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ing structure (I), wherein m, », p, g, X, R1, R2 and R3 are as defined
herein. These compounds, including FR901228, have activity as, for ex-
ample, immunosuppressants, as well as for the prevention or treatment
of patients suffering or at risk of suffering from inflammatory, autoim-
mune or immune system-related diseases including graft-versus-host dis-
ease and enhancement of graft/tissue survival following transplant. Also
provided are methods for inhibiting lymphocyte activation, proliferation,
and/or suppression of IL-2 secretion.
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DEPSIPEPTIDE AND CONGENERS THEREOF
FOR USE AS IMMUNOSUPPRESSANTS

TECHNICAL FIELD

“The present invention relates generally to depsipeptides or congeners
thereof and use of the same as an immunosuppressant and, more specifically, to the
treatment and/or prevention of an immune disorder such as autoimmune or
inflammatory diseases, and for reducing immunorejection of transplanted material, by

administering to an animal an effective amount of a depsipeptide such as FR901228.

BACKGROUND OF THE INVENTION

Modulation of the immune system is desirous in a variety of contexts,
from inhibiting an autoimmune response, to controlling infectious disease and
inhibiting graft/tissue rejection. The principal approach to mitigate rejection is the
pharmacological suppression of the immune system of the recipient. With this in mind.
most immunomodulatory compounds that are currently utilized are immunosuppressive.
Since the early 1960's the availability of these immunosuppressive agents have been
restricted to only a few drugs. However, in the early 1980's in addition to azathioprine
and corticosteroids, cyclosporine became widely available and has been the drug of
choice ever since. (Kobashigawa, Trans. Proc. 30:1095-1097, 1998; Isoniemi, Ann.
Chi. Gyn. 86:164-170, 1997). However, the newer immunosuppressive agents are
relatively few in number and also suffer from many of the undesirable side-effects
associated with earlier agents. While these drugs have been used to increase survival
times for transplanted organs, either as single agents or in combination with other
immunosuppressants, many are also useful for treating inflammatory and autoimmune
diseases. delayed hypersensitivity, graft versus host diseases and similar immune
system associated diseases.

Currently used immunosuppressive drugs include antiproliferative
agents, such as methotrexate, azathioprine, and cyclophosphamide. Since these drugs
affect mitosis and cell division, they have severe toxic effects on normal cells with high
turn-over rate such as bone marrow cells and the gastrointestinal tract lining. (Miller,
Semin. Vet. Med. Surg. 12(3):144-149, 1997) Accordingly. marrow depression and
liver damage are common side effects.

Antiinflammatory compounds used to induce immunosuppression
include adrenal corticosteroids such as dexamethasone and prednisolone. The common
side effects observed with the use of these compounds are frequent infections. abnormal

metabolism, hypertension. and diabetes.
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Other immunosuppressive compounds currently used to inhibit
lymphocyte activation and subsequent proliferation include cyclosporine, FK506. and
rapamycin. These drugs inhibit either the calcium dependent phosphatase calcineurin
(cyclosporine and FK506) or inhibit the p70S6 kinase that is important for growth
factor induced signaling (rapamycin). (Liu et al., Cell 66:807-815, 1991; Henderson et
al, Immun. 73:316-321, 1991; Bierer et al, Curr. Opin. Immun. 5:763-773, 1993;
Isoniemi (supra)). Cyclosporine and its relatives are among the most commonly used
immunosuppressants. Cyclosporine is typically used for preventing or treating organ
rejection in kidney, liver, heart, pancreas, bone-marrow, and heart-lung transplants, as
well as for the treatment of autoimmune and inflammatory diseases such as Crohn's
disease, aplastic anemia, multiple-sclerosis, myasthenia gravis, uveitis, biliary cirrhosis,
etc. However, cyclosporines suffer from a small therapeutic dose window and severe
toxic effects including nephrotoxicity, hepatotoxicity, hypertension, hirsutism, cancer,
and neurotoxicity. (Philip and Gerson, Clin. Lab. Med. 18(4):755-765, 1998; Hojo er
al., Nature 397:530-534, 1999).

Additionally, monoclonal antibodies, such as OKT3 have been used to
prevent and/or treat graft rejection. Introduction of monoclonal antibodies into a
patient, as with many biological materials, induces several side-effects. such as rigors
and dyspnea. (Richards ef al., Cancer Res. 59(9):2096-2101, 1999)

Within the context of many life-threatening diseases, organ
transplantation is considered a standard treatment and, in many cases, the only
alternative to death. The immune response to foreign cell surface antigens on the graft,
encoded by the major histocompatibility complex (MHC) and present on all cells,
generally precludes successful transplantation of tissues and organs unless the transplant
tissues come from a compatible donor and the normal immune response is suppressed.
Other than identical twins, the best compatibility and thus, long term rates of
engraftment, are achieved using MHC identical sibling donors or MHC identical
unrelated cadaver donors (Strom, Clin. Asp. Autoimm. 4:8-19, 1990). However. such
ideal matches are difficult to achieve. Further, with the increasing need of donor organs
an increasing shortage of transplanted organs currently exists.  Accordingly,
xenotransplantation has emerged as an area of intensive study, but faces many hurdles
with regard to rejection within the recipient animal (Kaufman er al, Annu. Rev.
Immunol. 13:339-367, 1995).

The host response to an organ allograft involves a complex series of
cellular interactions among T and B lymphocytes as well as macrophages or dendritic
cells that recognize and are activated by foreign antigen (Strom, supra; Cellular and
Molecular Immunology, Abbas et al. (Eds.), WB Saunders Co., Penn., 1994). Co-
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stimulatory factors, primarily cytokines, and specific cell--cell interactions, provided by

activated accessory cells such as macrophages or dendritic cells are essential for T-cell

proliferation. These macrophages and dendritic cells either directly adhere to T-cells

through specific adhesion proteins or secrete cytokines that stimulate T-cells, such as

IL-12 and IL-15 (Strom, In: Organ Transplantation: Current Clinical and

Immunological Concepts, 1989).  Accessory cell-derived co-stimulatory signals

stimulate activation of interleukin-2 (IL-2) gene transcription and expression of high

affinity IL-2 receptors in T-cells (Pankewycz et al., Transplantation 47:318, 1989;

Cantrell ef al., Science 224:1312, 1991; Williams ef al., J. Immunol. 132:2330-2337,

1984). IL-2, a 15 kDa protein, is secreted by T lymphocytes upon antigen stimulation

and is required for normal immune responsiveness. IL-2 stimulates lymphoid cells to

proliferate and differentiate by binding to IL-2 specific cell surface receptors (IL-2R).

