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Description

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 60/428,328, filed November 21, 2002.

BACKGROUND OF THE INVENTION

[0002] Autoimmune disease results when a subject’s immune system attacks its own tissues often resulting in severe
morbidity or death. Examples of such diseases include type 1 insulin dependent diabetes, multiple sclerosis, rheumatoid
arthritis and inflammatory bowel disease.
[0003] The immune system also can cause illness as a consequence of its reaction to a transplanted organ, tissue or
cell, where the organ, tissue or cell is recognized as foreign. Typically the transplanted organ or tissue is recognized as
foreign by the host and infiltrated by the host immune cells, which then carry out their effector function and destroy the
transplant. Typical treatments to help suppress the immune response that is elicited by foreign transplant include im-
munosupressive drugs such as corticosteroids, cyclosporin A, rapamycin and FK506 or antibody therapies such as anti
T-cell antibodies. These therapies are not specific and typically must be administered for the life of the patient. Additionally,
these therapies have undesirable side effects such as high blood pressure, renal failure, lowered resistance to infection
and fever. The costs of those treatments over a lifetime is also quite expensive.
[0004] In response to the aforementioned problems associated with immunosupression therapies, there exists a clear
need for more efficacious and less problematic therapies to treat autoimmune diseases and organ or tissue rejection.

SUMMARY OF THE INVENTION

[0005] It has now been found that compound 1 which is described below in detail, and certain immunosupressive
agents (e.g., rapamycin or anti CD40L monoclonal antibody) act synergistically to inhibit transplant rejection and can
even induce specific immune tolerance towards transplanted tissue. For example, administration of a sub-therapeutic
dose of rapamycin together with Compound 1 to mice with heart transplants suppressed transplant rejection for at least
100 days (see Example 1). Rejection did not occur, even after treatment with these drugs was terminated. Furthermore,
a second heart transplant from the same donor strain of mice was accepted, while a second heart transplant from an
unrelated donor was rejected (Example 3). These results indicate that this combination therapy induced specific immune
tolerance towards the transplanted organ without causing non-specific immune ablation. In addition, anti-CD40L mon-
oclonal antibody and Compound 1 were also found to act synergistically to inhibit heart transplant rejection in mice. Mice
treated with this combination showed no sign of rejection after 100 days (see Example 2). Based on these results uses
according to the appended claims are disclosed herein.
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[0006] In one embodiment, the present invention directs the use of a compund represented by the following structural
formula:

or a pharmaceutically acceptable salt thereof,
for the manufacture of a medicament for inhibiting rejection of a transplanted organ, tissue or cell in a mammal, the
medicament comprising an effective amount of an immunosuppressive agent and an effective amount of the compound
of the above formula, wherein the immunosuppressive agent is an anti-CD40L monoclonal antibody, rapamycin or an
anti-lymphocyte antibody;
and wherein the immunosuppressive agent and the compound of the above formula can be formulated individually or
as a mixture of components in a suitable pharmaceutical composition.
[0007] In yet another embodiment the present invention directs a compound represented by the following structural
fomula:

or a pharmaceutically acceptable salt thereof, in combination with an immunosuppressive agent for use in inhibiting
rejection of a transplanted organ, tissue or cell in a mammal; wherein the immunosuppressive agent is an anti-CD40L
monoclonal antibody, rapamycin or an anti-lymphocyte antibody;
and wherein the immunosuppressive agent and the compound of the above formula can be formulated individually or
as a mixture of components in a suitable pharma-ceutical composition.
[0008] In another embodiment the present invention is a composition comprising an immunosuppressive agent selected
from an anti-cd40l monoclonal antibody, rapamycin and an anti-lymphocite antibody, and compound 1. The composition
can be used in therapy, for example, to induce specific immune tolerance in a subject in need thereof, to inhibit organ,
tissue or cell transplant rejection or to treat autoimmune disease. Typically, the composition comprises an effective
amount of both agents. The combination can also be used for the manufacture of a medicament for inducing immune
tolerance, treating organ, tissue or cell transplant rejection rejection and/or autoimmune disease.
[0009] The immunosupressive drugs used in the combination therapy described herein synergize and therefore are
highly effective in suppressing organ transplant rejection. In many instances, the combination induces specific immune
tolerance towards the transplanted tissue. As a consequence, treatment can be terminated once tolerance has been
induced, thereby eliminating the need to remain on a lifelong regimen of immunosuppressive drugs. In addition, cessation
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of the immunosuppression allows the immune system to react with full strength against encounters with new antigens.

