AN ANTI BODY | NDUCI NG ANTI GEN- SPECI FI C T CELL TOLERANCE AND USE THEREOF

FI ELD OF THE | NVENTI ON 5The present invention relates to an anti body

bi ndi ng 3
antibody 1s able to nodulate the ditrrerentiation and tunction of dendritic
cells and prolong the graft survival. In addition, the present invention

of 1 cat 149 AMHAGDY LORLCISCER RSP ER kL ek PP LA EreR ™
Dendritic cells (DCs) are highlyyspephig antigen-presenting cells that
integrate a variety of imune response ture. 1998, 382:245-252), and

i nclude a heterogeneous famly of professional antigen presenting cells
involved in initiation of 15 immunity and i mrunol ogi c tol erance. Until now,

i nmat ur e AIEED/OFIHE INKENTIONi nduce T-cel |l anergy, whereas DCs transformed
into mature by activation stinmuli such, as |ipopo accharide. (LPS) were
t hought to i mﬁﬁﬁwenﬁ%ﬁ at;segop%saél1?ﬁyoh@%1%g%ﬁ%:lgtg§gll #50) .

Furt her . Sem C n i stinct | yiokine (pr i rofile
i ght - be Pise OIS HR AN Aple” b G VO hR04" BERI IE Taoy
| CAM 1 i Qiffer&iakiba ahd Rehctios of Herilditic @6ks gldysrolongitied grattapasa dincidditiong
extracel | ul ar i munogl obulin superfam |y domains (Cell. 1990, 61:243-54).

| CAM 1 mihi priesent [innekbery pegvidaskeopharmapqntisalaeompesitionempsising: e gatiberdy, bet ween
T cells an arHi g(gn pr.esentin .celdl s. 1t ; | so nedi ates | eukocyte

ext r avas 20§ BiytHodiol tepldag immmpng igorders using theMret or y processes

(Trapspl antation. 1999, 67:729-736). In vitro study showed that antibodies
interfering the | CAM 1/ leukocyte function antigen-1 (LFA-1) interaction are
abl e to BACKGROUND OFINMENTIONo endothelial cells and T cell activation
al so could be signifi cantl&l\g reduced in a m xed |ynphocyte reaction by these

anti bodi es ( PriBenduiiic] cellsadDSs) arssAighly sspecighizesh gntigampipsenting neglisethatt udi es

using a myrine nmonocl onal 30 anti body, . R6-5- (£l 4 ) i ¢h, bi nds the
donai n o?r]f{?ﬂﬁ’&na IV&W1&aF@H5]i’e TP @%tmgu}%a&h%%nmb% cgthdﬁe%i and T
cel I i nfipbof héaas'fannp%fgfr&fe&sim _aﬂﬁgéneﬁ%%ﬁ'ﬁg WeR¢ ffloWellin GRatiGh f (J

| mmunol . 1990, 144:4604-4612). Enlinonab al so had been proved to be

benei$ ci ahmunity emdeimanmgplogis eakeanzet Untit ynown ipatatenat D@k twere hisaliewned ital
arthritis (Arthritis Rheum 1994, 37:992-999; J Rhetunatol. 1996, .

23: 1338- imlugs T-eqdlgngesy, vhegsss iDphansiormediinonmatyes Doy byractivatin,sfimuli
transplantation.in a 1 i r,s : t e duce

t he rat eSI(J)Ei1 g%gipgp ?lgfégg%ggdr? @‘ﬁfﬁ)&%ei @H%lﬁ ! ef@%‘a\ﬁ@?}%ﬁ %% Qiglrré?%‘?" n%%ncti on
(Transpl agioali @006,1988:1485-1429: Rfherhbres VéRlimatttd MCH! with | £l distihcaodlt €

i schem c stroke patient revealed that anti-1CAM 1 therapy with enlinomab
was not aptokinkgroductiomprbfiledagt tei qpdowed with! tolevagesierfunt¢tronk €Blwotlc2(106, and

i nduced nore adverse
20  108:1435-1440).

ICAM-1 is a 90 kDa type I cell surface glycoprotein composed of five
extracellular immunoglobulin superfamily domains (Cell. 1990, 61:243-54). ICAM-1
mediates leukocyte/leukocyte interaction such as interaction between T cells and
antigen presenting cells. It also mediates leukocyte extravasation into tissue during

25  inflammatory processes (Transplantation. 1999, 67:729-736). In vitro study showed that
antibodies interfering the ICAM-1/leukocyte function antigen-1 (LFA-1) interaction are
able to inhibit T cell adhesion to endothelial cells and T cell activation also could be
significantly reduced in a mixed lymphocyte reaction by these antibodies (Proc Natl
Acad Sci USA. 1988, 85:3095-3099). In monkey studies using a murine monoclonal

30 antibody, R6-5-D6 (enlimomab), which binds the domain of human ICAM-1, renal
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allograft survival has been prolonged and T cell infiltration in the graft was decreased
compared with controls (J Immunol. 1990, 144:4604-4612). Enlimomab also had been
proved to be beneficial in depressing disease activity in patient with rheumatoid arthritis
(Arthritis Rheum. 1994, 37:992-999; J Rheumatol. 1996, 23:1338-1344). However,
enlimomab induction therapy after renal transplantation in a randomized multicenter
study was not able to reduce the rate of acute rejection or the risk of delayed onset of
graft function (Transplantation. 1999, 67:729-736). Moreover, clinical trial in acute
ischemic stroke patient revealed that anti-ICAM-1 therapy with enlimomab was not an
effective and indeed significantly worsen stroke outcome and induced more adverse
effect, primarily infections and fever compared with placebo (Neurology. 2001,
57:1428-1434). The enlimomab functions by blocking the adhesion of T cells as wells
as neutrophils to the vascular endothelial cells and thus it has been suggested that
interfering with neutrophil emigration potentially increases the susceptibility to
infection (J Immunol. 1999, 162:2352-2357).

Another anti-ICMA-1 monoclonal antibody, MD-2, has been known to
suppress transplantation rejection (US Patent Publication No. 2010-0168394-A1).
Unlike R6-5-D6, this antibody binds the domain of ICAM-1 and does not block the
interaction between ICAM-1 and LFA-1. Rather then, this antibody suppresses T cell

function via modulating the development and function of dendritic cells.

SUMMARY OF THE INVENTION

An embodiment of the present invention relates to an antibody binding to the
domain 2 of human intercellular adhesion molecules-1 (ICAM-1) where the antibody is
able to modulate the differentiation and function of dendritic cells and induce antigen-
specific T cell tolerance, thereby being effective in the prevention and/or treatment of T
cell-mediated immune disorders, such as transplantation rejection, graft-versus-host
disease, and autoimmune disease. In addition, the present invention provides a
pharmaceutical composition comprising the antibody. The present invention further
provides a pharmaceutical composition comprising the antibody for treating the T cell-

mediated immune disorders, the antibody for use in treating the T cell-mediated immune
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20 produced by the hybridoma; and a fragnent of the antibody, the fragnment
bei ng Cannhl o nf hindi nn tha dAdnmin 2 nf I CANM 1 and i ndiirci nn

anti gen on
also relates to a nethod for the prevention and/or treatnent of T
cell -nmedi ated i mmune di sorders, such as transplantation rejection,

graf tver sus- host (i sease, f oi mmune di sease. and.the like —~which npri ses
20 i ot B En8 o TB oo rGECPEd FRBAREIEIBInE SHEHE HyP e pe

ant i bodyagttib(;d&_e fragnent of the antibody to a patient in need thereof. The
anti body or the fragment of the antibody is preferably selected fromthe

group consi st i M@repartituiady, tiepresent inventi@srel adicto rmti duptaa IEAMH lyantibodys
originated fromhuman and ani mal . ) Further, the present_ invention
further that madylates the differemsigtion eag Awictions obdendritig calds viadirngdamaingg | CAM 1

d i hducj | = ific T | | wh h i body, i
o ef of ab Py PPaul ARy En P it GG 1T nalgtlRe et tpaulBner el ng
capabl e Qﬁpﬁéﬁﬂhr&' iR R ton? TREreb AN &9@%&&%%% aﬁﬁqxlgﬁ%%ﬂﬁsé L ic T

cell tolerance, for use in preventing and/or treating T cell-nediate

I mmune deffedtieris the prehertiont andfos pleatmhait o6 T detlfraediated imgruat tdisoedessiSutinst

