Another possible method to control the duration of action by controlled relea'sé
preparations is to incorporate anti-MST1R antibody into particles of a polymeric material such as
polyesters, polyamino acids, hydrogels, poly(lactic acid) or ethylene vinylacetate

copolymers. Altematively, instead of incorporating these agents into polymeric particles, it is
possible to entrap these materials in microcapsules prepared, for example, by coacervation
techniques or by interfacial polymerization, for example, hydroxymethylcellulose or gelatine-
microcapsules and poly(methylmethacylate) microcapsules, respectively, or in colloidal drug

delivery systems, for example, liposomes, albumin microspheres, microemulsions, nanoparticles,



Easton, PA.: Mack Pub. Co., 1990). Mre specifically, determning a
therapeutically effective amount will depend on such factors as toxicity
and ef fi cmoyomfossdse nmedi canent. Toxicity may be detern ped/Jesiiogs2aet hods
wel | known in the art and found in the foregoing references. Efficacy may
be determ ned utilizing the sanme guidance in conjunction with the nethods
descri bed below in the Exanples. (D agtostic Methods) [0084] MSTIR is

hi ghly expressed on cancer cells in certain malignancies; thus, an

ant i - MSHiRaaéda PQQ&yorQIfl nﬁ&%eﬂh%ﬂn@sgﬁ&ﬁg@rﬁﬁ ’\%@f ¢! SRRl i'n'ke%&%n {o imge or

visualize a site or location of possi na patient."In this

r egar d, Plarmapautive/drieneey (b28Wet ect abl y | abel ed, through the use of
radi oi sotopes, affinity |abels (such as biotin, avidin, etc.), fluorescent

| abel s, [0p8%lamagneti c atons, etc. Procedures for acconplishing such | abeling
are well known to the art. Cinical applications of antibodies in

di agnosTheconpagndsgnay lee foexulawed dodpardatersiudatinistidtidn byldr]edtlong-@ b\bsluk Amer .

13: 465- 474 (1986))., al., Lnvest. Radiol. 20 693 00 (1985)),
and Khalfecion X co %‘m’eﬂus %‘%ﬁ?‘b n‘%@"%&?é“’?@f?f 2‘99“‘(”1%‘@5 Prf[se'ei Of@d%ct i on
of foci fo% esglcm ARJuRE! GHh Y186 SebnBirierd) 4ih @5 aaa&mreéeevahwl ﬁ?é' ve of MSTIR,

for exanple. In one enbodi nent, this exam nation is done b r enovi ng
sanpl esCaRPopitignymay fake Pushfo BRTAS| SHEREDEIONS soly irsts of amplsions imoilyer agredsnce of

the det et ind ARPLEGARhBRAN S Secrdl fna0 S IR GBI,k Mhiol ARRLAYC TS

done in a noh-i1nvasive nanner e us
f | uor ogageptsy Altetnativedyahe active amementcmdyérem pavyddydoranfok ogrestitution wathid ori ng t he

success of, tr tnent f .di sease wher resence or absence of a
NBTI R- p%‘é‘ial?lf’\)’ 188148 @efgem"@sﬁ"?ew Eﬁrg’ YF USS Ther apeuti ¢ And Di agnostic

Corrposw:o gé‘ﬁs) [ 0086] The anti bodi es of the present disclosure can be
f or rmul ak%8 according to known nethods to prepare pharmaceutically useful

conposi '}’fleocrg)?npo\é\{(tllgrrlsemgﬁ 1? Eés}rgé) %%/ pge%ggtgtli geadparc]:le(} E)? :ilrs]pe(nlsg(éileel((j:le nghxch may contain
_one or more unit dosage forms containing the active ingredient. The pack may for example
comprise metal or plastic foil, such as a blister pack. The pack or dispenser device may be
accompanied by instructions for administration. Moreover, the pack or dispenser device and

compositions may be presented in a kit for commercial distribution.
[0090]

The various embodiments of the invention may further be understood by reference to the
following working examples, which are intended to illustrate and, hence, not limit the scope of

the inventive disclosure.

Brief Description of Drawings
[0091]

[Fig. 1]

FIG. 1 provides amino acid sequences of various novel antibody variable heavy regions, and
which delineates the CDR and framework (FR) regions. The VH3 sequence (SEQ ID NO: 80) is
aligned with the MOR07692, MOR07923, MOR07924, MOR07925, MOR07926 variable heavy
region sequence (SEQ ID NO: 19), and the VHS5 sequence (SEQ ID NO: 81) is aligned with
MORO7919 variable heavy region sequence (SEQ ID NO: 21).



any functional fragnent thereof) is conbined in a mxture with a

phar maceutical ly acceptable carrier vehicle. Suitable vehicles and their
fornul at iwo 2aremesisscri bed, for exanple, in REM NGTON S PEARMYTELERY AL

SCI ENCES (18th ed., Alfonso R Gennaro, ED., Easton, PA.: Mack Pub. Co.,
1990). In order to forma pharmaceutically acceptabl e conposition suitable
for effective adm nistration, such congositions will contain an effective
anount of one or nore of the antibodies of the present disclosure, together
with a ﬁﬂ? pble anount of carrier vehicle. [0087] Preparations nay be
suitably fornulated to give controlled-rel ease of the active conpound.
Cbntrolk % 6FIease preparations may be achi eved through the use of polyners
to conple ' absorb anti-MSTIR antibody The control |l ed deIivery may be

exer Ci Sﬁfb Qy g?l ?\CHdrﬁGaﬁlﬁ rp?cR/rld mggg’ld (geaeuteﬁgﬁg lo‘t% argou t \?e)iar%o%yg At ers,

pol yam no ‘aci yrrolidone enevi nyl-ace
met hyl chghtuégios, armawlhmk yﬂﬁkﬁtyé theldDR m&Bfrarﬁéw@kQFR}ﬁegfbns.smd‘ WLE) sequehcehe

concentr f | ecul s. well as the methods _of incorporation in
o dor "t bk RER mROLENE: Siet neh e Mang 3ok AT N3 aR MORSRIA GRLB on
of acti mo: IQY WM'@'ZW@EQQI‘)@@SQWW@R@%Z?@Q ﬁ)N@ B["FMGI@(B?@Q@ §f§t§'ID'V5T| R
anti bod |nto particles of a polyneric material such polyesters

pol yam N®:38) wsiableightigaion sequendes) aadithe Vhs) @lf;qu@trceévmﬁl §E@ W NQ! 8Dds at e
copoly byl t se agents into
pol yrre??l ﬁ 6%’?&‘{1&61'\{[@2?)‘7?’@ %mﬁlg?éﬁt%?%lg% Séqélg’?{eggﬁﬁhlggg nmet'erials in
nlcroca@ﬁﬂkfs prepared, for exanple, by coacervation techni ques or by
interfa pol ymeri zation, for exanple, hydroxynmethylcellul ose or
gelatln capsul es and pol y(net hyl met hacyl ate) m crocapsul es,
respectl %f in colloidal drug delivery systens, for exanple,

| i poso al ' I 1,C i icles )
EEfﬁ & Fﬁ#”%& e RS R N R s Mo 2o R BuS  wo:
Reni ngt og) and FRH BBV OR0D79B); SEO) m@szdﬂ&&&lhe n&@éi&Bdld Iéq@e&@wmuaﬂas H@%l be
formul ated for parenteral adninistratio % ection ? NF
antibody variable heavy regions. FIG.3C (MOR0769 R07923 MOR07924, OR07925
MORO07926; SEQ ID NO: 19) and FIG. 3D (MOR07919; SEQ ID NO: 21) provide amino acid
sequences of various novel antibody variable heavy regions. CDR regions H-CDR1, H-CDR2

and H-CDR3 are designated from N- to C-terminus in boldface and underlined.
[0094]
[Fig. 4]

FIG. 4: FIG. 4A (MOR07692; SEQ ID NO: 22), FIG. 4B (MOR07919; SEQ ID NO: 24), FIG.
4C (MORO07923; SEQ ID NO: 26), FIG. 4D (MOR07924; SEQ ID NO: 28), FIG. 4E
(MORO7925; SEQ ID NO: 30) and FIG. 4F (MOR07926; SEQ ID NO: 32) provide nucleic acid
sequences of various novel antibody variable light regions. FIG. 4G (MOR07692; SEQ ID NO:
23), FIG. 4H (MOR07919; SEQ ID NO: 25), FIG. 41 (MOR07923; SEQ ID NO: 27), FIG. 4]

| (MORO07924; SEQ ID NO: 29), FIG. 4K (MOR07925; SEQ ID NO: 31), and FIG. 4L
(MORO07926; SEQ ID NO: 33) provide amino acid sequences of various novel antibody variable
light regions. CDR regions L-CDR1, L-CDR2 and L-CDR3 are designated from N- to C-

terminus in boldface and underlined.

[0095]



i njection or continuous infusion. Formulations for injection may be
presented in unit dosage form e.g., in anpules, or in nulti-dose

cont ai nerwo 20i0ide3@8 added preservative. The conpositi ongcray2diek24much
forms as suspensions, solutions or emulsions in oily or aqueous vehicles,
and may contain formul atory agents such as suspending, stabilizing and/or
di spersing agents. Alternatively, the 28ctive ingredient may be in powder
formfor constitution with a suitable vehicle, e.g., sterile pyrogen-free
wat er, lpﬁ@_og]e use. [0089] The conpositions may, if desired, be presented in
a pack or “di'spenser device, which may contain one or nore unit dosage forns

cont ai g S?J?@Y aé‘stalﬁfl o hig@s e&% ofJA}ﬁbE%nghﬁgf@ng?L&s&gw hg metal

or plastic suc as a blister pac I spenser device nmay
be accopman @dmbylatomat Aunlnqdadsblfawr(fhl@mlnl sutitadyy orastehperecequencesh€Pack or

di spenser. de may se ted i t, for conmmerci al
di stri bgel Bﬁﬁ (F@nggémg? ]i[{o(a:gﬁ}aﬁrﬁd'ﬂ?%ﬁ? (pﬁ%ﬁ\k B may further
be undeteghinas bbew@Eenmewbnome ($EQ|IDW(DQZIWJﬂbIﬂg31©WéMﬁ{&§, whi ch are
intended to illustrate hence, not |limt the scope of the inventive

di scl osw07é??/@?2ﬁﬁ%zéf796§h% @ﬁ@%wpnéjg) [0091] [Fig. 1] FIG 1 provides

am no aci d sequences of various novel antibody vari abl e heavy regi ons, and
whi ch déPP@leat es the CDR and framework (FR) regions. The VH3 sequence (SEQ
ID NO 80) is aligned wth the MOR0O7692, MOR07923, MOR07924, MOR07925,
MOR07926Figafli abl e heavy region sequence (SEQ ID NO 19), and the VH5
sequence (SEQ ID NO 81) is aligned with MOR0O7919 vari abl e heavy region
sequencElq. $pa Vigesnming a9id pamenies pFyagiablz]light regions of various consensus-based’

HuCAL antibody master gene sequences. CDR regions L-CDR1, L-CDR2 and L-CDR3 are
underlined as designated from N- to C-terminus. The two sets of lines from top to bottom are as
follows: MOR07919 (SEQ ID NO: 25); MOR07692 (SEQ ID NO: 23); MOR07923 (SEQ ID
NO: 27); MOR07924 (SEQ ID NO: 29); MOR07925 (SEQ ID NO: 31); MOR07926 (SEQ ID
NO: 33), respectively. .

[0097]
[Fig. 7]

FIG. 7: FIG. 7A and FIG. 7B provide the nucleic acid and the amino acid sequence of various
novel antibody heavy chains (F IG. 7A: MOR07919; FIG. 7B: MOR(07692, MOR07923,
MORO07924, MOR07925 and MOR07926; respectively) as expressed from
pMORPH®™2_h_IgG1f. CDR regions are in boldface and underlined. Amino acid sequence of
VH leader and heavy chain constant region is indicated in italics or italics and lboldface,
respectively. Restriction sites and priming sites of sequencing primers are designated above or
below the sequence. The nucleic acid sequence of FIG. 7A is represented by SEQ ID NO: 64,
while the amino acid sequence is SEQ ID NO: 65. The nucleic acid sequence of FIG. 7B is
represented by SEQ ID NO: 66, while the amino acid sequence is SEQ ID NO: 67.

[0098]

[Fig. 8]



FIG 2: FIG 2A and FIG 2B provide am no acid sequences of various novel
anti body variable light regions, and which delineates the CDR and franmework
(FR) regiwo2o10liwsos¥Lk3 sequence (VLk3; SEQ ID NGO 82) i ecalijpgnedsmit h the
MOR07692 (SEQ ID NO 23), MOR07923 (SEQ ID NO 27), MOR07924 (SEQ I D NO
29), MOR07925 (SEQ ID NO 31), MOR07926 (SEQ ID NO 33) variable light

regi on sequences, and the VLI 3 sequenc® (VLB;, SEQ ID NO 83) is aligned

wi th MOR0O7919 variable light region sequence (SEQ ID NO 25). [0093] [Fig.

3] Fl G Ry shHh3idedAnd Z Qc‘%&se ég%él Jx%fld e (%cﬁd s%\@? 9(§Eg SEQ

ID NO 18) and FIG 3B enuc I C acl
s equencH3NEX GQbHﬁMeMMbbd)alnmbbmtlghmham éMIQR(H@w/)yis eepgresad frofl G 3C

76 3, MOR07925, 7926; ID NG 19) and FI G
5D ( MOROTO R L R SR e are i BT A SRR B BEY s novel
ant i bodyequéict abVe 16RY ¥nd 18GbaEght Chitn cert0 fegldnGPiRdicatdd @Rl 4 ithtidslaRg ar e
desi gnat ed fromN _ to Ctermnus in_bol df ace and underlined. [0094] [Fig.

4] FI G boldfacgrespeciivelypBirstyigton sitssand pyimng sstos of smmspcmappwwai@lgr@m I D
NO 24) SEQ ID NO 26), FIG 4D (MOR07924; SEQ I D NG
28), FlI aGbOEg%btlé\}/%’% 792 Je%%%Q ID NG 30) and FIG 4F (MOR07926; SEQ I D NO
32) prowogg] nucI ei ¢ acid sequences of various novel antibody variable |ight
regi ons I'G 4G (MOR0O7692; SEQ ED NGO 23), FIG 4H (MOR07919; SEQ I D NG
25), ‘FF é?% (MOR07923; SEQ ID NO 27), FIG 4J (MOR07924; SEQ ID NGO 29),
FIG 4K( 7925; SEQ ID NO 31), and FIG 4L (MOR07926; SEQ ID NO 33)

o SR o il B R RSP .