IL-2 also initiates helper T-cell activation of cytotoxic T-cells and stimulates secretion

of interferon- (IFN-) which in turn activates cytodestructive properties of macrophages
(Farrar et al., J. Immunol. 126:1120-1125, 1981). Furthermore, IFN- and IL-4 are also
important activators of MHC class II expression in the transplanted organ, thereby

further expanding the rejection cascade by enhancing the immunogenicity of the grafted

organ (Pober ef al., J. Exp. Med. 157:1339. 1983: Kelley et al., J. Immunol. 132:240-

245, 1984).

The current model of a T-cell mediated response suggests that T-cells are
primed in the T-cell zone of secondary lymphoid organs, primarily by dendritic cells.
The initial interaction requires cell to cell contact between antigen-loaded MHC
molecules on antigen-presenting cells (APCs) and the T-cell receptor (TCR)/CD3
complex on T-cells. Engagement of the TCR/CD3 complex induces CD154 expression
predominantly on CD4 T-cells that in turn activate the APC through CD40 engagement,
leading to improved antigen presentation (Grewal e al., Ann. Rev Immunol. 16:111-
135, 1998). This is caused partly by upregulation of CD80 and CD86 expression on the
APC, both of which are ligands for the important CD28 costimulatory molecule on T-
cells. However, engagement of CD40 also leads to prolonged surface expression of
MHC-antigen complexes, expression of ligands for 4-1BB and OX-40 (potent
costimulatory molecules expressed on activated T-cells).  Furthermore. CD40
engagement leads to secretion of various cytokines (e.g., IL-12, IL-15, TNF-a, IL-1. IL-
6. and IL-8) and chemokines (e.g.. Rantes, MIP-1a, and MCP-1), all of which have
important effects on both APC and T-cell activation and maturation (Mackey et al., J.
Leukoc. Biol. 63:418-428, 1998).

Similar mechanisms are involved in the development of autoimmune

disease, such as type 1 diabetes. In humans and non-obese diabetic mice (NOD),
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insulin-dependent diabetes mellitus (IDDM) results from a spontaneous T-cell
dependent autoimmune destruction of insulin-producing pancreatic B cells that
intensifies with age. The process is preceded by infiltration of the islets with
mononuclear cells (insulitis), primarily composed of T lymphocytes (Bottazzo et al., J.
Engl. J. Med. 113:353, 1985; Miyazaki et al., Clin. Exp. Immunol. 60:622, 1985). A
delicate balance between autoaggressive T-cells and suppressor-type immune
phenomena determine whether expression of autoimmunity is limited to insulitis or
progresses to IDDM. In NOD mice, a model of human IDDM, therapeutic strategies
that target T-cells have been successful in preventing IDDM (Makino ef al., Exp. Anim.
29:1, 1980). These include neonatal thymectomy, administration of cyclosporine, and
infusion of anti-pan T-cell, anti-CD4, or anti-CD25 (IL-2R) monoclonal antibodies
(mAbs) (Tarui er al., Insulitis and Type I Diabetes. Lessons from the NOD Mouse,
Academic Press, Tokyo, p.143, 1986). Other models include those typically utilized for
autoimmune and inflammatory disease, such as multiple sclerosis (EAE model),
rheumatoid arthritis, graft versus host disease, systemic lupus erythematosus (systemic
autoimmunity---NZBXxNZWF, model), and the like. (see, for example. Theofilopoulos
and Dixon, Adv. Immunol. 37:269-389, 1985; Eisenberg er al.. J. Immunol. 125:1032-
1036, 1980; Bonneville et al., Nature 344:163-165, 1990; Dent et al., Nature 343:714-
719, 1990; Todd et al., Nature 351:542-547, 1991; Watanabe ef «l., Biochem Genet.
29:325-335, 1991; Morris et al., Clin. Immunol. Immunopathol. 57:263-273, 1990:;
Takahashi er al., Cell 76:969-976, 1994; Current Protocols in Immunology, Richard
Coico (Ed.), John Wiley & Sons, Inc., Chapter 15, 1998).

The aim of all rejection prevention and autoimmunity reversal strategies
1s to suppress the patient's immune reactivity to the antigenic tissue or agent., with a
minimum of morbidity and mortality. Accordingly, a number of drugs are currently
being used or investigated for their immunosuppressive properties. As discussed above,
the most commonly used immunosuppressant is cyclosporine, but usage of cyclosporine
has numerous side effects. Accordingly, in view of the relatively few choices for agents
effective at immunosuppression with low toxicity profiles and manageable side effects,
there exists a need in the art for identification of alternate immunosuppressive agents.

The present invention meets this need and provides other related advantages.

SUMMARY OF THE INVENTION
In brief, the present invention is directed to depsipeptides and congeners
thereof (also referred to herein as "compounds") which have activity as

immunosuppressant agents. In one embodiment, this invention discloses a method for
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suppressing an immune response of an animal by administering to the animal an

effective amount of a compound having the following structure (I):

R,

M

wherein m, n, p, g, X. Y, R, R, and R; are as defined below, including pharmaceutically
acceptable salts and stereoisomers thereof.

In another embodiment, novel compounds are disclosed having structure
(I) above, but excluding a specific known compound (i.e.. FR901228). Further
embodiments include compositions containing a compound of this invention in
combination with a pharmaceutically acceptable carrier.

In practicing the methods of the present invention, the compounds may
be administered to suppress the immune response in animals having autoimmune
disease. inflammatory disease, or graft-versus-host disease. as well as to animals having
undergone an allogeneic transplant or xenogeneic transplant. Further methods of this
invention include administration of a compound of this invention for inhibiting the
proliferation of lymphocytes, for enhancing graft survival following transplant by
administration previous to, concurrently with. or subsequent to a transplant procedure
(including allogeneic and xenogeneic transplant), for reducing IL-2 secretion from
lymphocytes, for inhibiting induction of CD25 or CD154 on lymphocytes following
stimulation, and/or for inducing anergy or apoptosis in activated T-cells while
maintaining overall T-cell counts.

