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case of treating _a burn by grafting one's own nornmal skin to the affected
in Japan. In one case, seven patilients received such benefits from
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one donor. Hereafter, organ transplantations are expected to
increase.

30 On the other hand, Japanese patients affected by severe
cardiovascular diseases, such as, hepatic diseases (acute hepatic
failure, hepatic cirrhosis, etc.), cardiac diseases (severe heart
failure, cardiomyopathy, cardiac hypertrophy, etc.), renal diseases

(renal failure, chronic glomerulonephritis, diabetic nephropathy,
35 opyelonephritis, etc.), pulmonary diseases (pulmonary dysfunction of

both lungs, etc.), and pancreatic diseases (treatment of diabetic
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such a transplantation is performed bejween nonozygotic twins (for exanple,
transpl antati on of one of the kidneys or |iver 25 tissues)
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individuals who have absolutely no blood relation to each other.

30 Xenotransplantation 1is performed between individuals of

different animal species. An example is the case where a tissue or
an organ of a chimpanzee or a pig is transplanted into a human.

As mentioned above, allotransplantations from brain dead

patients are expected to increase due to the development of

35 legislation relating to organ transplantation. However, in order to

resolve the absolute lack of transplantable organs, various
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A limited number of immunosuppressive agents that suppress the



Di scl osure of the Invention Mre specifically, an objective of the present
invention is to provide nmethods and pharnmaceuti cal agents that suppress,
treat, or 30 prevent imrunol ogical rejections (graft rejection)
acconpanyi ng the transplantation of a tissue or an organ

(allotranspl antati on or xenotranspl antation) by using nedical and

phar maceuti cal techniques (for exanple, pharmaceutical agents such as
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signal (costimulatory signal) necessary for the activation of
lymphocytes such as T cells, and coupled with the signal, regulates
30 the function of activated lymphocytes such as activated T cells.
Based on the findings from recent studies relating to this
molecule, the AILIM molecule is predicted to be possibly involved
in various diseases (for example, autoimmune diseases, allergies,
and inflammations) caused by the activation of immunocompetent cells
35 such as T cells (especially T cells). However, there are no reports

whatsoever on the relationship between the functional modulation of



in therapies where an organ (liver, heart, lung, kidney, pancreas, etc.) a
portion thereof, or a tissue (such as skin, cornea, and bone) froma donor
is transplanted (allotranspl anted or not ranspl anted) to a recipient
affected by a severe cardiovascul ar di sease. 10 Furthernore, the use of a
pharmaceutical conposition of this invention enables the enhancenent of the
graft rejection-suppressive effect of existing i munosuppressive agents
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is a reuclprest 8 aatcésushxasht drive thiry) cwhelpluéam;wwswahlc‘ommsdmccbmmf
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h 5&|¢4ﬁﬂ%ﬂ@@ﬁﬁQﬂﬁaﬁﬁrﬂ}%¢ﬂﬁ¢%¥ns and the net hods for produci ng the
substances used in this invention.

Disclosure of the Invention

More specifically, an objective of the present inventioﬁ is to

provide methods and pharmaceutical agents that suppress, treat, or

30 prevent immunological rejections (graft rejection) accompanying the
transplantation of a tissue or an organ (allotransplantation or
xenotransplantation) by using medical and pharmaceutical techniques

(for example, pharmaceutical agents such as low-molecular weight
compounds and antibodies) to modulate the bioclogical function of a

35 novel molecule, AILIM, which is considered to transduce a second

signal (costimulatory signal) necessary for activating lymphocytes



Herein, the term"manmal " nmeans a human, cow, goat, rabbit, 25 nouse, rat,
hanster, and guinea pig; preferred is g human, cow, rat, nouse, or hanster
. and particularly preferred is a human. " AILIM of this invention is an
abbreviation for "Activation Inducible Lynphocyte | munonodul atory

Mol ecul e” and denotes a cell surface nolecule of a mammal having the
structure and function 30 described in previous reports (J. Immunol.
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prief er abhyi i tantQyatigirad die PR AWRAIdAN PESEEE 8bhY(ghalfd PePEEROALI dS,
have been substituted, de|eted and/or nDdlfled andﬁpolypeptldes havj ng an
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ds can be a hleved ggcordl he u nethod (Ex€ ment.al glne
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are syashepharmbw@mmucb&of®daxﬁhﬂeﬂﬁumﬁvhedonntfgﬁnuﬂbns @gapped:duphéxh

met hod) r(% ia(%?{&%sé WIGh %}fgégha?”é@ Qﬁgg%gy%% %’egﬁelﬁetion

randon1%y 55 1e or su
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H\&f?%ﬁl@”éﬁ?gt gggpgshefﬁ%%%pg?rB%@hic%o@;et hogde m upRtGh Y (J7er mpghod,
AILIM express:Lng cells, immune cytolysis or apoptosis of
AILIM-expressingcells, and the activity to induce antibody-dependent
cellular cytotoxicity against AILIM-expressing cells), and/or as a
pharmaceutical for preventing the onset and/or progression of various
diseases 1in which the signal +transduction mediated by AILIM is

30 involved, and for the treatment or prophylaxis of the diseases.
Specificelly, a pharmaceutical composition of the present
invention can modulate (suppress or promote) the proliferation of
AlLIM-expressing cells, or can modulate (inhibit or promote) the
production of cytokines (for example, interferon Y, or interleukin
35 4) by AILIM-expressing cells, and can prevent various disease

conditions triggered by various physiclogical phenomena in which the



" 10 Synthetic oligonucleotide site-directed nutagenesis (gapped dupl ex
nmet hod) can be perforned, for exanple, .as follows. The region one wi shes to
. mutageni ze is cloned into a ML3 phage vector having an anber nutation to
prepare a single-stranded phage DNA. After RF 5 1 DNA of ML3 vector having
no anber nutation is |linearized by restriction enzyne treatnment, the DNA is
m xed with the single-stranded phage DNA nenti oned above, denatured, and
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t b tif
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subst ance’ Hereln Xpressi nal
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Exanpl es {a change in cell proliferafion, activation of

i ract | FaeRsAvSTE ies] m§dlaéﬁépioas ATSIM, apgloR pﬁérﬁapﬁpftyc%lyr é&&@@taﬁle

ar bi tr agy¥rg¥t-oki ne from AI LI M expressing cells). 15 "The subst ance" can be
mai nly C|aSSIerd into_a "proteinaceous substance” and a "nan- protei naceous
subst ance". ERAnpies BPaTPRGe&itiEEeousOERBIE BheRs O far é21 he AT DWR ngaid

pol ypeﬁhﬁn@ﬁ&su@@&b@@d_bésacﬁ@@f Vi @ﬂé'oﬁﬁbr@éh@ﬁap@ﬁﬁ@@ﬁ@‘lt ant iskadicesa or
portlO%%o%ftﬂgnggéggagogggépfgégf ‘azathioprine, adrenocortical steroid,

30 cyclosporin, mizoribine and tacrolimus (FK~506), mycophenolate
mofetil, leflunomide, sirolimus, deoxyspergualin, FTY720, and CTLA4
drug.

(4) The pharmaceutical composition of any one of (1) to (3),
wherein said transplantation is allotransplantation.

35 (5) The pharmaceutical composition of any one of (1) to (3),

wherein said transplantation is xenotransplantation.



20 Wien the substance is an antibody, it is preferably a nonoclonal

anti body. Wien the substance is a non @Ional anti body, it includes not only
non- human mamal - deri ved nonocl onal i bodi es, but also the follow ng
reconbi nant chi nmeri c nonocl onal antlbodles, reconbi nant humani zed

nonocl onal anti bodi es, and human nonocl onal 25 anti bodi es. Wen the
substance is a polypeptide, it includes the follow ng pol ypepti des,

pol ypept i de (@ 'ﬂ%ogmar%)cé AUEN R4 3/:A0-PRley BERL bHESo £ aNg) chemi oAl | y
modi fi ed pol ypepti deés. es of ol |gopept| es ar eptl es conprisihg 5
to 30 @herelmcsaisd Qﬁ@rrerﬂaeoltyleBOlaetro heaziv, nbidepds luPgeheniracreas.

modi ficati On%ﬁa% Sissingned, %%hn@o'ﬂ@;o%&t‘ﬁ%“ QUS sRYr pRsess (o €xamp) e,
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di gestive tragl ik Al Bdl I AURSs 133 X 3EPLEY BhePOEYPEPLgeprpre as
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whol e or a ppsy i a0l pAD-RXLEAEELRY! Abof50L 'M8>anwhgleslwhoé§1&r a
portion of a constant region o mmmogJF uI|n eavy chal n; 3) A
pol ypePfPEHRIRHRAEOR neldbLsrAr e | M Fbapred omr@lﬁpwo@@m:a%m %ﬁbstances
are DNA, RNA) aa@&ﬂ%%hxtm@me@éA@@mormpa%s_«tllzm@f saBDNAIn FESASy ; DNA
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alBNA encoditg ?hQO&BW@t}@eAICanI\WKlp?JéT%r B?ywﬁﬁﬁfﬁn M L MPOrtéPTc i Al |y
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transl ghi @ﬂtﬂécébmn&lﬁré@i@naoprmgm byndybré dizbé g 60 & heo PN Or o RNA
encod|n$%15 Al LI M, The Fhrase arti nucl eoti de sequence” as referred to

her ei n"PRFEFRT t 5241 PAr 2t atPAUEMERE Y Og%hh%n%%a%%n%??%?nga%ﬁ arbitrary
nusber of nug) edtpatespdpt ade apii € RS egh uLA partial nucl eoti de sequence

i ncludes 5 to 10 t Leatid ferably 5 to 7
consecuti ve PHD! G510 ARG MRSFE et cPaBPY S5 LB 50! CORL IR e thicF Bof Thes,

and evehen®ie m:erﬂemabdsyandietns&ﬁ) CONSecot & ea teich eos tidesanden the DNA is
used as an aptjse dru t.he se ce can cal l.y np i ed
in part in op%%r ? aﬁp% Eﬁﬁ%%lF?@pggl?s?abﬂ §}8rn "BIFoS %Mhe% %

DNA i snaxﬂﬁpm“seemededms psaihme ie INEr &g dhe lchlemacyﬂépl st lce sendd ane
p%rnea$ 5¥ gf the DNA, or to increase the degradation resistance or the
absor pti orally adm nistered DNA in the digestive organs. Chem ca

modi fi cati or%he prlesdat foveskanpbesre It smoditccani dntatl agpiedgphatevbond, a
i boseye 30, AnHUHLLIAR: 2 hBCHSUGRAN HIILEY » B0k rndugadharebhes 8y end
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phosphodi estiggy dandsc D 010 naRiEPIRERL BT 93k GnboNdSow PhosEOT EbbbE pat €

bonds (S-oligo)
25 mouse, rat, hamster and guinea pig; preferred is a human, cow, rat,

mouse, or hamster, and particularly preferred is a human.
“AILIM” of this invention is an abbreviation for “Activation
Inducible Lymphocyte Immunomodulatory Molecule” and denotes a cell
surface molecule of a mammal having the structure and function
30 described in previous reports (J. Immunol., 166(1), p.l1, 2001; J.
Immunol., 165(9), p.5035, 2000; Biochem. Biophys. Res. Commun.,
276 (1), p.335, 2000; Immunity, 13(1), p.95, 2000; J. Exp. Med., 192(1),
p.53, 2000; Eur. J. Immunol., 30(4), p.1040, 2000; Int. Immunol.,
12(1), p.51, 2000; Nature, 397(6716), p.263, 1999; GenBank Accession
35 Number: BAA8212% (human); BARA82128 (rat); BAAB82127 (rat wvariant);
BAAB2126 (mouse}).