di sease, autoi mmune di sease, and the |ike. 5 BRI .EF DESCRI PTI ON OF THE
DRAW NGSas transplanfatios rejeetinmp geafieverphsriast disease, awtoimmaunedisease, end thedikepany of
t he attenglll nt. advant aqﬁs aher eoﬁf Wil I. be readi I%/. appar,ent a]is & he Sgme
becones BRIFd! MIAMREE BY IVSST SHRTR Ry MU REPRTETSBhiSHY! g2 dierien an

descig Pt yereidkiedht 6PBaicder ed in conjunction with the 10 acconpanying

draw ng, wherein: FIG 1 shows a phot ograph of the reactivity of MD-3
nonocl onal ant Thxothyentiont iscfurthdt2eBiiesaeld methodfef podecingithdamgeéody, afd Human

| CAM 1, nouse |CAM 1, and two types of chineric tants (hln2345 and
h12n845) celbpidyeiag dhe anfthody erdts fragmsai. rihedAventign %@s@clp@&wg hybmdema shows

t he expression | evel .of riou I rf dritic cells
and oyt ofrhiosibiie e pifitocs PRt BittoRE oRRb AP o e R BRodha ALY L7 o
treatment of cpgd ?Eésentbﬂ_nQélhidﬁgals@riglaM@'@ #PhafiRsbeBcal compositible B tAad 3B
show t he repopul ati on kinetics of human T cells in peripheral blood(3A) and
eachlfhumarevesticeo cartdéors ubmementn ofplTeecellomediatrdniimetingi chgod®yrs, 20clFl & 4 shows
t he survival curve of porci nieT i sl ets grafted under the kidne apsul e of
humani z e fFanspéantation; rejestion., FARAERUSHOSt FcAski FHiOITHR 18356t 4‘%‘0@‘?5 orior to

Islet traygg %hﬁ%a%%ﬁt?&l composition is comprised of an immunosuppressive agent selected
from the group consisting of: an antibody capable of binding the domain 2 of ICAM-1
and inducing antigen-specific T cell tolerance, where the antibody is preferably

20  produced by the hybridoma; and a fragment of the antibody, the fragment being capable
of binding the domain 2 of ICAM-1 and inducing antigen-specific T cell tolerance.
Further, the present invention also relates to a method for the prevention and/or
treatment of T cell-mediated immune disorders, such as transplantation rejection, graft-
versus-host disease, autoimmune disease and the like, which comprises administering
25  one or more selected from the group consisting of the antibody or the fragment of the
antibody to a patient in need thereof. The antibody or the fragment of the antibody is
preferably selected from the group consisting of monoclonal antibodies, and more
preferably it is originated from human and animal.
Further, the present invention further relates to an antibody capable of binding

30 the domain 2 of ICAM-1 and inducing antigen-specific T cell tolerance, where the
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FIG 5 shows the phot ograph of i nmmunohi stochem cal staining for insulin,
hurran CDR and hiiman MR in iclat_nraftad ki dAdnove avtrartad froam nar\h

humani ze T
assay to in
al | o- bl ood rmnonucl ear cells (alloPBMCs), and keyhol e linpet haenocyanin

KL 30 | LED | PTI h i f h I d
i ior o ABOASY  RReTAYL PEEed B HE SPE Rt H by ks oY thE SRR, o) oo
however, béllﬁg%ﬂam@&f BRdinglRE HBﬁEﬁdz 881 AN hﬁwlﬂd*aem Caaﬁg erPpekitR Peasent

invention IR any manner. he present invention refates to a nouse

anti - hurrmlefaﬁ‘dldylfdr umnm@tmaﬂm@m’td/dmdganng dscefiratdidtelimunt aisoedeasysheh

produced b hybridoma cell deposited as 5 accession nunber of

KCL RF BPag m}antatnoagwem@, elraftmrsls hostidigease awtaimaupe disgasenaaddediem of
§apabl e of inducing T cell tolerance. Mrre particularly, the present

|nven ion relates to an anti-human | CAM1 anti body produced by a hybri doma

cel | dep@FRIFFDRSCRIPTIONOFTHRDRAWINGSF- BP- 00264 t hat nodul ates the
differentiatton an anctrion o endritrc cells via binding domain 2 of

human | CAM 1 1A mo éompletesappnédigion- epéwri fnventiorg ednd mehyeodirthe attedwnt t han
general i zed suppression_of inmune function. Thereby, the admnistyration of

this ant a@w}agea thegedbewidt pe £gadiy appat%mf&%h%%m begomesdeder yndeastoechby of T
cel | - med eren € {mfﬁg ?’ol%v& gg %@tage %% Ao Hhaf &%s’?&ﬂ:}&f %&P‘Lﬁﬂcﬁgﬁ \V?tﬂ 'the

graft- velSts HoSt di SEase: PRvine di sease, mnimze the

adveige g&d‘(ﬁg}{aﬁ Y drdWMpOWREBImEssi on, such as infection and devel oprment
150f cancer. The Pnvention is further directed a method for produci ng the

anti body or itHG ﬂas@mta phibhegrapgt biﬁ)ﬂieaéacpmjymtfﬂ\fﬁ@ - toneclond) adtibedy on s
proter n p&ﬁéﬁ% Ehestfupusofa g apepebhanys %?A&f&a%h%%hp%@h@ a2 Bo 2 ol |
mononul St SR %&%@2@ if&@c‘ﬂ?ﬁﬁtﬁ? oBYETOR R ARl ¢ oo
fromt hehhmahgggugaom 1(c) fu5| ng the spleen cells of the
15 FIG. 2 shows the expression level of various molecules on the surface of
dendritic cells and cytokine concentration in thé¢ culture media of dendritic cells after
treatment of control, blocking, and MD-3 antibodies.
FIG. 3A and 3B show the repopulation kinetics of human T cells in peripheral
blood(3A) and each human leukocyte subset in spleen of humanized mice(3B).
20 FIG. 4 shows the survival curve of porcine islets grafted under the kidney
capsule of humanized mice that received control, blocking, or MD-3 antibodies prior to
islet transplantation.
FIG. 5 shows the photograph of immunohistochemical staining for insulin,
human CD3, and human CD68 in islet-grafted kidneys extracted from each humanized
25 mouse.
FIG. 6 shows the summarized results of ELISPOT assay to evaluate T cell
response against grafted porcine islets, human allo-blood mononuclear cells (allo-

PBMCs), and keyhole limpet haemocyanin (KLH)

30 DETAILED DESCRIPTION

The present invention is further explained in more detail with reference to the

4
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animal with a nyeloma cell line, and (d) screening the hybridoma cells and
sel ecti nn the decired hvhridnm rell e that ice ranahle nf mndul ati na t he

di fferen 1g the
rejection of transplanted organs but not 25 inhibiting the interaction
between | CAM 1 and LFA-1. The antibody or its fragnment can be obtai ned by

In vitro | t.ure or .injection into, the anjmal.s cells oduci.n he

ant | body TIPWibh SxplFE Aese amialkey hokyep hpog et be il RSB Mhea (¢ om
the asci E&y?e%fftl%’}ir%h?iﬂv@nt%ﬂiﬁ*&n&%nﬁ&{ |'s producing the antibody or its
fragnent are intraperitoneally 1hjected. The antibody or its fragnment can

be purified frim pheedOinvehtion eclatepas ranmuke antidmaianeKCAYl-1 anomcbdmahge
chromat ogr aphy or affi n&aﬁcol um  chr onat ogr aph The invention al so

provi des anttRodyy designsieg (Brouaeiply pupsiuged By aoéﬂgr,idom?dcqlhd%nwﬁ%é%ii ment ,
the hybridoma cell Jis t f ei pt nunber CLRF- BPDO264. 5The
present PEREETIOT dHmber OOfJ:gICj‘ﬁ%ﬂéB?boogg‘aﬂa ?’%’&e&tﬁ iol aﬁbég’rr%&giat Fgl%lef%gr % he
preventi qimamdéd forhd SAMIRA! caphbld of GhduciRAT &k R doleriRbel MBHSHrH@lIaly, SHEN as
transpl antation rejection, graft-versus-host di sease, autoi mmune di sease,
and the pidsent ifiventiph aelares ¢oitn eati-homap d€AM-d rantibydy prodneesiebyaa hybridoma

