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Field 5 The present invention relates to pharmaceutical compositions
comprising a substance having an activity to modulate the biological
activity of the "activation inducible lymphocyte immunomodulatory molecule"
(AILIM) (also known as "inducible costimulator" (ICOS)), especially the
signal transduction mediated by AILIM. 10 Specifically, the present
invention relates to pharmaceutical compositions comprising a substance
having an activity to modulate (for example, inhibit) the proliferation of
AILIM-expressing cells or modulate (for example, inhibit) the production of
a cytokine (for example, interferon-y, or interleukin-4) by
AILIM-expressing cells. 15 More specifically, the present invention relates
to (1) pharmaceutical compositionsfor inhibition, treatment,or.prevention
of graft rejection (immunological rejection) accompanying the
transplantation of an organ, a portion thereof, or a tissue; and (2)
pharmaceutical compositions for enhancing the inhibitory, 20 therapeutic,
or preventive effect of immunosuppressive agents on graft rejection
(immunological rejection) accompanying the transplantation of an organ, a
portion thereof, or a tissue. Background Art 25 Due to the recent revision
of laws on organ transplantation, a few organ transplants from brain dead
patients have been performed in Japan. In one case, seven patients received
such benefits from 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 pyelonephritis , etc .
) ( pulmonary diseases (pulmonary dysfunction of both lungs, etc.), and
pancreatic diseases (treatment of diabetic   2 patients) , for whom organ
transplantation is vital for therapy, are estimated to increase each year
by about 600 heart patients, about 3 , 000 liver patients , and about 500
lung patients . While the legal aspect is being developed, the lack of
transplantable organs is also 5 a real problem that exists at the moment.
Similarly; the lack of organs is a serious problem also in the United
States, which is an advanced nation in terms of transplantation. In the
United States, approximately 4,300 people (1999) are awaiting heart
transplantations and approximately 43,000 people (1999) are awaiting renal
10 transplantations. In reality, approximately 800 people and approximately
2, 300 people die each year without being able to receive heart and kidney
transplantations, respectively. Tissue (such as skin, cornea and bone) or
organ (such as liver, heart, kidney, lung and pancreas) transplantation
includes: (1) 15 autotransplantation (autologous transplantation), (2)
isotransplantation, (3) allotransplantation, and (4) xenotransplantation.
Autotransplantation refers to the transplantation of a part of an
individual to another part of the same individual, and an example 20 is the
case of treating a burn by grafting one's own normal skin to the affected
area. 



Isotransplantation is performed between homogeneous animals. In humans,
such a transplantation is performed between monozygotic twins (for example,
transplantation of one of the kidneys or liver 25 tissues) .
Allotransplantation is performed between two different individuals having
different genetic backgrounds, and in humans, such a transplantation is
performed between dizygotic twins or between individuals who have
absolutely no blood relation to each other. 30 Xenotransplantation is
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   3 investigations are
now being actively pursued aiming at practical applications of
xenotransplantation, more specifically, the transplantation of tissues or
organs from non-human mammals such as pigs to humans. 5 While the issue of
the lack of transplantable tissues and organs is expected to be resolved by
the development of laws on brain death and transplantation, and by the
improvement of xenotransplantation techniques, there is another extremely
large obstacle in treating diseases by allotransplantation and
xenotransplantation. More 10 specifically, the obstacle is severe
immunological rejection (graft rejection) in recipients that occurs after
the transplantation of tissues or organs from donors. Graft rejection
refers to various immune responses that try to reject and eliminate a graft
(a part of a living body that is 15 transplanted, a cell, a tissue, or an
organ) from a donor whose genetic background is different to that of the
recipient (i.e., allotransplantation or xenotransplantation) since the
recipient recognizes the graft as a foreign substance. The immune responses
that accompany this transplantation can be classified into: (1) 20
hyper-acute rejection, which is a strong rejection occurring immediately
after transplantation; (2) acute rejection, which is observed within a few
months after transplantation; and (3) chronic rejection observed several
months after transplantation. Furthermore, although cellular immunity due
to immunocompetent cells 25 represented by T cells , and humoral immunity
due to antibodies occur in an intricately coordinated manner, the main
response is by cellular immunity. As a result of graft rejection, the graft
ultimately becomes necrotic and falls off . Furthermore, the recipient
develops not only 30 severe systemic symptoms such as fever, leukocytosis
and fatigue, but also swelling and tenderness at the transplantation site.
Furthermore, severe complications such as infections may occur. In
particular, when transplanting a xenogenic graft such as that from a pig,
the serious problem of hyper-acute rejection occurs 35 whereby the graft is
rejected within minutes. A limited number of immunosuppressive agents that
suppress the   



4 function of immunocompetent cells are used to suppress the immunological
rejection (graft rejection) accompanying such transplantations, because the
immunological rejection caused by allotransplantation is mainly due to
cellular immunity. Such 5 -immunosuppressive agents include cyclosporin
(CsA); tacrolimus (FK-506) ; azathioprine (AZ) ; mycophenolate mofetil
(MMF) ; mizoribine (MZ); leflunomide (LEF); adrenocortical steroids (also
known as adrenocortical hormones, corticosteroids, corticoids) such as
prednisolon and methylprednisolon; sirolimus (also known as 10 rapamycin);
deoxyspergualin (DSG); and FTY720 (chemical name:
2-amino-2-[2-(4-octylphenyl)ethyl)-1,3-propanediol hydrochloride) . CTLA4
and CD28 which are molecules responsible for transducing costimulatory
signals necessary for the activation of T cells 15 (costimulatory signal
transduction molecules), and especially CTLA4 drugs that use the soluble
region of CTLA4 and the gene encoding it are also being clinically
developed as immunosuppressive agents. On the other hand, recently,
similarly to CTLA4 and CD28 which are costimulatory signal-transducing
molecules, a molecule called 20 activation inducible lymphocyte
immunomodulatory molecule (AILIM; human, mouse, and rat; Int. Immunol.,
12(1), p.51-55, 2000; also called Inducible co-stimulator (ICOS; human;
Nature, 397(6716), p.263-266, 1999) ; J. Immunol . , 166 (1) , p.l, 2001;
J. Immunol. , 165 (9) , p.5035, 2000; Biochem. Biophys. Res. Commun.,
276(1), p.335, 2000; 25 Immunity, 13 (1) , p.95, 2000; J. Exp. Med. , l92
(1) , p.53, 2000; Eur. J. Immunol., 30(4), p.1040, 2000) was identified as
the third costimulatory signal transduction molecule that transduces a
second 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   5 the AILIM molecule and graft rejection
(immunological rejection) accompanying tissue or organ transplantation, as
well as attempts to suppress , treat, or prevent such rejection reactions
accompanying tissue or organ transplantation by modulating the activity of
the 5 AILIM molecule: In addition, a novel molecule called B7h, B7RP-1,
GL50, or LICOS which is considered to be a ligand interacting with the
costimulatory signal transduction molecule AILIM has been identified very
recently (Nature. Vo1.402, No.6763, pp.827-832, l999; Nature Medicine,
Vol.5, 10 No. l2, pp.1365-1369, 1999; J. Immunology, Vo1.164, pp.1653-1657,
2000; Curr. Biol., Vo1.10, No.6, pp.333-336, 2000). The identification of
these two kinds of novel molecules, namely AILIM (ICOS) and B7RP-1 (B7h,
GL50, LICOS) , revealed that , in addition to the known first and second
signal transduction pathways between 15 CD28 and CD80 (B7-1) / CD86 (B7-2)
and between CTLA4 and CD80 (B7-1) / CD 86 (B7-2), there is a novel third
costimulatory signal . transduction pathway that is essential for the above
mentioned activation of lymphocytes such as T cells and the control of the
function of activated T cells , which functions through the interaction 20
between AILIM (ICOS) and B7RP-1 (B7h, GL50, LICOS). Exhaustive studies are
in progress on the biological functions of these novel molecules , the
regulation of functions of lymphocytes such as T cells through the third
costimulatory signal transduction by the molecules, and the relationship
between the novel signal 25 transduction and diseases. 