35 phosphonate (MP-oligo) bonds, phosphoroam date bonds, non-phosphate
bonds or nethyl phosphonot hi oate bond or conbi nati ons thereof. 13 5 10
15 20 25 Modification of a ribose incltudes, for exanple, the conversion to
2' -fluororibose or 2'-0-nmethylribose. Mdification of a nucleotide

i ncl udes, for exanple, the conversion to 5-propynyluracil or

2-am noadeni ne. Here, "RNA" neans "RNA useful as an antisense RNA drug
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encodi ng Al lTINls TRELPYir ase a'lpar tdalllatucI@0% i d¥asegaendel. é§7errp‘lmy&=7cﬂ6

hegei 2;53‘95 6, ?9382%@5% fuglqof n%ﬁe%uﬁr@&Agéﬁ'TB%%%BQn ﬂ;ﬂtér?ef&’

nuitbe nuc an arbitrary re artial nuc eot| € ‘seguence
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the intracytoplasni c-ménbrane perneabi | NA, or to Increase the
défr adapPéNPeRSisedrRei or thA@msorpid @reqwn@eél ¢ § AZE&AMNT sare p@ g h RN L

di gestd e L19aRS- 1 £hem Sad o wd) f i catd onsy i ned ude: ¢pdi f i catd onssswch psy

those that apply to the above ‘antisense DNA. Exanpl es of "a chemcally
synt hedi $ERIF &ohpoticPC @ ®odnraPtiideabg vésapsuhatertl adlHgtihes R \anioN,

RNA aﬂﬂsﬂﬁOE€QGéﬁ§QU§s5Hﬁﬁﬁﬁﬂ&@shuﬁéﬂlRQLQM"D|@QQEﬁérm%&ghth&&m@bquhxéﬂo to
about 1000, or less, preferably a conpound having a_nol ecul ar wei ght of

about q@?@l%%t%ltfda&ll@e@%ﬁaerﬁﬁ%vm Yd{ﬂ%ﬁt&fﬁﬁdeéﬁiPéM V\%?b%’{ltdffe%b‘fﬁﬁ 30

198 t or eheUta60GenE ik eldBesRAloyPRRIbAe": BAABYded) i aréhglslefimé iy ofn the
above "substance” qgans a rtlon (a fragnment) of a pol ypeptide chain

const i ¥R% i Ryt APET M ¥ phietor "f?fr?&ﬁfhn AILIM, preferably the whole or a
portion of aremexidaceld tﬂ;eﬁrerml&n avivey polypemdida 135 wsédrﬁejtdmgmw LI M

(C-lt ;?nqtcfﬁéﬂ gq()qqag%iacde?”eaﬁ% ﬁl)s tgg% ‘Q‘K'fll_,.lu)f" adpﬁ%el Btrgstepl Jl_\ill’-l’:[IeeIrl 1grlljslnacr5.uc§)es
a polypeptide having an amino acid sequence in which multiple amino

20 acids, preferably 1 to 10 amino acids, particularly preferably 1 to
5 amino acids, have been substituted, deleted, and/or modified, and
polypeptides having an amino acid sequences in which multiple amino
acids, preferably 1 to 10 amino acids, particularly preferably 1 to
5 amino acids, have been added, as long as the polypeptides have

25 substantially the same bilological properties as the polypeptide
comprising the amino acid sequence shown in previous reports.

Such substitutions, deletions, or insertions of amino acids can
be achieved according to the usual method (Experimental Medicine:
SUPPLEMENT, “Handbook of Genetic Engineering” (1992), etc.}.

30 Examples are synthetic oligonucleotide site~directed
mutagenesis (gapped duplex method) , point mutagenesis by which a point
mutation is introduced at random by treatment with nitrite or sulfite,
the method by which a deletion mutant is prepared with Bal3l enzyme
and so on, cassette mutagenesis, linker scanning method,

35 misincorporation method, mismatch primer method, DNA segment

synthesis method, etc.



" AlLIMaccording to the present invention is a transmenbrane nol ecul e
penetrating the cell nenbrane, conpri ﬁr ng 1 or 2 polypeptide chains.

- Herein, a "transnmenbrane protein” nmeans a protein that is 5 connected to

the cell nenbrane through a hydrophobic peptide region that penetrates the
i pid bilayer of the nenbrane once or several tinmes, and whose structure
is, as a whole, conposed of three main regions, that is, an extracellular
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35 Examples of polypeptides are as follows:

(1) Apolypeptide comprising the whole or a portion of an extracellular
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met hod thereof. The "anti body"” of the present invention can be a pol ycl onal
anti body (antiserum or a nonocl onal antibody agai nst mammal i an Al LI M 25
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30 a nucleotide, the sugar moiety, and the 3' end and/or the 5' end in

the structure of an oligonucleotide DNA.

Modifications of phosphate bonds include, for example, the
conversion of one or more bonds to phosphodiester bonds (D-oligo),
phosphorothiocate bonds, phosphorodithiocate bonds (5-c0ligo), methyl

35 phosphonate (MP-oligo) bonds, phosphoroamidate bonds, non-phosphate

bonds or methyl phosphonothioate bonds, or combinations thereof.



" can be appropriately arranged depending on, for exanple, the property of
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The term “polypeptide” included in the definition of the above
“substance” means a portion (a fragment) of a polypeptide chain
constituting AILIM (preferably human AILIM), preferably the whole
or a portion of an extracellular region of the polypeptide

35 constituting AILIM (1 to 5 amino acids may be optionally added into

the N-terminus and/or C-terminus of the region).



A chimeric nonocl onal antibody can be produced, for exanple,as follows.
Needl ess to say, the production nethod is not limted 25 thereto. A
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The expression “the whole or a portion of the constant region
35 of immunoglobulin (Ig) heavy chain” as used herein means the constant

region or the Fc region of human-derived immunoglcbulin heavy chain
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exci pi S8RECTALAR ! 4Bt MOHSE | &Y, NATGECEIBAIIRE BY JagehtabR 1t dbT R 2EFP 1R

praser yambvee , arbuf f ef, haﬂaseayl $ihtehding ar@ﬁaﬁsgeﬁg@namﬁap%@ﬁ@ﬁ&te@
sweet ener a Vi sco ncreagl ﬂ8ent a avor a sol ubilij ty i ncreasi ng
i

i
agent , 58r 2§ofR BFR FcédﬂPFW@ rbﬁédofr%rén% ShcAREAR+i pch, ag 2

phar rraceahsgahle@mm proesueangheufof ﬁbﬂtdb@dylrﬁé@ti@bé&b%,loﬂl .1 SUSQQMIﬂ s,
granul es |ne tions, 35 S,J-Ju“%g capsu troches, eI|X|rs
e PBCQ (?

suspenéW@HEl a Pgﬁd%%e lﬂf our times every one to fourteen

days after the first immunization. Antibody-producing cells are
35 obtained from the mammal so immunized in about one to five days after

the last immunization. The frequency and interval of immunizations



The pharmaceutical conposition can be adm nistered orally or parenterally.
QO her fornms for parenteral adm nistration include a solution for external
application, suppository for rectal a fini strati on, and pessary, prescribed
by the usual method, which 5- conprises one or nore active ingredients. - -
The dosage can vary dependi ng on the age, sex, weight, and synptons of a
patient, effect of treatnment, adm nistration route, period of treatnent,

t he ki f ' ' ient (the.” tapce" ar.di to.ifh resent
invent?%}l%en%ﬁ%#%ﬁg%ggég}sg)%rggﬁteg %%%gﬁ?ﬁl%@ ol%He%% aerx%a BUt'| E% %crg) ezrgclyti on,
etc. Ustiathe, inrimengden meesdlit i cal conposition can be administered to an
adultinaqgﬁ .0 0, ~ o] ng. (or. 10 ~g .t ) r..one

adm ni strati n%ltééop)réansditﬁsttoﬁ%\glgrgfcguas (mcoonnocﬁqtol%nls%n%qg)gsﬁg’ggg e]%% Rhar ]iendat
ment i omedtlabovetney o KiH¥exiamd Minl sowmen céesuend W ldosHge pordd 3y t hat
_wrnetioriep7 ve Cess in _ t-h ase .0

i njgect on, 531)Ib)§), c%% %rrg%ggldg%yrﬁ%?%%(gl gl}l%gé%% sul\isagneenl |’ngly}nrlaénotm?%'oc?yr% n a
non- t ax¥ epa pedrymdeitingalang ihodgpiablie cdaor cell 1sucbnbsiphgsiol ogidaersal i ne

Concont P! Al Se1 (RE ARGE N0 bf Dy Taensl eBi APty B

ant i bodynerized raermeTheonafiegbovn, t husfprebiyed c@desa advith sterlednaso a

human i j fo b iy ; r o] T / kg
gy EPhEEL 4l ARG A I ERLEI R BB9935, ( RBEEN e ki Ped LA/ (0
of Onorier & b by daynaniBahpheb asf a adwisei sttt DuANeGRES, hpashedi cadbiRs
appr opg+ @E&nﬁ?m@f%éf"é 'ﬁbf@ﬂ-’é}?ﬁz ,5%%%sé,ntfa3\¥?w'%drﬁﬁr?9t Ion, )

subcut aneous_i nj ection, ‘1ntradermal injection, Intranuscular injection,
intraperitorf ¢¥ERi¢on2 mepssueRriprdf ewaBlpa M3/ASTAES ifhlectiTh., The
i nj ectp DNER/M BASH- DNRLEPArEL) 3 6 -On .@P'(@QUQ?’QSS@) 18Qsbb00 , e3P e,

propyl ene gl ycol] polyeth%lene gl ycol, vegetable oil such as olive oil, and
al cohofAsuchl asNePhaRél Pli-dddpernsitoferor cemmvsiloms PHORG3dd o Soan Pe
steri | hzeshbyefivéd alyOrond b2z chrat esmasboleesing-bi l yer29by, meni-Nere
bacteriocide, or_b 5 irradiation,. The inj_ection can be 1Pr,oduced in such

a mannetRthatOF tCF-BefePatuieh 33 e oYt Remetstl i fUs©% 1 eeze-dri ed
to be a 301 8d:elddnea S @lricdueamposbhbeNohhat afBIbLO@] 6k $50] Yedstheshedide

distilled water for injection gr another solvent, befgore use. The

har mCELE Lo R OBERT L TOHe O ThE ARERBNE | ITIOn Lt ax B atay A f or
t he supgpsession, ther egeationty aftae dukalresiups rofk tafruilwegilcainrejidct i on
(graft,_rej.ection) , ichis a serious problemin therapies where or gan
(RRSL mphadohd Pl ol 8 | Shdk 8L 01 P PR O A ML PO L RR T ERF AL

t i ssueirimuchzasiekingn ttiomesh abane , bHoe)etamm @, donen eszymansphamagkay

(all otémp‘%gnﬁ% 9 dx]_?ﬁ)é‘{anspl anted) to a recipient affected by asevere
cardi ovascul ar I Sease. Furthernore, the pharnaceutical conposition of

this inventiMmaakenalkr easébodeesf fosst be wiredagssr ebsémnhybrgdamas by
rej ection {J qQ ﬁgbrﬁﬁbggé' Pﬁ)vil?:yroeégsib NG +dTEHRASUDRAL, e%ﬁlevdﬁ%@ﬂ?ég S
adm ni stered to Suppress graft rejection during such transpl ant

t Rér apf Bsidheh a heopser nereutdwilex drpdsihansites, usedravbcommreiealP t h

the i nyRQSUDRe$SiYenagent Se s B 110fy DRAGAId PLingn 1 Q61 5RE LD 2L NOS: Fl Qa1 ds
shows the effect of an anti-AlLIMantibody and/or an 207i nunosuppr essi ve

agent BFPR HE'SHFFPESIPENC ST LR RtATHIIGITET Y 6 @EFLbRS (Bruid ofep et om) -
acconpanyi nocorgafh £ 12 BRbAkahkaNi n Us 115 a8 nahe ijid@orridleappehanggtdon of
graft survival in a recipient. who was transplanted with a liver froma
donor .€-9- the property of cells to be cultured, the object of the study,

30 and the various conditions of the culture method, by using known
nutrient media or any nutrient media derived from known basal media
for growing, maintaining, and storing the hybridomas to produce
monoclonal antibodies in the culture supernatant.