I rtununosu I ve agent selected fromthe group consjsting of a nouse

anti - hunﬁﬁpfégensvgile%o@‘éﬁﬁﬁpnaﬁtlmb%ﬂf KCIREBIGA24 Wt 3 madubdesc dbe by a
chi mor aiersiaghn 258 Fial 47 Whsnile iy EiRE et 2R L 05
fragi@nt aRe GRIREN ndigentdpRcifioVE Hell ABlefate REtheA fitidne SerRiHlizEd isiBpra&¥orPbf t he
accept ed nodes of adm nistration of pharmaceutical conpositions. Further,
t he presénmnunefectionllxirehy, thel alnesistration ofethiscohtibody ¢ddd pe effectiviean tbed/ or
prevention and/or treatment of T cell-mediated immune disorders, such as
transplantation rejection, graft-versus-host disease, and autoimmune disease, while it
minimize the adverse effects by immunosuppression, such as infection and development
15  of cancer.
The invention is further directed a method for producing the antibody or its
fragment. The method of producing the antibody or its fragment includes the step of (a)
immunization an animal with human ICAM-1 protein (Gene Bank Accession No.
NP_000192) or protein fragments or a cell expressing human ICAM-1, such as
20  activated human peripheral blood mononuclear cells and/or DU 145 (ATCC HTB-81),
(b) extracting splenocytes from the immunized animal, (c) fusing the spleen cells of the
animal with a myeloma cell line, and (d) screening the hybridoma cells and selecting the
desired hybridoma cells that is capable of modulating the differentiation and function of
dendritic cells as wells as suppressing the rejection of transplanted organs but not
25  inhibiting the interaction between ICAM-1 and LFA-1. The antibody or its fragment can
be obtained by in vitro culture or injection into the animals of cells producing the
antibody or its fragment. The antibody or its fragment can be obtained from the ascites
of animals in which the cells producing the antibody or its fragment are

intraperitoneally injected. The antibody or its fragment can be purified from the

30 culture supernatant or ascites by ion exchange chromatography or affinity column
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15 treatment of T cell-nediated i nmune disorders, such as transplantation
rejection. araftversus-host di sease. autoi nmune di sease. and the |ike.
conpris p
COﬂSiStIﬂg Oor tne antipoay (e.g., Vvb-3) Or Its Tragnents to a patient 1n
need thereof. The antibody or its fragnent may be preferably selected from
t he group, consi sting of nonocl onal antibodies, and nore 20 preferably it is
ori gi nat EAOMANFINan and ani mal . The method rmay additional |y conprise the
step of 1dent!fyd fleldifs A8 hE0ldel i8Il LAHOARIAIUIS ARIEYEhAI Of

the T cell-ned “iI'mmune disorders,” such a ranspl-antation rejection,
gr af t - veis uh -dhsoldirért e 8RChybiidofiandBINR he SRASH, redélpt hi@bér SEKQURIGBPL 0 t he
adm ni stration step. In another enbodi nent, the present invention provides
the antiB0264.(e.g., MD- 25 3) or its fragnents for use in treating and/or

preventing of the T cel]-nediated i ne di sorders, such as.transplantation
rej ection, gralle PESSRISINERIONGRISR Jelates fo; %’eﬂflgaiafé)é‘}poéwant ﬁé 4“? ke: or

|0 Prepabiiendod AP AHlfigh RTROSLALABIERY iRl LidhLOr RERVER!! NG of
the T cefl-nmediated 1 nmune disorders, such as transplantation rejection,
gr af t - vebhghsplditaiondiciREss, grafilvetdiislhos dicséstutoiiurehdis¢dskeand3thd likerani zed
anti body is an antibody having conpl enentary determ ning regions (CDRs)
from a ddherpharmacsutisal sonpoesitivmimay ¢amprisa dy EMBWRASKPRIASorsnh Atlested)i ons

froma huyman anti body. Thus, typically a humanj ntibo o] ises (i) a
li ght ch&iof é@“mﬁ?‘%ﬁ REYHI8e° P AN eicgﬁ”?’rﬁéﬂ?}}ocg‘.ynﬁf a%‘g a

vari apl e i i . shant

agi o - AESERRR MBIHREfuctd T, € ny a2l R Mol Pl oyt O R T8

ant i body 00264), fragvhents oBMIRB] ¢dd ¢himetjt on himanmiesdbformfofdviDa3. Adminisaatiobody and

a human constant region. A chineric antibody is an antibady in which
t he vari abthe anipdn onits Fagmentcacconding tocthe imygation cambe pyapd oyt BERdAMEd Wit h

the constapt region of a hyman antibady: their construction by neans of
genetic QE&er‘i‘g%%t‘#;mPéesv%Ia RIS ‘.°n§38ﬁargfﬁ°fﬂbtbc3f‘é°§n?oes#§nﬁ' the 10 binding
speci ficity ofpidiR: ThYBRsERiARANYN aldBirbiGted & AtheaRRAUor i prbWinkidh a@ERN- The
proportion of nonhuman sequence present in nouse, chineric and humani zed
ant i beadi esatmeggefTsellimaddidtédimmnne disoglers, suchyasafansplantation rejettiohpghiafis i s

i nternedi ate between nouse and hunani zed anti bodi es. The nonocl onal

ant i bodi ¥erspsrhes) diseasep autimpnngpdisgaseq and nihgs diker spmpFgingt the stepopf

chi cken) _origi.n. or they nma ekl . ne ) are
made by SORHERneind o RS0 BRRTE Pl coRRR LS B andid . o iD-

| muni Zat}? O it¢ifkdanleh@Mola pAtichPRH ABEd MHefeoRITRE AMtiboldy Ror it fré/%merﬁrmzi b® the
footpad, tollowed by extraction of spleen or |ynph node cells and fusion
Wi th a sprdfabbly selented filony ¢t gedup tonsistingrnd inbeoclemll entibodies, oandhyiore domas

t hat produce antj bod inding to |CAM1, e, g., .See under ..
2(5) preferably {t is gﬁg?nated é'gom human and anlrgal. e methoﬁ may additionally

comprise the step of identifying the patient in need of treating and/or preventing of the T
cell-mediated immune disorders, such as transplantation rejection, graft-versus-host
disease, autoimmune disease, and the like, prior to the administration step.
In another embodiment, the present invention provides the antibody (e.g., MD-
25  3) or its fragments for use in treating and/or preventing of the T cell-mediated immune
disorders, such as transplantation rejection, graft-versus-host disease, autoimmune
disease, and the like; or in preparing a pharmaceutical composition for treating and/or
preventing of the T cell-mediated immune disorders, such as transplantation rejection,
graft-versus-host disease, autoimmune disease, and the like.

30 A humanized antibody is an antibody having complementary determining
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20 Exanples. Chineric and humani zed mAbs are preferred enbodi nents of the

i nvent | o NlAat i viAa mnnAanl AnAal Ant i hAadl A~ /v AW~ ~Ff +hAa | miuvAant T An vy A
pr oduced ric
or human or

exanpl e, genes encoding their |ight and heavy chain V regions may be

synt hesi zed fr erl appi,ng 25 al i.gonycl eotd des. and inserted together with
avai | abl _ée?d"‘}se@%}g\é fr?l ogé‘?ﬁ?re%ﬁ’c? ﬁg\?élgtvc?flgﬁ(eer.eél.o,n ﬁ%n%?ri(! g}dl §°I§§QPI abl e
from I nvird g GeRdm I "Rimid isdRly! MRus) BRAGHG Y hiRahibat Attbotif SbRBAsesia »
pronoters,” enhancers, poly A Sites, étc. "Use of the CW prondter- ‘enhancer
i s pr ef eligkd chaih eomppisingsihoee CERsofrommaymdbuse nantibody, angf &MDeY] aisargblear i ous

wel | - known net hods such as |ipofection or electroporation into a variety of
manmal | afegen damework drom gchurgan enidbadly, Arrh aphuseric Forstan deginRsand,tDudli ng