In another aspect the present invention provides methods for inducing
immune system tolerance to an antigen by administering to an animal a dosage of a
compound of structure (I). Also provided are methods for reducing secretion of TNF-a
and for inhibiting the cell cycle of an activated T-cell prior to S-phase entry by

administering to a compound of structure (I).
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These and other aspects of this invention will be apparent upon reference
to the following detailed description. To this end, various references are set forth herein
which describe in more detail certain background information, procedures, compounds

and/or compositions, and are each hereby incorporated by reference in their entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a bar graph representing dose dependent inhibition of
peripheral blood lymphocyte (PBL) proliferation following incubation with FR901228
and stimulation by beads having anti-CD3 and anti-CD28 antibodies attached thereto.

Figure 2 is a bar graph depicting dose dependent inhibition of peripheral
blood lymphocyte (PBL) proliferation, following incubation with FR901228 and
stimulation with Tonomycin/PMA.

Figure 3 is a bar graph depicting dose dependent inhibition of CD4
positive T-cell proliferation, following incubation with FR901228 and stimulation by
beads having anti-CD3 and anti-CD28 antibodies attached thereto.

Figure 4 is a bar graph depicting dose dependent inhibition of CD4
positive T-cell proliferation, following incubation with FR901228 and stimulation with
in vitro generated allogenic dendritic cells.

Figures 5A-5D are bar graphs depicting flow cytometry measurements of
(A) CDI154 expression, (B) CD25 expression, (C) CD69 expression, and (D) cell
viability, following T-cell activation in the presence of varying levels of FR901228.

Figure 6 is a bar graph depicting IL-2 expression as measured by ELISA
24 hours after 3x28 bead stimulation (anti-CD3 and anti-CD28 conjugated beads) of T-
cells in the presence of varying levels of FR901228.

Figure 7 is a bar graph depicting mean fluorescence intensity of CD4
cells stained with CFDA-SE at day 6 following 3x28 bead stimulation or no stimulation
in combination with addition of FR901228 at varying time points.

Figures 8 A-8B are bar graphs depicting flow cytometry measurements of
(A) CD137w, CD154, CD25, CD62L. and CD49d expression and (B) CD11a, CD134.
CD26, CD54, CD95, and CD69 expression. following stimulation or no stimulation
with 3x28 beads in the presence or absence of FR901228 (20 ng/ml).

Figure 9 is a bar graph depicting CD154 expression on CD4 cells
following an initial stimulation with 3x28 beads in the presence of 20 units of IL-2 and
a subsequent stimulation at day 3 to 4 with 3x28 beads, 20 units of 11.-2, 3x28 beads
w/20 units of IL-2, or no stimulation and 20ng/ml of FR901228 (added on day three).
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Figures 10A-10B are bar graphs depicting the presence of IL-2 and TNF-
« in supernatants of PBL cells following stimulation by 3x28 beads in the presence of
FR901228 (20 ng/ml) and cyclosporine (500 ng/ml).

Figure 11 depicts flow data of Jurkat T-cells stabily transfected with a
vector containing the nucleic acid sequence for green fluorescent protein under control
of the CD154 promoter 24 hours foliowing stimulation with 3x28 beads in the presence
of 0, 10, 50, and 100 ng/ml of FR901228.

Figure 12 depicts flow data of intracellular DNA staining of CD4 T-cells
following no stimulation or stimulation with 3x28 beads for 24 hours, in the presence of
0, 1, 10, 50, and 100 ng/ml of FR901228.

DETAILED DESCRIPTION OF THE INVENTION

As noted above, this invention is directed to compounds, specifically
FR901228 and congeners thereof, that are useful in the context of immune suppression.
FR901228 is a depsipeptide isolated from the terrestrial bacterium Chromobacterium
violaceum. It was subsequently shown that FR901228 could inhibit transformation of
Ha-ras transfected mouse fibroblasts (NIH-3T3) The mutant ras protein, in which
valine replaces glycine-12, is capable of inducing morphological changes in NIH-3T3
cells. In these cells, the transformed phenotype is indicative of oncogenic activation
and correlates with increased tumorigenicity. Recently, a large number of drug
candidates as well as natural products have been identified that reverse this phenotype,
and hence reverses transformation of tumorigenic cell lines. FR901228 is a natural
product that has been identified in this effort, and has subsequently been shown to be
highly active in animal-based models. As a result, FR901228 has received considerable
attention as an antitumor agent.

More specifically, FR901228 is a bicyclic depsipetide (i.c., a peptide

containing ester linkages as well as amide linkages) having the following structure:
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While the molecular basis for activity of FR901228 is not known, it has been postulated
that the disulfide bond may function as a redox-controlled conformational switch. and
that the reducing environment inside a cell may convert this compound to the
monocyclic di-thiol form (Khan et al., J. Am. Chem. Soc. 118:7237-7238. 1996).

Manufacture of FR901228 by a fermentation process is disclosed in U.S.
Patent No. 4,977,138 assigned to Fujisawa Pharmaceutical Co., Ltd. (hereby
incorporated by reference in its entirety). In that patent, fermentation of a strain of
bacterium belonging to the genus Chromobacterium violaceum WB968 is grown in a
nutrient medium containing sources of assimilable carbon and nitrogen, and under
aerobic conditions. Following completion of fermentation, FR901228 is recovered and
purified by conventional techniques. such as by solvent extraction, chromatography or
recrystallization.

In addition to isolation of FR901228 as a natural product. the total
synthesis of this compound has now been reported by Khan er al. (supra). This
procedure involves a 14-step process which provides FR901228 in 18% overall yield.
In brief, the synthesis first involved the Carreira catalytic asymmetric aldol reaction to
yield a thiol-containing B-hydroxy acid. The peptidic portion of the compound was
assembled by standard peptide synthesis methods. The thiol-containing B-hydroxy acid
was then coupled to the peptidic portion, and a monocyclic ring generated by formation
of the ester (depsipeptide) linkage. The bicyclic ring system of FR901228 was then
formed upon conversion of the protected thiols to a disulfide linkage.