Ct er m nusvel antibol yikappe lightthaind as bxpi&ded from pMORPH®2_h_Ig_kappa. CDR regions are
in boldface and underlined. Amino acid sequence of VL leader and kappa light chain constant
region is indicated in italics or italics and boldface, respectively. Restriction sites and priming
sites of sequencing primers are designated above or below the sequence. The nucleic acid
sequence of FIG. 9A is represented by SEQ ID NO: 70, while the amino acid sequence is SEQ
ID NO: 71 (MORO07692). The nucleic acid sequence of FIG. 9B is represented by SEQ ID NO:
72, while the amino acid sequence is SEQ ID NO: 73 (MOR07923). The nucleic acid sequence
of FIG. 9C is represented by SEQ ID NO: 74, while the amino acid sequence is SEQ ID NO: 75
(MORO07924). The nucleic acid sequence of FIG. 9D is represented by SEQ ID NO: 76, while
the amino acid sequence is SEQ ID NO: 77 (MOR07925). The nucleic acid sequence of FIG. 9E
is represented by SEQ ID NO: 78, while the amino acid sequence is SEQ ID NO: 79
(MORO07926).

[0100]
[Fig. 10]

FIG. 10 provides a FACS analysis demonstrating crossreactivity of isolated antibodies

(MorphoSys IgG1- 2 pg/ml) to MST1R orthologs.
[0101]
[Fig. 11]

FIG. 11 shows binding activity of MOR07692, MOR07919, MOR07923, MOR07924,
MORO07925 and MOR07926 to the 25-571 portion of human MST1R compared to PBS



[0095][Fig. 5] FIG 5 provides am no acid sequences of variable heavy

regi ons of various consensus-based Human Conbi natorial Antibody Library
(HUCAL(r)Woantvsdy naster gene sequences. CDR regi ons HCTORO10/PE2EDR2 and
H CDR3 are underlined as designated fromN to Cterm nus. The upper line is
MOR07919 (SEQ ID NO 21) while the lower line is

MOR07692/ 7923/ 7924/ 7925/ 7926 (SEQ ID N& 19). [0096] [Fig. 6] / FIG 6
provi des am no acid sequences of variable |ight regions of various

consensa;bsmmegngm%kesmmmrhmﬁtt&r GANS SEHUBNGRS - MORB76681408E-07,CORl
L- CDR2 and are underlined as designated fromN to C-term nus. The

two set MQﬁ07Pi%és43ﬁr%M@BO?Q¥3bét19WaMQ 92411143 %s06; MPRODRG: - 3HE0TD NO
25); %Q 23); MOR07923 (SEQ ID NGO 27); MOR07924 (SEQ ID
NO 23)[%:%1\%%{98 §E‘5|\6%D NO 31); MOR07926 (SEQ ID NO 33), respectively.
[ 0097] &)F %] 7] FI G 7: FIG 7A and FIG 7B provide the nucleic acid and
the am ci d sequence of various novel antibody heavy chains (FIG 7A

I\/ERO791? 7B: MOR0O7692, MOR07923, MOR07924, MOR07925 and MOR07926;
respectll\nllél as expressed from pI\/O?PH(r)Z h 1g@ f . CORregions are in

const ant1G dqebi s ah Py Dl Eporty REMGHR Fredbrente it frpedictds ™ ©

r espect hnadjsi. anﬁieﬁhﬁﬁtﬁ)alwan&hﬁﬁﬁmaﬂ@ Uik wdlieRardds fERGME MORY7HII:NEr' S ar e
desi gnat ed above or he sequence. The nucl eic acid sequence of FIG

7A i s repPEdenYOR0BYIBBAIED4nend BIORWAZ:S 18F0ani no acid sequence is SEQ ID
NGO 65. The nucleic acid sequence of FIG 7B is represented by SEQ | D NO
66, whil0d03he anino acid sequence is SEQ ID NO- 67.

[Fig. 13]

FIG. 13 shows inhibition of 200 ng/ml MSP-induced phosphorylation by MOR07692 compared
to hlgG control at various time points (min) at an absorbance of 450 nm with a 570 nm

reference) At the 5 min time point, the p value is 5.43E-05, while at the 15 min time point, the p
value is 4.76E-06.

[0104]
[Fig. 14]

FIG. 14 is a western blot illustrating inhibition of 100 ng/ml MSP-induced phosphorylation of
ERK by 1 ug/ml MOR07692 compared to no antibody and hlgG controls in the presence or

absence of 1 pg/ml cross-linked antibody.
[0105]
[Fig. 15]

FIG. 15 shows inhibitory activity of the specified antibodies or without antibody control on
MSP-induced cell proliferation (%) in the presence or absence of 100 ng/ml MSP. For the
various antibodies, the p values are as follows: MOR07692: 0.0001; MOR07919: 0.2037;
MOR07923:0.0106; MOR07924: 0.0203; MOR07925: 0.0042; and MOR07926: 0.0044.

[0106]

[Fig. 16] o §



[0098] [Fig. 8]FIG 8 provides the nucleic acid sequence (SEQ ID NO 68)
and the am no acid sequence (SEQ ID NO 69) of a novel antibody |anbda

| i ght chawo 200P805919) as expressed from pMORPH(r) 2_h_| gcrarbdegs24@DR
regions are in boldface and underlined. Am no acid sequence of VL | eader
and | anbda |ight chain constant region is indicated in italics or italics’
and bol df ace, respectively. Restrictidl sites and primng sites of ,
sequencing primers are designated above or bel ow the sequence. [0099] [Fig.
9] FIGFi8. i6 EoWRs iMibitiBn 6f LASPARdRE@UIiglGtidSy MufchRl an@ M 1R shtibB@esM NO aci d
sequence of various novel antibody kappa |'ight chains as expressed from
mePH([b)@ﬁh_l g_kappa. CDR regions are in boldface and underlined. Am no
aci d sequence of VL | eader and kappa light chain constant region is

i ndi cat ﬁ;ggilq italics or italics and bol df ace, respectively. Restriction
sites a 'prﬂm ng sites of sequencing priners are designated above or bel ow
the se n o€ i c . is . renresented by SEQ I D
NG 701G sholpoliElr b T TR Bnftbodion e B RERR 602) . The
nucl eic acid sequence of FIG 9B is represented by SEQID NO 72, while the
am no acid sequence is SEQID NGO 73 (MOR07923). The nucl eic acid sequence
of FIG 9Cis represented by SEQID NO 74, while the am no acid sequence
is SEQID NO 75 (MOR07924). The nucleic acid sequence of FIG 9D is

repr esciiwamepleyy SEQ I D NO 76, while the amino acid sequence is SEQ I D NO
77 (MOR0O7925). The nucleic acid sequence of FIG 9E is represented by SEQ
ID NO 78, while the amno acid sequence is SEQ ID NO 79 (MOR07926).

[ 0100] (Cellguitir® hndHrénsiehOtrasfeeiiclgs a FACS anal ysi s denonstrati ng
crossreactivity of isolated antibodies

[0108]

Human embryonic kidney (HEK) 293FreeStyle™ cells were grown in Freestyle 293 Medium
(Invitrogen). 293a was a stable transfectant obtained by transfection with integrinav and
integrin33 expression vectors into HEK293 cells. HEK293 aﬁd 293a cells were propagatéd in
DMEM containing 10% FCS. PC3 and T47D were cultured in RPMI containing 10% FCS. For
pannings, screenings and functional assays, HEK 293FreeStyle™ cells were transfected with
plasmid DNAs using 293fectin (Invitrogen). 293T and 293« cells were transfected with plasmid
DNAs using Lipofectamine 2000 (Invitrogen) according to the supplier’s instructions.

(Flow cytometry (“FACS™))

[0109]

Cells (5 x 10° cells/well) were incubated with Fab or IgG antibodies at the indicated
concentrations in 50 pl FACS buffer (PBS, 5% FCS) for 60 min at 4°C in round bottom 96-well
culture plates (Corning). Cells were washed twice and then incubated with Fluorescein
Isothiocyanate (FITC) conjugated detection antibody for 30 min at 4°C. Cells were washed
again, resuspended in 0.3 ml FACS buffer and then analyzed by flow cytometry in a Cytomics

FC500 (Beckman Coulter, Inc.). Data were analysed via FlowJo software (Tomy digital biology
Co., Ltd.). Polyclonal goat anti-hMSP R IgG (R&D systems) or anti-FLAG M2 antibody



(MorphoSys I1gd- 2 ng/m) to MSTIR orthologs. [0101] [Fig. 11] FIG 11
shows binding activity of MOR0O7692, MOR07919, MOR07923, MOR07924, MOR07925
and MOROMQ@0t098tsé 25-571 portion of human MSTI R conpaP€d/JPW1@BBddnt r ol .
Using the t-test analysis for n=3, the p values are as follows: MOR07692:
4.56E-07; MOR07919: 1.43E-05; MOR07923: 2.10E-05; MOR07924: 1.42E-06;
MOR07925: 9. 74E-07; and MOR07926: 1.53B-06. [0102] [Fig. 12] FIG 12 shows
inhibitory Elkl trans reporter activity in the absence of l|igand. Using the
t-test @iahy)sis wBafastpditiveREsko1GRIFRIRG2DY POk so2yiB) MiiboliPEaPuialyigs are
as follows: MORO7692: 5.39E-06; MOR07919: 3.19E-04; and 7925: 3. 78E- 05.
[ 0103] Ppaepdve coBfrok| G 13 shows inhibition of 200 ng/m MSP-i nduced
phosphoryl ati on by MOR07692 conpared to hl gG control at various tine points
(M n) s, ANSMARRERaRL)450 nmwith a 570 nmreference) At the 5 min tine
point, the p value is 5.43E-05, while at the 15 min tinme point, the p value
Is 4. 76E-06. [0104] [Fig. 14] FIG 14 is a western blot illustrating

i nhi bi t[0k0Jof 100 ng/ M MSP-induced phosphorylation of ERK by 1 ng/m
MOR07692 conpared to no anti body and hl gG controls in the presence or
absenceTlef kifetiogionttants bssnd kakeete deteimioetl/with 6drbiiljtieing of ths]respective Fab

binding to covalently immobilized MST1R-Fc fusion protein (R&D systems) using the BIAcore

3000 instrument (Biacore). For covalent antigen immobilization standard EDC-NHS amine
coupling chemistry was used. For direct coupling of MST1R-Fc fusion protein CM5 senor chips
(Biacore) were coated with ~600-700 RU in 10 mM acetate buffer, pH 4.5. For the reference ’
flow cell a respective amount of HSA (human serum albumin) was used. Kinetic measurements
were done in PBS (136 mM NaCl, 2.7 mM KCl, 10 mM Na,HPOy,, 1.76 mM KH,PO,4 pH 7.4) at
a flow rate of 20 pl/min using Fab concentration range from 15.6-500 nM. Injection time for
each concentration was 1 min, followed by 3 min dissociation phase. For regeneration 5 pl 10
mM HCI was used. All sensograms were globally fitted using BIA evaluation software 3.2

(Biacore).

(Solution Equilibrium Titration (SET))

[0111]

Affinity determination in solution was basically performed as described in the literature (Friguet,
B, Chaffotte, A. F., Djavadi-Ohaniance, L., and Goldberg, M. E. (1985).J Immunol Methods
77,305-319.). In order to improve the sensitivity and accuracy of the SET method, the method
was modified from classical ELISA to ECL based technology (Haenel, C., Satzger, M., Ducaﬁa,
D. D., Ostendorp, R., and Brocks, B. (2005) Anal Biochem 339, 182-184).

Example 1
(ANTIBODY GENERATION FROM HuCAL LIBRARIES)

[0112]



FIG 15 shows inhibitory activity of the specified antibodies or w thout
anti body control on MSP-induced cell proliferation (% in the presence or
absence oloX0fy/mgussi MSP. For the various antibodies, tlreTgrPMabo®I7EIrE as
follows: MORO7692: 0.0001; MOR07919: 0.2037; MOR07923: 0.0106; MOR07924:
0. 0203; MOR07925: 0.0042; and MOR07926: 0.0044. [0106] [Fig. 16]FI G 16
shows inhibition of MSP-induced m gratdon by indicated anti-MTlI R

anti bodies. [0107] [Fig. 17] FIG 17 shows potential of indicted anti-MSTI

R ant i bagiygsSeehOrali G RerhpubE BafiboaRlsia@iinst XSGR, 88iedifonb Withhd MobhBSek
transi ent transfectlon 0108] Human enbryoni c Ki dn@éﬁ ( HEK)
i

gggFr eddnGARQORD phagesh élbgerrzzsmrq eprideqst PneAPg30 aﬁﬁa(h lhranybagpsn) .
o oor e BYEALO chAABE(GERAR'e: BY3 IR Bl e SR BEE 00 iR sk L 001 2 e e

pr opagaineturioh ADWEM czsn; G1-84, 1200 LR6tRGS . al. RCAAENBio TATIO (4t 182001 2008y im N RPM
cont ai ni or. panni,ngs, .SCreenin functy onal . assa HEK
293Fr ee‘ﬁ(ﬁgﬁ‘ éﬁ) $ixyC qr%dwg'isg{]efir%’r‘ils‘?’}é‘&}f %‘B&\Wgﬁ g&g@ﬁﬁay DI\‘ﬁé}mﬁmgﬁ %‘!ﬁf‘kgctl n
(I'nvi trpgﬂmgrneg@gtha?ﬂag%%aafa We mersesyr ansfected with pI asm d DNAs using
Li pof ect am ne 2000 (Invitrogen) according to the supplier's instructions.