Examples of basal media are low calcium concentration media such

35 as Ham'F1l2 medium, MCDB153 medium, or low calcium concentration MEM

medium, and high calcium concentration media such as MCDB104 medium,



Fig. 2 shows the effect of suppression of imunol ogical 25 rejection (graft
rejection) that occurs acconpanyi ng organ transplantation by anti-AlLI M

. anti body and/or an i mmunosuppressive gent, whi ch uses as an index the
extended days of graft survival of the transplanted liver froma donor in a
recipient. Fig. 3 shows the effect of suppression of immnological 30
rejection (graft rejection) that occurs acconpanying organ transplantation

by antj-Al LI M antihb. of.her wi ed anti - nt i.body) ich uses as

o o et ROREN rleAST M £0) RSN ASER E B o W SRR ¢

from arderatsd hmediectpherdntdhirg. férséoaspldp seffechonhosuppressdiomed,

innunolog%cal 35.rejectian raft re'ectionéagg t occur.s acgﬁggan i ng organ
S

t ranspPant ati SATBY Al LHFIEGG S HEr P 583 RET | CFg) SeRAF as

an i ndek;jébteiext ensi on of days of graft survival of the transplanted heart
frqma donor_in recjpient. Fig. 5 is a photograph show ng the_degree of
infFiltrati or?d%lfocg}cﬁrll e%?%l%%gh%g cett 20‘? nf%ojga%inasrﬁ?awre]dtgheeé;rﬁorg é?eg 6
- showsultthe sfipectavinsuppressives oflvhdnmehojiced slepecthpnsdgiadted
rejection) that occurs accaonpanying_organ.transpl antat. o canti-AlLIM
ot bt et Dy SRIETERe B e ot doas o Fh e S ety o
graft sapvoval afcitthe nednsp) antedriéarct facid a detbod| n domeci gramdngd 0
Fig. 7 e i\ - ed i i i th.

nacrL T 38R PhaBy ol N oBBe) R R 2 POl b ap et oy
addonpanyingnorgagl trahspl antabn ooy asprnygtasnah ¢otexn . t he presence or
absence of af d V. a tr. t e . i,
transplanta?%oH&gﬁg&%gggﬁﬁg%vﬂﬁgg%?ﬁﬁbgﬁégﬂgﬁtgbﬁéggggS %% ?%%kﬁﬁ%ﬁﬁ%d
skin (prtieegy skieprarahsy arerettionpnigdnaerdaiopi end. sBest fMbdélyoneas ryi nq
out th [ : j er, .t i vent. ' peci § |y
11 ust et s e SPbRae e BCaaePEraay SR Aot 1 DR 1000 I0Ed oY
as bei Wgo s mviead afod et Heediriiod i apat dedayedi e nar hémEranplebulfipx@fpla 1]

SYRPT €55 ORuRhn Odlhali @) GRhisd) Dya@n hhd M ADdUkal i ng gulgiance-dns Liyer
transpl antation <1> Materials and nethods 25 <1-1> Aninmals Adult Lew s rats

(mal e, T290CR302FF ARBLYRNr HESQ™ (Manan PIORDSPLYfulkRe used as recipients and
donors, respeebngebnt rdgidon Btk vEats A dMhERNeEh R 1 AMi1RodY s AnnBRocd onal

antibody purified fromascites fluid or the culture 30 suEernatant obt ai ned
by cul R&GHT IREFHERFE rBIGHY OV PRENL heOBYRY | DR A% &6t t{8EChy bf PHAME! Hatred
"JTT- 1ig€ahi sdwybrpdoneyihasnberfk | nraenadd Onal{ ¥ edepasht @ eofe £5HI0DCind 1,
1996 at._ the National _Institute of Bioscience and Human- Technol ogy,. Advanced
| fdust FPAFCBLE eMEBOGAERTECARGEBETY FRRi SEr Y TGt EfordifAR THaeRN et ittt r y,
whi ch B&1b8gangitit &finakodRpk .depostédilyl wgercys aaldd it Hagesn lFen Buglapest
Treatylgénternational Accession No.: FERM BP-5707) that produces a '

A chimeric monoclonal antibody can be produced, for example,as
follows. Needless to say, the production method is not limited

25 thereto.

A mouse/human chimeric monoclonal antibody can be prepared,
referring to Experimental Medicine: SUPPLEMENT, Vol.l1l.6, No.1l0
(1988) ; and Examined Published Japanese Patent Application No. (JP-B)
Hei 3-73280. Namely, it can be prepared by operably inserting the

30 CH gene (C gene encoding the constant region of H chain) obtained
from a DNA encoding human immunoglobulin downstream of active Vy genes
(rearranged VDJ gene encoding the variable region of H chain) obtained
from a DNA encoding a mouse monoclconal antibody isolated from
hybridoma producing the mouse monoclonal antibody, and the Cp gene

35 (C gene encoding the constant region of L chain) obtained from a DNA

encoding human immunoglobulin downstream of active Vi genes



32 nouse anti-rat AlILIMnonoclonal antibody (nouse anti-rat JTT-1 antigen
nonocl onal anti body) was used (JP-A Hgi, 11-29599 (Exanples 1 and 2), and
I nternational Patent Application No. 98/ 38216 (Exanples 1 and 2) )
Hereinafter, this antibody is sinply referred 5 to as "anti-AlLI M

anti body". <1-3> Liver Transplantation Follow ng the previously reported

met hod of Kamada et al., livers of donor DA rats were transplanted into
reci pi gf‘éafﬁﬂéecﬁ W?Q§Hr&%c}’dlr%3thg By 3 2983 meBﬁ%'ﬁSQJf%nEﬁElﬁ_HP’obg&lrFéda':g
1980; 10 Transpl antafi on .47, 1979). Specitically, li1vers obtained

. from DAre@t ¢ viefke ﬁ/ﬁ§ﬁééln§y | iﬂ@ﬁﬁﬁg rogwdesiadd a2 eihody edsailstrr] &Mt er

from the, poasmh, vento Nexd . shi@nsplaniat ben of Uhe deirkens Jaddie BRCIH ent
Lewis rats was Initiated by suturi ng t he supra-hepatic vena cava. Then, by
14

usi ng aXP¥ReSEREe m@%%ﬁrquéolﬂﬁ@eﬁo artr@éusﬁoemanghéwﬁﬁf celiepatith Vdrm
Zg\ga V@sz réé‘é%ﬁdvégfé‘fls%ﬁ@tthgﬁo&y’cﬂ-ﬁtupa‘é-  +HO8¢r arld ANSRL AN ati on,

p.7 If the recipient Tats died w h|n3days after corrpletlon
of the transﬁﬂ%ﬁﬂt%‘tqu]rﬂyrt RNA Sy eddiepivi pEdraetbd aremomdiiTalndridiarelno of

the transphaidabiOuc Hg ahiEsuhibmat hBySYeee s ukat Gdfhdde di ERfAtd on
was 950. <1-4> Administration of the anti-AlLIMantibody and/ or an

| MUNORRRHPREST Ve BYEHEL TR t @72 end| E9HreEt R anspraiht andAlindid )
anti - Ab1Lé M BobhHPeye@nd{sand, h@otreua}@ﬂ@proes&l ¥&a PEEAgNK- 5Q§dV£{£1yzed

adm nistered to each of the Lewis rats (each group containing 5 an| rral S)

i 10 hePHORBE R & A "G i AFTEESTR i VP TRP = e sk g&&ylﬁnswlé%d

;[/\III:I anﬁpémlﬂlé Oxﬁllht\laseﬁl@ﬂ?x:il.lﬁl_i?ﬁlﬂ@r&ﬁﬁ%@ﬁ%@%l@(ﬁté@ﬁa;ﬁ@é@ (e R The @veup to
I C nei ther the anti - anti bo nor the | mmuposu re55| ent
FK. SOGMERE® AR Tt e P ARRED 494 BV RB KBHEF 0l 25 SORKAC APLY NEart ity (1

mg/ kg; foAtIAve RS si.nj 'Bﬁéhonthéi@élols%oa)ééﬂiIrnAbLﬂ)MlaﬂNabﬂdonuﬂlﬁﬂ/ﬁtgs

I VPRSIl SEH O G 0. 85,310 Bl m 1L AL Meant Lbody, (4 kg

my/fskg; fonta amelmubyltﬁpeoism m@dahod,. 3Thé, fﬂlt@lﬂdsl%)ecﬁve/ﬁﬁtil a’il wddhed

PR 50011 BREG 1 BCam e Ll A ien] SEETorie H80E D7 WAEFAAPLI M ARCTEN, (1

ng/ kg; at n'f$ al/efmu§ houest.i oAftdayb8&kinnd EkKe 5081 {4r niy kigreatdd anuse Ul ar ;

day O)X SSC/0.1% SDS at 65°C for 30 minutes. Then, it is soaked in 3 x
SSC/0.1% SDS. The filter obtained is treated with a prehybridization

20 solution in a plastic bag at 65°C for 3 to 4 hours.

Next, 3?P-labeled probe DNA and a hybridization solution are
added to the bag and reacted at 65°C about 12 hours. After
hybridization, the filter is washed under an appropriate salt
concentration, reaction temperature, and time (for example, 2 x

25 SSC/0.1% SDS, room temperature, 10 minutes). The filter is put into
a plastic bag with a small volume of 2 x SSC and subjected to
autoradiography after the bag is sealed.