In the practice of the present invention, FR901228 specifically, or

compounds of structure (I) generally. have been discovered to have immunosuppressive
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properties. To this end, the compounds of the present invention include, in addition to
FR901228, compounds having the following structure (I):

5
including pharmaceutically acceptable salts and stereoisomers thereof.
wherein
misl,2, 3or4,;
10 nis0,1,2or3;
p and q are independently 1 or 2;
Xis O, NH or NR;
R, R, and R; are the same or different and independently an amino acid
side-chain moiety or an amino acid side-chain derivative; and
15 R is a lower chain alkyl, aryl or arylalkyl moiety.

As used herein, the term "amino acid side-chain moiety” means any
amino acid side-chain moiety present in naturally occurring proteins, including (but not
limited to) the naturally occurring amino acid side-chain moieties identified in Table 1
below. Other naturally occurring side-chain moieties of this invention include (but are

20 not limited to) the side-chain moieties of phenylglycine, 3,5-dibromotyrosine, 3.5-
ditodotyrosine, hydroxylysine, naphthylalanine, thienylalanine, -carboxyglutamate,
phosphotyrosine, phosphoserine and glycosylated amino acids such as glycosylated

serine, asparagine and threonine.
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Table 1
Representative Amino Acid Side Chain Moieties

Amino Acid Side

Chain Moiety Amino Acid
-H Glycine
-CH3 Alanine
-CH(CH3)» Valine
-CH>CH(CH3)» Leucine
-CH(CH3)CH,CHj3y Isoleucine
-(CHp)4NH» Lysine
-(CH»)3NHC(=NH)NH, Arginine
—CHz_—I::‘] Histidine
HN.__~N
-CH>COOH Aspartic acid
-CH>CH>COOH Glutamic acid
-CH>CONH» Asparagine
-CH>CH>CONH» Glutamine

Phenylalanine

@ Tyrosine
—CH, OH
—cH Zm Tryptophan
N
H
-CH>SH Cysteine
-CHpCH>SCH3 Methionine
-CH>OH Serine
_]U__g Proline
-CH(OH)CHj3 Threonine
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When the amino acid side chain moiety is proline, it should be
understood that the R,, R, or R; group is joined to the adjacent nitrogen atom to form
the pyrrolindinyl ring of proline. For example, in one embodiment of structure D),
wherein m, n, p and q are 1, the R, group may be proline - that is, R, taken together with
the adjacent nitrogen atom forms a pyrrolindinyl ring as represented by the following

structure (I):

R> N

ey

In addition to naturally occurring amino acid side-chain moieties, the
amino acid side-chain moieties of the present invention also include various derivatives
thereof. As used herein. an "amino acid side-chain moiety derivative” includes
modifications and/or variations to naturally occurring amino acid side-chain moieties,
and includes embodiments wherein R,, R, and/or R, are joined to the bicyclic ring of
structure (I) by a double or triple bond. For example, the amino acid side-chain
moieties of alanine, valine, leucine, isoleucine, phenylglycine and phenylalanine may
generally be classified as lower chain alkyl, aryl or aralkyl moieties. Derivatives of
amino acid side-chain moieties include other straight chain or branched, cyclic or
noncyclic, substituted or unsubstituted, saturated or unsaturated lower chain alkyl, aryl
or aralkyl moieties.

As used herein, "lower chain alkyl moieties" contain from 1-12 carbon
atoms, "lower chain aryl moieties” contain from 6-12 carbon atoms, and "lower chain
aralkyl moieties” contain from 7-12 carbon atoms. Thus, in one embodiment, the amino
acid side-chain derivative is selected from a C, |, alkyl, a C,,, aryl and a C,, aralkyl,

and in a more preferred embodiment, from a C, , alkyl. a C, ,, arvl and a C,_, aralkyl.
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When R, R, and R, as set forth in structure (I) are attached by either a
double or triple bond, a representative embodiment includes compounds of structure

(IIT) wherein R, is joined by a double bond:

% I
N
H P

Os_NH X

(1)

In one embodiment of structure (III), R, is an unsaturated lower chain alkyl, such as
=CHCH,;, =CHCH,CH; and the like. In the case of FR901288. R, of structure (III) is
=CHCH;, and m, n, p, q are each 1, X is oxygen, and the optional double bond is
present (and in the trans-configuration).

Amino acid side-chain derivatives of this invention further include
substituted derivatives of lower chain alkyl, aryl and aralkyl moieties, wherein the
substituent is selected from (but are not limited to) one or more of the following
chemical moieties: -OH, -OR, -COOH, -COOR, -CONH», -NH». -NHR. -NRR, -SH. -
SR, -SO,R, -S8O,H, -SOR, -PO;R, -OPO;R and halogen (including F. CI, Br and 1),
wherein each occurrence of R is independently selected from a lower chain alkyl, aryl
or aralkyl moiety. Moreover, cyclic lower chain alkyl. aryl and aralkyl moieties of this
invention include naphthalene, as well as heterocyclic compounds such as thiophene,
pyrrole, furan, imidazole, oxazole, thiazole, pyrazole, 3-pyrroline, pyrrolidine, pyridine,
pyrimidine, purine, quinoline, isoquinoline and carbazole. Amino acid side-chain
derivatives further include heteroalkyl derivatives of the alkyl portion of the lower chain
alkyl and aralkyl moieties, including (but not limited to) alkyl and aralkyl phosphonates
and silanes.

With regard p and ¢ of structure (I), it should be understood that the size
of the peptidic-portion of the ring may be increased by the addition of one (i.c., when
either p or ¢ is 2) or two (i.e., when both p and ¢ are two) amino acids moieties. For



WO 01/42282 PCT/US00/33169

15

20

13

example, when p is 2 and ¢ is 1 (and X is oxygen), compounds of this invention include
those of the following structures (IV):

Ry
H "

R> R
NJ\H/N 1

H

O NH 0]
0]
0 O

( m

(Iv)

In structure (IV) above, the amino acid side chain moiety corresponding to the R, group
of structure (I) is designated R," in the first instance and R,"in the second instance (since
p 1s 2 in this embodiment) in order to clarify that these amino acid side chain moieties
may be the same or different. In further embodiments, p is 1 and g is 2, or both p and ¢

are 2.

In structure (I), the designation " " represents an optional double
bond. When present, the double bond may be in either the cis- or trans-configuration.
In one embodiment, the double bond is in the trans-configuration, as it is in the case of
FR901288.