Disclosure of the Invention More specifically, an objective of the present
invention 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 biological
function of a 35 novel molecule, AILIM, which is considered to transduce a
second signal (costimulatory signal) necessary for activating lymphocytes
6 such as T cells, and coupled with the signal, modulates the function of
activated lymphocytes such as activated T cells. Another objective is to
provide methods for enhancing the suppressive effect on graft rejection by
existing immunosuppressive 5 agents (cyclosporin, azathioprine,
adrenocortical steroids, FK-506, etc.) using such pharmaceutical agents
that modulate the biological function of AILIM (for example, pharmaceutical
agents such as low-molecular weight compounds and antibodies). As a result
of exhaustive research relating to the biological 10 function of mammalian
AILIM and a method for suppressing immunological rejection (graft
rejection) , which is a serious problem accompanying transplantation
(allotransplantation or xenotransplantation) of grafts (cells, a tissue, or
an organ), the present inventors found that (1) pharmaceutical agents that
modulate the function of AILIM 15 significantly suppress the immunological
rejection (graft rejection) accompanying transplantation of tissues) or
organ(s), and (2) the suppressive effect of existing immunosuppressive
agents on graft rejection is enhanced by using pharmaceutical agents that
modulate the function of AILIM, and completed the present invention. 20 A
pharmaceutical composition of the present invention is useful as a
pharmaceutical for modulating various reactions in vivo in which the
transduction of a costimulatory signal to RILIM-expressing cells mediated
by AILIM is involved (for example, proliferation of AILIM-expressing cells,
production of cytokine(s) by 25 AILIM-expressing cells, immune cytolysis or
apoptosis of AILIM-expressing cells, and the activity toinduce
antibody-dependent cellular cytotoxicity against AILIM-expressing cells),
and/or as a pharmaceutical for preventing the onset and/or progression of
various diseases in which the signal transduction mediated by AILIM is 30
involved, and for the treatment or prophylaxis of the diseases.
Specifically, a pharmaceutical composition of the present invention can
modulate (suppress or promote) the proliferation of AILIM-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 physiological
phenomena in which the   7 signal transduction mediated by AILIM is
involved, and enables the treatment or prevention of various diseases. The
use of a pharmaceutical composition of this invention enables the
suppression, prevention, and/or treatment of - 5 immunological rejection
(graft rejection) , which is a serious problem 



in therapies where an organ (liver, heart, lung, kidney, pancreas, etc.) a
portion thereof, or a tissue (such as skin, cornea, and bone) from a donor
is transplanted (allotransplanted or xenotransplanted) to a recipient
affected by a severe cardiovascular disease. 10 Furthermore, the use of a
pharmaceutical composition of this invention enables the enhancement of the
graft rejection-suppressive effect of existing immunosuppressive agents
administered to suppress immunological rejection in such transplant
therapies. More specifically, the present inventions are as follows: 15 (1)
A pharmaceutical composition for suppressing, treating, or preventing 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. 20 (2) A pharmaceutical composition for enhancing the
effect of one or more immunosuppressive agent (s) on the suppression,
treatment, or 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 25
transduction mediated by AILIM, and a pharmaceutically acceptable carrier.
(3) The pharmaceutical composition of (2), wherein said immunosuppressive
agent is one or more therapeutic agent (s) selected from the group
consisting of 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.   8 (6)
The pharmaceutical composition of any one of (1) to (5), wherein said organ
is the liver, heart, kidney, lung, or pancreas. (7) The pharmaceutical
composition of any one of (1) to (5), wherein said tissue is the skin,
cornea, or bone tissue. 5 (8) The pharmaceutical composition of any one of
(1) to (7), wherein said substance is a proteinaceous substance. (9) The
pharmaceutical composition of (8) wherein said proteinaceous substance is
selected from group consisting of: a) an antibody that binds to AILIM, or a
portion of said antibody; 10 b) a polypeptide comprising the whole or a
portion of an extracellular region of AILIM; c) a fusion polypeptide
comprising the whole or a portion of an extracellular region of AILIM, and
the whole or a portion of a constant region of the immunoglobulin heavy
chain; and, 15 d) a polypeptide that binds to AILIM. (10) The
pharmaceutical composition of any one of (1) to (7), wherein said substance
is a non-proteinaceous substance. (11) The pharmaceutical composition of
(10) wherein said non-proteinaceous substance is DNA, RNA, or a chemically
synthesized 20 compound. The present inventions are described in detail
herein below by defining the terms and the methods for producing the
substances used in this invention. 



Herein, the term "mammal" means a human, cow, goat, rabbit, 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(l), p.l, 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. , l92 (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: BAA82129 (human); BAA82128 (rat); BAA82127 (rat
variant); BAA82126 (mouse)).   9 Especially preferably, the term denotes
AILIM derived from a human (for example, International Immunology, Vol. 12,
No. 1, p.51-55, 2000) . This AILIM is also called ICOS (Nature, Vo1.397,
No.6716, 5 p. 263-266, 1999) or JTT-1 antigen/JTT-2 antigen (Unexamined
Published Japanese Patent Application No. (JP-A) Hei 11-29599,
International Patent Application No. W098/38216), and these molecules
mutually refer to the same molecule. In addition, "AILIM" as referred to in
this invention includes 10 a polypeptide having the amino acid sequences of
AILIM from each mammal described in previously reported literature, and
especially preferably, also a polypeptide having substantially the same
amino acid sequence as that of human AILIM. Furthermore, human AILIM
variants similar to the previously identified AILIM variant derived 15 from
rat (GenBank Accession Number: BAA82127) are also included in the "AILIM"
of this invention. Herein, the expression "having substantially the same
amino acid sequence" means that "AILIM" of the present invention includes 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 biological
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 Ba131 enzyme and so on, cassette mutagenesis,
linker scanning method, 35 misincorporation method, mismatch primer method,
DNA segment synthesis method, etc.  