Rearranged VDJ gene and VJ gene encoding H chain and L chain
of a mouse monoclonal antibody are identified by Southern blotting

30 mentioned above. The region comprising the identified DNA fragment
is fractioned by sucrose density gradient centrifugation and inserted
into a phage vector (for example, Charon 4A, Charon 28, AEMBL3, and
AEMBL4) . E. coli (for example LE392 and NM539) is transformed with
the phage vector to generate a genomic library. The genomic library

35 is screened by a plaque hybridization technique such as the

Benton-Davis method (Science, Vol.196, pp.180-182 (1977)) using



Duration of graft survival of the transplanted liver in the 10 reci pient
was eval uated and det erm ned accordinq%éo t he Kapl an- Meier test. <2>

- Results The results are shown in Fig. and Fig. 2. Parts of the data 15 in
Fig. 2 are updates of the data in Fig. 1. As a result, in the group to

whi ch the anti-AlLIMantibody (1 ng/kg) was adm nistered 3 tines or 5 tines
over a course of tine follomﬁng transplantation a significant prolongation
of graft _survi.v ns ted L ver  nas erved conp red t hat
of So° eREISBEEFEE SisnendbrERem B o St T SR SoF D sgeb e

ant i - AbblsMtanei bbalye ¢ @o&prrgJSI«lgl)g masra@lmewi SiDEr gené dn Fesgewver eBycmaksegof
time faqll r.ans nt.at r { 0N:0 raf t
survi vgl r%yt{}gﬁectttl?)gn@lp an'?jeddqﬁ vegrrn%v{/{';?srJ alts%é grguseiré\:/ d§ Qﬁ&?ﬁgﬁ nfn)?efmg

sur pri siteglg, ohremacteifnts canfl Mead sy vesn etirPnpsieied Bvedepusedonce

L0 gombinatboned uh RSP0l o ¢ A WINOSURR SRl e iAdeicel [ i cal Ty

used for I'e purposes graft sur e transplante I'ver was
greatly prolaﬁgeﬁatahvch Mmga@oﬁéid@eablyahdngemeMadhwh@ﬁn@nlVSEK-Sﬁer(l
my/ kg) . i;st.e Fr SIS al

reveale§Qﬁf glght%?%lﬁgﬁFggggbo S|gn| |can&k%%supgﬁégggggg%gglﬂg&§

rejectwomh(hnmanoﬁg@ﬂca¢ pE@@mme@nynﬂhQEnaccenpanlesedh@staahsgbaﬂtaahdn of

a graf fy #&{P ag AN LAl 332k %ﬁ‘éé d&l S%tié)é‘léxgeac} ﬁ%ﬁﬁ%ﬂa%sggﬁ‘émac

transplant ati on of “a®graft ~such an organ car er suppresse
usithg tlherar34wah1n|ch\18|_e| W hredrisodpdi m@mﬁimaenen wmi’ﬁa:ppmdﬁrmmdwppmesm ve

agent, c??rH@{eeQFhoné{m%ﬁ‘ CQ”J;% Qnerégpé#?é%dﬂﬁg%rcﬂﬁéﬁ aekz%]ég §HQE£‘E§ kon

of i mrunologl cal rejection atin st anc ear

tr ansppénttaeu Bhgbﬂ&?@o&‘?gﬁklkieﬁe%@en’%@ raaﬂlmtsldeaﬁ&qﬂ@@ﬁe@g ofetth6dmeese>
Ani nal g mAdubly 1681 ke Beee &RBI @hebnwReks ifhdhogNdpBALB/ gerlece (Male, 6

weeks ol d) were used as recipients and donors, respectively. 10 <1-2>
Preparati on 8PeahfageillwpuBl AfEFNmﬁﬁﬁécF@ﬁBFléhPQbBHVa¢h€Kp@@B8réﬂﬁoﬁnmas

donge agnhahleuws rddpidig dhe cihiy e860¢B8 hhgahull dnadh am Raeagrdaiyul
sequence of .th revi oysl e ort nouse_Al LI In , 2, No.
., p. 5?e§9m1§086§r?ra tpﬁxsfog geIPpe Pés%?ké ﬁiaséygyLERﬁa§XBP8$§red
15 accarsdngga taosbamuimmm&mdstf&iamle@enefl@rceﬁpmbunat [ Prot eqdaydl .ogyadThe
the cefEr Hged VoLt Ate Rant el Aot hol S ibrnde o P FLBR tuds “BBFPEat ed
and suspfentesoe MEPEPBS(Pﬁte Nlaltal rmthctelsblnﬂm,anelfWactpmmmimj(eéﬂéd
tqg?th%r %&Egegonpigt dJ: ngi for example, after human fetal hepatocyte
DNA 1is digested with HindIII and fractioned by agarose gel
electrophoresis, a 5.9 kb fragment is inserted into A788 and then human
CYl gene is isolated with tﬁe probes mentioned above.
Using mouse Vy gene, mouse Vi gene, human Cy gene, and human Cp
25 gene so obtained, and taking the promoter region and enhancer region
into consideration, human Cy gene is inserted downstream mouse Vy gene
and human C; gene is inserted downstream mouse Vi gene into an
expression vector such as pSvV2gpt or pSV2neo with appropriate
restriction enzymes and DNA ligase by the usual method. 1In this case,
30 chimeric genes of mouse Vy gene/human Cy gene and mouse Vi, gene/human
Cy gene can be respectively inserted into the same expression vector
or into different expression vectors.
Chimeric gene-inserted expression vector (s) thus prepared are
introduced into myelomas that do not produce antibodies, for example,
35 P3X63°"Ag8°653 cells or SP210 cells by the protoplast fusion method,

DEAE-dextran method, calcium phosphate method, or electroporation



20 adjuvant into the foot pad of a Wstar rat for the initial inmmunization
(day 0). In addition, the cell menbrag% fraction was adm ni stered as an
antigen into the foot pad with intervél’s, on day 7, day 14, and day 28. Two
days after the final imunization, |ynph node cells were collected. 25 The
| ynph node cells and nouse nyel oma cells PAl (JCR No. B0113; Res.

Di scl osure, Vol.217, p.155, 1982) were mxed in a 5:1 ratio, and a

nonocl nt i YR, i bri do epar i.ng ;th |]s
usi ng Borbefnyl g Shreat 1005 oo | RN RhrRG! o LAk e B ha Sgsh:
Hybr i doomtsehingindrwgscperéspordihy toultherdngy imes36 tand&Tgenat i g8 mged

ASF104, i j inin % f et.al L he rum.and.. . .
am nop%lg??q rﬁl@réﬁjJf’?%%T?cgelg)é’g%gg&?én‘?de’ngp%ﬁéscegﬁ%c%gﬁgﬁ(2 %f? Eié% 16§,e Igirce}}';llc e|]?1lgC t he
cul t urmosapéenat aatsibddeashahgbobtammedi t h t he above-nenti oned reconbi nant

Al LI M i ng: nsf ect Il i t i
T abel ed Snts o5 e ARSI 8, S,AIECHTES 22e SBELM M SEM M) ou
cyt oneteltvoeconpernataetrefcanvibgdpfrro@scihe eohbel Onad sentédoell es
d d i W : idi i . " I M
e a Tesul ¢, 1o e S AR B B R A AL BBIE 6
r eact i Ve yoxoven dsimirislel g4 LisMavewaoshraiiedntibody pfephese by rénomes was

named SB10N 57 ing THHhS r{gjiﬂ%l(yl%aﬁq% éo'huﬁﬁhh%% - o fibL TOUS € %?@V\jggé?(ds@; d)

injected intraperitoneally to an’l CR nu/nu nouse emale, 7 to eel
. IPen vheroknty daysienter, thepahrol onyf viblke peetpkeresh bair 1 tie deusenindey

anest hesk 8onandgkar ggescah@eRteRaLalkon hilal anld - uise, A LIMdppnogional
antibody (1g&a) 10 was cairied out fromthe ascites obtained according to
st andafermpt eBedur B3ty HePBRHAI R ERY relilonanef BhGyhYReBY a9l JPtereniea fermhs

"anti - Alkd M @ndh DN+ 1 15da B fHeAT hohralsRhaRkARLYN (fohkew pg: t hey e eyi ously
reported nethod, the heart's of donor 15 BALB/c_mce were transplanted to
t he ab®bfrehs dic EREME¥OTH ERT1IEBRHe thicc¥ar bprBAR PR kit & 16f B ¥8E| b of

t he t rens pratetd Mesdd i MRS ofudgedat DaBe ety iGHPl 6h noMmadf i el dg T &b erid on.
<2> Experinent 1 (admnistration of anti-AlLIManti b0d¥%—;\HTO eac% C3H He

nmouse %)Ii‘é ﬁ@e)coﬂfﬁta%dr%w et 8d 983 1eShsdht &t FBRSTRRE FHRILOA Lixem
anti bogyméAO0depi kg) wasuAdgisbsiened i mediately after transplantation (day
0; 200 [giQ) on day 2 (200 -~. , day 4 (200 .~.9) 7 (200 -, and
day 10 (100 Fig)com eé“ed}tciﬁjlt%“q%%’iecﬁ{“é}ﬁrié /E|e|9|l,9|n§nf>“.—°b‘g§§ Q\)éée’ﬁ‘é?“gglé
adm ni s¢gied £25s1s ce) thashypedvasibbeecoagioh.i?GThBuratiablef rggabh of

¢ Pns AR el e e DA EY TG AL P ARG =PE T kBT RFE T er
test. Hhedaverayenddgani oromdl gueafitasitry detle ofitihey teanspéanto®®ihe@PR2 j n
dur at | SRCCr DR aT L I AP SR Chotte, Y6 aaye Trouoh pef 15%2)e)
in 4 néerpalstivgsyi wonsewed coaviohs glmipy upstream, downstream, or
between the three complementarity-determining regions (framework
25 region, FR1l, FR2, FR3, and FR4).

In other words, a humanized monoclonal antibody means that in
which &ll the regions except a portion or the whole of the
complementarity-determining regions of the hypervariable region of
a non-human mammal-derived monoclonal antibody have been replaced

30 with their corresponding regions derived from a human immunoglobulin.

The constant region derived from human immunoglobulin has an
amino acid sequence unique to each isotype such as IgG (IgGl, IgG2,
IgG3, IgG4), IgM, IgA, Igh, and IgE. The constant region of a
humanized monoclonal antibody in the present invention can be that

35 from human immunoglobulin belonging to any isotype. Preferably, it

is a constant region of human IgG. The framework regions of the



duration of graft survival: 6 days in 2 mce, 7 days in 9 mce, 35 8 days
in 7 mce, 9 days in 3 mce, 10 days in 4 mce The duration of graft
survival in the control group to whickh4 36 the anti-AlLIMantibody was not
adm ni stered was 7.9 days, but in contrast, it was 12.3 days in the
anti-Al LI M antibody adm ni stered group, and a significant prolongation of
graft survival of the transplanted heart was denonstrated in the anti-AlLIM

anti body 5 adm ni stered group. .<3> Experinent 2 (admnistration of

ot | AT | DG AETARY) THE AP HEFS . ( 4BHOFSTRRRULSEI prERt sfond

t he amdrAlddIM:ant ilhedydesed were the sane as those nentioned above.
AlLIMIg ussﬂd in this exam nﬁti??f) was,.a fusion protein b tv$en I%G-FC and
the extracel BPEPP16SAEPBACHP b FIE- A1 MG e BEr RECS T 77T ariSF €628 Pdfevi ous
repor tay Ifallercnad.i onakdPatento AppY | catié ofr Npuc WSS/ eS8HE iU megean mRPateaint
“Applicati or]CI No. EP0984023). Heart transplantation was carried out in a
manner-$5fi%%r to Experinent 1. 15 To each C3H He nouse that had conpl et ed

the/ 'élr anspl aatrat @azompléledanti:eé\érhle@ﬂﬂti bmdml I (il 2@ wéflcacyj%oﬁl AbhltMologiy( 100
~. g/ day)_ was m ni stered intr.aper.itone i medi at e 0 W n )
e R A s ot ey Sha, TR b B Minevig,

gr oup dreyiwdeati el t harf ddve rant itdAl [Pudlanthidebdy apemeAld | Mdagswazion of
adm ni.st.ered ,20 S , as. 1t he t . ..The _aver tion raft

SUr Vi éited:fna[tﬁeor}t,\éiang%?eg ‘f%%ll%aﬂ?gi_ﬁgk h&°r edi%i e%tgs’eﬁzgge@v\%%d agEr—gxi%rl?é)t ely
710 7 eday9 6890 heNeorllyol agrioeyst whher massent tdieaantdDRAGEhM and idtodygast
adm ni tened, A iR, 1 {y wa5 pRLOXIBIElL AR, day S HerTedl ate yalder 29

days/ maxi mum va ays) , an I'g admi ni'st’ér'ed group
it wageS® daygsi sorldtmyerofihierivediaat prodiaibng 20 waysdn oakd malnavdlibedye4
days) (F Ei.Q. . 4) ... I j t . i - i .

adm nias@egggéaﬁg(&g aalndg?%u% eﬁ%%{%n?éﬂgtggnvﬁl %lrs]et %?gégg%o%#éﬂa%?g%b?? %ér?tln

pr ol ot icer refs pprafitnas thov impaiseoll chainr GhE phemt Eeh @ aahowea s nde iowsty dt ed.