BRIEF DESCRIPTION OF THE FIGURES

[0010] Figure 1 is a graph showing the survival rate of mice over time (in days) after receiving heart transplant. The
mice were divided into four transplanted groups: 1) mice without treatment; 2) mice treated subcutaneously with 0.3
mg/kg/day of rapamycin for three days following the transplant; 3) mice treated intraperitoneally with 75 mg/kg/day of
Compound 1 for two weeks following the transplant; and 4) mice treated subcutaneously with 0.3 mg/kg/day of rapamycin
for three days and intraperitoneally with 75 mg/kg/day of the compound of Compound 1 for two weeks following the
transplant. Figure 1 shows that the Compound 1 synergizes with rapamycin such that cardiac allograft rejection was
prevented for all recipients for at least 100 days in this mouse transplant model.
[0011] Figure 2 is a graph showing the survival rate of mice over time (in days) after receiving heart transplant. The
mice were divided into four transplanted groups: 1) mice without treatment; 2) mice treated with a single dose of anti-
CD 154 monoclonal antibody (250 Pg/mouse) immediately following the transplant; 3) mice treated with 75 mg/kg/day
of Compound 1 for two weeks following the transplant; and 4) mice treated with a single dose of 250 Pg of anti-CD154
monoclonal antibody immediately following transplant and 75 mg/kg/day of Compound 1 for two weeks following the
transplant. Figure 2 shows that Compound 1 synergizes with anti-CD154 monoclonal antibody such that cardiac allograft
rejection was prevented in all recipients for at least 100 days in this mouse transplant model.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The disclosed invention is a combination therapy of an immunosuppressive drug and compound 1.
[0013] The combination therapy has been found to synergistically suppress tissue transplant rejection and typically
to induce immune tolerance to the transplanted tissue.
[0014] The term "immunosuppressive agent" refers to a drug which is able to suppress an immune response and is
preferably a drug which suppresses a T cell mediated immune response. Immunosuppressive agents have been com-
monly used following tissue transplants to suppress acute rejection of the transplanted tissue. The immunosuppressive
agents according to the present invention are anti-lymphocyte antibodies (e.g., anti-lymphocyte serum, anti-CD3 mon-
oclonal monclonal antibody and anti-CD4 monoclonal antibody), rapamycin, and anti CD40L monoclonal antibodies.
Rapamycin and anti-CD40L monoclonal antibody are most commonly used in the disclosed combination therapy.
[0015] The term "inducing immune tolerance" means rendering the immune system (preferably the T cells of the
immune system) unresponsive or less responsive to a particular antigen without inducing a prolonged generalized
immune deficiency. The term "antigen" means a substance that is capable of eliciting an immune response. For autoim-
mune disease, "inducing immune tolerance" means rendering the immune system unresponsive or less responsive
towards autoantigen or other antigen that the host recognizes as foreign and against which the host is generating an
autoimmune response. Induction of this type of tolerance can be used to treat autoimmune disease. For transplantation,
"inducing immune tolerance" means rendering the immune system unresponsive or less responsive towards the antigens
on the transplant, the transplanted organ, tissue or cells.
[0016] The disclosed compositions can be also used to induce immune tolerance towards other types of antigens
which evoke an undesired immune response. For example, the safety and efficacy of a wide variety of potential therapeutic
agents may be compromised by undesired immune responses to the agent being administered. Inducing tolerance to
these agents by the disclosed compositions will prevent clearance and destruction of these agents by the immune system
and enable them to carry out their therapeutic function. Examples of such agents include therapeutic proteins (e.g.,
antibodies, enzymes and the like), protein fragments and serums that are obtained from a species different than the
host or which otherwise comprise antigen that are recognized as foreign by the host’s immune system. Other examples
include certain agents used in gene therapy, e.g., viral vectors. "Inducing immune tolerance" to these antigens means
rendering the immune system unresponsive or less responsive to the antigen without inducing a prolonged general
immune deficiency.
[0017] Other types of antigens which evoke undesired immune responses include certain allergens or venoms, par-
ticularly when the immune response evoked by these antigens is mediated by T cells. The disclosed compositions can
be advantageously used to induce tolerance towards antigens of these types. "Inducing immune tolerance" to venoms
and allergens means rendering the immune system unresponsive or less responsive to the antigen without inducing a
prolonged general immune deficiency.
[0018] As described above, the disclosed combinations can be advantageously used to treat a mammal with an organ,
tissue or cell transplant. The most common type of transplant is an allograft, which is a graft between members of the
same species. Cells, tissues or organs (or parts thereof) which are typically transplanted between members of the same
species include, but are not limited, to heart, lung, kidney, liver, pancreas, pancreatic islets, brain tissue, cornea, stomach,
bone, bone marrow, muscle, intestine, bladder, skin and stem cells. Optionally, the transplanted tissue or organ is bio-
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engineered, e.g., when the transplanted tissue or organ is grown from a stem cell or other type of precursor cell(s). Bio-
engineered tissue or organ can be grown outside of the body and transplanted directly into the host. Alternatively, the
precursor cells or immature organ or tissue is transplanted into the host to grow and mature.