10 Synthetic oligonucleotide site-directed mutagenesis (gapped duplex
method) can be performed, for example, as follows. The region one wishes to
mutagenize is cloned into a M13 phage vector having an amber mutation to
prepare a single-stranded phage DNA. After RF 5 I DNA of M13 vector having
no amber mutation is linearized by restriction enzyme treatment, the DNA is
mixed with the single-stranded phage DNA mentioned above, denatured, and
annealed thereby forming a "gapped duplex DNA." A synthetic oligonucleotide
into which mutations are introduced is hybridized with the gapped 10 duplex
DNA and a closed-circular double-stranded DNA is prepared by reacting with
DNA polymerase and DNA ligase. E. coli mutS cells, deficient in mismatch
repair activity, are transfected with this DNA. E. coli cells having no
suppressor activity are infected with the grown phages, and only phages
having no amber mutations are screened. 15 The method by which a point
mutation is introduced with nitrite utilizes, for example, the principle as
mentioned below. If DNA is treated with nitrite, nucleotides are deaminated
to change adenine into hypoxanthine, cytosine into uracil, and guanine into
xanthine. If deaminated DNA is introduced into cells, "A:T" and "G:C" are
20 replaced with "G: C" and "A:T", respectively, because hypoxanthine,
uracil, and xanthine base pair with cytosine, adenine, and thymine,
respectively, in DNA replication. Actually, single-stranded DNA fragments
treated with nitrite are hybridized with "gapped duplex DNA", and
thereafter, mutant strains are separated by manipulating 25 in the same way
as synthetic oligonucleotide site-directed mutagenesis (gapped duplex
method). The term "cytokine" as in "production of a cytokine by
AILIM-expressing cells" in the present invention means an arbitrary
cytokine produced by AILIM-expressing cells (especially, T cells). 30
Examples of T cells are T cells of the Th1 type and Th2 type, and a
cytokine of the present invention specifically means a cytokine produced by
T cells of the Th1 type and/or an arbitrary cytokine produced by T cells of
the Th2 type. Cytokines produced by T cells of the Thl type include IFN-y,
35 IL-2, TNF, IL-3, and cytokines produced by T cells of Th2 type include
IL-3, IL-4, IL-5, IL-10, and TNF (Cell, vo1.30, No.9, pp.343-346,   11
1998) . The term "substance" as used in the present invention, specifically
a "substance having an activity to modulate the signal transduction
mediated by AILIM", and more specifically "a substance 5 having an activity
to inhibit the proliferation-of AILIM-expressing cells, or to inhibit the
production of a cytokine by AILIM-expressing cells" means a
naturally-occurring substance or an artificially-prepared arbitrary
substance. Herein, the expression "signal transduction mediated by AILIM"
10 means signal transduction through AILIM, leading to a change of any
phenotype in the AILIM-expressing cells described above or in the following
Examples (a change in cell proliferation, activation of cells ,
inactivation of cells , apoptos is , and/or the ability to produce an
arbitrary cytokine from AILIM-expressing cells). 15 "The substance" can be
mainly classified into a "proteinaceous substance" and a "non-proteinaceous
substance". Examples of "proteinaceous substances" are the following
polypeptides, antibodies (polyclonal antibodies, monoclonal antibodies, or
portions of monoclonal antibodies). 



20 When the substance is an antibody, it is preferably a monoclonal
antibody. When the substance is a monoclonal antibody, it includes not only
non-human mammal-derived monoclonal antibodies, but also the following
recombinant chimeric monoclonal antibodies, recombinant humanized
monoclonal antibodies, and human monoclonal 25 antibodies. When the
substance is a polypeptide, it includes the following polypeptides,
polypeptide (oligopeptide) fragments, fusion polypeptides, and chemically
modified polypeptides. Examples of oligopeptides are peptides comprising 5
to 30 amino acids, preferably 30 5 to 20 amino acids . A chemical
modification can be designed depending on various purposes, for example, to
increase half-life in blood in the case of administering .in vivo, or to
increase tolerance against degradation, or increase absorption in the
digestive tract in oral administrations. 35 Examples of polypeptides are as
follows: (1) Apolypeptide comprising the whole or a portion of an
extracellular   12 region of AILIM; (2) A fusion polypeptide comprising the
whole or a portion of an extracellular region of AILIM, and the whole or a
portion of a constant region of the immunoglobulin heavy chain; or 5 (3) A
polypeptide that binds to AILIM. Examples of "non-proteinaceous substances"
are DNA, RNA, and chemically synthesized compounds. Here, "DNA" means "DNA
useful as an antisense DNA drug comprising a partial nucleotide sequence of
a DNA encoding the above 10 AILIM (preferably human AILIM) , or chemically
modified DNA thereof , that may be designed based on the DNA (cDNA or
genomic DNA) encoding the AILIM". Specifically, the antisense DNA can
inhibit the transcription of DNA encoding AILIM into mRNA, or the
translation of the mRNA into a protein by hybridizing to the DNA or RNA
encoding 15 AILIM. The phrase "partial nucleotide sequence" as referred to
herein refers to a partial nucleotide sequence comprising an arbitrary
number of nucleotides in an arbitrary region. A partial nucleotide sequence
includes 5 to 100 consecutive nucleotides, preferably 5 to 70 20
consecutive nucleotides, more preferably 5 to 50 consecutive nucleotides,
and even more preferably, 5 to 30 consecutive nucleotides. When the DNA is
used as an antisense DNA drug, the DNA sequence can be chemically modified
in part in order to extend the half-life 25 (stability) in blood when the
DNA is administered to patients, to increase the intracytoplasmic-membrane
permeability of the DNA, or to increase the degradation resistance or the
absorption of orally administered DNA in the digestive organs. Chemical
modifications include, for example, the modification of a phosphate bond, a
ribose, 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), phosphorothioate bonds, phosphorodithioate
bonds (S-oligo), methyl 



35 phosphonate (MP-oligo) bonds, phosphoroamidate bonds, non-phosphate
bonds or methyl phosphonothioate bonds, or combinations thereof.   13 5 10
15 20 25 Modification of a ribose includes, for example, the conversion to
2'-fluororibose or 2'-0-methylribose. Modification of a nucleotide
includes, for example, the conversion to 5-propynyluracil or
2-aminoadenine. Here, "RNA" means "RNA useful as an antisense RNA drug
comprising a partial nucleotide sequence of a RNA encoding the above AILIM
(preferably human AILIM) , or chemically modified RNA thereof, that may be
designed based on the RNA encoding the AILIM" . The antisense RNA can
inhibit the transcription of the DNA encoding AILIM into mRNA, or the
translation of the mRNA into a protein by hybridizing to the DNA or RNA
encoding AILIM. The phrase "partial nucleotide sequence" as employed
herein, refers to a partial nucleotide sequence comprising an arbitrary
number of nucleotides in an arbitrary region. A partial nucleotide sequence
includes 5 to 100 consecutive nucleotides, preferably 5 to 70 consecutive
nucleotides, more preferably 5 to 50 consecutive nucleotides , and even
more preferably 5 to 30 consecutive nucleotides . The antisense RNA
sequence can be chemically modified in part in order to extend the
half-life in blood when the RNA is administered to patients, to increase
the intracytoplasmic-membrane permeability of the RNA, or to increase the
degradation resistance or the absorption of orally administered RNA in
digestive organs. Chemical modifications include modifications such as
those that apply to the above antisense DNA. Examples of "a chemically
synthesized compound" are an arbitrary compound excluding the above DNA,
RNA and proteinaceous substances, having a molecular weight of about 100 to
about 1000, or less, preferably a compound having a molecular weight of
about 100 to about 800, and more preferably a molecular weight of about 30
100 to about 600. 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).   14 