30c Fur r b i n/ hp- j:ni t al.ni a i 0
S andsd e fene . Eree ey vty RSy R, B Sexblnt) Bl 2ChRIA Kor
cel | s danue s dimen$pl aeved Ihehet nwaBR dren yieeed sbeashasve iswlated olomi ce

(no t heraRe Ul ddLUEN, fdfSs heart transplantation) and the mice to
whi ch anti-AlLIManti body was 35 adm nistered after transplantation. As a

result, in {he BAPFBARE O GPR deBrRdA) f RRAMNS Ay Bt Fnain Frofs)Asa M

(1 COS)i pRss Id¥e ldrarsy Welderde 8@ Ish Apdrht Gad e dHssCls® Wasat
obser\sltzld (stained portion). On the qQther_hand, in the transplanted heart of

a*frouse o CAi BR FRTEHTI M anfT6dy YuaSPadRY R StleF83 Prlf 6337 GY) A

car di athdrahencaul dhaeh heeobser vatde Sopdeaiml$i gniskiréadl dees ease tofer

infiltration . of AILIM %I OOSt%l expr essi ng?cel | s was conf'irned#Fi%{NS).

[ ExanfiRe 8P S5 ¥ES8h Bt TPAMMB0GREAPS FEPEESEEAs by B TR M bty attiify

subst aaas: i dedrd AR gdde &)r/dis@mm alhadm gene (s) and mouse L chain
CDR gene (s) /human L chain gene(s) can be operably inserted into the

25 same expression vector in an expressible manner. Host cells are
transformed with the expression vector thus prepared to obtain
transformants producing humanized monoclonal antibody. By
cultivating the transformants, a desired humanized monoclonal
antibody is obtained from the culture supernatant.

30 The “human monoclonal antibody” is an immunoglobulin in which
the entire regions comprising the variable and constant region of
H chain, and the variable and constant region of L chain constituting
the immunoglobulin are derived from genes encoding human
immunoglobulin.

35 The human antibody (preferably human monoclonal antibody) can

be produced by well known methods, for example, in the same way as



10 <1> Reagents, aninals, and testing method <1-1> Adenovirus vector A
reconbi nant adenovi rus containing an expression cassette of either a cDNA
encodi ng hCTLA4-1g (fusion protein co%%rising the extracel lul ar region of
human CTLA4 and human Fc) or E. coli 15 (~-gal act osi dase gene (|l acZ) was
produced by honol ogous reconbi nati on between expression cosm d cassette
pAdex/ CAhCTLA4-1g (Transpl antati on, Vol.68, No.6, p.758, 1999) and the

geno of the .parent strain.adenovirus roc. Nat Sci JSA. . .

Jo1 06 o Pa 3 T Bhoghd hls " Hookp B RaTy o b ettt e Bis s

prol i hesratdiethad thiorret he 28Bucetiingd ) ne ernvedtigem, hunaredginey: afleali r us

vect or reafar %38} n thei S manner S CSQC| lae%tu?nd’ a;thd storle(g_)ug_xlgL fr%e i ng .at

- 80C. & GEE | b EEndH Als 5§htainingaﬁhengﬁﬁﬁgbf o] EAg?Pg, and the

adenouwhreusyeontlaiaing flac 4 aretteimzanechmAcCT IsAdhl g sard mAdisacZ, 25

respectivel <1-2>_Ani nal s_and_ Ant | Adul - : ew

(Rg‘ll) r at s¥'v0\é:r eexéglggeagg I’%%éllrbsl%en § g%%aenggaéilgg hgl }g%éﬁggg)oé%i Aél(S RTI a)

rats @rdafy(RTbyn)thanstivdes desedr dseddndistudd GCehne tivgs eVaht 7 - pat. LATEZLM

nonocl ant | pr din l.e ISed, Heart_ and in

trans pﬁa@ft%{t’i oﬁggﬁ%errecfeﬁg%&cﬁé t es%?gg%oqua\o%ﬁn%sgg%r 3éP§Z%I’y #[Sep‘%]t g%li

met hodt (2043 6o J&e WA Bat di-dwRdd.7 ;Mikgkei , Saignce 5Ko,. 6NaPR - 205 5(p (19235229 (

19 69 }%gg . Qht.aj.ned 0 r at > e spl.ant ed, | e onen

of Lev‘\'ngqs9(4r a séﬁsm%e)aﬁ a%e’l yJ({aJT '@e&t ﬁjg) 'ﬁae%‘rst@% a(&;ggﬁgdt 5?1:210?% gfr% tg%t'i -%?%t

ALLl M@t Qodsy. (1 ng/ kg) and/ or 38 AMCTLA4-1g (109 plaque-formng unit;

pfu) were adm njsf:arsed intray ' Eqlel t ¢bhe Ietihient

rats. The g%omupwidg#le%l%glds% ar?letcgegpclélﬁ)i )réeﬁds%l?)g%\ﬂ:%(?%h%gi eer G hgj ant |oqrn§? Al LI M

anti bddyﬂmdmdﬂx@ﬂ@:% far@m r’ﬁh§t Bid, 95n@| Phen e epc ot N ashlcamt ed

ani mal.g 4o w@lgﬂbﬁdé@%maéeiacﬁ”eir%rgeef &9, .!mse;adﬁwiq ,ulsl@cb 783 controls. The
0

met hod of treat'ment of each animal group is as shown below. G oup 1
Al | ot r anspl FAtatRHR YL VR BN v hotit AR EHDAGE UppFe¥sPde 1ty dREmdFES TG

Gigup iZivdsoidaRsphan FEirQﬂafLL:.E‘é/&iﬁfﬂ—_SWasﬂlo%_Em@ﬂélial”ﬂ’ﬂi PE @ESItM®ned

treatment. Goup 3. Allotransplantation (Lewi s/DA) wth adninistratiaon of

AdLacZ2b@¥oup 4t ARSsifTSahtBesdh FLERI I2DAF AN th Erbv nf ¥t ra@emar 15

AdCT L%ac%}lqeﬁ QD a9t iGN, aRER, aBEayi Qi 6LerE 86D awi I Tz édrini Stadtdren of

anti-AlLI'Manti body. Grou]g 6: Allot ransEI antation_(Lew s/ DA) wth

admi ni St¥REFOMAYR WY CHLIURPYY hndESRt | ORIET MPBRE bEGyents, Vol.6, No.S,
pp.441-456 (1996)).

20 “F(ab’),” and “Fab'’” can be produced by treating immunoglobulin
(monoclonal antibody) with a protease such as pepsin and papain, and
means an antibody fragment generated by digesting the immunoglobulin
near the disulfide bonds in the hinge regions existing between each
of the two H chains. For example, papain cleaves IgG upstream of the

25 disulfide bonds in the hinge regions existing between each of the
two H chains to generate two homologous antibody fragments in which
an L chain composed of Vi (L chain variable region) and Cp (L chain
constant region), and an H chain fragment composed of Vy (H chain
variable region) and CypYl (Yl region in the constant region of H chain)

30 are connected at thelr C terminal regions through a disulfide bond.
Each of such two homologous antibody fragments is called Fab’. Pepsin
also cleaves IgG downstream of the disulfide bonds in the hinge regions
existing between each of the two H chains to generate an antibody
fragment slightly larger than the fragment in which the two

35 above-mentioned Fab's are connected at the hinge region. This

antibody fragment is called F(ab’):.



" 20 Di sappearance of pulsation of the transplanted heart was judged to be
the conpletion of graft rejection. The graft rejectlgn was confirmed by
. histol ogically anal yzi ng nononucl ear |s that infiltrated into the
transpl anted heart tissue and necrosis of the nmuscle cells by HE staining
according to standard nmethods. 25 Next, to the lateral thoracic wall of the
reci pi ent rats of G oup 4 and G oup 6 in which the transpl anted heart
survived for oqgaperl a_suff.icien raft, of pnor
a*h

‘at was trankD? Fag st RE Yol RS I o PR s e he

ski n tvamphanﬁmmuna raepbmqusosnapr €sgl ve tegatteah melﬁniﬂn&tBOaa@fafﬁl LI M
ant i bo?%/\, AdCTL. z}‘?% %/ag not erfoi nmed. . The e of the duratl on
of graft Botvi thﬁlg N GPaFt L Rab" HETRI IR Tt h&F the2d&greacof ©
vi sual by @b@aem)laﬂﬁcﬁn aktongr aftio sle gyet@sed béck@%’mﬁhdlﬂ@&hﬁffdﬂ@’d ot tadt
h on .day 200.fromthe initi tr S antatro of t rat, 35

heatt oL FERRPR (f- Poctt T TR L BT, SRPCF6OROP LS n R RHE LA
, Vol. £8nchlocle rpc3fbedt2redSydizes rte:ehgaaftca‘s a M‘MgzDAubattame. BOe
transplﬁmted a]garn to t he_cervical region %f 3 reci

a acc npl g r%tsnof cq_lOU.EeG
that in ca?ed TRftS ?ej e%lf‘ Bn por{Tlp ei VA ﬁg tFaﬁsﬁlp RUEEIT6R 0t C@Bno
skin. Eﬂrasherfuredel,nm tlanyiee farcarhet hej ¢t i om) whéahtid eartsmranteaf eohidnfrom

eci pi SeEeEFaTor B aas bRy (REE P RaCpr AR AT TRl r U ER TR S
| drfy pehiod. 1$tCéasmec§hw1$hahuatﬁe)nmhthheaEUeviwnwwon hengr aBt i n
the regyppegLs , %ﬁ%c&}gﬁlgrh(%r%%gs%\f%glo M}?tﬂ%a P/Blcf’ gf%nt&&

Exam nation res a signi i Cant pro I on o graft
'survi vEbrghermerer ambmmredeﬁréamarr mmeel | emest e dmpaned o etteatge e lps of

untrea sX€ rﬁ%-?oql I u was
not Obg§g6ggé?§E§ h%ig%hgﬁ Q%Eac - aﬁ tﬁ?ﬂ}sn!tu g?et a%?% EE%QQ%%ggic?r
v 85dy

in t helBradupnérianrraycardimatrdnsnpngre duseadh narpanfy 14

wess gi YeRuLSEQUP 5). On the other hand, in the group of

AdCTLA4-1 g-adim ni stered animals (G oup 4) raft survival of the

transpl ant edPhearie bt taI95R &Y AeSHCAHCEY BRer SrahéaPt FinasesvgReePrant | y
prol ong@@!rewe ANET BYEL s %Qzappm&ﬂa&ﬁbyefi%ﬁ@wue@rdtela;%rlrasersenortnoﬁl ats
of Group %10 rats%’F graft survivai of the transpl anted heart for a long

per i odSSf’ef 0S¥aYE™ W@t%% Yhserifed 8Ty, 6P FORNCRermrBY FRATEABSgr oup

of anl ﬁralts dIsovhisaB1AdREL Adrd gtandeaRbissAldd Mcast ithethspieire disesth | Bite.
graft survival 25 of the %éans | ant ed heart

0 6
DR o 2 P e eha P RELRFREEBhe BRGRoASeIn FSABSRREONSY AERRF-in all
r ecr pr ent S (Fhgar®iculmx, h\@hél&ﬁ:lrﬁln&@ﬂ.aﬁ'ﬁh&gcﬁ xenhogpndc gierf gaasrﬂsaﬂhed

hear t |n|t|aII nspl ant ed DA don rat. heart sre ed al on
t he re[(fe(?fnl on o¥g't hgmetra%fslpqthsnt d%ojk ﬂ@%%%‘%%‘\{f e" i%? f%ﬂtorzﬁgs °30 of
G oup @herepgcthengohftheést ranspiant @dthéarmiwaseaot observed. As shown in

Fig. 7. in alictbe peclplept Cats ol GLoup.doand GLoup.g tegelyblg o o

transpl antation o roma donor ransp ant ed "Ski i was rej ected.
HRfeveporithoponheastft o @& dup t4 sanve "t hbatohs riofarggolgntied Vi @hrﬁepgcenbn of

t he ”ﬁQ%E@”E?Qm E Boﬁgrcglgmng&ed in 12 days or less fromskin
transpl ant ation, e conp | et on
The phrase “an organ or a portion thereof” relating to the

transplantation of this invention refers to an arbitrary organ or

a portion thereof that composes the 1living body of amammal (preferably

30 a human or a pig, and especially preferably a human). A preferred

example is the liver, heart, lung, pancreas, kidney, large intestine,

small intestine, or a portion thereof. Especialiy preferred is the
liver, or a portion thereof.