[0019] The transplanted organ, tissue or cell(s) can also be a xenograft, i.e., the donor is a member of a species
different than the recipient. Xenografts are advantageously used with a bio-engineered tissue or organ, which, instead
of being transplanted directly into the recipient in need of the tissue or organ, can be transplanted into a surrogate host
such as non-human mammal until a suitable human recipient in need of the bio-engineered tissue or organ is identified.
Alternatively, the tissue or organ can be transplanted into the surrogate to allow the bio-engineered tissue or organ to
mature. Use of surrogate hosts may be preferred in instances where further development of the tissue or organ is required
before transplantation into a human recipient. In another alternative, a xenograft is used when a suitable allograft donor
is unavailable. When a transplanting into a different a species, it is desirable to select a host such that the size of the
organs in the host and donor are similar. In addition, the host is selected to minimize transmission of communicable
diseases.
[0020] Autoimmune diseases that may be treated or prevented by the present compositions include but are not limited
to type 1 insulin dependant diabetes, inflammatory bowel disease, multiple sclerosis, rheumatoid arthritis, dermatitis,
rheumatic fever, Graves Disease, Reynauds Syndrome, chronic active hepatitis, atrophic gastritis, Addisons disease,
adult respiratory distress syndrome, meningitis, Sjogren’s syndrome, Reiter’s syndrome, surcoidosis vasculitis, perni-
cious anemia, Hashimoto’s thyroiditis, celiac disease, ankylosing spondylitis, dermatomyositis, pemphigus, pemphigoid,
necrotizing vasculitis, myasthenia gravis, lupus erythematosus, leukocyte adhesion deficiency, uveitic encephalitis, pol-
ymyositis, granulomatosis, glomerulonephritis, progressive systemic sclerosis, psoriatic arthritis, thrombotic thromibo-
cytopenic purpura, primary binary cirrhosis autoimmune haemolytic anemia, autoimmune complications of AIDS, habitual
spontaneous abortions, central nervous system inflammatory disorders, antigen - antibody complex mediated diseases,
amyotrophic lateral sclerosis, thyroidosis, scleroderma, lupus, and artherosclerosis. The disclosed combination therapy
is expected to be particularly beneficial when used treat type 1 insulin dependant diabetes, inflammatory bowel disease,
multiple sclerosis or rheumatoid arthritis.
[0021] A "mammal needing treatment to induce immune tolerance" is a mammal with a tissue transplant, a mammal
with one of the aforementioned autoimmune diseases or a mammal with an undesired immune response.
[0022] An "effective amount" of an immunosuppressive agent and compound 1 is an amount which achieves a degree
of immunosuppression sufficient to delay, inhibit, suppress or moderate tissue transplant rejection and/or delay, inhibit,
suppress or moderate one or more symptoms of an autoimmune disease described herein and/or delay, inhibit, suppress
or moderate an undesired immune response to a foreign antigen such as a therapeutic protein, viral vector, allergen,
venom and the like. Preferably, the two agents are used at dosages suitable for inducing tolerance to the antigen which
is the target of an undesired immune response or, alternatively, at dosages at which the immunosuppressive activities
of the two agents synergize. Because many immunosuppresive agents described herein and compound 1 act synergis-
tically, sub-therapeutic dosages can be used in the disclosed methods, i.e., dosages which are lower than the amounts
that would be effective when the agent is used alone. Suitable sub-therapeutic dosages of one or both agents of the
disclosed combination therapy are those which are sufficient, when the two agents are used in combination, to delay,
inhibit, suppress or moderate an undesired immune response to an antigen, as described above. The skilled artisan will
be able to determine such dosages using ordinary experimentation, such as by using animal models. One advantage
of the disclosed combined therapy, therefore, is that the subject being treated can in some instances be spared the side-
effects of higher levels of immunosuppression resulting from, for example, corticosteroids and inhibitors of calcineurin.
[0023] Suitable dosages of the compound 1 are typically those which are described in U.S. Patent Application Serial
No. 09/852,965 and WO 01/87849 to Sneddon et al., "Modulators of TNF-α Signalling". The dosage to be used is, of
course, dependent on various factors such as the mammal to be treated (human or other mammal, weight, sex, age,
general health), the severity of the symptoms, the disorder to be treated, possible accompanying disorders if any, the
nature of the accompanying treatment with other pharmaceuticals, if any, or the frequency of treatment.
[0024] Typically, the combination therapy according to the invention comprises the administration of one to eight
individual dosages per day of about 0.01 mg/Kg/day to about 100 mg/Kg/day of the immunosuppressive agent and of
about 0.01 mg/Kg/day to about 100 mg/Kg/day of compound 1. More commonly, about 0.1 mg/Kg/day to about 10
mg/Kg/day of the immunosuppressive agent and of about 0.1 mg/Kg/day to about 10 mg/Kg/day of compound 1 are
administered and, preferably, about 0.1 mg/Kg/day to about 10 mg/Kg/day of the immunosuppressive agent and of about
0.1 mg/Kg/day to about 1 mg/Kg/day of compound 1. The immunosuppressive agents and the compound 1 can be
administered individually or as a mixture of components in a suitably formulated pharmaceutical composition.
[0025] The immunosupressive agent and the compound 1 can be administered prior to exposure to the antigen causing
the immune response, while the subject is being exposed to the antigen, following exposure to the antigen or any
combination thereof.
[0026] The combination preparation according to the invention can also include combination packs or compositions
in which the constituents are placed side by side and can therefore be administered simultaneously, separately or