AILIM according to the present invention is a transmembrane molecule
penetrating the cell membrane, comprising 1 or 2 polypeptide chains.
Herein, a "transmembrane protein" means a protein that is 5 connected to
the cell membrane through a hydrophobic peptide region that penetrates the
lipid bilayer of the membrane once or several times, and whose structure
is, as a whole, composed of three main regions, that is, an extracellular
region, a transmembrane region, and a cytoplasmic region, as seen in many
receptors or cell surface 10 molecules. Such a transmembrane protein
constitutes each receptor or cell surface molecule as a monomer, or as a
homodimer, heterodimer or oligomer coupled with one or several chains
having the same or different amino acid sequence(s). Here, an
"extracellular region" means the whole or a portion 15 of a partial
structure (partial region) of the entire structure of theabove-mentioned
transmembraneprotein where thepartialstructure exists outside of the
membrane. In other words, it means the whole or a portion of the region of
the transmembrane protein excluding the region incorporated into the
membrane (transmembrane region) and 20 the region existing in the cytoplasm
following the transmembrane region (cytoplasmic region). "A fusion
polypeptide" included in the above "proteinaceous substance" means a fusion
polypeptide comprising the whole or a portion of the extrace.Llular region
of a polypeptide constituting 25 AILIM (preferably human AILIM), and "the
whole or a portion of the constant region of immunoglobulin heavy chain
(Ig, preferably human Ig)". Preferably, the fusion polypeptide is a fusion
polypeptide having the extracellular region of AILIM and a portion of the
constant region of human IgG heavy chain, and particularly preferably, a
fusion 30 polypeptide of the extracellular region of AILIM and a region
(Fc) of human IgG heavy chain comprising a hinge region, CH2 domain and CH3
domain. As an IgG, IgGl is preferable, and as AILIM, human, mouse, or rat
AILIM is preferable (preferably human). 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
immunoglobulin heavy chain   15 (H chain) , or a portion thereof . The
immunoglobulin can be any immunoglobulin belonging to any class and any
subclass . Specifically, the immunoglobulin includes IgGs ( IgG1 , IgG2 ,
IgG3 , and IgG4 ) ( IgM, IgAs (IgAl and IgA2) , IgD, and IgE. Preferably,
the immunoglobulin 5 is IgG (IgGl, IgG2, IgG3, or IgG4) ( or IgM. Examples
of particularly preferable immunoglobulins of the present invention are
those belonging to human-derived IgGs (IgGl, IgG2, IgG3, or IgG4).
Immunoglobulin has a Y-shaped structural unit in which four chains composed
of two homologous light chains (L chains) and two 10 homologous heavy
chains (H chains) are connected through disulfide bonds (S-S bonds). The
light chain is composed of the light chain variable region (VL.) and the
light chain constant region (CL). The heavy chain is composed of the heavy
chain variable region (VH) and the heavy chain constant region (CH). 15 The
heavy chain constant region is composed of some domains having amino acid
sequences unique to each class (IgG, IgM, IgA, IgD, and IgE) and each
subclass (IgGl, IgG2, IgG3, and IgG4, IgAl, and IgA2). The heavy chain of
IgGs (IgGl, IgG2, IgG3, and IgG4) is composed 20 of VH, CH1 domain, hinge
region, CH2 domain, and CH3 domain in this order from the N-terminus.
Similarly, the heavy chain of IgG1 is composed of VH, Cyll domain, hinge
region, Cyl2 domain, and Cyl3 domain in this order from the N terminus .
The heavy chain of IgG2 is composed of VH, Cyz1 domain, hinge 25 region,
Cyz2 domain, and Cyz3 domain in this order from the N-terminus. The heavy
chain of IgG3 is composed of VH, Cy31 domain, hinge region, Cy32 domain,
and Cy33 domain in this order from the N terminus . The heavy chain of IgG4
is composed of VH, Cy41 domain, hinge region, Cy92 domain, and Cy43 domain
in this order from the N-terminus. 



30 The heavy chain of IgA is composed of VH, Cal domain, hinge region,
C(err)2 domain, and C(err)3 domain in this order from the N-terminus.
Similarly, the heavy chain of IgA1 is composed of VH, Call domain, hinge
region, C(err)l2 domain, and C(err)i3 domain in this order from the
N-terminus . The heavy chain of IgA2 is composed of VH, C(err)zl domain, 35
hinge region, C(err)z2 domain, and C(err)z3 domain in this order from the
N-terminus.   16 The heavy chain of IgD is composed of VH, CS1 domain,
hinge region, Cb2 domain, and Cb3 domain in this order from the N-terminus.
The heavy chain of IgM is composed of VH, C~1 domain, C~2 domain, C~t3
domain, and C~4 domain in this order from the N-terminus and has 5 no hinge
region as seen in IgG, IgA, and -IgD. The heavy chain of IgE is composed of
VH, Cs1 domain, Cs2 domain, Cs3 domain, and Cs4 domain in this order from
the N-terminus and have no hinge region as seen in IgG, IgA, and IgD. If,
for example, IgG is treated with papain, it is cleaved at 10 a slightly
N-terminal side beyond the disulfide bonds existing in the hinge region
where the disulfide bonds connect the two heavy chains to generate two
homologous F`abs, in which a heavy chain fragment composed of VH and CH1 is
connected to one light chain through a disulfide bond; and one Fc, in which
two homologous heavy chain 15 fragments composed of the hinge region, CH2
domain, and CH3 domain are connected through disulfide bonds (See
"Immunology Illustrated", original 2nd ed., Nankodo, pp.65-75 (1992); and
"Focus of Newest Medical Science `Recognition Mechanism of Immune System'
", Nankodo, pp.4-7 (1991) ; and so on) . 20 Namely, "a portion of the
constant region of immunoglobulin heavy chain" mentioned above means a
portion of the constant region of an immunoglobulin heavy chain having the
structural characteristics as mentioned above, and preferably, is a
constant region without the C1 domain, or the Fc region. Specifically, an
25 example thereof is a region composed of the hinge region, C2 domain, and
C3 domain from each of IgG, IgA, and IgD, or is a region composed of C2
domain, C3 domain, and C4 domain from each of IgM and IgE. A particularly
preferable example thereof is the Fc region of human-derived IgGl. 30 The
fusion polypeptide mentioned above has the advantage of being extremely
easy to purify by using affinity column chromatography using the property
of protein A, which binds specifically to the immunoglobulin fragment,
because the fusion polypeptide of the present invention has a portion of a
constant region (for example 35 Fc) of an immunoglobulin such as IgG as
mentioned above as a fusion partner. Moreover, since various antibodies
against the Fc of   17 various immunoglobulins are available, an
immunoassay for the fusion polypeptides can be easily performed with
antibodies against the Fc. "A polypeptide that binds to AILIM" is
encompassed in "a polypeptide" included in the definition of the above
"substance". 5 A specific example of "a polypeptide that binds to AILIM" is
the whole or a portion of a polypeptide comprising a known molecule called
B7h, B7RP-1, GL50 or LICOS, which is a ligand that interacts with AILIM
(Nature, Vo1.402, No.6763, pp.827-832, 1999; Nature Medicine, Vol.5, No.l2,
pp.1365-1369, 1999; J. Immunology, Vo1.164, 10 pp.1653-1657, 2000; Curr.
Biol., Vo1.10 No 6, pp.333-336, 2000). Preferably, the polypeptide is a
polypeptide comprising the whole or a portion of an extracellular region of
the above ligands (B7h, B7RP-1, GL50, LICOS), or a fusion polypeptide
comprising the polypeptide and the whole or a portion of the constant
region of 15 immunoglobulin heavy chain (preferably human immunoglobulin) .
Here, the expressions "extracellular region" and "constant region of
immunoglobulin heavy chain" have the same meanings as mentioned above . 