Sp2/ 0_and NSO, and cel.l.s XRr i e_anti i r ec

appropri g‘?%vyaﬁtfainbicg?lpgs@éltg{:egi@?.ﬁs ’}%HEQ Bﬂ)géee g‘%ﬁ'???@%? el\f@gé’i ankglgabg% ot her
ant i bodi @56t frhm8wbAVBthiatiimFYanBodBHdridf d RnALERE@hiv@gion. st andard _
procedures of the art such as mcrofiltration, ultrafrlitration, protein A
or G affinity Akhomaicomntibpthy is ai antibedy iruwhizh thévanablompgaphf,a mnuse(oexchange
5 chromat ogr aphy, cati on, excha{gﬁ%e chromat ogr aphy and/.or other forps of

af fi ni t y OHKF ssnbgnEpody Iscombingd Wity Hig conglppisregioniof @ hyman antibpdy; 4heir ) | y
pure anti bodi of at le . r.95%:l epelt re. preferred, and
98% or gﬁ%sgwgﬁ%r}éyﬁjc?%nosggﬁé%%gg% 189%1?1&1%?? ?al ) g?'glf gg ha%lrtr%((:)glﬁ lreﬁé t&%es. I n
a prefer bafirhRdifitRtof theantises@fibody) il Bdin® aByhtdeD-thirl§ RumRGEThé cal

proportion of nonhuman sequence present in mouse, chimeric and humanized antibodies

suggests that the immunogenicity of chimeric antibodies is intermediate between mouse
and humanized antibodies.
The monoclonal antibodies (mAbs) may be of animal (e.g., mouse, rat, hamster
15  or chicken) origin, or they may be genetically engineered. Rodent mAbs are made by
standard methods well-known in the art, comprising multiple immunization with
ICAM-1 in appropriate adjuvant i.p., i.v., or into the footpad, followed by extraction of
spleen or lymph node cells and fusion with a suitable immortalized cell line, and then
selection for hybridomas that produce antibody binding to ICAM-1, e.g., see under
20  Examples. Chimeric and humanized mAbs are preferred embodiments of the invention.
Native monoclonal antibodies (mAbs) of the invention may be produced from
their hybridomas. Genetically engineered mAbs, e.g., chimeric or humanized mAbs,
may be expressed by a variety of art-known methods. For example, genes encoding
their light and heavy chain V regions may be synthesized from overlapping
25 oligonucleotides and inserted together with available C regions into expression vectors
(e.g., commercially available from Invitrogen) that provide the necessary regulatory
regions, e.g., promoters, enhancers, poly A sites, etc. Use of the CMV promoter-
enhancer is preferred. The expression vectors may then be transfected using various
well-known methods such as lipofection or electroporation into a variety of mammalian

30 cell lines such as CHO or non-producing myelomas including Sp2/0 and NS0, and cells
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10 formul ation conprising the antibodi es described herein. That is, the
anti bodi es can be used in the manufacture of a nmedi canment for treatment of
di sease. odi es
contain . .. L, il ., ..., th
exci pients or stabilizers, in the formof |yophilized or aqueous sol utions.
Acceptabl e carriers, .excipient r.stabilizers are.nontoxic to 15

recipi enfEPEPSRE 6382% e WG S@Sﬁﬁ%ﬁ}' F’%Qrf’gﬂ%egﬂ@fl 9%%??“61‘88- i ncl ude buffers
such as phosph@h& exprésséd, the AADR OB biHe? aRlibaiRbithPirahtioh Rby e Pufified. O,
nost often 6.0 to 7.0; salts such as sodium chloride, potassiumchloride,
et c. to aedoeding ooostandardproceductandfs thepar sarchads weerofiltrationp utcafil@ationgi ght
pol ypeptides, proteins, hydrophilic polyners such as pol ysorbate 80, am no
aci ds, cRFeRYNPLEadtinibhdiramategraphe size cxelugion chromptographyt anign exehaags

ingredients known.to those skilled,in rf. i YR C ¥y present
at a g_on(? fl}aé(fgr%wy()fca 10 Oﬁ(cﬁﬁr}gﬁj ,ghrg 'rrlgaftc?g?i}gm ynga?%s &ﬁg lf&ﬂ#]st BEO%‘!H&PS& of the
i nvent i OBhRhfitdFRAHAbds¥d DHRTEANE UPds! oF thbNikef S%Bt&ﬂidﬁgghfédarﬁ%ﬂﬁgldﬁm . This
means that the anti'body is typically at |east about % w w (wei ght/wei ght)

pure, aslesst labast 96i oy BObshaamigentityy ate gueferredy iand e98%r onPOPs airemmse and 25
contam nants. Preferably the antibodies are at |east 90, 95% or 99% w w
pure. homogeneity sagsb preferesde for PHABRASERIGREHSES: t he i nvention provi des a

met hod of treatin ient ot ' I . t{%}l\g : in a
phar maceut i ca?ltnf ac’)g)rrr%f F%_?‘li Sﬁ%o‘ﬁgéen%e&@%g? %8’%?"{69‘3 pg%é@%r%a% h i c:;(ffjﬂ“t%%EJ

f or myh at ikghAdndONAHEIY Se@hBBodies desAbéERéreldY TARYisS thel MEbEdiES BAE be
especially parentall'y by intravenous infusion or bolus injection,

30i nt r anusalimthey manufaotuee ofiree mgdicymentn foratveatment phtlissasen Phamndseutidalen over
as little as 15 ] nut es, but no often.for 30 m nutes, or qver, 2 or
oven 3 houmlating (riapmedirements) Giahe Aptthodiss camagbﬂwﬂf.&hﬂrbapﬁgslglpe@a

di sease : . i LW S

M poconeeCodhiabldkatittoondlly SRBARRNACE: b 8in eV SPNapER oD |

bei ng tr agdedls (sdliremaperdcep@bley catibRetdxeipiets eor) sabilizes hiek @bktokiz B¢ 0.1 to

5 ng/ kg body 5 weight, for exanple 1, 2, 3 or 4 ng/kg, but may be as high
as 105 nytdcipionts e ¢he U6sages 20d mghientrafiony replayad,t antb énsludeybuffess sheh g5 ven,
for exanple, 50, .100, 200, 500 or. 1000 r.t dose_may be based on the
pati ent pEL%iﬂthﬁc%‘trﬁYeeﬁr, agetaie at iﬁg tPfﬁ‘Fﬁ'éergf 59'to gtilﬁén?iﬂﬂ%ﬁ'ob@ g@rﬁa ?stered
daily, wegld s & ide! EERIBRAL oD Nh¥klisoRiniS OB RIdMAE
interval, eésén%?}r%?@yo&&’o?oﬁﬁg al?%?g’eeof t he mAE)S for 1 10 vvees,
weeks, 4prsetatived, Wee kibleclidh wadghitlypeplidusg proteifks pgdioptilicopol praers Glich
treatnent are al so possible, as is chronic admnistration. A regine of a
dosage a#8l pohtserbate 80.0pmintriasidst earbelidratematchelating | agents, sugass, ansygther

partially arrests t.he t of .the di sease (biochem cal, histologic
and/ Cgﬁaﬂﬁf I"}g,reélﬁ’?;tF%%?q e i leﬁ?‘T ?)r?fs and internedi ate pat hol ogi cal
phenotypes in ﬁlﬁ‘é’ﬁmﬂ@%@ﬁ_'ca‘ﬂfy Ip&&k_%nﬂdt%%ﬁ@edtﬁti&%?![lﬁfé th®nidSe.8, 10 mg/ml.

t herapeutically 1beffective’regi ne. The present Tnvention i's further
expl ai ned i n nangbadiidsaof thel inventdre aeen gpidatiyt substaotidllyvpmg frsmnphdesired hese

exanpl es, however, should not be interpreted as limting the scope of the
present FoRtaminagh Thisarrpanss isérthe xotiadyp is typically at least “about 50% w/w

(weight/weight) pure, as well as being substantially free from interfering proteins and
25  contaminants. Preferably the antibodies are at least 90, 95% or 99% w/w pure.