EP 1 562 571 B1

6

5

10

15

20

25

30

35

40

45

50

55

sequentially to one and the same human or other mammal body.
[0027] A "mammal" is preferably a human, but can also be an animal in need of veterinary treatment, e.g., companion
animals (e.g., dogs, cats, rabbits and the like), farm animals (e.g., cows, sheep, pigs, horses, and the like) and laboratory
animals (e.g., rats, mice, guinea pigs, and the like).
[0028] Pharmaceutically acceptable salts of the compound 1 can also used in the disclosed combination therapies.
The term "pharmaceutically acceptable salts" refers to salts prepared from pharmaceutically acceptable non-toxic acids.
Pharmaceutically acceptable salts of compound 1 can be conveniently prepared from pharmaceutically acceptable non-
toxic acids, including inorganic and organic acids. Such acids include for example hydrobromic, hydrochloric, acetic,
benzoic, succinic, nitric, sulfuric, benzenesulfuric, camphorsulfonic, ethanesulfonic, citric, fumric, phosphoric, p-tolue-
nesulfonic acid, tantaric, lactic, pamoic, methanesulfonic, maleic, malic, mandelic, gludconic, glutamic, isethionic, mucic,
pantothenic and the like.
[0029] Pharmaceutical compositions for use in accordance with the present invention thus can be formulated in a
conventional manner using one or more physiologically acceptable carriers comprising excipients and auxiliaries which
facilitate processing of the active compounds into preparations which can be used pharmaceutically. Proper formulation
is dependent upon the route of administration chosen. Techniques for formulation and administration of the components
of the instant application can be found Remington: The Science and Practice of Pharmacy. 19th edition, March Publishing
Co., Easton PA. (1995).
[0030] Suitable routes of administration can for example include oral, eyedrop, rectal, transmucosal, topical, or intestinal
administration; parenternal delivery, including intramuscular, subcutaneous, intramedullary injections as well as intrath-
ecal, direct intraventricular intravenous, intraperitoneal, intranasal, or intraocular injections.
[0031] For injection, the agents of the invention may be formulated in aqueous solutions, preferably in physiologically
compatible buffers such as Hanks’s solution, Ringer’s solution, or physiological saline buffer. For transmucosal admin-
istration, penetrants appropriate to the barrier to be permeated are used in the formulation. Such penetrants are generally
known in the art.
[0032] For oral administration, the compounds can be formulated readily by combining the active compounds with
pharmaceutically acceptable carriers well known in the art. Such carriers enable the compounds of the invention to be
formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion
by a patient to be treated. Pharmaceutical preparations for oral use can be obtained by combining the active compound
with a solid excipient, optionally grinding a resulting mixture, and processing the mixture of granules, after adding suitable
auxiliaries, if desired, to obtain tablets or dragee cores. Suitable excipients include fillers such as sugars, (e.g. lactose,
sucrose, mannitol, or sorbitol), cellulose preparations such as, for example, maize starch, wheat starch, rice starch,
potato starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, sodium carboxymethylcellulose,
and/or polyvinylpyrrolidone (PVP). If desired, disintegrating agents may be added, such as the cross-linked polyvinyl
pyrrolidone, agar, or alginic acid or a salt thereof such as sodium alginate.
[0033] Dragee cores are provided with suitable coatings. For this purpose, concentrated sugar solutions may be used,
which may optionally contain gum arabic, talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium
dioxide, lacquer solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to
the tablets or dragee coatings for identification or to characterize different combinations of active compound doses.
[0034] Pharmaceutical preparations which can be used orally include push-fit capsules made of gelatin, as well as
soft, sealed capsules made of gelatin and a plasticizer, such as glycerol or sorbitol. The push-fit capsules can contain
the active ingredients in admixture with filler such as lactose, binders such as starches, and/or lubricants such as talc
or magnesium stearate and, optionally, stabilizers. In soft capsules, the active compounds may be dissolved or suspended
in suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition, stabilizers may be added.
All formulations for oral administration should be in dosages suitable for such administration.
[0035] For buccal administration, the compositions may take the form of tablets or lozenges formulated in a conventional
manner.