Depending upon the choice of the X and Y moieties, compounds of the
present invention include esters when X is oxygen, amides when X is NH or NR. For
example, when both p and g are 1, representative compounds of this invention include

esters and amides as represented by structures (VI) and (VII), respectively:
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(VI) (VID

5 The compounds of this invention may be prepared according to the

following Reaction Scheme 1:

Reaction Scheme 1

10 Step (1):

= Em— /K/\M/\ —_
CH3OJ\/\(\{ H p STt
1 2
.'-: -': /
BnO 7 . STrt HO 8 STrt
3 4

In step (1), aldehyde 2 is prepared from dienoate 1 (wherein n =1, 2 or
3) by the three-step procedure set forth by Kahn ef al.. J Am. Chem. Soc. 118:7237-
7238, 1996. Benzyl ester 3 is formed by Ti-(IV)-catalyzed addition of O-benzyl, O-
TMS ketene acetal to aldehyde 2 (wherein R'=H and R"=OH, or R'=OH and R"=H).

20  Hydrolysis of benzyl ester 3 with LiOH in MeOH/H,O gives hydroxy acid 4.

15
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Step (2):
Rj
R Rj R> O
O R @) le
2 >
HoN - T]}ll @) NH OCHj3
OCHj3 NHFmoc OCHj3
5 6 TrtS
NHFmoc
m
5
Rj R,
R> O R> O
N 2
O. NH OCHj3; O NH OCH;
. .
TrtS
NH TrtS NI
m m
NHFmoc NH>
© 9
R3 8 R3
10

In step (2), the peptidic portion of the compound is prepared by standard

peptide synthesis techniques starting with an appropriate amino acid methyl ester 5.
Methyl ester 5 is reacted with an N-protected amino acid utilizing the BOP reagent to
yield dipeptide 6, followed by coupling to N-Fmoc-cysteine-(S-triphenylmethyl) when

IS mis 1, or an analog thereof when m is 2, to yield tripeptide 7. Tripeptide 7 is then
converted to N-protected tetrapeptide 8, followed by deprotection of the FMOC group

to yield tetrapeptide 9. In the above reaction scheme, R,. R, and R, are the same or
different and independently represent an amino acid side-chain moiety or derivative
thereof as defined above. It will be recognized that the above technique corresponds to

20  the synthesis of compounds of structure (I) when p and ¢ are both 1. In embodiments
wherein one or both of p and/or g are 2. the above technique is utilized to incorporate

one or two additional amino acid groups into the peptidic portion of the compound.
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In step (3). coupling of tetrapeptide 9 and hydroxy acid 4 with BOP and
10 DIEA yields the hydroxy methyl ester 10. LiOH-mediated hydrolysis of methyl ester
10 provides the corresponding carboxylic acid, which may then be converted to the
monocyclic lactone intermediate 11 by cyclization with DEAD and PPh,. Lastly.
oxidation of the bis(S-triphenylmehtyl)lactone 11 with iodine in dilute MeOH solution
provides compounds of the present invention having structure (I).
15 Alternatively, the compounds of this invention may also be synthesized
by the following technique:
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Alternative Step (1):

A

?BZ Bz
N 1. NBS, CCly Ph OTBS

N
I :\k 2. ZnCly, B I

Ph 0 0 BusSn——=—=—"" Ph o~ o
MN—OTBS

Ph

1. HOAc, THF, H20O

Li°% NHj(y, EtOH TBSO / 2. MsCl, py.
g n OH 3. TritylCL. py.
NH> 4. FmocCl
O OH
TrS P 1. EtCO2Cl, NMM, THF . TES P
n OH 2 CH:N,, EnO n
NHFmoc 3. CéHsCOOAg/BUOH, H,0 NHFmoc

In this embodiment, compound 4' is made by the above procedures, and
then added, in Step (3) above, to the peptidic portion made by Step (2). The resulting
intermediate is cyclized as disclosed previously to yield compounds of structure (1).

In the case of X being NH or NR. such compounds may be made when
R' or R" of compound 4 are NH or NHR, respectively. In addition, when the optional
double bound of structure (I) is not present, the same reaction techniques may be
employed, but utilizing the corresponding saturated intermediates.

The compounds of the present invention also include acid addition salts,
which may be prepared by methods well known in the art, and may be formed from
organic and inorganic acids. Suitable organic acids include maleic, fumaric, benzoic,
ascorbic, succinic, methanesulfonic, acetic, trifluoroacetic, oxalic, propionic, tartaric,
salicylic, citric, gluconic, lactic, mandelic. cinnamic, aspartic, stearic, palmitic, glycolic,
glutamic, and benzenesulfonic acids. Suitable inorganic acids include hydrochloric,
hydrobromic, sulfuric, phosphoric, and nitric acids. As used herein. the term
"pharmaceutically acceptable salt" of structure (I) is intended to encompass any and all

suitable salt forms.
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With regard to stereoisomers, the compounds of structure (I) may have
chiral centers and may occur as racemates, racemic mixtures and as individual
enantiomers or diastereomers. All such isomeric forms are included within the present
invention, including mixtures thereof. Furthermore, some of the crystalline forms of the
compounds of structure (I) may exist as polymorphs, which are included in the present
invention. In addition, some of the compounds of structure (I) may also form solvates
with water or other organic solvents. Such solvates are similarly included within the
scope of this invention.

The present invention is related to the use of compounds of structure (1),
in an animal subject, (preferentially a mammal and more preferably a human), for the
treatment and/or prevention of immune response or immune-mediated responses and
diseases, such as the prevention or treatment of rejection following transplantation of
synthetic or organic grafting materials, cells, organs or tissue to replace all or part of the
function of tissues, such as heart. kidney. liver, bone marrow. skin. cornea. vessels,
lung, pancreas, intestine, limb, muscle, nerve tissue, duodenum. small-bowel.
pancreatic-islet-cell, including xeno-transplants, etc.; to treat or prevent graft-versus-
host disease, autoimmune diseases, such as rheumatoid arthritis. systemic lupus
erythematosus, thyroiditis, Hashimoto's thyroiditis, multiple sclerosis, myasthenia
gravis, type I diabetes uveitis, juvenile-onset or recent-onset diabetes mellitus, uveitis,
Graves disease, psoriasis, atopic dermatitis. Crohn's disease, ulcerative colitis,
vasculitis, auto-antibody mediated diseases, aplastic anemia, Evan's syndrome,
autoimmune hemolytic anemia, and the like; and further to treat infectious diseases
causing abherent immune response and/or activation, such as traumatic or pathogen
induced immune disregulation, including for example, that which are caused by
hepatitis B and C infections, staphylococcus aureus infection, viral encephalitis, sepsis,
parasitic discases wherein damage is induced by an inflammatory response (e.g.,
leprosy); and to prevent or treat circulatory diseases, such as arteriosclerosis,
atherosclerosis, vasculitis, polyarteritis nodosa and myocarditis. In addition the present
invention may be used to prevent/suppress an immune response associated with a gene
therapy treatment, such as the introduction of foreign genes into autologous cells and
expression of the encoded product.