In another preferred embodiment, the invention provides a method of treating a
patient with a disease using an anti-ICAM-1 mAb in a pharmaceutical formulation. The
mAb prepared in a pharmaceutical formulation can be administered to a patient by any
suitable route, especially parentally by intravenous infusion or bolus injection,

30 intramuscularly or subcutaneously. Intravenous infusion can be given over as little as 15
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The Isolation of Hybridoma Cells Capable of Producing Anti-human | CAM 1
|Vbn0c| Orlal Ant i hndi ae Hiiman nari nhar al hl nnd mnAaniicl aar rfrall ¢ wwaraoa

i sol at ec on
Ficoll-Paque (G= Healthcare). 10 produce | CAM 1/ FC protelns, NMRNAS were
extracted from phyt ohemaggl uti nin (PHA)- activated human peri pheral bl ood

nononucl ear cells and the.c fragnents respondi n t he extracel | ul ar
domai ns. &ln%tﬁ??&ﬁp’@ﬁ\ﬁée‘\/\@f @Q‘B&B\‘ﬁegi"éé’vﬁ f,??rheﬁpﬁﬂ}o gsuél?llegh&%f:armgq and
EcoRI si %@%&@R&e& Bfectly iRfothd sit€ Bflaisee[s@%).g.(}ﬁ'u\ﬁﬁbbé; oPShcRAuYIRI ﬁﬁ@c@&ﬁ ain
reaction (PCR) using'the prinmers as follows: 5" priner GCT AGC CC TCA
GCC TCG agéntd &ishCIlsQifdsbfges. DI'Odost) givai will ibasunfficishd td allevidi€ th€CLoddioICCG GGG
GAG AGC AC (SEQ ID NO 2). To formthe fusion construct of human_ | CAM | and

2
human | gbeing trepiedd“theragatinallysffectiveadase’)i andds tikelx to bed- ki o nag/ke body

pSecTag plasm | nvi n ontaiai.n . i.on K293
cel | sgS ?V,&"I%& t%h%x%%;%r% ‘f‘}lg}%‘g; Q‘ﬁtrﬁvh%ep%%#lggled;& rteH%r? p?grs ds, and
| CAM 1/ Fen ik O1eHiR&] WRT GosB Widyf d1f0bd S146n, F6 dxdhles SDSI0DRLenIsH0bE 1000 Rigot ei n G
col um. Balb/c mce (Fenale, 6-8 weeks, 17-25 g; KOATECH, Korea) were
i nt r aper ot trealaké yay babaseden the patichO9siurfage afeal €AV 00 Fg/ipf.ot ei ns enul sifi ed
in conplete Freund's adjuvant and then subsequently subjected to tw ce

i nmuni zati ons Wa mARsan by edmynstereddailyrvegklyy SweekEpmavery other i week.,

i nconpl et e Ereund’ ] t s.intepval o1 ks shater

i muni zed" or%_ﬁ%:l% O\fveart éo%goos e@&hﬁ%{% {%ﬁ@:ﬁé %’?" {)% lf}llf:%:l p?%ﬁ%i lﬁé‘lb Sﬁ%el spl een
of Bad b/ Gvelk CEWHES;, B VRKER Wedkdy 3 GFimbRths bh forlgas Repéhiddédilrded lof @Ratnienpr epar e
t he spl een cell suspension. Mpnocl onal antibodi es were produced by fusing

t he spl eere @ed pessitfle,Bal is/ahrémeradinmasiraionhAmggieme dAMosdgecandi intergie b0- Ag14
nmouse 15 nyel.oma ce|lls (ATCC CRL-1581) resistant to 9-azaguani ne. Cell
st on et HEUSIgOR e SIS, oot et FBRATy FiseRale cxBRioms of el s,

Nat ur e, 2H8, - Sph e | 2 . i t -yvel oma
col 1's” usKRScHep ol s RIA? Bhdrof Minh 26ElAfe 5 UERSCSAE ol Wledbidll P 0
resus peng_@t@oidgidaubmﬁggas fdbiveiopehebagt the disemeiisi raféiddi)asaahéapdiitiegy 0%
fetal bovine serum (FBS), 100 ji M hypoxanthine, 20 0.44 tM am nopterin and
16 t hyni dffedtiveFegimenedi a; Sigma). The cells were introduced to four 96-well
plates and culjured at .37 t. in % Jncubator. . . en col opi es were
formed after ¢ el in\eption i Birthat SPRIaiped i Boredefail With ReEFTFRAkaR the

| CAM 1-t . T . I - ad: ol type
HEK293T g@%ﬁ%@@%@% %&?ﬁ l%arﬁé%r’sswg}d#é{t bl éa‘ﬁ’gétéc\(gﬁa@ﬂ B*r“(%&ﬂ%i ng
scope of the present invention in any manner.

20 EXAMPLE 1
The Isolation of Hybridoma Cells Capable of Producing Anti-human
ICAM-1 Monoclonal Antibodies

Human peripheral blood mononuclear cells were isolated from healthy

25  volunteer by density-gradient centrifugation on Ficoll-Paque (GE Healthcare). To
produce ICAM-1/Fc proteins, mRNAs were extracted from phytohemagglutinin (PHA)-
activated human peripheral blood mononuclear cells and the cDNA fragments
corresponding to the extracellular domains of human ICAM-1 were amplified with the
introduction of Nheland EcoRI sites at the 5' and 3' ends, respectively, by polymerase

30 chain reaction (PCR) using the primers as follows: 5° primer GCT AGC GCA ACC
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25 supernatant reactive against | CAM 1-transfected 293T cells but not wld

type 293T rell e were crlarted Cell e taken fromthe nncitive well e were

subcl one A
Labor at ory ivanual . eEaitea ny Eb HAKLWY anad UAVI D LANE;, LOI O Spring mar bor:
Col d Spring Harbor Laboratory. New York. 1988) to produce stable hybridoma

1 om i JCA686 TERC K Er e ko s bk GRATTCATG HEATAL Snd -
VD3 wae e it AYGACCTAQIRIRP: Eor ltube fuidf SoliacL B TRpEry 1!

| ocat ed 00ASANaRT higaedgGhFd, Mhisi fragneenbems! liddedd intaEco Rl wed Sthblrdigested ege of
Medi ci ne, 28 Yongon-dong, Chongno-Cu, Seould, 110-744, Republic of 5 Korea
on May 4pSediag plasmidr@ewirogan) pontgining dumen daGh i eagian. Ke REKER3 golisa.

EXAMPLE pj 3 Bindin | f_ Humpan | CAMi1 10l as a
struct or LGP EREA R Frere Tritsishte rBRerd it Y plasidsy ang Al 8
transme Wt ) ' , 68:71-81). In
or dor 0Pl hest (AR EYh RN AR S IR Epah  cdBRE Do 1411 ke
domai n, two KkiBald/cofmicti (Rebiate,c BNR\sSwaekse RS tghaKOXEBCH, oK dreajawedo mai n
| /murine domains 2- 5 including nurine_ transnenbrane and cytopl asmc

domai ns  {mpertesyalbnmmenizadiwith 196 na oftEAM-1/Fo prefeing smuybsifiqd g complete
(2o TR RSB S P A RREARS .
i
interval. Two weeks later, immunized mice were boosted with 100 ng of ICAM-1/Fc
proteins. The spleen of Balb/c mice was removed 3 days after the last administration to
prepare the spleen cell suspension. Monoclonal antibodies were produced by fusing the
spleen cells of Balb/c immunized with human ICAM-1/Fc with SP2/0-Agl4 mouse
15 myeloma cells (ATCC CRL-1581) resistant to 9-azaguanine. Cell fusion method
followed Koeler and Milstein method (Koeler & Milstein Nature, 1975, 256, 495-497).
108 spleen cells were fused with 10’ myeloma cells using 50% polyethylene glycol 4000
(Roche). The cells were washed and resuspended in Dulbeco's modified Eagle's
medium (DMEM) containing 20% fetal bovine serum (FBS), 100 pM hypoxanthine,
20  0.44 uM aminopterin and 16 pM thymidine (HAT media; Sigma). The cells were
introduced to four 96-well plates and cultured at 37 C in a 5% CO; incubator.

When colonies were formed after two weeks, the supernatant were screened
using human ICAM-1-transfected HEK 293T cells. Both ICAM-1-transfected and wild
type HEK293T cells were stained with culture supernatant and cells producing

25  supernatant reactive against ICAM-1-transfected 293T cells but not wild type 293T cells
were selected. Cells taken from the positive wells were subcloned 0.5 cell per well by
limiting dilution assay (Antibodies: A Laboratory Manual. Edited by ED HARLOW and
DAVID LANE; Cold Spring Harbor: Cold Spring Harbor Laboratory. New York. 1988)
to produce stable hybridoma clone with high reactivity of antibody.