[0036] For administration by inhalation, the compounds for use according to the present invention are conveniently
delivered in the form of a dry powder inhaler, or an aerosol spray presentation from pressurized packs or a nebuliser,
with the use of a suitable propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane,
carbon dioxide or other suitable gas. In the case of pressurized aerosol the dosage unit may be determined by providing
a valve to deliver a metered amount. Capsules and cartridges of gelatin for use in an inhaler or insufflator may be
formulated containing a powder mix of the compound and a suitable powder base such a lactose or starch.
[0037] The compounds can be formulated for parenteral administration by injection, including bolus injection or con-
tinuous infusion. Formulations for injection may be presented in unit dosage form, such as in ampoules or in multi-dose
containers, with an added preservative. The compositions may take such forms as suspensions, solutions or emulsions
in oily or aqueous vehicles, and may contain formulatory agents such as suspending, stabilizing and/or dispersing agents.
[0038] Pharmaceutical formulations for parenteral administration include aqueous solutions of the active compounds
in water-soluble form. Additionally, suspensions of the active compounds may be prepared as appropriate oily injection
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suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acid esters,
such as ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions may contain substances which increase
the viscosity of the suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension
may also contain suitable stabilizers or agents which increase the solubility of the compounds to allow for the preparation
of highly concentrated solutions.
[0039] Alternatively, the active ingredient may be in powder form for constitution with a suitable vehicle, such as sterile
pyrogen-free water, before use.
[0040] The compounds may also be formulated in rectal compositions such as suppositories or retention enemas,
e.g., containing conventional suppository bases such as cocoa butter or other glycerides.
[0041] In addition to the formulations described previously, the compounds may also be formulated as a depot prep-
aration. Suitable formulations of this type include biocompatible and biodegradable polymeric hydrogel formulations
using crosslinked or water insoluble polysaccharide formulations. Also included are polymerizable polyethylene oxide
formulations. Formulations of this type are disclosed in U.S. Patent Nos. 5,410,016, 4,713,448, 4,636,524, 6,083,524,
5,785,993, 4,937,270 and 5,017,229. Such long acting formulations may be administered by implantation, for example,
subcutaneously or intramuscularly or by intramuscular injection. Preferably, they are implanted in the microenvironment
of the transplanted organ or tissue. Thus, for example, the compounds may be formulated with suitable polymeric or
hydrophobic materials, for example, as an emulsion in an acceptable oil, or ion exchange resins, or as sparingly soluble
derivatives, for example, as a sparingly soluble salt.
[0042] The pharmaceutical compositions can also include suitable solid or gel phase carriers or excipients. Examples
of such carriers or excipients include calcium carbonate, calcium phosphate, various sugars, starches, cellulose deriv-
atives, gelatin, and polymers such as polyethylene glycols.
[0043] Pharmaceutical compositions suitable for use in the present invention include compositions wherein the active
ingredients are contained in an effective amount to achieve the intended purpose. More specifically, an effective amount,
as previously defined, denotes an amount suitable for inducing tolerance or suppressing an immune response effective
amounts are described above.
[0044] The synthesis of the compound 1 can be accomplished using methodologies disclosed in WO 01/87849 and
U.S. Patent Application Serial No. 09/852,965 .
[0045] The invention is illustrated by the following examples, which are not intended to be limiting in any way.

EXEMPLIFICATION

Example 1 Synergistic Suppression of Transplant Rejection Using a Combination Therapy of Compound 1 and Rapamy-
cin in a Mouse Model

[0046] The ability of a combination therapy of rapamycin and Compound 1 to inhibit transplant rejection in a mouse
model was tested. Specifically, the heart from C57/BL6 mice was transplanted into Balb/c recipient mice (total MHC
mismatch) using standard protocol described in Hancock, W.W., et al. and Yuan et al., Transplantation 73:1736, Proc.Natl.
Acad Sci. USA 93: 13967 (1996)
[0047] Following surgery, the mice were divided into the following treatment groups:

Group I is a control group that was untreated.