The polypeptides , portions of the polypeptide ( fragment) , and fusion
polypeptides mentioned above can be produced not only by 20 recombinant DNA
technology as mentioned below, but also by a method well known in the art
such as a chemical synthetic method or a cell culture method, or a modified
method thereof. The "antibody" of the present invention can be a polyclonal
antibody (antiserum) or a monoclonal antibody against mammalian AILIM 25
(particularly preferably human AILIM) defined above, and preferably a
monoclonal antibody. Specifically, the antibody is an antibody having an
activity to inhibit proliferation of AILIM-expressing cells by binding to
AILIM, or to inhibit production of interferon-y or interleukin-4 by 30
AILIM-expressing cells through binding to AILIM. The antibodies of the
present invention can be natural antibodies obtained by immunizing mammals
such as mice ( rats , hamsters , guinea pigs , and rabbits with an antigen
such as cells (natural cells , cell lines, tumor cells, etc.) expressing
AILIM of the present 35 invention, transformants prepared using recombinant
DNA technology so as to overexpress AILIM on the surface thereof,
polypeptides   i8 constituting AILIM, or the above-mentioned fusion
polypeptides comprising the AILIM polypeptide or the extracellular region
of AILIM. The antibodies of the present invention also include chimeric
antibodies and humanized antibodies (CDR-grafted antibodies) that 5 can be
produced by recombinant DNA technology, and human antibodies that can be
produced using human antibody-producing transgenic animals. Monoclonal
antibodies include those having any one isotype of IgG, IgM, IgA, IgD, or
IgE. IgG or IgM is preferable. 10 A polyclonal antibody (antisera) or
monoclonal antibody can be produced by known methods. Namely, a mammal,
preferably, a mouse, rat, hamster, guinea pig, rabbit, cat, dog, pig, goat,
horse, or cow, or more preferably, a mouse, rat, hamster, guinea pig, or
rabbit is immunized, for example, with an antigen mentioned above with
Freund's 15 adjuvant, if necessary. A polyclonal antibody can be obtained
from the serum obtained from the animal so immunized. In addition,
monoclonal antibodies are produced as follows. Hybridomas are prepared from
the antibody-producing cells obtained from the animal so immunized and 20
myeloma cells that are not capable of producing autoantibodies. The
hybridomas are cloned, and clones producing the monoclonal antibodies
showing a specific affinity to the antigen used for immunizing the mammal
are screened. Specifically, a monoclonal antibody can be produced as
follows . 25 Immunizations are performed by inj ecting or implanting once
or several times an antigen mentioned above as an immunogen, if necessary,
with Freund's adjuvant, subcutaneously, intramuscularly, intravenously,
through the footpad, or intraperitoneally into a non-human mammal,
specifically a mouse, rat, hamster, guinea pig, or rabbit, preferably 30 a
mouse, rat, or hamster (including a transgenic animal generated so as to
produce antibodies derived from another animal such as a transgenic mouse
producing human antibody mentioned below). Usually, immunizations are
performed once to four 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   19 



can be appropriately arranged depending on, for example, the property of
the immunogen used. Hybridomas that secrete a monoclonal antibody can be
prepared by the method of Kohler and Milstein (Nature, Vo1.256, pp.495-497
- -~w 5 (1975)), or by a modified method-thereof. Namely, hybridomas--are
prepared by fusing antibody-producing cells contained in a spleen, lymph
node, bone marrow, or tonsil obtained from a non-human mammal immunized as
mentioned above, preferably a spleen, with myelomas without an
autoantibody-producing ability, which are derived from, 10 preferably, a
mammal such as a mouse, rat, guinea pig, hamster, rabbit, or human, or more
preferably, a mouse, rat, or human. For example, a mouse-derived myeloma
P3/X63-AG8.653 (653), P3/NSI/1-Ag4-1 (NS-1) , P3/X63-Ag8.U1 (P3U1) (
SP2/0-Agl4 (Sp2/0, Sp2) , PAI, F0, NSO, or BW5147, rat-derived myeloma
210RCY3-Ag.2.3., or 15 human-derived myeloma U-266AR1, GM1500-6TG-A1-2,
UC729-6, CEM-AGR, D1R11, or CEM-T15 can be used as a myeloma for cell
fusion. Hybridomas producing monoclonal antibodies can be screened by
cultivating hybridomas, for example, in microtiter plates and by measuring
the reactivity of the culture supernatant in wells in which 20 hybridoma
growth is observed, to the immunogen used for the immunization mentioned
above, for example, by an enzyme immunoassay such as RIA and ELISA.
Monoclonal antibodies can be produced from hybridomas by cultivating the
hybridomas in vitro or in vivo such as in the ascites 25 fluid of a mouse,
rat, guinea pig, hamster, or rabbit, preferably a mouse or rat, more
preferably mouse, and isolating the antibodies from the resulting culture
supernatant or ascites fluid of a mammal. Cultivating hybridomas in vitro
can be performed depending on, e.g. , 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'F12 medium,
MCDB153 medium, or low calcium concentration MEM medium, and hi gh calcium
concentration media such as MCDB104 medium,   20 MEM medium, D-MEM medium,
RPMI1640 medium, ASF104 medium, or RD medium. The basal media can contain,
for example, sera, hormones, cytokines, and/or various inorganic or organic
substances depending on the objective. 5 Monoclonal antibodies can be
isolated and purified from the culture supernatant or ascites fluid
mentioned above by saturated ammonium sulfate precipitation, euglobulin
precipitation method, caproic acid method, caprylic acid method, ion
exchange chromatography (DEAE or DE52), and affinity chromatography using
an 10 anti-immunoglobulin column or a protein A column. A "recombinant
chimeric monoclonal antibody" is a monoclonal antibody prepared by genetic
engineering, and specifically means a chimeric antibody such as a
mouse/human chimeric monoclonal antibody whose variable regions are derived
from an immunoglobulin of a 15 non-human mammal (mouse, rat, hamster, etc.)
and whose constant regions are derived from human immunoglobulin. A
constant region derived from human immunoglobulin has an amino acid
sequence unique to each isotype such as IgG (IgGl, IgG2, IgG3, IgG4) , IgM,
IgA, IgD, and IgE. The constant region of the recombinant 20 chirneric
monoclonal antibody can be that of human immunoglobulin belonging to any
isotype. Preferably, it is a constant region of human IgG. 