The term “tissue” relating to the transplantation of this

35 invention refers to an arbitrary tissue derived Jlom the living body

of a mammal (preferably a human or a pig, and preferably a human).



of rej ection was sonmewhat del ayed and was seen within 16 days or |ess 40
in Goup 6. This result shows that cophi ned use of AdCTLA4-1g and
anti-AlLIMantibody can delay rej ectfon of the grafted skin conpared to

t he case when AdCTLA4-1g is used alone. Interestingly, i n the recipient
rats of Goup 6 in which long 5 termgraft survival of the transplanted
heart (initial DA rat heart) was confirned, the transplanted skin was

conpl I t t af | L, Ve,

i ndef ?Z%‘l?)tr)eéf gj\tjrrleé?i gga gerqs%e%ondsdst‘%g%égpa%%ts&qhéaé?ﬁ?%é/& onoer ‘?Etsceahear
transpvalwed mwee\s@x:onuttlmB)Ot Furited moresetio. the recipient rats, the
initially 1 I;ép}g,g Lved .t on.
In the reci gﬁién?%% oup %QIE]%IEJ\EA%?%#)%%L& \élr;corgf 1{“ %g?%k\}é?g f%ﬁ%]égﬁ%nt ed,
the i nany adrig ax anosysl axtied DA iamuheauppreeawaue@embs put@cat‘fea aubpsnﬂma ved
dur| ng, f he exam nation, (o] cond
ti rre vvelﬁe re ect&%é\maolt rﬁeﬁ 12% E@ %&Q red %thgg t hie resuCFJt or’}egam mal's of
G oup 4y tlrﬁ@@@tlramé;IatApplwi:abﬂaf‘sf lmh@@hénmceﬂuttmsnﬂ(ﬂmmmng asfllshe
prese ti r xt \ t rLess| V. i s

and/ O?Etéé;%‘f%r]r’en({)rnfgg%fﬁl rr‘?rﬁgg o%%@gfyég?g%t%}?n%%gr%aft§§r%;b§ca?"{n%n ﬂalo‘“{shelri ous
pr obl engere drpiosy ehprapedsbyye tacrespimantal @mg@anmfcnanspoamrayim or
xenot r?f‘sﬂbi‘@t 4 Oﬂﬁ@@oﬂwf&éi\weé?e%ér tehalt UGS %PP&M@:L;{ p%@%'aealsn

etc . , parts t here t1ssues ski n, cornea one
ddfor sCtpnFer] phiemze Hfifrdaadd Wyisdvver @rcszrldllobaséw@ru@h ezl ztafrlaﬂes

phar mageutyLal; +GeBPOShE L O R iRf rddYiS-d BUENE L 08s GAN aah 8O- MRESLB1 ELDH Jent
suppress graft rejections when used in combination Wth existing
i mmnd%%ﬁbg?%s%l?l%o‘é‘@%r&% 1 RV FRNRIFA hi STEIRE 10 FUpPT s Graftr¥ejections

(i mmunol ogi clcK enRehbeashreBssvehnd&ans plirant 844 o tt HEI AR e ,3But also
Furthernore, a pharmaceutical conposition conprisin uman anti body

agai nst® AFE’i“]?/FPﬁEFBBed’HtII? thre PhaPrad&fts c%‘Fe’éB?rposgP?Bﬁgoﬁ? t A€ i YR/t i on

I 95an exhhen®s Yppised s vaediaaireniccRGME @ o thdgesnhioht CoHSELENYASs Uehe
effects such as aller when tge ant i boqy gerlved frommce is adm nistered
to hund®s.of APIARWNEYPE RIpRAFFEREGH LR céﬁﬁBgvtPBnC‘PfBPl%%%p?%%s?
treatiphurdIipy evephargha@erfdi d=0) eelen®s JpeepaBYLIgusde i a:ﬂﬁrpiza{Ht&chrOn of
an 5 orgaﬂl, a ﬁogtlon t hereof, or a tissue, said conposition-coinprising a
subst afte’ havf 9eRtFVity to nodul ate signal transduction mediated by
AlLIM and a?mfm]e_,u,t mhzd liyraeeepi-aphles stater Ia@rentZ:LsA pbareveoabl ¢ cadne

c 03|t|on f or e e effect of one o RLessl Ve agent
(%EP °t he suprﬁ eSS| on rea nent, % pC?CeevC{en on of"’ grgf% rej eg(tlzg)n

accorrp‘aalgrcmglmlhe (tFKari;‘:)ﬁl)aramtImlim (Mgarmy%qumnoma hefetfl OIME) ;
tissuey; 581 0, COOPOgYE| On E@%E(J!n higed S(‘L%ﬁ)f?&%d;cﬂeﬁd&ﬁlc%ﬁ“ Vﬁ%é(rcfj([)c;/s

modul at'’e signal transdlction rre Iated by a pharmaceuti ca
accepté@t@e@@;$¢er_called adrenocortical hormones; corticosteroid;

corticoid) such as prednisolon and methylprednisolon; sirolimus
25 (otherwise called rapamycin); deoxyspergualin (DSG); FTY720
{(chemical name: 2~amino-2-[2-(4-octylphenyl)ethyl]-1,3-propanediol
hydrochloride), and a “CTLA4 drug” described below. Either ocne or

both of tacrolimus (FK-506) and cyclosporin are especially
preferable.
30 The term “CTLA4 drug” of this invention refers to a medicament

which contains as an active ingredient (1) a polypeptide comprising
the full length {(includingmolecules havingpractically the same amino
acid sequence), or the whole or a portion of the extracellular region
of human CTLA4 (cytotoxic T lymphocyte~associated antigen 4; <amino
35 acid seqgquence> GenBank Accession No. NP 005205; <cDNA> GenBank
Accession No. NM 005214); (2) a fusion polypeptide comprising the



3. The pharmaceutical conposition of claim2, wherein said 15

I nmmunosuppressi ve agent is one or mor g t herapeutic agent (s) selected from
. the group consisting of azathioprine, gdrenocorti cal steroid, cyclosporin,
m zori bine and tacrolinus (FK-506), nycophenolate nofetil, |eflunom de,
sirolims, deoxyspergualin, FTY720, and CTLA4 drug. 20 4. The
phar maceuti cal ccrrp05|t| on of any one of clains 1 to 3, wherein said
LranspyRol 8140, Ik Al ISRl ALLA1 1Ay o TREGRBAT FROGULLL T 10ONPQRId | ON
of any one of clains “wherein sai trangp antation is
xenot raing pvapt at oo Iﬁorﬁ'hen mérm@mr caif ocehposd s eri of Lyamrefwradflel ai ns
lto g r A5 1 Vs, -
pancr osa IR B X 2R L8PRR i SR et hTire0f B o7 LR g yrin,
wher ei heady dchd syuelher siva fgldm, abbrevdated ben@TLAésIlchaor mbLA‘l Ig);
phar u SIRAPOS f f g].@
sucp»t;)"s[mz;f%get(?’s:aé1 pr ot el%‘%ﬂcg@a s%cgﬁg%& %8‘1‘ lI'heé%mr nacgjteé%afgaqsly
conpos? t repaX *‘ch%lllPﬁBYlv\ﬁé*F-‘eqiﬁh %J‘%u tl prot el corisors ubsh et fids o6 eGlled
from gsoup RONSi;Stddag -af 32 BRGl hadycEhat 10 pas Lo Al LI M D3 Hard i on
of said anti body; e(lgélﬂrqja S&r‘%épt. de cgrrpiréles?gﬂ ? 5 V\:ﬁ F% or M’po ti oslr?lﬁo% an
ext r acePReFat Ly digicshi BIOSNd EWEr8BY e )0k of Vist vmt@ge@@wée@érrmm 8iigrishe
whol e pre8rHRLHON el BXE ACLhLM AL s S 80 DR Of v Alld Me@nd the whghg or a
portlon of a 42 constant region of the inmmunoglobulin heavy chain; and
d}0a pol ypepi§tRit hataBhndf t Bhal IFIGIW“Sl/@hrFﬁ@Sph%N%céﬁt|‘t€§1t3@ﬁﬂ5’01§ﬂﬂlbn of

any onge@iog! @il Joritl of, WRIRIT 33 degubst Bﬁcﬁhéslﬁn oL eim
substance, 5 11. The pharmaceuti cal conposi tion of clai 0 wherein said

non- pref @i Pat edis 1M ARl A BNA 2 INAPT BF tACR heYtdH P9m§ ftafeshgerpme
CONPOURglaning as defined above.
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Af % Ay9. A% A NSEE AyBTAnT aaf A ]%% A9 Af geA—‘EOIPAf OIA ﬁ&he AF DL dadt | >@
*L5 1mmunosuppre551ve effect of the aforementioned CTLR4-Ig. For
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1 881 carteph ST R M B T a0 L are 200 Sy e sl NV
fk{l L@)@WHK} xsWpd-xpe} cal dé]Zéa]léé]Sca]lc%]%a]%a] BEapta] da] ¢&dca] c,\at]lcaq3;53,] cajc

a] ca] cil f%&}ﬁiﬁﬂ caﬂg‘gad C%l c Lﬁah@ Cal Cla7]8ca| Klisloa @%V éy cye]&a\/] ca
] ca] ca] ca] ca] ca ca calcaj ca ca V] caJca] ca c caJ ca ca] ca]
ca] ca]¢ad caf cé’] BI9X[1] §a¢@ER}I&%¢H dVeEllcPed) cH Q:%l] E @a]B:Ja]Cd?a] cal

ca] ca]@ai cedcal. @@h@a]s@@hcal@g]scaj ceheal calgadca] Galcal cpl gabcajgaleadgal | /L
V\%T | $np} xsni cAY] ] ca] ca] c”a %ca})ca] cggg%] ca]qca] ca] ca] ca] cal ca] ca\] caj ca(] cal ca
8] cahta92a] R cdPca) PakEAcAPed] c .- Med.

p.1704-1714, 1999; N. Engl. J. Med. Vol.335, p.1369-1377, 1996; J.
Clin. Invest., Vol.103, p.1243-1252, 1999).
The phrase “pharmaceutically acceptable carrier” of this
invention includes an excipient, a diluent, a filler, a decomposing
30 agent, a stabilizer, a preservative, a buffer, an emulsifier, an
aromatic agent, a colorant, a sweetener, a viscosity-increasing agent,
a flavor, a solubility-increasing agent, or some other additive.
Using one or more of such carriers, a pharmaceutical composition can
be formulated into tablets, pills, powders, granules, injections,
35 solutions, capsules, troches, elixirs, suspensions, emulsions,

syrups, etc.
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The dosage can vary depending on the age, sex, weight, and
symptoms of a patient, effect of treatment, administration route,
period of treatment, the kind of active ingredient (the “substance”
according to the present invention, mentioned above) contained in

10 the pharmaceutical composition, etc. Usually, the pharmaceutical
composition can be administered to an adult in a dose of 10 Hg to
1000 mg (or 10 Hg to 500 mg) per one administration. Depending on
various conditions, a dosage less than that mentioned above may be
sufficient in some cases and a dosage more than that mentioned above

15 may be necessary in others.