Group II was treated with Compound 1 at a dose of 75 mg/kg/day subcutaneously for fourteen days following surgery.

Group III was treated with rapamycin at a dose of 0.3 mg/kg/day intraperitoneally for three days following surgery.

Group IV was treated with Compound 1 at a dose of 75 mg/kg/day intraperitoneally for fourteen days following
surgery and with rapamycin at a dose of 0.3 mg/kg/day intraperitoneally for three days following surgery. It is noted
that this dose of rapamycin is about ten times lower than is typically used to suppress transplant rejection.

[0048] The results are shown in Figure 1. As can be seen, control mice receiving no treatment reproducibly experienced
rejection of their transplanted hearts after only ten days. Mice receiving rapamycin alone or the Compound 1 alone
showed a modest (two to three weeks) but statistically significant delay (p < 0.001) in the onset of rejection. However,
mice receiving the combination therapy of Compound 1 and rapamycin had 100% graft survival for over 100 days,
indicating that the two drugs acted synergistically (p < 0.001). In fact, the animals treated in this manner never showed
signs of acute rejection and were sacrificed at 120 days following surgery so that the transplanted heart could analyzed
histologically.
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Example 2 Synergistic Suppression of Transplant Rejection Using a Combination Therapy of Compound 1 and Anti-
CD40L in a Mouse Model

[0049] The ability of a combination therapy of anti CD40L and Compound 1 to inhibit transplant rejection in a mouse
model was tested according to the protocol of Example 1 using a single 250 Pg dose of anti CD40L administered
intraperitoneally in place of rapamycin. The results are shown in Figure 2. As can be seen, mice receiving the combination
therapy had 100% graft survival for over 100 days, indicating that the two drugs acted synergistically (p < 0.001). Again,
the animals treated in this manner never showed signs of acute rejection and were sacrificed at 120 days following
surgery so that the transplanted heart could analyzed histologically.

Example 3 Induction of Specific Immune Tolerance Using a Combination Therapy of the Compound 1 and Rapamycin 
in a Mouse Model

[0050] The ability of a combination therapy of rapamycin and the Compound 1 to induce specific immune tolerance
in a mouse model was tested. Specifically, the heart from C57/BL6 mice was transplanted into Balb/c recipient mice
(total MHC mismatch) using standard protocol described in Hancock, W.W., et al. Proc. Natl. Acad Sci. USA 93: 13967
(1996) and and Yuan et al., Transplantation 73:1736. Following surgery, the mice were treated with the Compound 1 at
a dose of 75 mg/kg/day intraperitoneally for fourteen days and with rapamycin at a dose of 0.3 mg/kg/day intraperitoneally
for three days. Following treatment, the mice were divided into two groups of 2 mice each. The first group received a
second transplanted heart from the same donor strain of mice; mice from the second group received a second heart
transplant from an unrelated third party donor. The hearts from the mice in the first group were not rejected, whereas
the all of the mice in second group rejected the new hearts. This indicates that the combination therapy blinds the immune
system to the alloantigen immediately at hand for an extended period but does not result in non-specific immune ablation.

Example 4 Effect of a Combination Therapy of the Compound 1 and Cyclosporin A in a Mouse Model

[0051] The ability of a combination therapy of cyclosporin A and Compound 1 to inhibit transplant rejection in a mouse
model was tested according to the protocol of Example 1 using 10 mg/kg/day of cyclosporin A administered intraperi-
toneally in place of rapamycin. It was observed that the combination of Compound 1 and cyclosporin A appeared not to
be synergistic or additive with respect to prolongation of allograft survival.

Claims

1. Use of a compound represented by the following structural formula:

or a pharmaceutically acceptable salt thereof,
for the manufacture of a medicament for inhibiting rejection of a transplanted organ, tissue or cell in a mammal, the
medicament comprising an effective amount of an immunosuppressive agent and an effective amount of the com-
pound of the above formula, wherein the immunosuppressive agent is an anti-CD40L monoclonal antibody, rapamy-
cin or an anti-lymphocyte antibody;
and wherein the immunosuppressive agent and the compound of the above formula can be formulated individually
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or as a mixture of components in a suitable pharmaceutical composition.

2. The use of Claim 1 wherein the transplanted organ, tissue or cell is a transplanted heart, kidney, lung, liver, pancreas,
skin or bone marrow.