30 One hybridoma cell line obtained from this experiment produced IgG1 antibody

10
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(SEQ ID NGO 3); 3" primer AGG TCT CAG CTC CAC CCG TTC TGG AGI CCA 20 GTA
CAC GGT GAG GAA G (SEO ID NO 4). Primers for the aeneration of nurine

domai ns = e
as follows. o priner, LIV VAL TLL ALA ALL U VIV LALU LIL ALA LLT LIo WA

GCC TGG CAG (SEQ ID NO 5); 3" primer GGA TCC GGG AGG TGG G&C TTG TCC CTT
GAG TTT TAT. GEC (SEQ I D NGO, 6). These two_kinds of, c wer e | xed and
re- anpl i thaegingdp %@@E@W@@% ARUERES NH WISEISD She %ﬁ@aa%b/ﬁﬁ-é%w

pr oduct 1aP345) 0 ' C lovechor . ant_{ odes

h12nB45 \i/}gt%rq%ﬂ%%ao ncv%ﬁeg&i 2\? hjeq’vv\%ygg&%t%%raqt E)h%t fgg}g@or@éplﬂ 42& ttﬁga?% t he

fol I owi ngoRidaliBh TKCERMIOARE 6P Cahidch R TRINCIET WaorALOnieREC 0
CCC CCG CT (SEQ ID NO "7); 3" primer for hl2, GGI AGC TGG AAG ATC GGT

CTG GAG Colle@0 osMeditite, X YoGgo1sding, SE@ngnoiid, $oulds' 110 4de Republin®fi5, CAG
CTC CAG ACC TTT. GAT CTT GCT ACC ATC CCA AAG CT ID NO 9);
3" prb meRorgyomiday 4, g, P reepie hECPTHS S O DT SEKEERIGRE 3R PTaT oo
(SEQ I D NO 10). The entire construct were sequenced to confirmthat
the corrected junctions had been obtained and then plasm d DNA were
transfected to HEK293T cells using cBKAMPLE phosphate precipitation
met hod. After incubation of HEK293T cells with coprecipitates of cal cium
phosphat e and pl asnm dMVBippikgof MD-3Binding Danaia ofdieman pCAMd with 10 nl  of
fresh solution and the cells were incubated for another 24 hours. Then,
transfectant was stained with MD-3 antibody in ice. After incubation for 30
mn, 1¢el | s werkCAMshégist fir gacturéramnmpos@h afpfiad enmibdfogiobdlisdikendg{lRBP) W t h
5% fetal calf serumand 0.1% azi de . )
domains, a transmembrane domain and a cytoplasmic domain (Cell. 1992, 68:71-81). In
order to localize the site of MD-3 binding to a particular ICAM-1 Ig-like domain, two
kinds of chimeric cDNAs were made that code for human domain 1/murine domains 2-
5 including murine transmembrane and cytoplasmic domains (h1m2345) and for human
15 domains 1-2/murine domains 3-5 (h12m345), using human and murine ICAM-1 cDNA
clones. The overlapping PCR technique was used to construct these chimeric mutants.
The ¢cDNA containing human domain 1 (hl) was first amplified using the primers as
follows: 5 primer GAA TTC ATG GCT CCC AGC AGC CCC CGG CCC GCG CT
(SEQ ID NO: 3); 3’ primer AGG TCT CAG CTC CAC CCG TTC TGG AGT CCA
20 GTA CAC GGT GAG GAA G (SEQ ID NO: 4). Primers for the generation of murine
domains 2-5, a transmembrane domain and a cytoplasmic domain (m2345) were as
follows: 5’ primer, CTG GAC TCC AGA ACG G GTG GAG CTG AGA CCT CTG
CCA GCC TGG CAG (SEQ ID NO: 5); 3’ primer GGA TCC GGG AGG TGG GGC
TTG TCC CTT GAG TTT TAT GGC (SEQ ID NO: 6). These two kinds of cDNA were
25 mixed and re-amplified using SEQ ID NO: 3 and SEQ ID NO: 6 primers and the final
product (h1m2345) was cloned in pcDNA3.1 vector. The mutant that encodes h12m345
was also cloned in the way similar to that for hlm2345 using the following primers: 5’
primer for h12, GAA TTC ATG GCT CCC AGC AGC CCC CGG CCC GCG CT (SEQ
ID NO: 7); 3’ primer for h12, GGT AGC TGG AAG ATC AAA GGT CTG GAG CTG
30 GTA GGG GGC CGA GGT (SEQ ID NO: 8); 5’ primer for m345, CAG CTC CAG

ACC TTT GAT CTT CCA GCT ACC ATC CCA AAG CTC GAC ACC (SEQ ID NO:

11
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10 and incubated for 30 mn with FI TG conjugated goat anti-nouse |Ig
antibody (2n( Ab). After a further three washes. flow cvtonetric anal aysis

was perf FI G
1). As t . . ., . . _____ .. _____. .., .. _ used.
As shown in FIG 1, full human I CAM 1 transfectant was positively stained
wth MD-3 antibody, whereas it was not reactive Wt |l e | 1 15
Lt anst ecDYnL PrIvRE eRIAS, WA Tah, SHRU AT st S 836 B TR GReH T Lse

| CAM 1. ieric nutants, MD-3 antibody reacted only with
INEORCER RS

mut ant c mai n f human | CAM 1 (h12nB45), indicating that MD 3

anti body is Sppgd értire EGHstraBt Wére SeQitnBQI @I ddnfirm ZRICMMYFeciedljihdtiont By Ef f ect
of MD-3 Antibody in the Differentiation of Monocytederived Dendritic Cells

lI;’er i pher hbTrTacbhﬁuidedrmubténan pMmictBNaAswmtearis&otedttedHEKmTP?aB ubipg dﬁlni:mn bl ood
ok Fi " NS . s Con A hi .

DY Sy oS ot et LR AL tashng, L ce

ragnet | ¢ OheAGufbasatt nd BlapBid N Rr 89 AR BB Siesd oo i T

Ger many) of freslf Solfifén Afd tHedellS Sveré AlcubMed ftyandaen 941 Houss Thed! traRfddtinfg MACS
(MIteny-Biotech). Purified CDl14+ nonocytes were re- 30 suspended in RPM

(I nvi t r oge@s stained hwitlOMD-3\antib8Y aride.wisfter inelbatior torf 38y mi, dellsswerietwashed
I tes-, h I t i f CSF, U. d
P (dobweciimes n Brraeus Puleasuing Ay 28 ik driivirasn and ek #ie hac ched
trol E . : th
oot i B nnabied 1ch SRl wlul FICRYoduARE IO aRiaRthse T MG RLRICABE | anc

expr essi QitePd fudhr thle@Sashles, flowNgfontetrdSuhalhysis Wad§RrfortHad Go testTor thEd BbiME 3o
assessed as the nmean fluorescence intensity (MFl) by flow cytonetry (FIG

2a) . EL| SActweiith edchantendy (FIE. idaduthe ndgativeroemitologells transfezed with gectpFN-y and
TNF-a in culture dia (FIG.2 CD14+ t es re cultured in the
ot esence o6 viasRl b shaws it Pl Vbl e TRIT Hahdrstitu wit paiy

| mmat ur e s g alih WID-3 %ﬁﬁﬁ&sﬂwe gq%%vafspfm%aafvetwmfﬁﬁ mg&@tw@wgacs, 10

resulting I1n the up-regulatiron of the surface expression of MHC an
c0- st % nutrahsfegtantpindivatieg MING anyibedy B@opErosstdattive with wonse ICANMBL rlaah¢rent  of

MD- 3 anti body girnllo.r to LPS stinulation s;ggni fi Qantl%esuppr.e.ssed t he
up- r egul seed chimesigrpufants D=3 anibadygeacted only avith mytaptqontaipng do@einoh i n t he

5y " thus OF bl AN (EFRdTdSei oy Rethil 3 sBS B BBlOg Rl b ¢

the mat uggihmn of nonocyte-derived DCs.