N FACS ) [ 0109 CeI I S X 105 cells/well) were incubated
3 : : e Adpplificat : g@Wcentrations in 50 m FACS
buf f er (PBS 5%FCS) for 60 mn at 4C|n round bottom 96-wel | cul ture

pl ates [pppsni-ng). Cells were washed tw ce and then incubated with

Fl uorescei n I sot hiocyanate (FI TC) conjugated detection anti body for 30 mn

at 4C. Geths OB IS® YapbRsl library was amplified in 2x YT medium containing 34 pg/ml
chloramphenicol and 1% glucose (2x YT-CG). After helper phage infection (VCSM13) at an
OD¢gonm of 0.5 (30 min at 37°Cwithout shaking; 30 min at 37°C shaking at 250 rpm), cells were

FI oW C torretr
( ~Fhag yd

spun down (4120 g; 5 min; 4°C), resuspended in 2x YT/ 34 ug/ml chloramphenicol / 50 pg/ml
kanamycin / 0.25 mM IPTG andA grown overnight at 22°C. Phages were PEG-precipitated from
the supernatant, resuspended in PBS/ 20% glycerol and stored at -80°C. Phage amplification
between two panning rounds was conducted as follows: mid-log phase TG1 cells were infected
with eluted phages and plated onto LB-agar supplemented with 1% of glucose and 34 ug/ml of
chloramphenicol (LB-CG). After overnight incubation at 30°C, colonies were scraped off, and

used to inoculate 2xYT-CG until an ODggonm of 0.5 was reached and VCSM13 helper phages

added for infection as described above.

" (B. Pannings with HuCAL GOLD®)

[0114]

For the selections HICAL GOLD® antibody-phages were divided into six pools comprising
different combinations of VH master genes (pool 1: VH1/3/5 x, pool 2: VH1/3/5 A, pool 3:

' VH2/4/6 x, pool 4: VH2/4/6 ), pool 5: VH1-6 , pool 6: VH1-6 1). These pools were
individually subjected to 3 rounds of whole cell panning on MSTIR expression vector-
transfected HEK 293FreeStyle™ cells followed by pH-elution and a post-adsorption step on
MST1R-negative HEK 293FreeStyle™ cells for depletion of irrelevant antibody-phages. Finally,

the remaining antibody phages were used to infect E. coli TG1 cells which were then plated on



again, resuspended in 0.3 m FACS buffer and then anal yzed by fl ow
cytonetry in a Cytom cs FC500 (Beckman Coulter, Inc.). Data were anal ysed
vi a Fl owdwo=ofaossrse (Tonmy digital biology Co., Ltd.). Pecyabznebsgoat
anti-hMsP R I gG (R&D systens) or anti-FLAG M2 anti body(Si gna) was used as a
positive control and MOR03207 (anti-lysozyne) antibody was used as a
negative control. (Surface plasnon re8bnance) [0110] The kinetic constants
| cOn and koff were determned with serial dilutions of the respective Fab
bi ndi n t ns)

usi ng e R b & B A e B bhcRl Elhics W Shed

i Mobi |ofgZthe plmessplalgekiw&e idsCielidbd aﬁmhﬁed:mrtebctrngdab@m Sthe geonnd antbsthe thifdor

di rect - cou of MSTI R-Fc f n. protei senor Bi acore) were
coat ed rﬁ}i“f‘ﬁ"fj SS'%@“’PGOV quﬁqﬁﬁjﬁﬁﬁ%@&%%‘: Blﬁ‘fc"’llxg‘rnon b%tﬁn‘grdoﬁ'&m“%é he e12 erence
fl ow cqldDR3 I eREA TP ITRY Was ApplicSfy S&&mmys&rnug @b&dmlmhl%ﬁﬁ used

Ki neti ¢ measurenents_were done in PB g\

Na2 HPOffinitigss RepMA-P Propreseatya byiltn aféﬁnmv avatyratien lerm%fqﬂtherﬁawd@glﬁﬁ@nﬁéb
concent o} 0, ation
vos 1 et aeef AR ?ﬂ*?&ﬁ" 9 {2 sl 0 P il 5 O HERAICATOORERIT 1
mV HCl RehkdibesedForthé RaﬁMA nmutmdvmzbeo@idsk)ﬁkthtydaid parmmgummgerBirvheémﬂhuat I on

software 3. Iut n Eq tra n

ACTI . CSPAE @DR AL e B Snetneialeredond B FB el wert gbSEfdba | o
the 1itgy @E&lh%e(d%&ms@m Rith L@mia‘ bS8 cabbettbs. , THI radtflig Fab diBiagiBs ®erel . , and
ol dber g 1985) J | mmunol Methods 11, 305-319.). In order to inprove
t he serﬁslhept@d i%/%ﬂb@delmﬂé? pON{nge user srwepEgondiensnet hod was nodi fi ed
fromclassical ELISA to ECL based technol ogy (Haenel, C, Satzger, M,

Ducat a, ((D-subelonits AR Rssibh Of %lengQE lSagnients) 2005) Anal  Bi ochem 339,
182-184). Exanplie 1

[0115]

The Fab encoding inserts of the selected HuCAL GOLD® phagemids were sﬁbcloned into the
expression vector pMORPH®x9_Fab__FS (Rauchenberger et al., J. Biol. Chem. 278(40):38194-
205, 2003) to facilitate rapid expression of soluble Fab. For this purpose, the Fab encoding
insert (ompA-VLCL and phoA-Fd) of the selected clones was cut out of the plélsmid DNA with
Xbal and EcoRl, and cloned into the Xbal / EcoRI cut vector pMORPH®x9_ FS. Fabs expressed
in this vector carry two C-terminal tags (FLAG™ and Strep-tag® IT) for detection and

purification.

(D. Expression of HuCAL GOLD® Fab.Antibodies in E. coli and Purification)

[0116]

Expression of Fab fragments encoded by pMORPH®x9_Fab_FS in E. coli TG-1 cells was carried
out in shaker flask cultures using 750 ml of 2x YT medium supplemented with 34 pg/ml
chloramphenicol. Cultures were shaken at 30°C until the OD600nm reached 0.5. Expression
was induced by addition of 0.75 mM IPTG for 20 hr at 30°C. Bacteria were harvested by
centrifugation and the periplasmic fraction prepared using 30-35ml BBS. Fabs were purified via
Strep-tag® II using Step-Tactin sephérose columns. Purity of the samples was analyzed fogether

with calibration standards by SDS-PAGE in denatured, reduced state and by size exclusion



( ANTI BODY GENERATI ON FROM HUCAL LI BRARIES) [0112] For the generation of

t herapeutic anti bodi es agai nst MSTIR selections wth the MorphoSys HuCAL
GOLD phageodbayleanss! i brary were carried out. HuCAL GOLDpCrur2@E0/as2tab

i brary based on the HUCAL (r) concept (Knappik et al. (J Mol Biol, 296,
57-86,. 2000); Krebs et al., J Immunol. Methods, 254, 67-84, 2001; Rothe et
al., J Mol. Biol, 376(4): 1182-200, 2038), in which all six CDRs are

di versified, and which enploys the CysDi splay(tn) technol ogy for |inking
Fab fragpysnies Rescue,
Phage Anpli %I %ﬁ?h%@%gﬁ%? I%ﬁll‘vl%]té Faf(t:itq? 81% g%éfg'?gmweré% &?Q} agem d

| i br ar yspaetsophntoiietry rabs epad., YTInmediol M atlords 254 67684200/ ml  chl or anpheni col
and 1% gl ucose (2x YT-CG . After hel per phage infection (VCSM 3) at an
036001%&3[9% (30 min at 37C wi thout shaking; 30 mn at 37C shaki ng at
250 rp liels wer e spun dovvn (4120 g; 5 mn; 4C) resuspended in 2x YT/
34 ng/m chI or anpheni coI /M kanamycin 0,25 MM | PTG and grown

over ni gt g) é@é@i@@ﬂ@c‘\%oﬁg(ﬂﬂe super nat ant , ‘
resuspended in PBS/ 20% glycer ol and stored at -80C. Phage anplifi cati on
bet ween[oiyy panni ng rounds was conducted as follows: md-log phase TAd
cells were infected with el uted phages and pl ated onto LB-agar suppl enented

W th 1%nefrdéliel6 @ssmme%éthrlgcm vafihble Bbﬁﬁﬁfﬂgﬁi%hfé@fhé&? (O8)-an iR chemgr ni ght

i ncubation at 3 col onres were scraped to i nocul ate 2xYT-CG

unti |l aWI@wmﬁrbpbne@ frgm fiab cxprestierivesivd nCBMORPIAE) blg vaskoxs eRestiirdied f or

i nfecti f ()3%{ ﬁdla ] For

t he sel éeH(% | NS g?%é)'}(&ﬁj félljr%%l P@g‘%é gﬁgg&a% “divi ep ‘igl{lz}%jeéf%o%ol S

conpri samlg?deﬂ 61eraitw<tro oidnfat subnloninfy o‘ﬂHUmpeor YEasbdafe@mehts, VH /3/5 K

E,C)Olp ool ™ ' g)elétl\%ﬁ/_f / ggef 3lg§s$ﬂ%,3\g1 (ik’i/ lgwrr@ng were 1soIate\A TO /m {)Peparatl Oi(i)glaI'OSSé gﬁylHI -6
and ligated into the respective IgG expression vectors (VH fragment into pMORPH®2_h_IgG1f;
Vkappa fragment into pMORPH®2_h_Igk; Vlambda fragment into pMORPH®2_h_IgA2). The .

resulting IgG expression plasmids were characterized by restriction analysis and

sequencing. Transient expression of full length human IgG was performed in HKB11 cells,
which were transfected with IgG heavy and light chain expression vectors. IgGs were purified
from cell culture supematants by affinity chromatography via Protein A Sepharose

column. Further down stream processing included a buffer exchange by gel filtration and sterile
filtration of purified IgG. Quality control revealed a purity of >90 % by reducing SDS-PAGE

and >90 % monomeric IgG as determined by analytical size exclusion chromatography.

Example 3
(ELISA SCREENING OF HuCAL® Fab CLONES AND HuCAL® IgG1)

[0118]

Wells of a 384-well MaxiSorp™ microtiter plate were coated with 0.5 pg/ml recombinant
MST1R-Fc fusion protein diluted in PBS. The plate was incubated ovemight at 4°C. Next day,
the wells were washed 3 times with PBST (0.05% Tween20 in PBS) and then blocked with
MPBST (5% milk powder in PBST) for 30 min at room temperature on a microtiter plate
shaker. The wells were washed 3 times with PBST before adding the primary antibody,



i ndi vidually subjected to 3 rounds of whole cell panning on MSTIR
expression vectortransfected HEK 293FreeStyle(tn) cells foll owed by

pH- el ut i omoanth/@3¢3est - adsor pti on step on MSTI R-negati ve pHENP2010/052479
293FreeStyle(tnm) cells for depletion of irrelevant antibody-phages.
Finally, the remaining antibody phages were used to infect E. coli T4
cells which were then plated onagar pl#tes and incubated overnight at 30C
The next day, the bacterial colonies were scraped off the plates, phages

were I eseyseh1gidd e éxftﬂa@@o@ﬁuégi@rpa%f!m@p an@ ﬁue%@%ﬂtlaﬂﬁeé Jﬁ«a ctomre;nd

round of selections were perforned as the initial one. In addition
st andar %htﬂ)adlnfﬁ nbles, plath evab @ORBated=fop RIKT af I)opmhmpctlagw avesmapptiteemate (shaker

Pot 111 Aol SFRLS Db SRR, ebeBCBio AL SRR e RGeS > °

af finit adkﬂﬂfelpihﬁﬂjheﬁse ('ﬂiarﬁ)vh efilafed! 109900 & (0525 esllkpowliéran FBET) d4s st gnd éfe t he
HuCAL GOLD Fa For the RapMAT(r) nethod two rounds of standard

panni ngPiisriae étF11 ?ﬂ H’B&t Wof‘hteg’ﬁﬁléf“é? an g gutmstitsf platgrabakst aPebsRayspiyy theplatg es.
Thehs elcg%\%iﬂkhm iR WGth TR TP 5%, Wekn2@l lxq*ﬁaﬁfsg Aﬁsiphws PAROEHIRRAGstRte $d1e LCDR3

brary cassettes. The resulting braries were subj ected to
two f urReghe) wasardsd Ghilugedninl higsTBSced ﬂgprenscregefnwas:mn@uted@ms TECAN sidsotieni ng

And Exp Fab a ts) [01 15] The Fab encodi ng inserts
of the éﬁ% 8@3% gﬁ"& 63“:1 aﬁlgge%% 88”wer e subcl oned into the expressi on
vect or pNL’RPH(r)xQ_Fab_FS (Rauchenberger et al., J. Biol. Chem