3. The use of Claim 1 wherein the mammal is the recipient of a transplanted stem cell(s).

4. The use of Claim 1 wherein the transplanted organ, tissue or cell is xenogenic or bio-engineered.

5. The use of Claim I wherein the immunosuppressive agent is an anti-lymphocyte antibody.

6. The use of Claim 1 wherein the immunosuppressive agent is an anti-CD40L monoclonal antibody.

7. The use of Claim 1 wherein the immunosuppressive agent is rapamycin.

8. A composition comprising an immunosuppressive agent and a compound represented by the following structural
formula:

or a pharmaceutically acceptable salt of the compound, wherein the immunosuppressive agent is an anti-CD40L
monoclonal antibody, rapamycin or an anti-lymphocyte antibody.

9. The composition of claim 8 wherein the immunosuppressive agent is an anti-lymphocyte antibody.

10. The composition of claim 8 wherein the immunosuppressive agent is an anti-CD40L monoclonal antibody.

11. The composition of claim 8 wherein the immunosuppressive agent is rapamycin.

12. A compound represented by the following structural formula:
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or a pharmaceutically acceptable salt thereof, in combination with an immunosuppressive agent for use in inhibiting
rejection of a transplanted organ, tissue or cell in a mammal; wherein the immunosuppressive agent is an anti-
CD40L monoclonal antibody, rapamycin or an anti-lymphocyte antibody;
and wherein the immunosuppressive agent and the compound of the above formula can be formulated individually
or as a mixture of components in a suitable pharmaceutical composition.

13. The compound in combination with the immunosuppresive agent of Claim 12 For use according to claim 12, wherein
the immunosuppressive agent is an anti-lymphocyte antibody.

14. The compound in combination with the immunosuppresive agent of Claim 12 For use according to claim 12,
wherein the immunosuppressive agent is an anti-CD40L monoclonal antibody.

15. The compound in combination with the immunosuppresive agent of Claim 12 for use according to claim 12, wherein
the immunosuppressive agent is rapamycin.

Patentansprüche

1. Verwendung einer Verbindung, dargestellt durch die folgende Strukturformel:

oder eines pharmazeutisch zulässigen Salzes davon
zur Herstellung eines Medikaments zur Verhinderung der Abstoßung eines transplantierten Organs, Gewebes oder
einer Zelle bei einem Säugetier, wobei das Medikament eine wirksame Menge eines immunsuppressiven Mittels
und eine wirksame Menge der Verbindung der oben stehenden Formel enthält, wobei das immunsuppressive Mittel
ein monoklonaler anti-CD40L-Antikörper, Rapamycin oder ein anti-Lymphozyten-Antikörper ist,
und wobei das immunsuppressive Mittel und die Verbindung der oben stehenden Formel einzeln oder als Mischung
von Komponenten in eine geeignete pharmazeutische Zusammensetzung formuliert werden können.
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2. Verwendung nach Anspruch 1, wobei das transplantierte Organ, Gewebe oder die transplantierte Zelle ein trans-
plantiertes Herz bzw. eine transplantierte Niere, Lunge, Leber, Bauchspeicheldrüse, Haut oder Knochenmark ist.

3. Verwendung nach Anspruch 1, wobei das Säugetier Empfänger einer transplantierten Stammzelle bzw. transplan-
tierter Stammzellen ist.

4. Verwendung nach Anspruch 1, wobei das transplantierte Organ, Gewebe oder die transplantierte Zelle xenogen
ist, oder gentechnisch erzeugt ist.

5. Verwendung nach Anspruch 1, wobei das immunsuppressive Mittel ein anti-Lymphozyten-Antikörper ist.

6. Verwendung nach Anspruch 1, wobei das immunsuppressive Mittel ein monoklonaler anti-CD40L-Antikörper ist.

7. Verwendung nach Anspruch 1, wobei das immunsuppressive Mittel Rapamycin ist.

8. Zusammensetzung, umfassend ein immunsuppressives Mittel und eine Verbindung, dargestellt durch die folgende
Strukturformel:

oder ein pharmazeutisch zulässiges Salz der Verbindung, wobei das immunsuppressive Mittel ein monoklonaler
anti-CD40L-Antikörper, Rapamycin oder ein anti-Lymphozyten-Antikörper ist.

9. Zusammensetzung nach Anspruch 8, wobei das immunsuppressive Mittel ein anti-Lymphozyten-Antikörper ist.

10. Zusammensetzung nach Anspruch 8, wobei das immunsuppressive Mittel ein monoklonaler anti-CD40L-Antikörper
ist.

11. Zusammensetzung nach Anspruch 8, wobei das immunsuppressive Mittel Rapamycin ist.

12. Verbindung, dargestellt durch die folgende Strukturformel:
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oder ein pharmazeutisch zulässiges Salz davon in Kombination mit einem immunsuppressiven Mittel zur Verwen-
dung bei der Verhinderung der Abstoßung eines transplantierten Organs, Gewebes oder einer Zelle bei einem
Säugetier, wobei das immunsuppressive Mittel ein monoklonaler anti-CD40L-Antikörper, Rapamycin oder ein anti-
Lymphozyten-Antikörper ist,
und wobei das immunsuppressive Mittel und die Verbindung der oben stehenden Formel einzeln oder als Mischung
von Komponenten in eine geeignete pharmazeutische Zusammensetzung formuliert werden können.