20 EXAMPLE 3
Inhibitory Effect of MD-3 Antibody in the Differentiation of Monocyte-
derived Dendritic Cells

Peripheral blood mononuclear cells were isolated from healthy donor blood by

25  Ficoll-hypaque density-gradient centrifugation. After washing twice with PBS, cells
were re-suspended in MACS buffer (Milteny-Biotech) at the concentration of 1 x 10®
cells/ml and then incubated with anti-CD14 magnetic bead (20 pl/107 cells; Miltenyi
Biotec, Bergisch Gladbach, Germany) in ice for 15 minutes, followed by magnetic
separation using MACS (Milteny-Biotech). Purified CD14" monocytes were re-

30  suspended in RPMI (Invitrogen) with 10%(v/v) FBS and were cultured for 6 days with

12


ip-temp
Rectangle


EXAMPLE 4 CGeneration of Humani zed M ce 20To investigate the in vivo effect

of anti-1CAM1 anti bhodi es. humni zed m ce were aener ated bv enar aft nent of
human he
procedure by 1to, M et al., Bl000. ZUUZ, LUU.3L/o-84. uplliical cora bl ood

cells were collected during normal full-termdelivers and nononucl ear cells

wer e separ at ed Ficoll-h ue.centrif tion, r nucl ear
ol | ver EEUEsERYaerPhze; By SUA e R (GBE TN 90N Ha SAPAE Bnd 2
EDTA andj A o f ] it - I | AP

(M1t enygmlg)i@gdtg g@ﬁ) Th‘%‘SW‘S‘&e‘S&bi“ﬁpﬁgﬁff?ﬁ% lgﬂ)icge&flgg%ggﬂm et h

ant i - CD34ntibagpet 0 engdd@ajion dd4 Diand \daPBainddIPS waS ddded ttoviieecultashinedium on
bead-attached cells were collected by nagnetic separation using MACS. After

two rounday &f Ongodrat latersedwred rells, weier haryesigdsand, gxpressian sOMIYCralasy L,
cytonetr d, no t 95% he collegted cellsswere CD34+ 8- to 12-
k-l VD B S0 CRRecaE CRed Ms Aer R af IS Breres S RoolR sl s
Japan) weygry 2Rty (F1G4) Y SASKADaISO Bt to rAsksalel (RO amBiitGsT IRNd 1 day
later 1 X 1C?|5wCﬂDg\Z+ cel%“gtd\ﬁere |)nj ected ianto theoeach nouse through the
tail vei n2pPerLgd)dFhly hhd GNFaasint aikiare fredim (Fi6. 2l Nohar 6D4l momooytss pl exus
sequentially between weeks 4 and 20 5 after transplantation and stai ned

wi t h ant werugdmrebisths ressaes ohGMneSEDmdalrHoibay ek et tedifferentiateetno f or

fl t try. Fl 3A sh t he kineti f h . T cell
reggpﬁyaﬂ?%ﬁﬁﬁgrﬁi ??) ﬁ’é@aﬁ&% t(S%ang'I?tne}ﬂdIggessaﬁqet H‘gaﬁl%ﬁ%‘)%ﬁ’ elg“{/g\%%ﬁ?: Daqst er cell
transp! apdsaftingNin He "B refulafibh Sf AR A B Slpr&ssiess M aind Cey-didiaesy cel |

transpl antati on and then rapidly increased. Mreover, human CD4+ T cells,
CD8+ T celdlsculeSRha-cyRki predhcijonCHbveven prtiehmsent COM-3 andibodpiprionsd DCs,

and CD123+ plasmacytoid DCs were indentified in the sth eﬁrr}s of humani zed
mi ce (FI EPS3gjimulation significantly suppressed the up-regulation of surface molecule

expression and cytokine production in the DCs, while it was not case in the DCs treated
with blocking antibody (FIG. 5). Thus, these results indicate that MD-3 antibody is able
15  to inhibit the maturation of monocyte-derived DCs.

EXAMPLE 4

Generation of Humanized Mice

20 To investigate the in vivo effect of anti-ICAM-1 antibodies, humanized mice
were generated by engraftment of human hematopoietic stem cells in immunodeficient

mice according the procedure by Ito, M. et al., Blood. 2002, 100:3175-82.
Umbilical cord blood cells were collected during normal full-term delivers and
mononuclear cells were separated by Ficoll-hypaque centrifugation. Separated
25 mononuclear cell were suspended at 3.3 x 108 cells/ml in PBS containing 5% FBS and
2mM EDTA and incubated in ice for 30 minutes with Fc blocking antibody (Milteny-
Biotech), followed by incubation in ice for 30 minutes with anti-CD34 magnetic beads
(Milteny-Biotech). After twice washing, bead-attached cells were collected by magnetic
separation using MACS. After two rounds of magnetic separation, purity was evaluated

30 by flow cytometry and no less than 95% of the collected cells were CD34", 8- to 12-

13
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EXAMPLE 5 Suppression of Transplantation Rejection via In Vivo
Admi nistratinn nf 15MYX2 Anti hndv in Parcine |Iclet (xraft Mdel In
order tc

transpl antation rejection, ISlIet xenogrart nobaelr was useda. 10 optaln
porci ne pancreatic islets, a total total pancreatectony was perforned

wi t hout warm i ' i, ey and jslet isolation was perforned using,the
modi fi ed @@&h@ﬂ@@@bﬁ/"ag “BP%&#S‘E}BH Jné}&g@rfobg’dmzﬁm@@é AnalSs 3‘1‘ 2010,
19: 299-3 - Pur i f | ' : p ' [ j ¢ G bco,
BRL. Ui 18 e Saut PA6oRy R ULt Qoo na AT M 10, 006
porci ne €34Mceld wald ihjcetid medTihdecaCiPingiBe thrangh & tait Vet IPetiphaalr Blpbd Ny Ci n
at 37 C, and then under the kidney capsul e of humani zed m ce. Peri pheral

bl ood wasvas dakenefiometbi Irgtrg-prhital Menqustplexus rsbiueatialdy heveen washs toando2God
| ucose | gvel s ing a 2 ortabl e gluconeter_(Accu: Chek ch .
gDi agnost Er,tr%’ég]s&l‘t,ag%ﬁ? St%é‘reééi‘)‘th J‘W‘cﬁt:ﬁés &%@%{'EE}E&? gﬁgl asf‘%ibﬂd‘g%r um

wer e det i . i '4@1& ARFEY i ALGi&Sof +
successf E?ﬁ]e%%g%%t){ce\%ggir?e |n2% as bgﬁ%i%g@‘ggeg%e%eéﬂ;%_% llr}@‘ﬁ%é a#\t

rej ecti ogelvsepdphiatieg the pefiphéral Hloddayf ahicE-nemei thdicatddlwaekshftandell
confirnmed by histological analysis of the grafts. In control group, nedian
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25  portable glucometer (Accu-Chek, Roche Diagnostics, Seoul, South Korea), and porcine

C-peptide levels in serum were determined by radioimmunoassay (Linco, St. Charles,
MO, USA). A successful engraft was defined as porcine C-peptide >0.5 ng/ml. Graft
rejection was defined as the first day of C-peptide <0.1 ng/ml and confirmed by
histological analysis of the grafts. In control group, median graft survival time was 21

30  days, and the administration of anti-ICAM-1 blocking antibody, R6-5-D6, prolonged the
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To address whether the lack of an immune response in MD-3-treated mice was
either antigen-specific tolerance or generalized immunosuppression, we compared the
numbers of grafted islet-specific and allo-specific T cells in these mice. For this, the

25  frequencies of IL-2 or IFN-y-secreting antigen-specific T cells in spleens of humanized
mice were measured using an ELISPOT kit purchased from Mabtech (Nacka Strand,
Sweden). Anti-IL-2 or IFN-y capture antibody-coated plates were washed four times
with sterile phosphate buffered saline (PBS; 200 pl/well) and blocked for 30 minutes
with 10% human serum-supplemented RPMI1640 media at room temperature. After

30  removing the media, 3 x 10° splenocytes from the humanized mice were cultured with 5
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1. An nonocl onal anti body designated MD-3 produced by the hybridoma cell

deposited as accession nunmher of KC RF-BP-00264. 5 2. An nmonocl onal
ant i body
chain, the neavy cnal i cunprisinyg uvinee Culipl €HeNLAl Yy UEL el 111y | eyl unS

(CDRs) fromthe heavy chain of an anti body produced by a hybri doma
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antigen-specific T cell tolerance, conprising the nonoclonal antibody
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10  washed five times with PBS (200 pl/well). Alkaline phosphatase-conjugated detecting
antibody diluted at 1:200 or 1:1,000 for IL-2 or IFN-y, respectively, in 100 ul PBS
containing 0.5% fetal bovine serum were then added and incubated for 2 hours at room
temperature. The plates were washed five times with PBS, and 100 pl of BCIP/NBP
substrate was added. Color development was stopped by washing with tap water. The

15 resulting spots were counted on a computer-assisted AID EliSpot Reader System (AID,
Strassberg, Germany). When total splenocytes from control mice were stimulated with
porcine islets, significant numbers of IL-2- and IFN-y-secreting T cells were detected

(FIG. 6, left). In contrast, IL-2- and IFN-y-secreting T cells were not detected in MD-3-
treated mice, indicating the complete suppression of T cell responses to xenograft

20 antigens. In this system, however, T cells response to human allo-PBMCs was
comparable to that of controls (FIG. 6, middle). These data suggest that the
unresponsiveness of the T cells reflected the tolerance induction, specific for porcine

islet antigens. This induction of antigen-specific T cell tolerance was further evidenced

by an in vivo challenge with unrelated antigens. At day 28 post-transplantation, when

25 MD-3 was completely cleared out, mice were immunized with soluble KLH antigen.
Two weeks later, numbers of KLH-specific T cells were evaluated in an ELISPOT assay.