278(40) Esgiple4 205, 2003) to facilitate rapid expressi on of sol ubl e Fab.
For this purpose, the Fab encodi ng insert (ompA- VLCL .and phoA-Fd) of the

sel ecte Ig(bgglggA\@qva ?éistie plcegm d DNA with Xbal and EcoRI, and
cl oned fltnto t he Xbal EcoKl cut vect PMORPH(r)x9_ FS. Fabs expressed in

this veLcS)tor carry tvvo C-terminal tags (FLAGtm and Strep-tag(r) 1) for
det ect i 41 3nd purification. (D. Expression of HUCAL GOLD(r) Fab Anti bodies
in E. coli_and Purification) [0l 16] Expression of Fab fragnents encoded by

pMORPH( ¥4 8-apalysicef M§TER %@phogmlrese%g fellsijymanMSTdR (cDNA nucleotide
sequence is shown as GenBank Accession No: NM_002447.2), cynomolgus monkey MST1R

and mouse MST1R (cDNA nucleotide sequence is shown as GeneBank Accession No:
NM_009074.1) expression vector containing N-terminal Flag tag (pFLAG-myc-CMV-19,
Sigma) were constructed. cDNA encoding cynomolgus monkey MST1R was amplified by PCR
using cynomolgus monkey stomach cDNA as a template with forward and reverse primers
having nucleotide sequences of SEQ ID NO: 34 and 35, respectively. By sequencing analysis of
PCR product, the cynomolgus MST1R ORF nucleotide sequence was identiﬁed as shown in
SEQ ID NO: 36. The corresponding amino acid sequence was shown in SEQ ID NO: 37. Then
human, cynomolgus monkey and mouse MST1R ORF cDNA, excluding signal peptide regions,
were amplified using respective forward and reverse primers having nucleotide sequences of
SEQ ID NO: 38 and 39 (human), 40 and 41 (cynomolgus monkey), and 42 and 43 (mouse) with
appropriate cloning sites and then cloned into pFLAG-myc-CMV-19. An amplified human
MSTIR fragment encodes amino acids corresponding to GenBank Accession No: NP_002438.2
(SEQ ID NO: 45). A Mouse MST1R fragment encodes amino acids corresponding to GenBank
Accession No: NP_033100.1 (SEQ ID NO: 47) except for those amino acid differences at
positions: 688 (Leu to Pro), 713 (Ile to Val), 714 (Ala to Gly) and 719 (Ala to Val). These

expression vectors were transfected into HEK293T cells. For FACS-analysis, cells were



out in shaker flask cultures using 750 ml of 2x YT nmedi um suppl enented with
34 ng/ M chl oranpheni col. Cultures were shaken at 30C until the OD600nm
reached OwB.20fxpEBEssi on was i nduced by addition of 0. 75potlyptoitos2ar9 20 hr
at 30C. Bacteria were harvested by centrifugation and the periplasmc
fraction prepared using 30-35m BBS. Fabs were purified via Strep-tag(r) 11
using Step-Tactin sepharose colums. P®ity of the sanples was anal yzed
together with calibration standards by SDS-PAGE in denatured, reduced state
and by sj ) '

concont ERPAReHYS LORS MR SR BMIEY CATRY bl TocBhtot i FTJobHR Slfindary,

| mrunol antiYethaddes@istd abave34n F]Z(GOII)), antEEhgphﬁbcRiy(c@hﬁhhd‘d&xpEXﬁ&E&E‘daﬂl\l AND

o b Bt P O BB R0 " 19

subcl onpORI79M MoRewzseaﬁlalmomm%owéﬁ Bind th)héndah @ndy RIGAIRYS -
Restriction enzynes Mel and Bl pl were used subct oni ng of VH fragnents.
Rest ri cMS31Re @y the gtheglband, W@QW alge eﬂpbl!edmcbnmmdoﬂssﬁ\’[ Uchasisieng of VL

kappa of, i, A“%@‘g’gﬁ gw respectively. After digestion, VH and VL

fragnments were | om preparative agarose gel and Iigat ed into the
respectrﬁ IgG expression vectors (VH fragnent into pMORPH(r)2 h Igd f;
Vkappa nt into pMORPH(r)2 h_Igk; WVIanbda fragnent into

pMORPH( £.) 2 The r.esul ti G expr asm ds .

char act@rll 7E % %eggf”%cle&f ?hc?ﬁe %%ﬁﬁ@lg?vgasa%%@@%ﬁﬁgﬁﬁgqueweg-niﬁ%wfcleg)&ls? essi on
of full sdqeé}g:'e hf harmbne Heg &y v¥isn PRVIORIOTEID, MDKKE231MC&id7S24 \MORU79/25raﬂd
transfeH} ed with I eavy and |I§ht chai n _expressi on vect ors. | gGs were

purifie RQ%%%&&F e@@ﬁéh%‘ﬂb'é‘rFﬂ t 2head BHQIING; 18 E%WS@% $PRSICE PR

Pr ot ei nvﬁlaﬁrema&paﬁupm M@Rmﬁyl% BRIwAIGS 3B %ﬁdrSEQ%qsé' N THRGHEESER
buf f er exchange by g%h Itration and sterile filtration of purified IgG
eauy

Qual i t ysaguence Qfotf@b ghairue § MORET 690 YORBT23 MR T2 DEORAIER5and >90 %
rmnorrel l\@ﬂ@?@z@%agﬁéc%e@'a%gm@’ inH18! Y& LER5ES BNEX . VRS LT RE AR -

variable heavy chain of MOR07919 is shown in FIG. 3D and SEQ ID NO: 21.

[0121)

The nucleotide sequence of variable light chdin of MOR07692 is shown in FIG. 4A and SEQ ID
NO: 22. The amirno acid sequence of variable light chain of MOR07692 is shown in FIG 4G and
SEQ ID NO: 23. The nucleotide sequence of variable light chain of MOR07919 is shown in FIG.
4B and SEQ ID NO: 24. The amino acid sequence of variable light chain of MOR07919 is
shown in FIG. 4H and SEQ ID NO: 25. The nucleotide sequence of variable light chain of
MORO07923 is shown in FIG. 4C and SEQ ID NO: 26. The amino acid.sequence of variable light
chain of MOR07923 is shown in FIG. 41 and SEQ ID NO: 27. The nucleotide sequence of
variable light chain of MOR07924 is shown in FIG. 4D and SEQ ID NO: 28. The amino acid
sequence of variable light chain of MOR07924 is shown in FIG. 4J and SEQ ID NO: 29. The
nucleotide sequence of variable light chain of MORO7925 is shown in FIG. 4E and SEQ ID NO:
30. The amino acid sequence of variable light chain of MOR07925 is shown in FIG. 4K and
SEQ ID NO: 31. The nucleotide sequence of variable light chain of MOR07926 is shown in FIG.
4F and SEQ ID NO: 32. The amino acid sequence of variable light chain of MORO07926 is
shown in FIG. 4L and SEQ ID NO: 33. '

[0122]



(ELI SA SCREENI NG OF HuCAL(r) Fab CLONES AND HuCAL(r) 1gd) [0118] Wells of
a 384-well Maxi Sorp(tm mcrotiter plate were coated with 0.5 ng/m

reconbi nawD 2bBTdobyssc fusi on protein diluted in PBS. Thepplrapmiwe4incubat ed
overnight at 4C. Next day, the wells were washed 3 tinmes with PBST (0.05%
Tween20 in PBS) and then bl ocked with MPBST (5% mil k powder in PBST) for 30
mn at roomtenperature on a mcrotitéP plate shaker. The wells were washed
3 times with PBST before adding the primary antibody,i.e. prebl ocked BEL

ext I actiheAnifddetd sdqidncEdP vARBNE a0y Rk ch@th@m GOMBRO769L MSROTH3,

control antibodies. The plate was 1ncubated for r at roomterrper ature on

a m cr MOREYIH, MQRE\ARend MOQRATI26 inshetadn SEQJP@&O\M t hher®ENo afidseqhignect i on

Gi 1 ut s Y BERaR AL T E0) BIRRIED &l AN Tt

mcubatgﬁtf]or I h at roomterrperature on a mcrotiter plate shaker.
Subseqtg Y, the pl ate was washed 5 tinmes with TBST (0. 05% Tween20 in

TBS) . to t t oPhos .Substrate Set ) i 10 in
TRS) " ardeamin sd Sle R R Rl it FRRTR PRAANERogHA. M adnan!

(em ssMOROESBZinMOIBOOIQQS ahd MTORGY06 i showx ATPEG 1B NOROSEhinfind hold Taquehy-YSI S
BY FACS) [0119] FACS-anal ysis of MSTIR orthol og-expressi ng1 cells: Human
MSTI R (@ b#h']eqaébfh% EBR2LCEMORV 7R tsshunmin SERRNGrd No: M
002447. 2? cynonol gus nonkey MSTI R and nmouse MSTI R (cDNA nucl eoti de
sequen({% shown as GeneBank Accessi on No: NM 009074.1) expression vector
containing N-terninal Fl ag tagﬁ)’h pFL c CW-19, Sigma) were -constructed.

cDNA erldeamirp oy enapense of wanrdb QRérﬂil-(FlPRého OROR6YS MIGREIMS DI gus
nonkey zg Vi ng
nucl eot’i ge sequences o? 6\&’5&33‘&13‘; gg?qlr)g\'ﬁskge%te?lge;ﬁmg lﬁgge Sg%m ng
anal ysicd vafiabRORapy obkune CDRINE-CRA jrof MOROVET R skiikimn mUKIEQ &b iN(e: (sequence was
identified as shown in

[0125] -

The amino acid sequence of variable light chain CDR3 (L-CDR3) of MOR07692, is shown in

SEQ ID NO: 7. The amino acid sequence of variable light chain CDR3 (L-CDR3) of

MORO07919 is shown in SEQ ID NO: 8. The amino acid sequence of variable light chain CDR3

(L-CDR3) of MOR07923 is shown in SEQ ID NO: 9. The amino acid sequence of variable light

chain CDR3 (L-CDR3) of MOR07924 is shown in SEQ ID NO: 10. The amino acid sequence of

variable light chain CDR3 (L-CDR3) of MOR07925 is shown in SEQ ID NO: 11 The amino acid

sequence of variable light chain CDR3 (L-CDR3) of MOR07926 is shown in SEQ ID NO: 12.
[0126] '

The amino acid sequence of variable light chain CDR2 (L-CDR2) of MOR07692, MOR07923,
MOR07924, MOR07925 and MOR07926 is shown in SEQ ID NO: 14. The amino acid
sequence of variable light chain CDR2 (L-CDR2) of MOR07919 is shown in SEQ ID NO: 16.

[0127]

The amino acid sequence of variable light chain CDR1 (L-CDR1) of MOR07692, MOR07923,
MORO07924, MOR07925 and MOR07926 is shown in SEQ ID NO: 13. The amino acid
sequence of variable light chain CDR1 (L-CDR1) of MOR07919 is shown in SEQ ID NO: 15.

[0128]



SEQ I D NO. 36. The correspondi ng am no acid sequence was shown in SEQ ID
NG 37. Then hunman, cynonol gus nonkey and nouse MSTI R ORF cDNA, excluding
si gnal pepbi2ds/megsons, were anplified using respectiveprtonrandosarh rever se
primers having nucl eoti de sequences of SEQ ID NO 38 and 39 (human), 40 and
4 1 (cynonol gus nonkey), and 42 and 43 (nouse) with appropriate cloning
sites and then cloned into pFLAG nyc-GW-19. An anplified human MSTI R
fragnent encodes ami no acids correspondi ng to GenBank Accessi on No: NP

002438. 2nd miefeolild Nherttebf hévYRHSR omﬁlﬂ)%bél%%n%ﬂsﬁg% RO @9 !’Fﬁé Siino
correspondi ng to GenBank Accéssion No: NP 033 100.1 NC. except

for thotred saghense aEhepvyichdip oENKRR07602 pﬂ)@pwnomsSE(BEBNpLéu ifbe ﬁlnxk)otldt713 (He to

U amsr oRpucr B b oF O 08 & o Sty 1p) RER S TER: €8 AR EGEE A"

2 g/ M oflighnerayn e MOROA6%ESIs ishd w0 e SEQYIDI KOubst i on with Fl TC—I abel ed
secondary anti body as descri bed above. In FIG 10, anti-Flag anti body
confirnmpd2expr essi on of each (human, cynonol gus nonkey and nouse MSTI.R)
protein. MORO7692, MOR07923, MOR07924, -MOR07925 and MOR07926 showed bi ndi ng

t o bot hTidmRRoaMNs I\%uaieebfw&wlahmﬁ)afmmwgﬁs Jhow in MERIDIND: 30 STheukingi t ed
bi ndi ng to nouse Tl R besi des hunman and nonke % MSTI R. [0120] The

nucl eot #dbsequefice AE beayy Cbﬁé@é%‘?@ééﬂ%ﬁ“’%sm BNy 1 Dike Becdapdideer . The

nucl eot f 7

VoRo7 021 R EE Bl o BQyGEsE RaRinan 3EQ 1B MR, e am iR iedhenenr 1
NO. 18. ofﬂt@tdLmIddﬂOB@REquehmmoﬂSEQrIDaIﬁDeSheavy chain of MORO7919 is
shown in FIG 3B and SEQ ID NO 20. The am no acid sequence of variable
heavy cl®a3@] of MOR07692, MOR07923, MOR07924, MOR07925 and MOR07926 was
decided as shown in FIG 3C and SEQ ID NO 19. The am no acid sequence of
var i abl Ehdmaieptidhseiqnenct oK/EHﬁ%ﬁn io$ mmmzn s dhb®n nSSEQrIb NBQ50 DThamihol.

0121] The nucl eot.j de sg bIe | i i w7 2 is shown
I[ n El ]G segH%ncgg ga%y c ?%019679& 18 s own in b% I])CN8 ’{l 1. QIthe eot61
sequence of light chain of MOR07924 is.shown in SEQ ID: NO: 58. The amino acid sequence
of light chain of MOR07924 is shown in SEQ ID NO: 59.

[0131]

The nucleotide sequence of heavy chain of MOR07925 is shown in SEQ ID: NO: 50. The amino
acid sequence of heavy chain of MOR07925 is shown in SEQ ID NO: 51. The nucleotide
sequence of light chain of MOR07925 is shown in SEQ ID: NO: 60. The amino acid sequence
of light chain okoORO7925 is shown in SEQ ID NO: 61.