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, Vo1.1.6, No.lO ( 1988 ) ; and Examined
Publ i shed 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 VH genes (rearranged VDJ gene encoding
the variable region of H chain) obtained from a DNA encoding a mouse
monoclonal antibody isolated from hybridoma producing the mouse monoclonal
antibody, and the CL gene 35 (C gene encoding the constant region of L
chain) obtained from a DNA encoding human immunoglobulin downstream of
active VL genes   21 (rearranged VJ gene encoding the variable region of L
chain) obtained from a DNA encoding a mouse monoclonal antibody isolated
from hybridoma, into the same vector or a different vector in an
expressible manner, followed by transforming host cells with the 5
expression vector, and then by cultivating the transformants. Specifically,
DNAs are first extracted from mouse monoclonal antibody-producing
hybridomas by the usual method, digested with appropriate restriction
enzymes (for example, EcoRI and HindIII), electrophoresed (using, for
example, 0.7% agarose gel) , and analyzed 10 by Southern blotting. After an
electrophoresed gel is stained, for example with ethidium bromide, and
photographed, the gel is given marker positions, washed twice with water,
and soaked in 0.25 M HC1 for 15 minutes . Then, the gel is soaked in a 0 .
4 N NaOH solution for 10 minutes with gentle stirring. The DNAs are
transferred to a filter 15 for 4 hours by the usual method. The filter is
recovered and washed twice with 2x SSC. After the filter is sufficiently
dried, it is baked at 75C for 3 hours. After baking, the filter is treated
with 0.1 x SSC/0.1% SDS at 65C for 30 minutes. Then, it is soaked in 3 x
SSC/0.1% SDS. Thefilter obtained is treated with a prehybridization 20
solution in a plastic bag at 65C for 3 to 4 hours. Next, 3zP-labeled probe
DNA and a hybridization solution are added to the bag and reacted at 65C
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 o 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 isfractioned by sucrose density gradient
centrifugation and inserted into a phage vector (for example, Charon 4A,
Charon 28, 7~EMBL3, and ~EMBL4). 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 methcd (Science, Vo1.196, pp.180-182 (1977)) using   22
appropriate probes (H chain J gene, L chain (K) J gene, etc. ) to obtain
positive clones comprising rearranged VDJ gene or VJ gene. By making a
restriction map and determining the nucleotide sequence of the clones
obtained, it is confirmed whether genes comprising the desired, - - 5
rearranged VH (VDJ) gene or VL (VJ) gene have been obtained. Separately,
human CH gene and human CL gene used for chimerization are isolated. For
example, when a chimeric antibody with human IgG1 is produced, Cy1 gene is
isolated as a CH gene, and Cx gene as a CL gene. These genes can be
isolated from a human genomic 



10 library with mouse Cy1 gene and mouse Cx gene, corresponding to human
Cy1 gene and human Ctc gene, respectively, as probes, taking advantage of
the high homology between the nucleotide sequences of the mouse
immunoglobulin gene and the human immunoglobulin gene. Specifically, DNA
fragments comprising human Cx gene and an 15 enhancer region are isolated
from human 7~ Charon 4A HaeIII-AluI genomic library (Cell, Vo1.15,
pp.1157-1174 (1978)), for example, using a 3 kb HindIII-BamHI fragment of
clone Ig146 (Proc. Natl. Acad. Sci. USA, Vo1.75, pp.4709-4713 (1978)) and a
6.8 kb EcoRI fragment of cloneMEPlO (Proc. Natl. Acad. Sci. USA, Vo1.78,
pp.474-478 (1981) ) 20 as probes. In addition, for example, after human
fetal hepatocyte DNA is digested with HindIII and fractioned by agarose gel
electrophoresis, a 5. 9 kb fragment is inserted into i.788 and then human
Cyl gene is isolated with the probes mentioned above. Using mouse VH gene,
mouse VL gene, human CH gene, and human CL 25 gene so obtained, and taking
the promoter region and enhancer region into consideration, human CH gene
is inserted downstream mouse VH gene and human CL gene is inserted
downstream mouse Vz gene into an expression vector such as pSV2gpt or
pSV2neo with appropriate restriction enzymes and DNA ligase by the usual
method. In this case, 30 chimeric genes of mouse VH gene/human CH gene and
mouse VL gene/human Cz gene can be respectively inserted into the same
expression vector or into different expression vectors. Chimeric
gene-inserted expression vectors) 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   23 method. The transformants
are screened by cultivating in media containing a drug corresponding to the
drug resistance gene inserted into the expression vector and, then, cells
producing desired chimeric monoclonal antibodies are obtained. 5 Desired
chimeric monoclonal antibodies are obtained from the culture supernatant of
antibody-producing cells thus screened. The "humanized monoclonal antibody
(CDR-grafted antibody) " of the present invention is a monoclonal antibody
prepared by genetic engineering and specifically means a humanized
monoclonal antibody 10 wherein a portion or the whole of the
complementarity-determining regions of the hypervariable region are derived
from the complementarity-determining regions of the hypervariable
regionfrom a monoclonal antibody of an non-human mammal (mouse, rat,
hamster, etc. ) , the framework regions of the variable region are derived
from 15 the framework regions of the variable region from human
immunoglobulin, and the constant region is derived from a constant region
from human-derived immunoglobulin. The complementarity-determining regions
of the hypervariable region exists in the hypervariable region in the
variable region of 20 an antibody and means three regions which directly
and complementary binds toan antigen (complementarity-determining
residues,CDRI,CDR2, and CDR3). The framework regions of the variable region
mean four comparatively conserved regions lying upstream, downstream, or
between the three complementarity-determining regions (framework 25 region,
FR1, FR2, FR3, and FR4). In other words, a humanized monoclonal antibody
means that in which a11 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 ( IgG1, IgG2 , IgG3, IgG4),
IgM, IgA, IgD, 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 