As used herein, "an immune response” refers to the body's reaction to
foreign or self antigens so that they are neutralized and/or eliminated. Cell-mediated
immune response involves the production of lymphocytes by the thymus (T-cells) in
response to antigen exposure. This reaction is important in delayed hypersensitivity.
rejection of tissue transplants and in some infections. In humoral immune response

plasma lymphocytes (B cells) are produced in response to antigen exposure with
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subsequent antibody formation. This response can produce immunity or
hypersensitivity. Nonspecific immune response. or inflammation is the response of the
body's tissues and cells to injury from any source (e.g., trauma, organisms, chemical,
ischemia, etc.). The initial response of the immune system to any threat involves
vascular, chemical, and blood cell activities. Specific immune response is required
when inflammation is inadequate to cope with injury or invasion by an organism or
agent. Itis directed and controlled by T and B cells. Cellular immunity refers to the T-
cell response; humoral immunity is the term previously used to refer to B-cell
responses. In addition. the reference herein to CD4 or CD8 cells or the like, is meant to
infer that the cells are positive for the CD4 or CD8 cell surface marker.

Further uses may include the treatment and/or prophylaxis of:
inflammatory and hyperproliferative skin diseases and cutaneous manifestations of
immunologically mediated illnesses. such as. seborrhoeis dermatitis, angioedemas,
erythemas, acne, and Alopecia areata; various eye diseases (autoimmune and
otherwise); allergic reactions, such as pollen allergies. reversible obstructive airway
disease, which includes condition such as asthma (for example, bronchial asthma,
allergic asthma, intrinsic asthma, extrinsic asthma and dust asthma), particularly chronic
or inveterate asthma (for example, late asthma and airway hyper-responsiveness),
bronchitis, allergic rhinitis, and the like; inflammation of mucous and blood vessels;
activity of certain viral infections, such as cytomegalovirus infection and Epstein-Barr
virus infection.

In one embodiment, a method of treating a condition in an animal, the
treatment of which is affected or facilitated by reduction of lymphocyte proliferation
and/or activation (e.g.. downregulation of CD25 and/or CD154). comprising the
administration of an effective amount of a compound of structure (I) is provided. The
method of treating a condition in an animal, the treatment of which is facilitated by
inhibition of lymphocyte proliferation and/or inhibition of activation markers (e.g.,
CD25 and CD154), and inhibition of immune function, wherein the condition may be
autoimmunity, inflammation, graft/tissue rejection, or includes any of a number of
indications such as those herein described, that are immunologically induced or
exacerbated is provided.

Accordingly, an embodiment of the invention is a method for the
treatment of autoimmune diseases. While, another embodiment of the invention is a
method for the prevention or treatment of rejection of foreign organ transplants
comprising administering to a patient in need of such therapy a therapeutically effective

amount of a compound of the present invention.
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As noted above, cyclosporine is currently the leading drug used to
prevent rejection of transplanted organs. The drug acts by inhibiting the function of
calcineurin in lymphocytes, thereby preventing the body's immune system from
mobilizing its vast arsenal of natural protecting agents to reject the transplant's foreign
protein.  Though cyclosporine is effective in fighting transplant rejection, it is
nephrotoxic and is known to cause several undesirable side effects, including kidney
failure, abnormal liver function, gastrointestinal discomfort, and induction of cancer.
(Hojo et al., Nature 397:530-534, 1999)

Newer, safer drugs exhibiting fewer side effects are constantly being
searched for in the field. The present invention provides for such immunosuppressive
agents which, without wishing to be bound to a particular mechanism of action, appear
to induce long lasting immune tolerance. FR901228 allows for partial activation of
CD4 T-cells (e.g., induction of CD69, but reduction of CD25, CD137w, CDl11a,
CD134, CD54, CD95. and CD154 surface expression as well as reduction of IL-2
and/or TNF-a production).

CD4 T-cells activated in the presence of FR901228 do not undergo
activation induced cell death (AICD), however they subsequently undergo apoptosis in
vitrro most likely due to the lack of IL-2 secretion and/or IL-2-receptor stimulation.
Further, treatment of previously activated CD4 and CD8 T-cells with compounds of the
class of FR901228, such as those depicted in structure (I), inhibits their growth and
induces apoptosis within a short time, while leaving resting T-cells apparently
unaffected. Induction of apoptosis in responding T-cells not only eliminates the
activated T-cells. but also induces a state of long-term immune tolerance (Ferguson and
Green, Nature Med. 5(11):1231-1232, 1999). The reason for this specific tolerance is
not well understood. Nonetheless, immunization with non-dividing donor cells (e.g.,
dendritic cells or irradiated peripheral blood lymphocytes) in the presence of FR901228
prior to transplantation might very well confer specific tolerance to future host-versus-
graft responses without further presence of FR901228.

The term "tolerance," as used herein, refers to a state of non-
responsiveness of the immune system toward an antigen that it has the ability to react
against. While not wishing to be bound to a particular mechanism, it is believed that
tolerance is induced by the compounds of the present invention by the induction of
apoptosis in activated T-cells. For example, if T-cells are activated by an antigen and
subsequently undergo apoptosis, a subsequent immune response against this antigen
will not occur. Tolerance induction by a particular compound may be tested by any
methods and models known by those of skill in the art. In one example, primary and

secondary stimulation by an antigen may be tested in the presence of the compounds of
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the present invention. In brief, an animal is inoculated with an antigen followed by a
subsequent inoculation with the compound, about 2 weeks later the animal may be
inoculated with the same antigen in the absence of the compound and secondary
immune response measured. Accordingly, both primary and any secondary response
may be measured by simple blood analysis. A sample that shows no secondary immune
response demonstrates tolerance induced by the immunosuppressive compound.
Further, standard in vitro assays can be utilized to determine T-cell activation, such as
CTL assays or testing for IL-2 secretion.