13. Verbindung in Kombination mit dem immunsuppressiven Mittel nach Anspruch 12 zur Verwendung nach Anspruch
12,
wobei das immunsuppressive Mittel ein anti-Lymphozyten-Antikörper ist.

14. Verbindung in Kombination mit dem immunsuppressiven Mittel nach Anspruch 12 zur Verwendung nach Anspruch
12, wobei das immunsuppressive Mittel ein monoklonaler anti-CD40L-Antikörper ist.

15. Verbindung in Kombination mit dem immunsuppressiven Mittel nach Anspruch 12 zur Verwendung nach Anspruch
12, wobei das immunsuppressive Mittel Rapamycin ist.

Revendications

1. Utilisation d’un composé représenté par la formule structurelle suivante :

ou de l’un de ses sels pharmaceutiquement acceptables,
pour la préparation d’un médicament destiné à inhiber le rejet d’une transplantation d’organe, de tissu ou de cellule
chez un mammifère, le médicament comprenant une quantité efficace d’un agent immunosuppresseur et une quantité
efficace du composé de formule ci-dessus, l’agent immunosuppresseur étant un anticorps monoclonal anti-CD40L,
la rapamycine ou un anticorps anti-lymphocyte ;
et dans laquelle l’agent immunosuppresseur et le composé de formule ci-dessus peuvent être formulés individuel-
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lement ou sous la forme d’un mélange de composants dans une composition pharmaceutique appropriée.

2. Utilisation selon la revendication 1, dans laquelle la transplantation d’organe, de tissu ou de cellule est une trans-
plantation de coeur, de rein, de poumon, de foie, de pancréas, de peau ou de moelle osseuse.

3. Utilisation selon la revendication 1, dans laquelle le mammifère est le receveur de cellule(s) souche(s) transplantée
(s).

4. Utilisation selon la revendication 1, dans laquelle l’organe, le tissu ou la cellule qui est transplanté est xénogénique
ou génétiquement modifié.

5. Utilisation selon la revendication 1, dans laquelle l’agent immunosuppresseur est un anticorps anti-lymphocyte.

6. Utilisation selon la revendication 1, dans laquelle l’agent immunosuppresseur est un anticorps monoclonal anti-
CD40L.

7. Utilisation selon la revendication 1, dans laquelle l’agent immunosuppresseur est la rapamycine.

8. Composition comprenant un agent immunosuppresseur et un composé représenté par la formule structurelle
suivante :

ou un sel pharmaceutiquement acceptable du composé, dans laquelle l’agent immunosuppresseur est un anticorps
monoclonal anti-CD40L, la rapamycine ou un anticorps anti-lymphocyte.

9. Composition selon la revendication 8, dans laquelle l’agent immunosuppresseur est un anticorps anti-lymphocyte.

10. Composition selon la revendication 8, dans laquelle l’agent immunosuppresseur est un anticorps monoclonal anti-
CD40L.

11. Composition selon la revendication 8, dans laquelle l’agent immunosuppresseur est la rapamycine.

12. Composé représenté par la formule structurelle suivante :
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ou l’un de ses sels pharmaceutiquement acceptables, en combinaison avec un agent immunosuppresseur, pour
une utilisation afin d’inhiber le rejet d’une transplantation d’organe, de tissu ou de cellule chez un mammifère ;
l’agent immunosuppresseur étant un anticorps monoclonal anti-CD40L, la rapamycine ou un anticorps anti-
lymphocyte ;
et dans laquelle l’agent immunosuppresseur et le composé de formule ci-dessus peuvent être formulés individuel-
lement ou sous la forme d’un mélange de composants dans une composition pharmaceutique appropriée.

13. Composé en combinaison avec l’agent immunosuppresseur selon la revendication 12 pour une utilisation selon la
revendication 12, dans lequel l’agent immunosuppresseur est un anticorps anti-lymphocyte.

14. Composé en combinaison avec l’agent immunosuppresseur selon la revendication 12 pour une utilisation selon la
revendication 12, dans lequel l’agent immunosuppresseur est un anticorps monoclonal anti-CD40L.

15. Composé en combinaison avec l’agent immunosuppresseur selon la revendication 12 pour une utilisation selon la
revendication 12, dans lequel l’agent immunosuppresseur est la rapamycine.
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