As shown in FIG. 6 (right), T cells obtained from MD-3-treated mice showed robust
response against KLH in terms of the numbers of cells producing IFN-y and IL-2. These

data suggest that the administration of MD-3 induced T cell tolerance specific against

30  graft islet antigens.
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medi at ed i nmune di sorders, conprising the nonoclonal antibody according to
any one of clains 1 to 4 as an active ingredient. 9. The pharnmaceuti cal

conposi ti

di sor der ¢ , ) o ,

aut oi mune di sease. WD 2013/ 005873PCT/ KR2011/ 004908 10. A nethod of
nodul at i ﬁ@fﬁﬁ%@éﬁ lon and functions of dendritic cells via binding
t he donai > i nduci ng antigen-specific T cell tolerance,

conprising the step of adm nistering the nonoclonal antibody according to

any one of 5claims It B ofodiGnd aﬂﬁﬁdff?’(r%ﬂg?ﬁﬂég tijc}ﬁx‘i’oﬂﬁéed by thecl)lpfgéc}osmf‘ met hod

of the preventi'on of treatnent o late mrune “di s

conpri si f¢fl denosiiedas ascession nymhee pf KGLRABRYYE64-onal anti body according to
any ofie of clains 1 to 4 to a patient in need thereof. 10 12. The
met hod according to Caiml11l, wherein the T cell-nedi at | rmune, di sorders
is transpl ant ati on rY} 910§ ,na]gF“étfl?"-d‘?/ef’lé‘ag‘ght?shm@?’%M%Foﬁ’ﬁpﬁn%ne

di sease. hdbhi3chaifroandc holight éhain, bthdyhdaoy dhain icomiprising athreeg complementary
differentjiation and.functigns of dendrifi | lss. Vi a.Dbindi opain 2
of |1 coant peirhiBhe Paions” GLPRYR 8, BE Mk Endif OrP BBl bilub p92T
nmonoc| onhybradonmbdeppsited acaactiessiprt numbsr of FeCORF-d3Rx00RH41anddthg light chain

10  comprising three CDRs from the light chain of an antibody produced by a hybridoma
deposited as an accession number of KCLRF-BP-00264.

3 The antibody according to Claim 2, wherein the antibody is a chimeric
or humanized form from designated MD-3 produced by the hybridoma cell deposited as
15  accession number of KCLRF-BP-00264.

4. A hybridoma cell deposited as accession number of KCLRF-BP-00264.

5. A pharmaceutical composition comprising the monoclonal antibody of
20 any one of claims 1 to 4.

6. The pharmaceutical composition according to claim 5, wherein the
monoclonal antibody is in isolated form.

25 7. A pharmaceutical composition for modulating the differentiation and
functions of dendritic cells via binding the domain 2 of ICAM-1 and inducing antigen-
specific T cell tolerance, comprising the monoclonal antibody according to any one of
claims 1 to 4 as an active ingredient.

30 8. A pharmaceutical composition for the prevention or treatment of T cell-
mediated immune disorders, comprising the monoclonal antibody according to any one
of claims 1 to 4 as an active ingredient.

9. The pharmaceutical composition according to Claim 8, wherein the T

35 cell-mediated immune disorders is transplantation rejection, graft-versus-host disease,

or autoimmune disease.
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2014. The nonocl onal

anti body for use in preventing or treating T cell-

medi ated i mmune di sorders. wherein the nonoclonal antibodv is accordina to

any one
wher ei n

rejectioun, yrali-versus-1nusL Ul sedase, Ul dul ul HUlE Ul Sedse.

10

15

20

25

10. A method of modulating the differentiation and functions of dendritic
cells via binding the domain 2 of ICAM-1 and inducing antigen-specific T cell tolerance,
comprising the step of administering the monoclonal antibody according to any one of
claims 1 to 4 to a patient in need thereof.

11. A method of the prevention or treatment of T cell-mediated immune
disorders, comprising the step of administering the monoclonal antibody according to
any one of claims 1 to 4 to a patient in need thereof.

12. The method according to Claim 11, wherein the T cell-mediated
immune disorders is transplantation rejection, graft-versus-host disease, or autoimmune

disease.

13. A monoclonal antibody for use in modulating the differentiation and
functions of dendritic cells via binding the domain 2 of ICAM-1 and inducing antigen-
specific T cell tolerance, wherein the monoclonal antibody is according to any one of
claims 1 to 4.

14. The monoclonal antibody for use in preventing or treating T cell-
mediated immune disorders, wherein the monoclonal antibody is according to any one
of claims 1 to 4.

15. The monoclonal antibody according to Claim 14, wherein the T cell-

mediated immune disorders is transplantation rejection, graft-versus-host disease, or

autoimmune disease.
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<Sequence Listing>

<110> DiNonA Inc.
SNU R&DB FOUNDATION

<120> AN ANTIBODY INDUCING ANTIGEN-SPECIFIC T CELL TOLERANCE AND USE
THEREOF

<160> 10

<170> KopatentIn 1.71

<210> 1

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> 5' primer for amplifying the extracellular domains of human
ICAM-1

<400> 1

gctagegecaa cctcagecte getatggetce 30

<210> 2

<211> 29

<212> DNA

<213> Artificial Sequence

<220>

<223> 3' primer for amplifying the extracellular domains of human

ICAM-1
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<400> 2

gaattcatct cataccgggg ggagagcac 29
<210> 3

<211> 35

<212> DNA

<213> Artificial Sequence

<220>

<223> 5' primer for amplifying human ICAM-1 domain 1 (hl)

<400> 3

gaattcatgg ctcccagcag cccceggece gegcet 35
<210> 4

<211> 46

<212> DNA

<213> Artificial Sequence

<220>

<223> 3" primer for amplifying human ICAM-1 domain 1 (hl)

<400> 4

aggtctcagec tccacccgtt ctggagtcca gtacacggtg aggaag 46
<210> 5

<211> 46

<212> DNA

<213> Artificial Sequence

<220>
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<223>

<400>

5' primer for amplifying murine ICAM-1 domains 2-5, a

transmembrane domain and a cytoplasmic domain (m2345)

5

ctggactcca gaacgggtgg agctgagacc tctgccagec tggcag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6
39
DNA

Artificial Sequence

3' primer for amplifying murine ICAM-1 domains 2-5, a

transmembrane domain and a cytoplasmic domain (m2345)

6

ggatccggga ggtggggctt gtcecttgag ttttatgge

<210>
<211>
<212>
<213>

<220>
<223>

<400>

7
35
DNA

Artificial Sequence

5' primer for amplifying human ICAM-1 domains 1-2 (h12)

7

gaattcatgg ctcccagcag cccceggeee geget

<210>

8

46

39

35
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<211> 45
<212> DNA
<213> Artificial Sequence

<220>
<223> 3' primer for amplifying human ICAM~1 domains 1-2 (h12)

<400> 8

ggtagctgga agatcaaagg tctggagctg gtagggggec gaggt 45
<210> 9

<211> 48

<212> DNA

<213> Artificial Sequence

<220>
<223> 5' primer for amplifying murine ICAM-1 domains 3-5 (m345)

<400> 9

cagctccaga cctttgatct tccagctacc atcccaaagce tcgacacce 48
<210> 10

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> 3" primer for amplifying murine ICAM-1 domains 3-5 (m345)

<400> 10
ggatccggga ggtggggctt gtccctigag ttttatgge 39
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