In addition to induction of apoptosis CD4 and CD8 T-cells induced with
a number of stimuli, including concurrent CD3 and CD28 engagement,
lIonomycin/Phorbol myristic acid (PMA) stimulation, and allogeneic dendritic cell
stimulation, demonstrate growth inhibition when treated with FR901228 either
concurrently with stimulation or following stimulation. Accordingly, such
compositions vastly improve upon drugs such as cyclosporine that inhibit CD4 T-cells
very early in the activation cascade. This causes CD4 T-cells activated in the presence
of cyclosporine to be de facto naive or non-activated cells, which do not undergo
apoptosis. Thus, when cyclosporine treatment is terminated the inhibited immune
response will redevelop. In other words, if CD4 cells are in an active state in the
presence of the of the compounds of the present invention these cells will undergo
apoptosis and thus a lasting tolerance to the antigen, while when these same cells are
treated with cyclosporine the immune response is only inhibited while cyclosporine
remains present.

Further, FR901228 immune suppression leads to induction of anergy
and/or apoptosis only in activated T-cells; thus, the general level of T-cells and other
hematopoietic cells are maintained. In contrast, both cyclosporine and FK506 block the
carliest events of T-cell activation, and thus prevent T-cells from entering a state at
which they become susceptible to induction of apoptosis.

FR901228 has a number of features that aid its ability to act as a potent
immunosuppressant. ~ Accordingly, compounds of the class recited in structure (I)
including FR901228 may have one or more of the following characteristics: inhibition
of growth of CD4 and CD8 T-cells induced by CD3 and CD28 engagement,
Ionomycin/PMA, or allogeneic dendritic cells; inhibition of ongoing growth of CD4
and/or CD8 T-cells when added after initial activation; inhibition of signal transduction
pathways for both CD3/CD28 engagement and IL-2 stimulation; inhibition of the
induction of CD25, CD134, CD137w. CD154, CD11a, CD54, and CD95 on CD4 T-
cells; no significant affect on CD69 induction or activation induced downregulation of

CD62L; reduction of IL-2 secretion from peripheral blood lymphocytes; reduction of
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TNF-a secretion from peripheral blood lymphocytes; inhibition of cell cycle prior to S-
phase entry for activated T-cells; inhibition of p2lcip/waf and C/EPB-a induction in
activated T-cells; inhibition of c-myc expression in activated T-cells; inhibition of IL-2-
induced proliferation of activated T-cells; and inhibition of CD154 at the transcriptional
level. In addition, FR901228 does not affect bulk phosphorylation, as measured by
phosphotyrosine Western blots. Thus, these observations indicate that compounds of
structure (I) affect the T-cell activation pathway at multiple points, thus allowing
activation to proceed into early stages, such as phosphorylation, but preventing
subsequent events of activation and proliferation.

To determine whether a particular compound is an effective
immunosuppressant, a variety of methodologies known in the art may be performed. In
this regard, lymphocyte proliferation and/or activation may be measured following
contact with the compound of interest prior to. simultaneous with, or subsequent to
stimulation. For example, a key hallmark of T-cell activation and subsequent induction
of proliferation (as well as being an initiator of inflammation) is the production of IL-2,
IFN-y, CD25, CD69, or CD154, which can be measured by a variety of methods,
including ELISA and flow cytometry. Other experimental methods commonly
employed to measure cell proliferation and cytokine secretion may also be utilized,
including a colorimetric assay employing propidium iodide staining, MTT (3-[4,5-
dimethylthiazole-2-yl}, 2-5- diphenyltetrazolium bromide), vital stains, CFDA-SE (5-
(and 6)-carboxyfluorescein diacetate-succinimidyl ester), cell count,
bromodeoxyuridine incorporation, or a thymidine incorporation assay (see, e.g.. Avian
Dis. 43(2):172-181, 1999; Anticancer Res. 17(1B):725-728, 1997; Geller, Scand. J.
Immunol. 35:327-334, 1992; Levine et al., Int. J. Immun. 7(6):891-904, 1995: Hara ef
al, J Exp. Med 161:1513-1524, 1985; Harding et al, Nature 3356:607-609. 1992;
Linsley et al., Science 257:792-795, 1992: PCT Publication No. WO 95/33823).

Methods of activating lymphocytes and thus stimulating lymphocyte
proliferation are well known in the art and include stimulation in the presence or
absence of IL-2 with phytohemagglutinin (PHA), concanavalin A (ConA), anti-CD3
antibodies (in the presence or absence of anti-CD28 antibodies), allogeneic cells,
superantigens or ionomycin/PMA. (Paul, Fundamental Immunology, Fourth Edition.
Lippincott-Raven, 1998).

A variety of in vifro and animal models exist for testing and validating
immunosuppressive compounds of the present invention and their applicability to a
particular immune system related disease or indication. Accordingly, one of ordinary
skill in the art could easily choose the appropriate model from those currently existing
in the art. Such models include the use of NOD mice, where IDDM results from a



WO 01/42282 PCT/US00/33169

10

20

25

30

23

spontaneous T-cell dependent autoimmune destruction of insulin-producing pancreatic
B cells that intensifies with age (Bottazzo er al., J. Engl J Med 113:353, 1985;
Miyazaki et al., Clin. Exp. Immunol. 60:622, 1985). In NOD mice, a model of human
IDDM, therapeutic strategies that target T-cells have been successful in preventing
IDDM (Makino et al., Exp. Anim. 29:1, 1980). These include neonatal thymectomy,
administration of cyclosporine, and infusion of anti-pan T-cell, anti-CD4, or anti-CD25
(IL-2R) monoclonal antibodies (mAbs) (Tarui et «/, Insulitis and Type I Diabetes.
Lessons from the NOD Mouse, Academic Press, Tokyo, p.143, 1986). Other models
include, for example, those typically utilized for autoimmune and inflammatory disease,
such as multiple sclerosis (EAE model), rheumatoid arthritis, graft-versus-host disease
(transplantation models for studying graft rejection using skin graft, heart transplant,
islet of Langerhans transplants, large and small intestine transplants, and the like),
asthma models, systemic lupus erythematosus (systemic autoimmunity---NZBxNZWF,
model), and the like. (see, for example. Takakura er al., Exp. Hematol. 27(12):1815-
821, 1999; Hu et al., Immunology 98(3):379-385. 1999; Blyth et al., Am J. Respir. Cell
Mol. Biol. 14(5):425-438. 1996; Theofilopoulos and Dixon. Adv. Immunol. 37:269-389,
1985; Eisenberg et al., J. Immunol. 125:1032-1036, 1980 Bonneville et al., Nature
344:163-165, 1990; Dent et al, Nature 343:714-719, 1990; Todd et al, Nature
351:542-547, 1991; Watanabe et al., Biochem Genet. 29:325-335. 1991; Morris et al.,
Clin. Immunol. Immunopathol. 57:263-273, 1990; Takahashi er al., Cell 76:969-976,
1994; Current Protocols in Immunology, Richard Coico (Ed.), John Wiley & Sons, Inc.,
Chapter 15, 1998).