[0132]

The nucleotide sequence of heavy chain of MOR07926 is shown in SEQ ID: NO: 50. The amino
acid sequence of heavy chain of MOR07926 is shown in SEQ ID NO: 51. The nucleotide
sequence of light chain of MOR07926 is shown in SEQ ID: NO: 62. The amino acid sequence
of light chain of MOR07926 is shown in SEQ ID NO: 63

~[0133]

The nucleotide sequence of heavy chain of MOR07919 is shown in SEQ ID: NO: 48. The amino
acid sequence of heavy chain of MOR07919 is shown in SEQ ID NO: 49. The nucleotide



NO 22. The am no acid sequence of variable |light chain of MOR0O7692 is
shown in FIG 4G and SEQ I D NO 23. The nucl eoti de sequence of variable

| i ght chawo 20fo/0v8#87919 is shown in FIG 4B and SEQ | D ROr/JBZh10/d%2279m no
aci d sequence of variable light chain of MOR0O7919 is shown in FIG 4H and
SEQ I D NO 25. The nucl eoti de sequence of variable |ight chain of MOR07923
is showmn in FIG 4C and SEQ ID NO 26.4IThe am no acid sequence of variable
| ight chain of MOR0O7923 is shown in FIG 4 land SEQ ID NO 27. The -

nucl eot | R |- d i . N¥PR97 j i |G 4D
and SEQb%%elilc%w ggg%lll'%g oﬁ%{(?\lg@ﬂgg ?élg %ggﬁgﬂ ggbolg vari ablgléé F#‘gﬁ?ﬂ %ﬂ%&glf?
MOR07924f light slreamnf MEROTE 9 i 3hewml inSHER IDNW5329. The nucl eoti de sequence of
variable light chain of MOR07925 is shown in FIG 4E and SEQ ID NO 30. The
amno a }‘%nﬁgguence of variable light chain of MORO7925 is shown in FIG 4K
and SEQE - 3 1. The nucl eotide sequence of variable |ight chain of
MOR079284, i | D NO 32. The am no acid sequence’ of
vari abl @@dﬁ&%ﬁﬁ‘a@‘%@%%@m in FIG 4L and SEQ ID NO 33.
[0122] The ami no aci d sequence of variable heavy chain CDR3 (H CDR3) of
MORO769013#10R07923, MOR07924, MOR07925 and MOR07926 is shown in SEQ ID NO
1. The am no acid sequence of variable heavy chain CDR3 (H CDR3) of
MOR0791Walls o§n06wwellMSEEdrp Y iN@rotiter §16& 23}e ddaeedawitnd pgieil decoadpirante(Safl R-

vari abl eavy chain CDR2 (H ). of . 7692, MOR07923 7924,
MORO792E¢ gﬁwnm%%%mgﬁé-\éﬁl iaﬂv@eﬂ@lf{ fsangsce of hyman MSTAR, Q@S ddplgtdhce of

vari abl e i !‘SRB% g;pg? 19 IVE)}@;)? 9.1 i MO 5.
[ 0124] ?’Eg gﬁlgﬂfégg‘g# sengE%e )i'}gr?a | et %&a%l%/%vgﬂg%\rél%égﬁp %CEBQN)O of
MORO769PBSNORLIFR8 (SWBRS 10 PBS) MdRBDRIb clasddy ilPRBI- 25 busfesfod Whr atro&mQ | D NO

. Th i id f i_abl h hai n CDR H- CDRI f
3 e B no 2 dseduence ol AL HRRYeghepyy, Shal n DR (H OO 9 e

MST1R-Fc coated wells and incubated for 1 hr at room temperature. After washing once with

PBS-FCS buffer, the secondary antibody was added and allowed to incubate for 1hr at room
temperature. After washing 3 times with PBS-FCS buffer, substrate of HRP (0.4 mg/ml o-
Phenylenediamine Dihydrochloride and 0.006% Hydrogen peroxide in substrate buffer (50 mM
tri-sodium citrate dehydrate, 100mM di- sodium Hydorogen Phosphate, pH4.5)) was

added. After yellow color developed, 1 M HCI was further added to stop reaction. Absorbance
at 490 nm was measured in EnVision microtiter plate reader. In FIG. 11, all of the obtained
antibodies (MOR07692, MOR07919, MOR07923, MOR07924, MOR07925 and MOR07926)
showed binding to 25-571 portion of human MST1R. Each antibody was applicable for
immunoprecipitation of non-reduced and non-denatured MST1R, but not for Westem blotting to
detect reduced and denatured MST1R (data not shown). It indicates that these antibodies

recognize native conformation within amino acids residues in SEQ ID NO: 17.

Example 6

(BIOLOGICAL ASSAYS)

(A. Elkl Luciferase Reporter Gene Assay)

[0135]



The am no acid sequence of variable Iight chain CDR3 (L-CDR3) of MOR07692,
is showmn in SEQID NO 7. The am no acid sequence of variable |light chain
CDR3 ( L- GRB3)10af3d¢¥®R07919 is shown in SEQ I D NO 8. Theramirmiacidrsequence
of variable light chain CDR3 (L-CDR3) of MOR07923 is shown in SEQ ID NGO 9.
The ami no acid sequence of variable Iight chain CDR3 (L-CDR3) of MOR07924
is shown in SEQ ID NO 10. The am no azid sequence of variable Iight chain
CDR3 (L-CDR3) of MOR07925 is shown in SEQ ID NO 11 The am no acid sequence

of var KR MNERQ Il NO
12, V[o@g‘%tﬁ’?h%g?tfnaﬁ%wggsd seé{ﬁgﬁggﬁﬁ WRlfel é&%@gﬁﬁe %ﬁwﬂce:%@a?edgom) of

MORO7 6 9IR; ashA3RS PaRa8 on MER@7@ES {ecidDRT 2928 CaliﬂjWﬁMR(W@Qﬁeqt@ s.sMiRiin II@@WD NO

vOR0 70780 T bR b forms 2l pfosphShplescti i (SR TR R0

var i abl(&dabehmaﬁﬁgmm@ﬁted kindsBRvhenTt isMvEIRXH8%ed MORRIMARSd WMBREST 270 test
MOR07925 and MORO Is.shown. in SEQ ID NO 13. The am no acjd sequence of

vari ablfenctipglity ehantibodioRElK | lugifirpse reporigrganr93gy ves stiablishedhasdelipw Fegs 15,
[ 0 128] TV@ECSHH%% Ail'q@Lﬁc%fﬁﬂ:Eﬁr ot B&R ctﬁ@ﬁ' Liuc@CPMALT 89 ZedtSr (§ﬁ‘8ﬁ§bnkEOSEQ

m no acl d sequence o eavy chain of MOROY I'S shown in
SEQ | DvSdigssted With Miudllkoratabwishdddnes poltymeraghforcblhmtmg,cﬂndmﬁéwm s shown

in SEQJD. . .NO . 54. The cid s eneof t chain I\QZEQ 92
shown |é L& PRfaf3bo %I@r%%"eﬁcé’n %QH‘, e d) m%égr\‘/y cﬁg\i n Iofs
MORO7923x i $GEN AR IT FHERoiga)Neds dfgéstea’ b&tha‘:]’a?bl'@{lakglﬂ dptiogphoslandd, aehvy chain

of MORO7923 is shown in SEQ ID NO 51. The nucleotide sequence of |ight
chai n diEakbrithgbaaboye fagmantity saeets PYRec2CRs . Thane2%et ¢rdls AeretrasiGobnes of

i ght qgﬁ&f@ctﬁ f\ﬂﬁ%@@—%ﬂﬁ4§ Wﬂ, Bcﬁﬁg—lbgsm, pEKZ-E[lQlj(ggltagene), pFR-
Luc2CP and pGL4.74 [hRIuc/TK] (Promega) using a Lipofectamine 2000 (Invitrogen)
transfection procedure and seeded onto white 96-well cell culture plates. The next day after
transfection, the cells were preincubated with the antibodies for 1 hr and then the ligand (human
MSP) was added to thé wells. After 6 hr incubation, cell lysates were prepared and the firefly
luciferase activity (specific signal) and the Renilla luciferase activity (signal for normalization)
were measured using the Dual-luciferase reporter assay system (Promega). The firefly/Renilla
ratio was calculated to normalize the data of each well. Table 2 shows ICs, values in the
presence of 100 ng/ml MSP ligand. MORO07692, MOR07919, MOR07923, MOR07924,
MORO07925 and MOR07926 showed low ICsq value ranging between 4 and 100 hg/ml. As
shown in FIG. 12, overexpression of MST1R by itself induced ligand-independent activation of
MST1R. MOR07925, MOR07919 and MOR07692 also suppressed this type of activation of
MSTIR.

[0136]

[Table 2]



The nucl eoti de sequence of heavy chain of MOR07924 is shown in SEQ ID: NO
50. The am no acid sequence of heavy chain of MOR07924 is shown in SEQ ID
NO 51. TWwe 20umlvemssi de sequence of |ight chain of MORO7924/Ps1ehsmm i n SEQ
ID: NO 58. The amino acid sequence of |ight chain of MOR07924 is shown in
SEQ I D NO 59. [0131] The nucl eoti de sequence of heavy chain of MOR07925 is
shown in SEQ ID: NO 50. The ami no aci4® sequence of heavy chain of MOR07925
is showmn in SEQ ID NO 51. The nucl eoti de sequence of |ight chain of
MOR07925 is shown in SEQ ID. NO 60. The am no acid sequence of |ight chain
of MOR07925 is shown in ‘| OGeovalue of Elkb husiferaygweppntier S88¢ pfaY sequence of
heavy chain of MOR07926 is shown in SEQ ID. NO 50. The ami no acid sequence
of heavy chain of MORO79€BmdDshown in SEQ | DRortgassapHesd (eg/mbt i de
sequence of |ight Thain of MORO/792Z6 is shown in SEQ I'D: NO 62, The am no
aci d sequence of |ight MARGV6O2 MOR07926 is shown in SEQ ID NO 63 [0133]
The nucl eoti de sequence of heavy chain of MOR07919 is shown in SEQ ID. NO
48. The anmino acid sequbdHeRO®A%heavy chain of MOR079187i6s shown in SEQ I D
NG 49. The nucl eoti desequence of |ight chain of MORO7919 is shown in SEQ
ID: NO 52. The ami no abf@R@®Zdence of |ight chain of MOR07919 is shown in
SEQ ID NO 53. Exanple 5 (BINDI NG ACTIVITY ANALYSI S BY ELI SA) [0134] Wlls
of a 96-wel | Maxi Sorp(tMORIIR2dtiter plate were coatedd®ith 1 ng/n

reconbi nant MSTI RFc fusion protein (containing 25-571 am no acid sequence
of human MSTI R, R&D) di MO@RM/928 PBS. The plate was i ncudated overni ght at
4C. Next day, the wells were washed once with PBS-FCS buffer (5% FCS in
PBS) and then bl ocked WM®RIBRI6FCS buffer for 1 hr at ltdom

(B. ELISA for Detection of Phosphorylation of MST1R)

[0137]

The change in phosphorylation status of MST1R aftef treatment with ligand and/or antibody was
determined by ELISA system. After overnight incubation of PC3 cells (1 x 10%) on 6 cm-
diameter dishes, cells were washed with PBS, and incubated with 0.1% BSA-RPMI

medium. After overnight incubation, cells were treated with 1 pg/ml MOR07692 antibody for
1hr at 37°C, and then stimulated with 200 ng/ml of recombinant MSP (R&D systems) for 0 min
to 15 min. Then cell lysates were prepared and phosphorylated forms of MST1R were measured
by Human Phospho-MSP R/Ron ELISA system (R&D systems) according to the supplier’s .
instruction. MOR07692 showed complete inhibition of MST 1R phosphorylation promoted by
addition of MSP ligand as shown in FIG. 13.



tenperature. After renoval of the PBS-FCS buffer 4 ng/m primary anti body
was added to the MSTIR-Fc coated wells and incubated for 1 hr at room

t enper at we.2otfdogrsswashi ng once with PBS-FCS buffer, thecygesmdasyranti body
was added and allowed to incubate for I hr at roomtenperature. After
washing 3 times with PBS-FCS buffer, substrate of HRP (0.4 ng/m o-

Phenyl enedi am ne Di hydrochl ori de and 044006% Hydr ogen peroxide in substrate
buffer (50 mMMtri-sodiumcitrate dehydrate, 100nM di- sodi um Hydorogen
Phosphagce, wekémDdttine forasiilatkd Fiter yel |l ow col or devel oped, 1M HO was
further added to stop reaction. Absorbance at 490 nm was neasured in
EnVision mcrotiter plate reader. In FIG 11, all of the obtained

ant i bodi%38} MORO7692, MOR07919, MOR07923, MOR07924, MOR07925 and MOR07926).
showed binding to 25-571 portion of human MSTI R Each antibody was

appl i cabhechapge inphosnberdatiopistagiisiod BRI afiesireptanpnt with digendrrnd/og emfzhody evas MSTI R,
but not . i o PN - at a
ot shogrgt it Rebn ol AerdShln RARA FRCIENELY B ET2 Behelat
conf or nplatepcellsivtelne washiad with 2BiScand iasutchtesyithn0. SEB $ D RIGII igdiutax Afiek e 6

Bl OLOd CAL ASSAYS). (A.. El kl Lucjf : t Ge As )
E 0135] F?JYPET‘S@HQ‘HE?g}m}(afel}fn‘ﬁrﬁgﬁqutc W ngé‘gﬁe@g{me]g”ﬁ?‘ﬁﬁ’o%g’%éf &'étgo‘t‘telpor ter
gene as 1g;§5t%fﬂaﬁmﬁfnl L& atiboliP o ﬁwgﬁrzlﬁlggnslz@(ts.ggemmﬂﬁatczeﬁ.r@ﬂaftﬁ tion of

293a celTs with several vectors. is ihtegrated into the ce nmenbr ane
and becmoastiast i00atgaal dfpdvogpianyMSPERE D oystenss) sasl adiled ) apddlirthien ifckiated for

(extracel lull.ar signal -requl iinase) when it is over ssed or

ot i, Teniell Rars R b Kl Rl g e st B BL REP e  f or ase

I epor t ephd3fiitase stabitor@Yal@fdi ekbiO egsas wat LRWRd flont &dllulie denriRPlyr uct ed

pFR- Luc2CP_vector. To construct pFR-Luc2CP, pFR-Luc vector (Stratagene) was

di gest egPniifgatignpgd nroteincengentratignsvere, detppmiped ysing BSA projeinghsadt i ng, and
di gest i i : i 0j X GAL4
bi gt notAPRER) Bitkles AmIshRbdhaRR R furkt Pofnide W Rbp oA Bhdferkifedil,

Ecol CRI 95G/fbt 5 mimypéso Ppdieiny(l @ f1gdhne pwds resolved by SDS-PAGE on 5-20% gels. Proteins

were blotted onto PVDF membrane (BioRad). Membranes were blocked with Blockace

(Yukijifushi), for 1 hr at room temperature and incubated overnight at 4°C with polyclonal
antibodies against ERK or phospho-ERK antibody. After washing, membranes were incubated
with secbndary anti-rabbit horseradish peroxidase-conjugated antibody

(Amersham). Immunoreactive bands were visualized on X-ray films using ECL plus substrate
(GE Healthcare). FIG. 14 represented ERK phosphorylation in response to ligand MSP. The
increase was almost completely inhibited by the addition of MOR07692 in the presence and

absence of cross link antibody to human IgG-Fc.