24 constant region derived from human immunoglobulin are not particularly
limited. A humanized monoclonal antibody can be produced, for example, as
follows. Needless to say, the production method is not limited 5 thereto .
For example, a recombinant humanized monoclonal antibody derived from mouse
monoclonal antibody can be prepared by genetic engineering, referring to
Published Japanese Translation of International Publication (JP-WA) No. Hei
4-506458 and JP-A Sho 10 62-296890. Namely, at least one mouse H chain CDR
gene and at least one mouse L chain CDR gene corresponding to the mouse H
chain CDR gene are isolatedfrom hybridomas producing mouse monoclonal
antibody, and human H chain gene encoding the whole regions except human H
chain CDR corresponding to mouse H chain CDR mentioned above and human L 15
chain gene encoding the whole region except human L chain CDR corresponding
to mouse L chain CDR mentioned above are isolated from human immunoglobulin
genes. The mouse H chain CDR gene (s) and the human H chain gene (s) so
isolated are operably inserted into an appropriate vector so that 20 they
can be expressed. Similarly, the mouse L chain CDR gene (s) and the human L
chain genes) are operably inserted into another appropriate vector so that
they can be expressed. Alternatively, the mouse H chain CDR gene(s)/human H
chain genes) 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   25 the production method of polyclonal or monoclonal antibodies
mentioned above by immunizing, with an antigen, a transgenic animal
prepared by integrating at least a human immunoglobulin gene into the gene
locus of a non-human mammal such as a mouse. 5 For example, a transgenic
mouse producing human antibodies is prepared by the methods described in
Nature Genetics , Vol . 7 , pp . 13-21 (l994); Nature Genetics, Vo1.15,
pp.146-l56 (1997); JP-WA Hei 4-504365; JP-WA Hei 7-509137; Nikkei Science,
No.6, pp.40-50 (1995); W094/25585; Nature, Vo1.368, pp.856-859 (1994); and
JP-WA No. Hei 10 6-500233. In addition, a recently developed technique for
producing a human-derived protein from the milk of a transgenic cow or pig
can also be applied (Nikkei Science, pp.78-84 (April, 1997)). The phrase
"portion of an antibody" as used in the present 15 invention means a
partial region of a monoclonal antibody as mentioned above. It specifically
means F(ab')2, Fab', Fab, Fv (variable fragment of antibody), sFv, dsFv
(disulfide stabilized Fv), or dAb (single domain antibody) (Exp. Opin.
Ther. Patents, Vol.6, No. S, pp.441-456 (1996)). 20 "F (ab' ) z" 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 VL (L chain variable region) and CL (L chain constant region),
and an H chain fragment composed of VH (H chain variable region) and Cfy1
('y1 region in the constant region of H chain) 30 are connected at their 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')2.   26 The term "graft rej
ection" of the present invention refers to various immune responses that
try to reject and eliminate a graft (a part of a living body that is
transplanted; a~cell, a tissue, or an organ) from a donor whose genetic
background is different to that 5 of the recipient (i.e.,
allotransplantation or xenotransplantation) since the recipient recognizes
the graft as a foreign substance. The immune responses that accompany this
transplantation can be classified into ( 1 ) hyper-acute rej ection , which
is a strong rej ection occurring immediately after transplantation, (2)
acute rejection, 10 which is observed within a few months after
transplantation, and (3) chronic rejection observed several months aftelr
transplantation. Furthermore, although cellular immunity due to
immunocompetent cells represented by T cells , and humoral immunity due to
antibodies occur in an intricately coordinated manner, the main response is
by cellular 15 immunity I. As a result of graft rejection, the graft
ultimately becomes necrotic and falls off . Furthermore, the patient
develops not only severe systemic symptoms such as fever, leukocytosis, and
fatigue, but also swelling and tenderness at the transplantation site. 20
Furthermore, severe complications such as infections may occur. In
particular, when transplanting a xenogenic graft such as that from a pig,
the serious problem of hyper-acute rejection occurs, whereby the graft is
rejected within minutes. The term "graft" of this invention refers to "an
organ or a 25 portion thereof", or "a tissue" that is transplanted to a
recipient mammal from a donor mammal. 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 living body of a
mammal (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 . Especially preferred is
the liver, or a portion thereof. The term "tissue" relating to the trans
lantation of this 35 invention refers to an arbitrary tissue derived ~rom
the living body of a mammal (preferably a human or a pig, and preferably a
human).   27 A preferred example is a tissue such as skin, cornea, bone, or
cardiac valve; however, it is not limited thereto. The term
"immunosuppressive agent" of this invention refers to any one or more
existing immunosuppressive agents used to suppress 5 an immunological
rejection (graft rejection) in a recipient caused by transplantation of a
graft in the clinical transplantation of cells , tissues, or organs, whose
manufacture and sales as a pharmaceutical agent have been approved by a
governmental organization; or any one or more of immunosuppressive agents
that are currently used in 10 clinical or preclinical trials, or will be
used in clinical trials 



in the future, whose manufacture and sales as a pharmaceutical agent may be
approved by a governmental organization after the trials. Such
immunosuppressive agents are used not only alone, but also in combination
with 2, 3, or more agents. Therefore, the term 15 "immunosuppressive agent"
according to this invention includes the use of a single type of
pharmaceutical agent, or combined use of a plurality of pharmaceutical
agents (preferably used in combination with 2 or 3 agents). Preferably, the
immunosuppressive agent is, for example, one 20 or more pharmaceutical
agents selected from cyclosporin (CsA); tacrolimus (FK-506) ; azathioprine
(AZ) ; mycophenolate mofetil (MMF) ; mizoribine (MZ); leflunomide (LEF);
adrenocortical steroids (otherwise 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 one 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 (including
molecules having practically 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 sequence> GenBank Accession
No. NP 005205; <cDNA> GenBank Accession No. NM 005214); (2) a fusion
polypeptide comprising the   28 whole or a portion of the extracellular
region of human CTLA4, and the whole or a portion of another protein
(especially preferably, the whole or a portion of the constant region of
human immunoglobulin heavy chain) (hereinafter, abbreviated as CTLA4-IgFc
or CTLA4-Ig) ; 5 or (3) a DNA which may provide to a mammal (especially
preferably a human) the polypeptide of (1) or the fusion polypeptide of
(2), or a vector comprising the DNA (especially preferable is a plasmid
generally used in gene therapy, or a viral vector derived from a virus
(retrovirus, adenovirus, adeno-associated virus, etc.), or such). 10
Herein, each of the terms/phrases such as "extracellular region," "a
portion," "constant region of the immunoglobulin heavy chain," "fusion
polypeptide," and "practically the same" has the same meaning as defined
above. There are a number of reports on the significant 15
immunosuppressive effect of the aforementioned CTLA4-Ig. For example, the
high immunosuppressive effect of Y100F (tyrosine of position 100 is
substituted with alanine) developed by Bristol-Myers Squibb/Repligen has
been confirmed from various animal experiments, and this product is also
included as one of the CTLA4 drugs of this 20 invention (Igaku no Ayumi,
Vol. 194, No. 14, p.1195-1200, 2000; J. Clin. Invest., Vo1.103,
p.1223-1225, 1999; N. Engl. J. Med., Vo1.335, p.1369-1377, 1996; J. Exp.
Med., Vo1.178, p.1801-1806, 1993; Blood, Vo1.94, p.2523-2529, 1999; Nature
Med., Vol.6, p.464-469, 2000; Blood, Vo1.83, p.3815-3823, 1995; J. Clin.
Invest., Vol.2, p.473-482, 1998; 25 Blood, Vo1.85, p.2607-26l2, 1995; N.
Engl. J. Med., Vo1.340, p.1704-l714, 1999; N. Engl. J. Med. Vo1.335,
p.1369-1377, 1996; J. Clin. Invest., Vo1.103, 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.   29 