In the case of an injection, it can be produced by dissolving
or suspending an antibody in a non-toxic, pharmaceutically acceptable
carrier such as physiological saline or commercially available
distilled water for injection adjusting the concentration in the range

20 of 0.1 Mg antibody/ml carrier to 10 mg antibody/ml carrier. The
injection thus produced can be administered to a human patient in
need of treatment in the dose range of 1 Ug to 100 mg/kg body weight,
preferably in the range of 50 Hg to 50 mg/kg body weight, one or more
times a day. Examples of administration routes are medically

25 appropriate administration routes such as intravenous injection,
subcutaneous injection, intradermal injection, intramuscular
injection, intraperitoneal injection, or such, preferably
intravenous injection.

The injection can also be prepared into a non-agqueous diluent

30 (for example, propylene glycol, polyethylene glycol, vegetable oil
such as olive o0il, and alcohol such as ethanol), suspension, or
emulsion.

The injection can be sterilized by filtration with a
bacteria-filtering filter, by mixing a bacteriocide, or by

35 irradiation. The injection can be produced in such a manner that it

is prepared at the time of use. Namely, it is freeze-dried to be a
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The pharmaceutical composition of the present invention is

extremely useful for the suppression, prevention, and/or treatment
5 of immunological rejection (graft rejection), which is a serious

problem in therapies where an organ (liver, heart, lung, kidney,

pancreas, etc.) or a portion thereof, or a tissue (such as skin, cornea,

and bone) from a donor 1is transplanted (allotransplanted or

xenotransplanted) toa recipient affectedby a severe cardiovascular
10 disease.

Furthermore, the pharmaceutical composition of this invention
can increase the effect of the suppression of graft rejection
(immunological rejection) by existing immunosuppressive agents
administered to suppress graft rejection during sﬁch transplant

15 therapies when the pharmaceutical composition is used in combination

with the immunosuppressive agents.

Brief Description of the Drawings

Fig. 1 shows the effect of an anti-AILIM antibody and/or an
20 immunosuppressive agent on the suppression of immunological rejection
(graft rejection) accompanying organ transplantation, using as an
index, the prolongation of graft survival in a recipient who was
transplanted with a liver from a donor.
Fig. 2 shows the effect of suppression of immunological
25 rejection (graft rejection) that occurs accompanying organ
transplantation by anti-AILIM antibody and/or an immunosuppressive
agent, which uses as an index the extended days of graft survival
of the transplanted liver from a donor in a recipient.
Fig. 3 shows the effect of suppression of immunological
30 rejection (graft rejection) that occurs accompanying organ
transplantation by anti-AILIM antibody (otherwise called anti-ICOS
antibody), which uses as an index the extension of days of graft
survival of the transplanted heart from a donor in a recipient.
Fig. 4 shows the effect of suppression of immunological
35 rejection (graft rejection) +that occurs accompanying organ

transplantation by AILIM-Ig (otherwise called IC0OS-Ig), which uses
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ma donor in a recipient.

10 Fig. 7 shows the effect of an anti-AILIM used in combination
with AACTLA4-Ig on the suppression of immunological rejection (graft
rejection) accompanying organ transplantation, using as an index,
the presence or absence of graft survival of a transplanted heart
(primary heart transplantation and secondary heart transplantation)

15 and transplanted skin (primary skin transplantation) in a recipient.

Best Mode for Carrving out the Invention

Hereinafter, the present invention will be specifically
illustrated with reference to Examples, but it is not to be construed

20 as being limited to the embodiments described in the Examples.

[Example 1] Suppression of graft rejection by an AILIM modulating
substance in liver transplantation
<1> Materials and methods
25 <1-1> Animals
Adult Lewis rats (male, 210-250 g) and DA rats (male, 210-250
g) were used as recipients and donors, respectively.
<1-2> Anti-rat AILIM monoclonal antibody
Amonoclonal antibody purified fromascites fluid or the culture
30 supernatant obtained by culturing in vitro or in vivo the previously
reported hybridoma named “JTT-1" (this hybridoma has been
internationally deposited on October 11, 1996 at the National
Institute of\Bioscience and Human-Technology, Advanced Industrial
Science and Technology, Ministry of Economy, Trade and Industry, which
35 1is an international depositary agency certified under the Budapest

Treaty. International Accession No.: FERM BP-5707) that produces a
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<1-3> Liver Transplantation
Following the previously reported method of Kamada et al.,
livers of donor DA rats were transplanted into recipient Lewis rats
(Surgery, 93, p.64, 1983; Transplantation, 30, p.43, 1980;
10 Transplantation, 28, p.47, 1979).
Specifically, livers obtained from DA rats were washed by
flushing ice-cooled sterilized distilled water from the portal vein.
Next, transplantation of the livers to the recipient Lewis rats was
initiated by suturing the supra-hepatic vena cava. Then, by using
15 the cuff technique, the portal vein and the infra-hepatic vena cava
were sutured (Transplant. Proc., 19, p.1158, 1987; Transplantation,
43, p.745, 1987).
If the recipient rats died within 3 days after completion of
the transplantation, this was determined to be a technical failure
20 of the transplantation. As a result, the success rate of the

transplantation was 95%.

<l-4> Administration of +the anti-AILIM antibody and/or an
immunosuppressive agent

25 After completion of transplantation, the anti-AILIM antibody
and/or the immunosuppressive agent FK-506 were administered to each
of the Lewis rats (each group containing 5-9 animals) in the doses
and at the timing described below. The day on which transplantation
was completed was counted as day zero (0).

30 The group to which neither the anti-AILIM antibody nor the
immunosuppressive agent FK-506 were administered was used as the
control.

1. Anti-AILIM antibody (1 mg/kg; intravenocus injection; day 0)
2. Anti-AILIM antibody (1 mg/kg; intravenous injection; day 0

35 and 6)

3. Anti-AILIM antibody (1 mg/kg; intravenous injection; day 0,
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and FK-506 (1 mg/kg; intramuscular; day 0)
Duration of graft survival of the transplanted liver in the
10 recipient was evaluated and determined according to the Kaplan-Meier
test.

<2> Results

The results are shown in Fig. 1 and Fig. 2. Parts of the data

15 in Fig. 2 are updates of the data in Fig. 1.

As a result, in the group to which the anti-AILIM antibody (1
mg/kg) was administered 3 times or 5 times over a course of time
following transplantation, a significant prolongation of graft
survival of the transplanted liver was observed compared to that of

20 the control.

Furthermore, in the group to which a low dosage of anti-AILIM
antibody (0.3 mg/kg) was administered 5 times over a course of time
following transplantation, a similar significant prolongation of
graft survival of the transplanted liver was also observed.

25 Furthermore, surprisingly, when the anti-AILIM antibody was
administered even just once in combination with FK-506, which is an
immunosuppressive agent clinically used for multiple purposes, graft
survival of the transplanted liver was greatly prolonged, which was
considerably longer than when only FK-506 (1 mg/kg) was administered

30 once.

From these results, the following were revealed.

1) The anti-AILIM antibody significantly suppresses graft
rejection (immunological rejection) that accompanies the
transplantation of a graft such as an organ.

35 2) Graft rejection that accompanies the transplantation of a

graft such as an organ can be further suppressed by using the
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[Example 2] Suppression of immunological rejection by an AILIM
5 modulating substance in heart transplantation (Part 1)

<1> Reagents, animals, and testing method

<1-1> Animals

Adult C3H/He mice (male, 6 weeks old) and BALB/c mice (male,
6 weeks o0ld) were used as recipients and donors, respectively.

10 <1-2> Preparation of an anti-mouse AILIM monoclonal antibody

The preparation was done as follows.

Using the cDNA encoding the full length amino acid sequence of
the previously reported mouse AILIM (Int. Immunol., Vol.12, No.1l,
p.51-55, 2000) , a transformed cell expressingmouse AILIM was prepared

15 according to standardmethods using genetic recombination technology.

The transformed cell was homogenized and ultra-centrifuged
{(100,000x g}, and the centrifuged residue containing the cell membrane
fraction was collected and suspended in PBS. The obtained cell
membrane fraction was injected together with complete Freund’s

20 adjuvant into the foot pad of a Wistar rat for the initial immunization
(day 0). In addition, the cell membrane fraction was administered
as an antigen into the foot pad with intervals, on day 7, day 14,
and day 28. Two days after the final immunization, lymph node cells
were collected.

25 The lymph node cells and mouse myeloma cells PAI (JCR No. B01l13;
Res. Disclosure, Vol.217, p.155, 1982) were mixed in a 5:1 ratio,
and a monoclonal antibody-producing hybridoma was prepared by fusing
the cells using polyethylene glycol 4000 (Boehringer Mannheim) as
the fusing agent. Hybridoma selection was performed by culturing in

30 a HAT-containing ASF104 medium (Ajinomoto) containing 10% fetal
bovine serum and aminopterin.

The fluorescence intensities of cells stained by reacting the
culture supernatants of each hybridoma with the above-mentioned
recombinant mouse AILIM-expressing transfected cells and then

35 reacting them with FITC-labeled anti-rat IgG (Cappel) were measured
using the EPICS-ELITE flow cytometer to confirm the reactivity of
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to 107 cells/0.5 mL/mouse each) was injected intraperitoneally to an
ICR nu/nu mouse (female, 7 to 8 weeks old). Ten to twenty days later,
laparotomy was performed on the mouse under anesthesia, and large
scale preparation of rat anti-mouse AILIM monoclonal antibody (IgG2a)

10 was carried out from the ascites obtained according to standard
procedures. Hereinafter, this antibody is simply referred to as
“anti-AILIM antibody”.
<1-3> Heart Transplantation

Following the previously reported method, the hearts of donor

15 BALB/c mice were transplanted to the abdomens of the recipient C3H/He
mice. Disappearance of pulsation of the transplanted heart was
judged to be the completion of graft rejection.
<2> Experiment 1 (administration of anti-AILIM antibody)

To each C3H/He mouse (10 mice) that had completed

20 transplantation, the anti-AILIM antibody (10 mg/kg) was administered
immediately after transplantation (day 0; 200 Hg), on day 2 (200 Lg),
day 4 (200 Mg), day 7 (200 pg), and day 10 (100 Rg). The group to
which anti-AILIM antibody was not administered (25 mice) was used
as the control.