(D._Cell Proliferation assay)

[0139]

T-47D cells (5000 cells/well) suspended in RPMI medium containing 2% charcoal/dextran-
treated FCS (Hyclone) were seeded onto 96-well plates. Cells were incubated with 1 pg/ml
antibodies for 1 hrat 37°C, and then stimulated with 100 ng/ml recombinant MSP. After 5 days

incubation, cellular ATP was measured by CellTiter-Glo luminescent cell viability assay kit

(Promega), according to the supplier’s instruction. As shown in FIG. 15, MOR07692,



ligated with the above fragnent to generate pFR-Luc2CP. Then, 293a cells
were transiently cotransfectd with pcDNA- DEST40 MSTI R, pcDNA- DEST40,

pFA2- El kiwbSbroaagene), pFRLuc2CP and pG.4. 74 [ hRl uc/ TKpctBromegs)79usi ng a
Li pof ectam ne 2000 (Invitrogen) transfection procedure and seeded onto
white 96-well cell culture plates. The next day after transfection, the
cells were preincubated with the antibtdies for 1 hr and then the |igand
(human MSP) was added to the wells. After 6 hr incubation, cell |ysates
wer e preRed2 AMOoRDPS4, MORY7925Ghd FICIER 98 Liedily SuphRRGRINIEB-pRiistad ) and the
Renilla luciferase activity (signal for normali zatpl on) were neasured using
t he Duapmlifgwitionodded Hberdlst &O&%@éQ had/ s weakef Ivhdritogajctivity ghdnraglieran ftemdids] a
ratio was calculated to nornmalize the data of each well. Table 2 shows | C50
val ueszfﬁ%%%;%%@[eﬁgf 100 ng/m MSP |igand. MOR0O7692, MOR07919,
MOR07923; : 7925 and MOR07926 showed | ow | C50 val ue rangi ng
between 4 and 100 ng/m . As shown in FIG 12, overexpression of MSTIR by

i tsel f [OddRiced |i gand-independent activation of MSTIR MOR07925, MOR07919
and MOR07692 al so suppressed this type of activation of MSTIR [0136]

[ Tabl e BiPGWeels (5 ¥ TBRellsiiveld) sufpehided inlRRMF medism coepiringe 0% &FCiSevas saxded] one

e e ST ST SRR S La AT ©
Phos phogwehiphtealtvhtidds heRofdpei3vdre removed from test wells and medium was replaced with
2% charcoal/dextran-treated FCS (Hyclone). Cells were incubated with 10 pg/ml antibodies for
1 hrat 37°C, and then stimulated with 300 ng/ml recombinant MSP. After 24 hr incubation, -
migrated cells were observed using bright field microscopy (Nikon) and thén their images were
analyzed by Image J software to calculate cell-free area. As shown in FIG 16, MOR07919,
MOR07692 and MOR07925 clearly suppressed MSP-promoted cell migration of BxPC-3
cells. MOR07692 and MOR07925 had stronger inhibitory activity compared to MOR07919.

(F. Internalization assay)

[0141]

In order to evaluate the ability of antibodies to internalize, Hum-ZAP secondary conjugate
(affinity-purified goat anti-human IgG-saporin provided by ADVANCED TARGETING
SYSTEMS) was used as the secondary antibody to cause protein synthesis inhibition and,
ultimately, cell death after internalization into cells. PC3 cells (2000 cells/well) suspended in
RPMI medium containing 10% FCS were seeded onto 96-well flat clear bottom white culture
plates. The next day, the cells were preincubated with antibodies for 1 hrat 4°C. After removal
of the medium containing the antibodies, 0.5 pg/ml Hum-ZAP secondary conjugate was added to
the wells. The plates were incubated for 1 hr at 4°C and then for 3 days at 37°C. The cellular
ATP was measured as readout for cell viability by CellTiter-Glo luminescent cell viability assay
kit (Promega), according to the supplier’s instruction. As shown in FIG. 17, viability of PC3
cells was greatly reduced by the treatment with MOR07692, MOR07919, MOR07923,
MORO07924, MOR07925 and MOR07926, suggesting the potential of these antibodies to

internalize.



The change in phosphoryl ation status of MSTIR after treatnent with |Iigand
and/ or antibody was determ ned by ELI SA system After overni ght incubation
of PC3 cealWb0{0/003065106) on 6 cndi aneter dishes, cells wece/Jrzatvestawi t h PBS,
and incubated with 0.1% BSA-RPM nedium After overnight incubation, cells
were treated with 1 ng/m MORO7692 antibody for | hr at 37C , and then
stinulated with 200 ng/m of reconbi nadt MSP (R&D systens) for O mn to 15
mn. Then cell |ysates were prepared and phosphoryl ated forns of MSTIR were
measur e[j)lby] Hurran Phospho- MSP R/ Ron ELI SA system (R&D systens) according to
the supplier's instruction. MOR0O7692 showed conpl ete inhibition of MSTIR

phosphotyd @t 2l gd %??I 3.(C
West ern %‘% otte;ﬁng {aectleM g%&&?&[ Oﬁ% thpecglgﬂg’hgim{%E %‘lé‘g or?f) ‘i on
st at us wferéxs, aéﬂ:lencet maatatsemt] abitracts| ditgdhetemradd hﬁremncdapoiytedm refietedcarinned by
Western bl otti Af ter. ove t cultjvation of PC3 cells (2 x 105) on 12
wel 1 o pit8 gt ot Rl HeSinis T e pblst Sl GaRb Sheuion PRGNS o6 BoA. RPM
medi um@A #ter overni ght incubation, cells were treated with 1 nmg/m
MOR0769914 |body with or without 1 ng/m goat affinity purified antibody

to humanl el) fo t 7>1C_ After the incubatjon, 100 ng/m
of r ecoﬁ'ﬁl cm@e ['9)59%‘{%@) f\%a%e -deserabed SQWGth%tFH@FtﬂP%B%{PBE frogy ~30
mn. Thgg sé‘d?Je'aﬁd gﬁﬁﬁoﬂtuésféséﬂt meﬁhﬁﬁubyinte%aemmméa b8t AAR|cEAGinBd M the
(Roche) and phosphat ase 1 nhi bitor (Nakaral tesque). Lysates were cleared
f r om cetlioyp éescaettm, or dgfingd in thpfamgalde(bdamzﬁnble mt@mmied ag descuptivesandons wer e
determ S sat resuspended in
bt fer Tonrae BB ERTeBl b Sl SRy bicklichihs oy 3EBn 6 e pRIUAPRARED

Pr ot ei nar¢ pOssitié M@)omsabmaéachdlgby SDS— PAGE on 5-20% gel s. Protei ns wer e
bl otted onto PVDF nenbrane (Bi oRad). Menbranes were bl ocked with Bl ockace
(Yukijirushi), for 1 hr at roomtenperature and incubated overnight at 4C
wi t h pol ycl onal antibodi es agai nst ERK or phospho- ERK anti body. After

washi ng, menbranes were incubated with secondary anti-rabbit horseradish
per oxi dase -conjugated anti body



(Amersham . | mmunoreactive bands were visualized on X-ray filnms using ECL
pl us substrate (GE Healthcare). FIG 14 represented ERK phosphorylation in
response wo 2biog@psVSP. The i ncrease was al nost conpl et ecy/gemhobizimd by t he
addi ti on of MORO7692 in the presence and absence of cross |ink antibody to
human 1gG Fc. (D. Cell Proliferation assay) [0139] T-47D cells (5000
cells/well) suspended in RPM nedi um cemt ai ni ng 2% char coal / dextrantreated
FCS (Hycl one) were seeded onto 96-well plates. Cells were incubated with 1
ng/ M antibodies for 1 hr at 37 , agq {f\g§ stinulated with 100 ng/ni
reconbi nant MSP. After 5 days incubation, cellular ATP was neasured by

Cel ITiter-Ao lumnescent cell viability assay kit (Pronega), according to
the supplier's instruction. As shown in FIG 15, MOR07692, MOR07923,
MOR07924, MOR07925 and MOR07926 cl early suppressed NBP—pronDted

prol i fef@aimoh of T-47D cells. MOR0O7919 had a weaker inhibitory activity
than other antibodies. (E. Mgration Assay) [0140] BxPC-3 ceIIs (5 x 104

Sfé' wel | Rl BaE RARARH el adthhy OF RAPhHaDklindf UchOPolBRRIRESF GlieR, O
After oyenral

redi um m%msiiﬁl%ﬁéﬁ%vsﬁ‘%‘l %a%ﬁ?%%%w%%@af@ﬁ%ﬁr e ”°”” St%ﬁe“ﬁ'cé il
0 1
i mul aSBA o Sbyegied bty et g t@aeq%mh%@ﬂwaﬁ ipentient at ed

cells were observed using bright field m croscopy (N kon) and then their
i mges ke - @HQﬁWﬂ@HPB%W%WQ&@OHOgBﬁﬂ%ére to calculate cell-free area. As
shown in FIG 16, MOR07919, MOR07692 and MOR07925 clearly suppressed

MSP- pr ofathigd2jcel | migration of BXxPC-3 cells. MORO7692 and MOR07925 had
stronger inhibitory activity conpared to MOR0O7919. (F. Internalization

assay) hQ }S%Hted human or humanized antibody or functional fragment thereof comprising an antigen-

binding region that is specific for a partial peptide of MSTI1R, having an amino acid sequence of
SEQ ID NO: 17, wherein said antibody or functional fragment thereof inhibits ligand -dependent
and -indepeﬁdent phosphorylation of MST1R.

[Claim 3]

An isolated human or humanized antibody or functional fragment thereof comprising an antigen-
binding region that is specific for a partiél peptide of MST1R, having an amino acid sequence of
SEQ ID NO: 17, wherein said antibody or functional fragment thereof inhibits ligand -dependent
and/or -independent phosphorylation{ of MSTIR, in addition to inhibiting phosphorylation of
ERK and/or Akt.

[Claim 4]

An isolated human or humanized antibody or functional fragment thereof comprising an antigen-
binding region that is specific for a partial peptide of MSTIR, having an amino acid sequence of

SEQ ID NO: 17, wherein said antibody or functional fragment thereof inhibits ligand -dependent



hi order to evaluate the ability of antibodies to internalize, Hum ZAP
secondary conjugate (affinity-purified goat anti-human |1gG saporin provided
by ADVANGED 20 /WR@E0BE NG SYSTEMS) was used as the secondar ycanprdiedszsto cause
protein synthesis inhibition and, ultimately, cell death after
internalization into cells. PC3 cells (2000 cells/well) suspended in RPM
medi um cont ai ni ng 10% FCS were seeded 48nto 96-wel| flat clear bottom white
culture plates. The next day, the cells were preincubated with anti bodi es

for 1 hphgafnqdé P&:ndelﬁ B5phoRiTh Kﬁlof%STh@ g alﬁgh@@ﬂﬁiﬁh&lt%]ﬁﬁspﬁk %(?rpgfjl'il@ﬁ’ 0.5

ng/ m Hun}ZA seco ary conjugate was added to the ates were
|ncubatgﬂ il hr at 4C and then for 3 days at 37C. The cellular ATP was
measur ed . as readout for cell viability by Cell Titer-A o | um nescent cel
VlabI|I%X assay kit (Promega), according to the supplier's instruction. As
shown i viability of PC3 cells was greatly reduced by the

t r eat ment vmth I\/[R07692 MOR07919, MOR07923, MOR07924, MOR07925 and

MOR0O7924n iss l4g@afiinian ®r hbﬁaﬂ@é&‘ﬁiﬁb&ﬁ & fuhdiRRE] Bdpinda HeRDf E6my ﬁmsmg an antigen-
internalize.[0142] The contents of all patents, patent applications,

publ i shafldiRET hhGatpeRITR 1@{151 é}ﬁ&l'lﬁ:bﬁée of MSHIR, KRAFY ANrESo alifs @utusﬂéeeof

manual s and abstracts cited ereln are hereby incorporated by reference in

their eéﬁ(b ﬁﬁtl\)b tl(zs{\m rglf Asgidl tlg&grrc 'fpl?ctltoﬁanggﬁlteﬁt tﬂgliggpﬁasgﬁtatﬁn(??f\ggalﬁa s&ﬁe

i nvention pertal I ous C S can

above- descrlb t nat out. d romth and, spirit
of t he Hi O gRyiide 3@’5 Spei BEbinelt FRBY. B bbbl S mREIRSAREGRI: M
in the ab de cr| tlon fined in t pended C |nB e interpreted
as descr f‘&{el?ﬁé '5 ‘P‘tt P&{ P(/gesﬁt% OB ageﬂw ?Sn‘s‘é ce plasmon
nodi fications and variations of the present invention are possible in light
of the T&¥BECS eachi ngs. CLAIMS [Claim 1] An isolated human or hunani zed

anti body or functional fragnent thereof conprising an antigenbinding region

that i JCgmad)fic for a partial peptide of MSTIR having an am no acid
sequence of

An isolated human or humanized antibody or functional fragment thereof compnsmg an antigen-
binding region that is specific for a partial peptide of MST1R, having an amino acid sequence of
SEQ ID NO: 17, wherein said antibody or functiortal fragment thereof has an affinity against said
partial peptide of MST1R as a Kp less than about 10 nM, less than about 5 nM, less than about 1

nM, less than about 0.5 nM or less than 0.1 nM as determined by Solution Equilibrium Titration.
[Claim 7]

An isolated human or humanized antibody or functional fragment thereof comprising an antigen-
binding region that is specific for a partial peptide of MSTIR, having an amino acid sequence of
SEQ ID NO: 17, wherein said antibody or functional fragment thereof suppresses MSP-

promoted cell proliferation of tumor cells that express MST1R.
[Claim 8]

An isolated human or humanized antibody or functional fragment thereof comprising an antigen-

binding region that is specific for a partial peptide of MST1R, having an amino acid sequence of



SEQ ID NO 17, wherein said antibody or functional fragnent thereof
inhibits Iigand -dependent and/or -independent phosphorylation of MSTIR
[ A ai m 2]wénoiseb@sed hunman or humani zed anti body or f urctriJerab/os2zagnent
t hereof conprising an antigenbinding region that is specific for a parti al
pepti de of MSTIR, having an ami no acid sequence of SEQ ID NO 17, wherein
said anti body or functional fragnent t4ereof inhibits |igand -dependent and
-i ndependent phosphorylation of MSTIR [Caim 3] An isolated human or
hunani zeEQ am N®dy7,0whEMRC k4i@Naltibbd R GFERhctionsr ﬁQ%r_n@xﬁ”ﬂlHe%_f Rfpfsses MSP-
antigenbinding region that is specific for a partial peptide of MSTIR,
havi ng l sy i , Wherein said anti body or
functi oﬁralrgrlnagpgglrlmﬂﬁ%rg? egfejrg?&?%ﬂ]l‘sttjllﬁ'lt%ég(érlpsgsgﬁfg%ependent and/ or -independent
phosphoryl ation of MSTIR in addition to inhibiting phosphorylation of ERK
and/ or ?“.n%]CI aim4] An isolated human or humani zed anti body or functional
fragnment thereof conprising an antigenbinding region that is specific for a
part i al Apéplatedehuafan MBhuianibed/ amibodyoafiinctivnaLiransaq he fed€ corhp ity drlartigen-17,
wherein said anti body or functional fragnment thereof inhibits |igand
- dependsindiag ek gidnEgne BstRiTc @h@gﬂﬁ@lp’dpﬁﬂé oMVST 1 REHdvidg dnhardidldiatild QBquleBce of
i nhi biting phosphorylation of ERK and/or Akt. [Caimb5] An isolated human
or hu i tyirb r 40 | 1, Sd
R G S S S S P B R G S L
havi ngo@ .am io acid sequence of SEQ ID NO 17, wherein said antibody or
functi a3 gnent thereof has an affinity against said partial peptide of
MSTIR as a KD of |ess than about 10 nM I|ess than about 5 nM |ess than
about 1AmMolateddsintanam hainenizedafibndy or fuhesmal fregmenb dieteod cdmpifidi@s ardattigemd ned
by surface plasnon resonance.

binding region that is specific for a partial peptide of MST1R, having an amino acid sequence of

SEQ ID NO: 17, wherein said antibody or functional fragment thereof is cross-reactive with
human and at least one other species.