The pharmaceutical composition can be administered orally or parenterally.
Other forms for parenteral administration include a solution for external
application, suppository for rectal administration, and pessary, prescribed
by the usual method, which 5- comprises one or more active ingredients. - -
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 ~g to 1000 mg (or 10 ~g 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 inj ection adjusting the
concentration in the range 20 of 0.1 ~g 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 ~g to l00 mg/kg
body weight, preferably in the range of 50 ~g 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-aqueous diluent 30 (for example,
propylene glycol, polyethylene glycol, vegetable oil such as olive oil, 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 inj ection can be produced in such
a manner that it is prepared at the time of use. Namely, it is freeze-dried
to be a   30 sterile solid composition that can be dissolved in sterile
distilled water for injection or another solvent before use. The
pharmaceutical composition of the present invention is extremely useful for
the suppression, prevention, and/or treatment 5 of immunological rej ection
(graft rej ection) , 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 is transplanted
(allotransplanted or xenotransplanted) to a recipient affected by asevere
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 such 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 rej ection (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 ICOS-Ig), which uses   31 as
an index the extension of days of graft survival of the transplanted heart
from a donor in a recipient. Fig. 5 is a photograph showing the degree of
infiltration of AILIM-expressing cells into a transplanted heart. 5 Fig. 6
- shows- -the effect of suppression of immunological rejection (graft
rejection) that occurs accompanying organ transplantation by anti-AILIM
antibody and/or AdCTLA4-Ig, which uses as an index the extension of days of
graft survival of the transplanted heart from a donor in a recipient. 10
Fig. 7 shows the effect of an anti-AILIM used in combination with
AdCTLA4-Ig on the suppression of immunological rej ection (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 Carryinq
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 AILTM monoclonal antibody A monoclonal
antibody purified from ascites 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 is an international depositary agency certified under the Budapest
Treaty. International Accession No.: FERM BP-5707) that produces a   



32 mouse anti-rat AILIM monoclonal antibody (mouse anti-rat JTT-1 antigen
monoclonal antibody) was used (JP-A Hei 11-29599 (Examples 1 and 2), and
International Patent Application No. W098/38216 (Examples 1 and 2) ) .
Hereinafter, this antibody is simply referred 5 to as "anti-AILIM
antibody". <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 950. <1-4> 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; intravenous injection; day 0) 2 . Anti-AILIM antibody ( 1 mg/kg;
intravenous inj ection ; day 0 35 and 6) 3. Anti-AILIM antibody (1 mg/kg;
intravenous injection; day 0,   33 3 , and 6 ) 4. Anti-AILIM antibody (1
mg/kg; intravenous injection; day 0, 3, 6, 9, and 12) 5. Anti-AILIM
antibody (0.3 mg/kg; intravenous injection; day 5 0, 3, 6, 9, and 12) 6.
FK-506 (1 mg/kg; intramuscular injection; day 0) 7. Anti-AILIM antibody (1
mg/kg; intravenous injection; day 0) 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 car_ be further suppressed by
using the   34 anti-AILIM antibody in combination with an immunosuppressive
agent, compared to when only one of them is used. [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 old) 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., Vo1.12, No.
l, p.51-55, 2000) , a transformed cell expressing mouse AILIMwas prepared
15 according tostandard methodsusing geneticrecombination 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. B0113; Res.
Disclosure, Vo1.217, 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   35 the monoclonal antibodies
produced in the culture supernatant of each hybridoma against mouse AILIM.
As a result, several hybridomas that produced monoclonal antibodies having
reactivity towards mouse AILIM were obtained. 5 One of these hybridomas was
named "B10 .5" . This hybridoma (106 to 10' 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 [gig) , on day 2 (200 ~.g) , day 4 (200 ~.g) , day 7 (200 ~.g) , and
day 10 (100 fig) . 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-Meier
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, 9 days in 3 mice, 10 days in 4 mice The duration of graft
survival in the control group to which   36 the anti-AILIM antibody was not
administered was 7.9 days, but in contrast, it was 12.3 days in the
anti-AILIM antibody administered group, and a significant prolongation of
graft survival of the transplanted heart was demonstrated in the anti-AILIM
antibody 5 administered group. <3> Experiment 2 (administration of
anti-AILIM antibody or AILIM-Ig) 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 (l00 ~g/day) or AILIM-Ig (100
~.g/day) was administered intraperitoneally immediately following
transplantation ( day 0 ) , on day 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-Ig 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   37 of AILIM
(ICOS) expressing cells as well as necrosis of the cardiac muscle was
observed (stained portion). On the other hand, in the 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 AILIM (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 (~-galactosidase gene (lacZ) was
produced by homologous recombination between expression cosmid cassette
pAdex/CAhCTLA4-Ig (Transplantation, Vo1.68, No.6, p.758, 1999) and the
genome of the parent strain adenovirus (Proc. Natl. Acad. Sci. USA. ,
Vo1.90, 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
-80C. The recombinant adenovirus containing the cDNA of hCTLA4-Ig, and the
adenovirus containing LacZ were named AdCTLA4-Ig and AdLacZ, 25
respectively. <1-2> Animals and Antibody Adult male (210-250 g) Lewis
(RT11) rats were used as recipients and an adult male (210-250 g) DA (RTla)
rats or BN (RTln) rats were used as donors. 30 The mouse-anti-rat ATLIM
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 (
19 69 ) ( hearts obtained from DA rats 35 were transplanted to the abdomen
of Lewis rats. Immediately after the heart transplantation, an anti-rat
AILIM antibody (1 mg/kg) and/or   38 AdCTLA4-Ig (109 plaque-forming unit;
pfu) were administered intravenously in a single dose to the recipient
rats. The group of transplanted animals to which neither the anti-rat AILIM
antibody nor AdCTLA4-Ig was administered, and the group of 5 transplanted
animals to which AdLacZ was administered instead were used as controls. The
method of treatment of each animal group is as shown below. 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 , us ing the cuf f technique (Acta . Pathol . Microbiol . Scand . [A]
, Vo1.79, No.4, p.366-372, 1971), the heart of a donor DA rat was   39
transplanted again to the cervical region of 3 recipient rats of Group 6
that indicated graft rejection 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 recipients 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 a11 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 rej ection was somewhat delayed and was seen within 16 days or less   40
in Group 6. This result shows that combined use of AdCTLA4-Ig and
anti-AILIM antibody can delay rej ection of the grafted skin compared to
the case when AdCTLA4-Ig is used alone. Interestingly, i n 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 bysevere 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.   41 CLAIMS 1. A pharmaceutical composition for suppressing,
treating, or preventing graft rejection accompanying the transplantation of
an 5 organ, a portion thereof, or a tissue, said composition-coinprising 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 pharmaceutical 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 is 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   42 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.
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