25 Duration of graft survival of the transplanted heart in the
recipient following transplantation was evaluated and determined
according to the Kaplan-Meler test.

The average duration of graft survival of the transplanted heart
in the recipients was as follows:

30 (anti-AILIM antibody administered group)

duration of graft survival: 9 days in 1 mouse, 10 days in 3 mice,
13 days in 4 mice, 16 days in 2 mice
(control group)
duration of graft survival: 6 days in 2 mice, 7 days in 9 mice,
35 8 days in 7 mice, 92 days in 3 mice, 10 days in 4 mice

The duration of graft survival in the control group to which
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<3> Experiment 2 (administration of anti-AILIM antibody or AILIM-IqQ)

The animals (donors and recipients) and the anti-AILIM antibody
used were the same as those mentioned above. AILIM-Ig used in this
examination was a fusion protein between IgG-Fc and the extracellular

10 region of mouse AILIM prepared similarly to a previous report
(International Patent Application No. W098/38216; European Patent
Application No. EP0984023).

Heart transplantation was carried out in a manner similar to

Experiment 1.

15 To each C3H/He mouse that had completed the transplantation,
the anti-AILIM antibody (100 HKg/day) or AILIM-Ig (100 pg/day) was
administered intraperitoneally immediately following

transplantation (day 0), onday 2, day 4, day 7, and day 10. The group
to which neither the anti-AILIM antibody nor AILIM-Ig was administered

20 was used as the control.

The average duration of graft survival of the transplanted heart
in the recipient mice was approximately 7.7 days in the control group,
whereas in the anti-AILIM antibody administered group, it was
approximately 40.9 days (intermediate value: 29 days/ maximum value:

25 120 days), and in the AILIM-TIg administered group it was 30 days or
longer (intermediate value: 20 days/ maximum value: 64 days) (Fig.
3 and Fig. 4). Namely, in both the anti-AILIM antibody administered
group and the AILIM-Ig administered group, a significant prolongation
of graft survival of the transplanted heart was demonstrated.

30 Furthermore, by hematoxylin/eosin-staining (HE staining)
according to standard methods, the degree of infiltration of AILIM
(ICOS) expressing cells into the transplanted heart was analyzed in
each of the control mice (no therapeutic treatment after heart
transplantation) and the mice to which anti-AILIM antibody was

35 administered after transplantation.

As a result, in the untreated group, a significant infiltration
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transplanted heart of a mouse to which anti-AILIM antibody was
administered, necrosis of the cardiac muscle could not be observed,
5 and a significant decrease of infiltration of ATLIM (ICOS) expressing

cells was confirmed (Fig. 5).

[Example 3] Suppression of immunological rejections by AILIM
modulating substances in heart and skin transplantation

10 <1> Reagents, animals, and testing method
<1-1> Adenovirus vector

A recombinant adenovirus containing an expression cassette of
either a cDNA encoding hCTLA4-Ig (fusion protein comprising the
extracellular region of human CTLA4 and human Fc) or E. coli

15 P-galactosidase gene (lacZ) was produced by homologous recombination
between expression cosmid cassette pAdex/CAhCTLA4-Ig
(Transplantation, Vol.68, No.6, p.758, 1899) and the genome of the
parent strain adenovirus (Proc. Natl. Acad. Sci. USA., Vol.90, No.24,
p.11498-11502, 1993).

20 Next, the recombinant virus was proliferated within the 293 cell
line derived from human kidney. The virus vector prepared in this
manner was collected, and stored by freezing at -80°C. The
recombinant adenovirus containing the cDNA of hCTLA4-Ig, and the
adenovirus containing LacZ were named AdCTLA4-Ig and AdLac?Z,

25 respectively.
<1-2> Animals and Antibody

Adultmale (210-250 g) Lewis (RT1') rats were used as recipients,
and an adult male (210-250 g) DA (RT1®?) rats or BN (RT1") rats were
used as donors.

30 The mouse-anti-rat AILIM monoclonal antibody prepared in
Example 1 was used.
<1-3> Heart and skin transplantation and method of testing

Following a previously reported method (J. Thorac. Cardiovasc.
Surg., Vol.57, No.2, p.225-229, 1969), hearts obtained from DA rats
35 were transplanted to the abdomen of Lewils rats. Immediately after

the heart transplantation, ananti-rat AILIM antibody (1 mg/kg) and/or
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Group 1: Allotransplantation (Lewis/DA) without
immunosuppressive treatment.

10 Group 2: Isotransplantation (Lewis/Lewis) without
immunosuppressive treatment.

Group 3: Allotransplantation (Lewis/DA) with administration of
AdLacZ.
Group 4: Allotransplantation (Lewis/DA) with administration of

15 AdCTLA4-Ig.

Group 5: Allotransplantation (Lewis/DA) with administration of
anti-AILIM antibody.

Group 6: Allotransplantation (Lewis/DA) with administration of
AdCTLA4-Ig and anti-AILIM antibody.

20 Disappearance of pulsation of the transplanted heart was judged
to be the completion of graft rejection. The graft rejection was
confirmed by histologically analyzing mononuclear cells that
infiltrated into the transplanted heart tissue and necrosis of the
muscle cells by HE staining according to standard methods.

25 Next, to the lateral thoracic wall of the recipient rats of Group
4 and Group 6 in which the transplanted heart survived for a long
period, a sufficiently thick skin graft of a DA donor rat was
transplanted on day 140 from the heart transplantation. After the
skin transplantation, an immunosuppressive treatment with the

30 anti-AILIM antibody, AdCTLA4~-Ig, or such, was not performed. The end
of the duration of graft survival of the skin graft was determined
when the degree of visually observable skin graft decreased to 10%
or less of the initial state.

Then, on day 200 from the initial transplantation of the DA rat

35 heart, using the cuff technique (Acta. Pathol. Microbiol. Scand. [A],
Vol.79, No.4, p.366-372, 1971), the heart of a donor DA rat was
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that indicated graft rejectlon upon receiving transplantation of

donor skin.
Furthermore, on day 150 from the initial heart transplantation
5 from DA donor rats, BN donor rat hearts were transplanted to the
remaining recipient rats of Group 6 in which the transplanted heart
survived for a long period.

Statistical evaluation of the survival degree of the graft in

the recipients was performed according to the Kaplan—-Meier test.
10 <2> Examination results

As shown in Fig. 6, a significant prolongation of graft survival
of the transplanted heart in recipilents compared to the group of
untreated animals to which xenotransplantation was performed (Group
1), was not observed in the group of AdLacZ-administered animals

15 (Group 3) and in the group of animals to which a single dose of the
anti-AILIM antibody was given (Group 5).

On the other hand, in the group of AdCTLA4-Ig-administered
animals (Group 4), graft survival of the transplanted heart (initially
transplanted DA rat heart) was significantly prolonged (the average:

20 approximately 64 days). Furthermore, in 3 rats of Group 4 (10 rats),
graft survival of the transplanted heart for a long period of 100
days or more was observed (Fig. 6).

Furthermore, in the group of animals in which AdCTLA4-Ig and

anti-AILIM antibody were used in combination (Group 6) , graft survival
25 of the transplanted heart (initial DA rat heart) was indefinitely
prolonged (300 days or more} in all recipients (Fig. 6).

In the recipient rats of Group 4, the transplanted heart
(initially transplanted DA donor rat heart) was rejected along with
the rejection of the transplanted skin, whereas in the recipient rats

30 of Group 6, rejection of the transplanted heart was not observed.

As shown in Fig. 7, in all the recipient rats of Group 4 and
Group 6 receiving transplantation of skin from a donor, the
transplanted skin was rejected. However, in contrast to Group 4 and
the control group in which rejection of the transplanted skin

35 completed in 12 days or less from skin transplantation, the completion

of rejection was somewhat delayed and was seen within 16 days or less
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to the case when AdCTLA4-Ig is used alone.

Interestingly, in the recipient rats of Group 6 in which long

5 term graft survival of the transplanted heart (initial DA rat heart)
was confirmed, the transplanted skin was completely rejected as
mentioned above, but graft survival was seen for an indefinite period
in the second transplanted heart (DA donor rat heart transplanted
the second time). Furthermore, in the recipient rats, the initially

10 transplanted donor heart survived throughout the examination.

In the recipient of Group 6 to which BN donor rat hearts were
transplanted, the initially transplanted DA rat hearts continued to
pulsate and survived during the examination, but the BN donor rat
hearts transplanted the second time were rejected within a period

15 similar to the results of animals of Group 1.

Industrial Applicability

The pharmaceutical compositions of the present invention are
extremely useful in the suppression, prevention, and/or treatment

20 of immunological rejection (graft rejection), a serious problem
accompanying therapies by transplantation (allotransplantation or
xenotransplantation) of organs (liver, heart, lungs, kidneys,
pancreas, etc.), parts thereof, or tissues (skin, cornea, bone, etc.)
from donors to recipients affected by severe cardiovascular diseases.

25 The pharmaceutical compositions of this invention can also more
strongly suppress graft rejections when used in combination with
existing immunosuppressive agents that are administered to suppress
graft rejections (immunological rejections) in such transplantation
therapies.

30 Furthermore, a pharmaceutical composition comprising a human
antibody against AILIM included in the pharmaceutical compositions
of this invention is an extremely useful medicament, because it does
not cause any side effects such as allergy when the antibody derived

from mice is administered to humans.
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a substance having an activity to modulate signal transduction
mediated by AILIM, and a pharmaceutically acceptable carrier.
2. A pharmaceutical composition for enhancing the effect of one
or more immunosuppressive agent (s)on the suppression, treatment, or
10 prevention of graft rejection accompanying the transplantation of
an organ, a portion thereof, or a tissue, said composition comprising
a substance having an activity to modulate signal transduction
mediated by AILIM, and a pharmaceutically acceptable carrier.
3. The pharmaceutical composition of claim 2, wherein said
15 immunosuppressive agent is one or more therapeutic agent(s) selected
from the group consisting of azathioprine, adrenocortical steroid,
cyclosporin, mizoribine and tacrolimus (FK-506), mycophenolate
mofetil, leflunomide, sirolimus, deoxyspergualin, FTY720, and CTLA4
drug.
20 4. The pharmaceutical composition of any one of claims 1 to 3,
wherein said transplantation is allotransplantation.
5. The pharﬁaceutical composition of any one of claims 1 to 3,
wherein said transplantation is xenotransplantation.
6. The pharmaceutical composition of any one of claims 1 to 5,
25 wherein said organ is the liver, heart, kidney, lung, or pancreas.
7. The pharmaceutical composition of any one of claims 1 to 5,
wherein said tissue is the skin, cornea, or bone tissue.
8. The pharmaceutical composition of any one of claims 1 to 7,
wherein said substance 1s a proteinaceous substance.
30 9.. The pharmaceutical composition of claim 8 wherein said
proteinaceous substance is selected from group consisting of:
a) an antibody that binds to AILIM, or a portion of said antibody;
b) a polypeptide comprising the whole or a portion of an
extracellular region of AILIM;
35 c) a fusion polypeptide comprising the whole or a portion of

an extracellular region of AILIM, and the whole or a portion of a
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constant region of the immunoglobulin heavy chain; and,
d) a polypeptide that binds to AILIM.
10. The pharmaceutical composition of any one of claims 1 to
7, wherein said substance is a non-proteinaceous substance.
5 11. The pharmaceutical composition of claim 10 wherein said
non-proteinaceous substance is DNA, RNA, or a chemically synthesized

compound.