[Claim 11]

The isolated human or humanized antibody or functional fragment thereof according to claim 10,
wherein said other species is a mouse or a monkey.
[Claim 12]

The isolated antigen-binding region of an antibody or functional fragment thereof according to

any one of claims 1 to 11.
[Claim 13]

The isolated antigen-binding region according to claim 12, which comprises an H-CDR3 region

having the amino acid sequence of SEQ ID NO: 1 or 4.

[Claim 14]



[Claim6] An isolated human or humani zed anti body or functional fragnent

t hereof conprising an antigenbinding region that is specific for a partial
pepti de oWolBlld830skavi ng an ami no aci d sequence of SEQ lPDTNE2014/d524wher ei n
said anti body or functional fragnent thereof has an affinity agai nst said
partial peptide of MSTIR as a KD | ess than about 10 nM |ess than about 5
NnM |less than about 1 nM less than ab®ut 0.5 nMor less than 0.1 nM as

determ ned by Solution EquilibriumTitration. [Claim7] An isolated human

or humamhe ¢gbiAR bt b@Hdidg! RO B&lordih @ W8 Mimt 8" BiRherCQIMYHsgNgh JLCDR2
ant i genbi ndi ng regi%gn t-hatgjipéz;gtl speciofri cgaf or ampar’ti al © pept dse ggf MSTI R,

havi ng . anf) e 0 . wherein said anti body or
functi oﬁegfo(?l rag%ﬁeﬁrﬁ&% ‘Z%@?@S‘B‘%ﬁﬁs@gﬁi}g@p?g%& ed cell proliferation of
tumor cells that express MSTIR. [Claim8] An isolated human or hunmani zed
ant i bodlfi@im Flnct i onal fragnent thereof conprising an antigenbindi ng regi on
that is specific for a partial peptide of MSTIR, having an am no acid

sequenc®hofisoled Ehtideh-bindingVReici Becdadifig adteldi@dy4, Ofurthemnedmiialg i apTBIR1
t her eof suppresses MSPpronoted cell mgration of tumor cells that express

MSTI R febloninay 8l tiinif®hadl S&uBseET SEQ INN@IB%e4@. anti body or functional
fragnment 'thereor conprising an antigenbinding region that is specific for a

parti al _pe. tiﬁge of MSTIR, having an am no acid sequence of SEQ ID NO 17,
wher ei n[@sl?‘tj nti body or functional fragnent thereof internalizes MSTIR
[Claim10] An isolated human or humani zed anti body or functional fragnment
t her eof Thongotdtesi anjigam-bandingymgmnnaticogling ¢p chirhhid, wierapdithe d-COR3arqgaont i al
pepti de of MSTIR, having an am no aci d sequence of SEQ ID NO 17, wherein
sai d anhavigdthe @middiadd sequahcef ¢ ESHE@ND NOel ethe H-€DR20sgioh dacihg \fiee svininb deidran
and at | east one other species. [Caim 11] ’

sequence of SEQ ID NO: 2 and the H-CDRI region having the amino acid sequence of SEQ ID

NO: 3; or (i1) the H-CDR3 region having the amino acid sequence of SEQ ID NO: 4, the H-

CDR2 region having the amino acid sequence of SEQ ID NO: 5 and the H-CDRI1 region having

the amino acid sequence of SEQ ID NO: 6.
[Claim 17]

The isolated antigen-binding region according to claim 12, comprising a variable heavy chain
having the amino acid sequence of SEQ ID NO: 19 or 21.

[Claim 18]

The isolated antigen-binding region according to claim 12, comprising an L-CDR3 region having

the amino acid sequence selected from the group consisting of SEQ ID NOs: 7, 8,9, 10, 11 and

12.
[Claim 19]

The isolated antigen-binding region according to claim 18, comprising an L-CDR1 region having

the amino acid sequence of SEQ ID NO: 13 or 15.



The isol ated human or humani zed anti body or functional fragnent thereof
according to claim 10, wherein said other species is a nouse or a nonkey.

[ A ai m 12yothmyvdosissat ed anti gen-bi ndi ng regi on of an antclhadywionsAfiwnct i onal
fragnent thereof according to any one of clains 1 to 11. [Cl aim 13] The

i sol ated antigen-binding region according to claim 12, which conprises an
H CDR3 region having the am no acid sefuence of SEQID NO 1 or 4. [Claim
14] The isol ated anti gen-bi ndi ng region according to claim 13, further
conpri s'g]ginam]l—l-CDRZ regi on having the am no acid sequence of SEQ ID NGO 2
or 5. [Caim15] The isolated antigen-binding region according to claim 14,

further_co i sing an H- CDRl .regi on. havi e am nho aci d_sequence, of SEQ
1D NO Spiblptedapladinhindie mon omaRgAo SHID § oI g LeG PR OG0
claim 15, wherein (i) the H CDR3 region having the am no acid sequence of
SEQ ED tioamino aqidsqquenoref SEQiIBN@alA 916 he ami no aci d sequence of SEQ I D
NGO 2 and the HCDR region having the am no acid sequence of SEQ ID NO 3;
or (ii)[Clhien 24]CDR3 regi on having the am no acid sequence of SEQ ID NO 4,

t he HCDR2 region having the am no acid sequence of SEQID NO 5 and the

H CDR ?g«?lesgﬂtea%gg%{-%nﬁ 1 gnl;g(f%% a%gj)rqms 59 %El?ﬁ%%é)?f 8esr§$ tgg) aﬁwgen-g)g}q%% rglglrﬁ% ]1'521

The iso ant gt ( regi-on accor clharm

vart 016 MRS DN IS ISR SeLd seanes, S0 SRID AR 9.8 21

conpri SLgv%lgatrfleLa_mclr?(sgcirdesg(i;u%gcehgfy '8198 ID NO: 13 and the L-CDR2 region having the amino
acid sequence of SEQ ID NO: 14; (ii) the L-CDR3 region having the amino acid sequence of
SEQ ID NO: 8, the L-CDRI region having the amino acid sequence of SEQ ID NO: 15 and the
L-CDR2 region having the amino acid sequence of SEQ ID NO: 16; (iii) the L-CDR3 region
having the amino acid sequence of SEQ ID NO: 9, the L-CDR1 region having the amino acid
sequence of SEQ ID NO: 13 and the L-CDR2 region having the amino acid sequence of SEQ ID
NO: 14; (iv) the L-CDR3 region having the amino acid sequence of SEQ ID NO: 10, the L-
CDR1 region having the amino acid sequence of SEQ ID NO: 13 and the L-CDR2 region having
the amino acid sequence of SEQ ID NO: 14; (v) the L-CDR3 region having the amino acid
sequence of SEQ ID NO: 11, the L-CDRI region having the amino acid sequence of SEQ ID
NO: 13 and the L-CDR2 region having the amino acid sequence of SEQ ID NO: 14; or (vi) the
L-CDR3 region having the amino acid sequence of SEQ ID NO: 12, the L-CDRI region having

" the amino acid sequence of SEQ ID NO: 13 and the L-CDR2 region having the amino acid

sequence of SEQ ID NO: 14.

[Claim 22]



the am no acid sequence selected fromthe group consisting of SEQ I D NGs:
7, 8, 9, 10, 11 and 12. [Caim 19] The isol ated anti gen-bindi ng region
accor di ngvoeom/@Bess 18, conprising an L-CDR region havi egTiihm1eniawm aci d
sequence of SEQ ED NO 13 or 15.[C aim 20] The isol ated anti gen-bi ndi ng
regi on according to claim 19, conprising an L-CDR2 regi on having the amno
acid sequence of SEQ ID NO 14 or 16. j2C ai m 21] The i sol ated ,
ant i gen-bi ndi ng regi on according to claim 20, wherein the antigen-binding
regi on i {sblatdingtibe-DRAinzCRERA JE@MHB% tb ft@aiamzﬂ,ocoagﬁﬂm eAVEHE ﬁglti%gn' D
NGO 7, the L-CDR region having the am no acid sequence of SEQ ID NO 13

and th - i OF ] i e NO L4, (1)
The L e ARER A WBKIY LR B P e SRR AR TN 85 1

L- CDR %96 :londg?vi ng the am no acid sequence of SEQ ID NO 15 and the ,
L- CDR2 eg'gﬂ dving the amno acid sequence of SEQID NGO 16; (iii) the
L- CDR3 region having the am no acid sequence of SEQ ID NO 9, the L-CDR
regi on daimdPIt he ami no acid sequence of SEQ ID NO 13 and the L-CDR2

regi on having the am no acid sequence of SEQ ID NO 14; (iv) the L-CDR3
regi on Tavishiatel Qﬁtié&@ﬁﬂdiﬁ@k&i&%b@rﬁ&%t?ﬁlaﬁ?@l,‘ dSnfielsin %éhetﬁt?)ecg:ra%ﬁn!b%gidon

havi ng the am no acid sequence of SE D NO 13 and R2 region

h . . . . . . . _ . ‘

vov g EHEEDSEEIRIERSS o &8 HEABd oot IR TR SR,
e am| cid,s nce of . . - regi on havin e

anm no al(r(;ilgr%}ﬁ%énqtl}}%?gjéi?f)eﬁl%ﬁﬁlgg%\égllfﬁ%m%ﬁ'o%}% @ﬁ%%% rggi on havi gg t he

am no acid sequence of SEQ ID NO 12, the L-CDR region having the am no
aci d se§lamcz#]of SEQ1D NO 13 and the L-CDR2 region having the am no acid
sequence of SEQ ID NO 14. [C aim 22] The isol ated anti gen-bi nding region

accor di Tig fk6lael AhfizchbindiRPREdic RGoRlingo| cdinel 2, coMprisiR@h Might chain amino acid

sequence of (i) SEQ ID NO: 53, 55, 57, 59, 61 or 63; or (ii) a sequence having at least 80 percent
sequence identity in the CDR regions with the CDR regions of SEQ ID NO: 53, 55, 57, 59, 61 or

63.
[Claim 25]

The isolated antibody to according to any one of claims 1 to 11, wherein the isolated antibody is

an IgG.

[Claim 26]

The isolated antibody to according to claim 25, wherein the isolated antibody is an IgG1.
[Claim 27]

The isolated antibody or functional fragment thereof according to any one of claims 1 to 13,

wherein the isolated antibody or functional fragment thereof comprises a variable heavy chain of

SEQ ID NO: 19 or 21.

[Claim 28]



havi ng the am no acid sequence selected fromthe group consisting of SEQ ID
NGs: 23, 25, 27, 29, 3 1 and 33. [Caim 23] The isol ated anti gen-bi ndi ng
regi on acwonrdiong3dse claim 12, conprising a heavy chai n agiriae2@adbssmequence
of (i) SEQID NO 49 or 51; or (ii) a sequence having at |east 80 percent
sequence identity in the COR regions with the COR regions of SEQID 49 or 5
1. [Caim24] The isolated anti gen-bi ng8i ng regi on according to claim 12,
conprising a light chain amno acid sequence of (i) SEQ ID NO 53, 55, 57,
59, 6 1 0 u

TR 1s@1%ted%t166d3) o@ﬁﬁn@ﬁ&lﬁﬂ‘?ﬁ @P{t' eredt ac!c%ﬁﬁr; F)g%}%ﬁ‘ee@f Néﬁﬁ&f@@ﬁ 57,

identity in the reg| ons W th CDR r egi ons %

59, 6 e ta accordln y .,aone of
cl ai rnsl‘ilﬂ(%eﬁ?;t ¢ vq\;/fluer el n ﬁg%?sﬂéﬁcq{c’g%l ﬁl?ﬁ%?%&g’ (l%sf Cgrr?pflseé f' 5’7‘%“3@ Ch‘?ﬁle

i sol ated ant bod to.accordin 2 e isolated anti body
is an | g.th éll PR AFqUERE PE%ITL‘@[I]&&% g%gy%%};ﬁ ﬁﬁé¥l onal fragment

t her eof accordl ng to any one of clains 1 to 13, wherein the isol ated

anti bodiclam 39)ncti onal fragment thereof conprises a variable heavy chain of
SEQID NO 19 or 2 1. [Oaim28]The isolated antibody or functional
fragmentnd bribedy o@ﬁﬁ&i&hﬂﬂaéxﬂerﬁ@ﬂer&ﬂ?ﬁc&ﬁdiﬁ%er 3 Inet & clakms WG 11§ &%ﬁm% ! ght

i sol ated anti body or functional fragrrent t f conprises a vari

el R A0 R ROHERS o B Sﬁ%ﬂ@ﬂ“ﬁo 33425, 27, 29, 31 or

33. [Caim t y or func ment 't hereof according to any
one of cllal rr3150 1 to 11, conprising
amm

The antibody or functional fragment thereof according to claim 29, comprising an H-CDR2

region having the amino acid sequence of SEQ ID NO: 2 or 5.

[Claim 31]

The antibody or functional fragment thereof according to claim 30, comprising an H-CDRI1
region having the amino acid sequence of SEQ ID NO: 3 or 6.

[Claim 32]

The isolated antibody or functional fragm_ent thereof according to any one of claims 1 to 11,
wherein said antigen-binding region comprises an L-CDR3 region of SEQ ID NO: 7, 8, 9, 10, 11

orl2.

[Claim 33]

The isolated antibody or functional fragment thereof according to claim 32, wherein said
antigen-binding region comprises an L-CDR1 region of SEQ ID NO: 13 or 15.

[Claim 34]

The isolated antibody or functional fragment thereof according to claim 33, wherein said

antigen-binding region further comprises an L-CDR2 region of SEQ ID NO: 14 or 16.



an H CDR3 region having the am no acid sequence of SEQID NO 1 or 4.

[ aim 30] The antibody or functional fragnent thereof according to claim
29, conprwei2ngy/m@Boskt COR2 regi on having the am no aci d sequarpro/03248EQ | D
NO 2 or 5. [Caim31] The antibody or functional fragnent thereof
according to claim 30, conprising an HCDRI region having the am no acid
sequence of SEQID NO 3 or 6. [Caim3®2] The isolated anti body or
functional fragnent thereof according to any one of clains 1 to 11, wherein
sai d anfdiggmd)i ndi ng region conprises an L-CDR3 region of SEQID NGO 7, 8,
9, 10, 11 or 12. [CAaim33] The isolated antibody or functional fragnment-

t her eof _accordi.ng .to, claim 32, erein sai d antjgen-bi ndi ng.regio

conpri sB¥ }iﬂ{a%géﬁf’oqye%ﬁ %‘Hc%qnaég%g?ﬁ’tl\]@fre‘i ac&Prdlf%z tor Y916, %4‘]131%%{1?%(”’& ed
anti body or_ functional fragnent thereof according to claim 33, wherein said
ant i gerCOBIEIngG heayy eheitt YRINASFIdssawCS salecigd fronetiroerpupcansisipg oE@ PEQNB, 14
or 16.[Claim35] The isolated anti body or functional fragnment thereof

accor diNg: #8 and\ploard G a besiugmeethavingl dt, leasd $P riesdentysequersavigentitnim thenCh8 aci d
sequence selected fromthe group consisting of (i) SEQ ID NO 49 and 51;
and (i ieganseihdrdeDRaagios odISEQREENO8Pardcdnt sequence identity in the CDR
regions with the CDR regions of SEQ ID NGs: 49 and 51. [ aim 36] The

i sol at egh@pfidpody or functional fragment thereof according to any one of

cl ai s to 11, which conprises a light chain am no acid sequence sel ected
fromthe group consisting of (i) SEQ ID NGs: 53, 55, 57, 59, 6 1 and 63;
and (i i?healsg@%déweeo%% ﬁ*@ctaqnal fagmengthereploasprdingg 9ednyeone of claims 1 to 11,

which comprises a light chain amino acid sequence selected from the group consisting of (i) SEQ
ID NOs: 53, 55, 57, 59, 61 and 63; and (ii) a sequence having at least 80 percent sequence
identity in the CDR regions with the CDR regions of SEQ ID NOs: 53, 55, 57, 59, 61 and 63.

[Claim 37] .

An antibody having a heavy chain having an amino acid sequence of SEQ ID NO: 49 and a light
chain having an amino acid sequence of SEQ ID NO: 53.

[Claim 38]

An antibody having a heavy chain having an amino acid sequence of SEQ ID NO: 51 and a light
chain having an amino acid sequénce of SEQ ID NO: 55.

[Claim 39]

An antibody having a heavy chain having an amino acid sequence of SEQ ID NO: 51 and a light
chain having an amino acid sequence of SEQ ID NO: 57.

[Claim 40]

An antibody having a heavy chain having an amino acid sequence of SEQ ID NO: 51 and a light

~ chain having an amino acid sequence of SEQ ID NO: 59.



identity in the COR regions with the CDR regions of SEQ ID NGs: 53, 55, 57,
59, 6 1 and 63. [Claim37] An anti body having a heavy chain having an am no
aci d seqgueoceernf3®EQ | D NO 49 and a |ight chain havi ngpramJeminesaw d
sequence of SEQ ID NGO 53. [Caim38] An antibody having a heavy chain
having an am no acid sequence of SEQID NO 5 1 and a light chain having an
am no acid sequence of SEQ ID NO 55. 5C ai m 39] An anti body having a heavy
chai n having an ami no acid sequence of SEQID NO 5 1 and a light chain
havi ng [@migMino aci d sequence of SEQ ID NO 57. [Caim 40] An antibody

havi ng a heavy chain having an am no acid sequence of SEQID NO 5 1 and a

ant 1 body FAORY M4 REA DG e RAT THADE A “ECAh S AErE SLOLROSO0F | 88 NG, s

1 and a_ljght. chain havi, an ami ng acid sequence of SEQID NGO ‘61. [Claim
42] An <A W%&m%a@%aaweeﬁégﬁ IRNPn@l-an amino aci d sequence of SEQ
IDNO 5 1 and a light chain having an am no acid sequence of SEQ I D NO
63. [d[allamM3] The isol ated functional fragment according to any one of
claims 1 to 11, which is a Fab or scFv antibody fragnent. [Cl aim44] A

v211 25 BN S e A9 AR LTSS O N SPRRCL " o0
20t SRS B S SARSPRESER G By |  zge under o stringency

[Claim 43]

The isolated functional fragment according to any one of claims 1 to 11, which is a Fab or scFv

antibody fragment.
[Claim 44]

A variable heavy chain of an isolated antibody or functional fragment thereof that is encoded by
(1) a nucleic acid sequence comprising SEQ ID NO: 18 or 20, or (ii) a nucleic acid sequences that
hybridizes under high stringency conditions to the complementary strand of SEQ ID NO: 18 or

20, wherein said antibody or functional fragment thereof is specific for an epitope of MSTI1R.
[Claim 45]

A vanable light chain of an isolated antibody or functional fragment thereof that is encoded by
(1) a nucleic acid sequence comprising selected from the group consisting of SEQ ID NOs: 22,
24, 26, 28, 30 and 32, or (ii) a nucleic acid sequences that hybridizes under high stringency
conditions to the complementary strand of selected from the group consisting of SEQ ID NOs:
22,24, 26, 28, 30 and 32, wherein said antibody or functional fragment thereof is specific for an

epitope of MSTIR.

[Claim 46]



20, wherein said antibody or functional fragment thereof is specific for an
epitope of MSTIR [Claim45] A variable Iight chain of an isolated anti body
or functiwoabiofmwagsent thereof that is encoded by (i) arowgbmiicomard
sequence conprising selected fromthe group consisting of SEQ ID NGs: 22,
24, 26, 28, 30 and 32, or (ii) a nucleic acid sequences that hybridi zes
under high stringency conditions to tH conpl enentary strand of sel ected
fromthe group consisting of SEQ ID NGs: 22, 24, 26, 28, 30 and 32, wherein

sai d anih hefYeducleityeld RGadncé nﬁgé%aaestdﬁ%ﬁgén-iﬁdﬁ@?@%&i &f d RimAhn&RddyRe Of
MSTIR. [Cl aim 46] An isol ated nucleic acid Sequencé that encodes an

antige L,adi I g [ f i I . . r.eof
hat - SURKRRA e Barelt i SUARIERE D DAL R OFMSTTR i hint age
sequence of SE 1z [Caim47] A nucleic acid sequence encoding a
variabfﬁqwgﬁggggﬁéﬁﬁq§?%§n i sol ated anti body or functional fragnment

thereof, conprising (i) a sequence of SEQ ID NO 18 or 20 or (ii) a nucleic
aci d sd&la It hat hybridi zes under high stringency conditions to the

conpl ementary strand of SEQ ID NO 18 or 20, wherein said antibody or

funct i ofahclefcamit Mqubhte’easidinsa $ReMbId héavl Vhaid d}%{ntcilisﬁbte@%i?ﬁﬂda? o? fruddbhat.

having an am no acid sequence of SEQ ID NG 17. aim 48] A’ nucleic acid
sequen a 3 i S nt4 ho .
Funct | ararepy e Podfial ©) o SlentBh SEY 1IINOSPE R Gteh AL acid

ro C ISt . S I - 22, 24,  26,. 28 0 and 32 .or (il cleic
20" s CAREL PR pP TR alr B sfieent spbpo g aies e R alrod of Y
I t d lected fromthe gro consji sting. of SEQ.ID NGs: 22,
e YD 4 i St A E bl bt B e rogmer Reteh bR aped TR R er aof
is specific for a partial peptide of MSTIR having an am no acid sequence
of SEQ HeBtliﬁ)f MSTIR chaying a&g}nlpo acid sequence of SEQ ID NO: 17.

[Claim 48]

A nucleic acid sequence encoding a variable light chain of aﬁ isolated antibody or functional
fragment thereof, comprising (i) a sequence selected from the group consisting of SEQ ID NOs:
22, 24, 26, 28, 30 and 32 or (ii) a nucleic acid sequence that hybridizes under high stringency
conditions to the complementary strand selected from the group consisting of SEQ ID NOs :' 22,
24, 26, 28, 30 and 32, wherein said antibody or functional fragmgnt thereof is specific for a

.»partial peptide of MSTIR, ha;/ing an amino acid sequence of SEQ ID NO: 17.

[Claim 49]

A vector comprising the nucleic acid sequence according to any one of claims 46 to 48.
[Claim 50]

An isolated cell comprising the vector according to claim 49.

[Claim 51]

The isolated cell according to claim 50, wherein said cell is bacterial.



A vector conprising the nucleic acid sequence according to any one of
clains 46 to 48. [Caimb50] An isolated cell conprising the vector

accor di ngvoeom/@siss49. [C ai m 51] The isol ated cel |l accecaiypgidesatai m 50,
wherein said cell is bacterial.[C aimb52] The isolated cell according to
claim50, wherein said cell is mammalian. [Cd aim53] A pharnaceuti cal
conposition conprising an anti body or Sunctional fragnent according to any
one of clainms 1 to 11 or 25 to 45, and a pharnaceutically acceptable

carri erjcim®9gi pi ent thereof. [Caim54] A nethod for treating a disorder
or con |tion associated with the undesired presence of MSTIR, conprising

adnlnls 0 subj. ect ed thereqof an effective anount of the
phar mac ‘rb]gtleé E‘E}ﬂ?ﬁ? ﬁi’&‘egdeh"dﬂPéalélcﬁ Fﬁ@@nm[“h?rhl m 55] The et hod
according to claimb54, mhereln said disorder or condition is caused by

MSTI R nﬁmaphﬁﬂylation. [Aaim56] The method according to claimb55, wherein
said disorder or condition is a malignant tunmor and/or neoplasm [C aim 57]

The mt&gﬂaﬁ&%af&wsmﬁ shilofiic m@ﬁsmgﬁaﬁ raﬁiiﬁb &gilgc!tﬁ%ld@{én%lt ﬁ&%ﬁi ag]fmy

breast cancer ung C cer cer, er canc In cancer

pancr ea(;n'e%f SBE 10 pll & o 4|5 ya%ho rr%fmaf%glﬁlcta %rg%ﬁ%%{égﬁ é:&{;ner Frﬁp’%ﬂﬂ? %g\eroﬁeovar y

cancer, gastric cancer, I Pvericatcey t hod
for tar%gtln MBTL1R+ cells in a subj ect or a cell sanple, conprising the
step ofl ting said MST1R+ cells and an antlbody or functional fragnent
t hereof according to any
A method for treating a disorder or condition associated with the undesired presence of MSTI1R,
comprising administering to a subject in need thereof an effective amount of the pharmaceutical

composition according to claim 53.

[Claim 55]

The method according to claim 54, wherein said disorder or condition is caused by MSTIR
phosphorylation.

[Claim 56]

The method according to claim 55, wherein said disorder or condition is a malignant tumor

and/or neoplasm.
[Claim 57]

The method according to claim 56, wherein said disorder or condition is: breast cancer, lung
cancer, colon cancer, bladder cancer, skin cancer, pancreatic cancer, glioma, lymphoma, prostate

cancer, thyroid cancer, ovary cancer, gastric cancer, liver cancer or stomach cancer.

[Claim 58]



one of claims 1 to 11 or 25 to 45. [Caimb59] A human anti body according to
any one of clains 1 to 11 or 25 to 45, wherein the human anti body is a

synt het i cwbuorameaessi body. [C ai m 60] The i sol at ed anti geoThpzudi/nge4regi on
according to any one of clainms 17 or 22 to 24, wherein said seqguence
identity is at least 80% [Cl aim®61] The isolated antibody or functional
fragnment thereof according to any one 8f clains 35 to 42, wherein said
sequence identity is at least 80% [Caim&62] A nethod for producing an

ant i body uthts Ft%ateBBny MESPIR-Obel A Msdbiect bFladddh Sdp1d) ‘%Cd}eﬂl f@E s&PO&kuci ng
an antibody by culturing the isolated céll of any ogé of Ialés 50 to 52.
contacting said MSTIR+ cells and an antibody or functional fragnient thereof according to any

one of claims 1 to 11 or 25 to 45.

[Claim 59]

A human antibody according to any one of claims 1 to 11 or 25 to 45, wherein the human
antibody is a synthetic human antibodj

[Claim 60]

The isolated antigen-binding region according to ény one of claims 17 or 22 to 24, wheréin said
sequence identity is at least 80%.

[Claim 61]

N

The isolated antibody or functional fragmént thereof according to any one of claims 35 to 42,

wherein said sequence identity is at least 80%.
[Claim 62]

A method for producing an antibody by using the vector of claim 49.

[Claim 63]

A method for producing an antibody by culturing the isolated cell of any one of claims 50 to 52.