Subjects in need of treatment to suppress the immune system include
subjects with autoimmune disease; subjects undergoing transplantation; and subjects
with cardiovascular disease; subjects with allergic reactions; and subjects with trauma
or pathogenic induced immune disregulation. Examples of autoimmune diseases
include insulin-dependent diabetes mellitus, asthma, psoriasis, ulcerative colitis.
Crohn's disease, rheumatoid arthritis, multiple sclerosis, systemic lupus erythematosus,
as well as others discussed above. Subjects with an organ or cell/tissue transplant are
also in need of treatment to suppress the immune system in order to suppress or prevent
organ transplant rejection.  An "organ transplant” refers to transferring or
"transplanting” an internal organ (e.g.. heart, lung. kidney, liver, pancreas, stomach,
large intestine and small intestine, and bone marrow) or external organ (e.g., skin) from
a donor to a recipient, wherein the donor is genetically distinct from the individual or
animal who has received the transplant. An "organ transplant" also includes cross-
species transplants (i.e., xenotransplants).

"An effective amount" is the dosage of compound required to achieve the
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desired therapeutic and/or prophylactic effect: for example, the dosage of the compound
which results in suppression of a naive or memory immune response in the individual or
animal, or which results in suppression of an organ transplant rejection in the subject.
A "desired therapeutic effect and/or prophylactic effect” includes, for example,
increasing the life span or ameliorating the symptoms of an individual or animal having
or likely to have an autoimmune disease, such as asthma, psoriasis, ulcerative colitis,
rheumatoid arthritis, multiple sclerosis, systemic lupus erythematosus, and the like.
Examples of symptoms which can be ameliorated include: hyperglycemia in diabetes;
joint pain; stiffness and immobility in rheumatoid arthritis; paralysis in multiple
sclerosis; and rash and skin lesion in systemic lupus erythematosus. With respect to
insulin-dependent diabetes mellitus, a "desired therapeutic or prophylactic effect”
includes mitigating or preventing secondary complications resulting from the disease,
such as vascular disorders. Suitable dosages will be dependent on the age, health and
weight of the recipient, the extent of the disease, kind of concurrent treatment, if any,
frequency of treatment and the nature of the effect desired. For example. dosages can
be from about 0.001-100 milligrams per day. Ordinarily, from 0.1 to 50 milligrams per
day in one or more applications is effective to obtain desired results. In certain
embodiments, the dosage may be adjusted such that non-activated T-cells are
maintained and substantially only activated T-cells are directed to apoptosis, anergy.
and/or temporary functional non-responsiveness (i.e., the general level of T-cells and/or
other dividing cells are maintained). In other embodiments, depsipeptide treatment
achieves an immunosuppressive effect, while in other embodiments the dosage utilized
does not affect hematopoietic cell division. and in yet other embodiments the dosage
does not substantially affect cell division generally. However, effective dosage ranges
can be readily determined during clinical trials and standard testing methodologies
available in the art. These dosages are the effective amounts for the prevention or
treatment of autoimmune diseases, the prevention or treatment of foreign transplant
rejection and/or related afflictions, diseases and illnesses.

A "subject" is preferably a mammal. such as a human, but can also be an
animal in need of veterinary treatment, e.g., domestic animals (e.g., dogs, cats, and the
like), farm animals (e.g., cows, sheep, pigs, horses, chickens and the like) and
laboratory animals (e.g., rats, mice, guinea pigs, and the like).

The compound can be administered alone or in conjunction with other
pharmacologically active agents, e.g., together with other immunosuppressive agents or
together with antibiotics and/or antiviral agents. = Compounds that can be
coadministered include steroids (e.g.. methyl prednisolone acetate), NSAIDs and other

known immunosuppressants, such as azathioprine, 15-deoxyspergualin, cyclosporine,
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mizoribine, mycophenolate mofetil, brequinar sodium, leflunomide, FK-506, rapamycin
and related compounds. Dosages of these drugs will also vary depending upon the
condition and individual to be treated.

An effective amount of the compound can be administered by an
appropriate route in a single dose or in multiple doses.

Pharmaceutically acceptable salts include both the metallic (inorganic)
salts and organic salts, a list of which is given in Remington's Pharmaceutical Sciences.
17th Edition, pg. 1418 (1985). It is well known to one skilled in the art that an
appropriate salt form is chosen based on physical and chemical stability. flowability.
hydroscopicity and solubility. As will be understood by those skilled in the art,
pharmaceutically acceptable salts include, but are not limited to. salts of inorganic
acids, such as hydrochloride, sulfate, phosphate, diphosphate, hydrobromide, and nitrate
or salts of an organic acid, such as malate, maleate, fumarate, tartrate, succinate. citrate,
acetate, lactate. methanesulfonate, p-toluenesulfonate or palmoate. salicylate and
stearate. Similarly, pharmaceutically acceptable cations include, but are not limited to.
sodium, potassium, calcium, aluminum. lithium and ammonium (especially ammonium
salts with secondary amines). Preferred salts of this invention for the reasons cited
above include potassium, sodium, calcium and ammonium salts. Also included within
the scope of this invention are stereoisomers. crystal forms, hydrates and solvates of the
compounds of the present invention.

As immunosuppressants, these compounds are useful in the treatment of
autoimmune diseases, the prevention of rejection of foreign organ transplants and/or
related afflictions, diseases and illnesses.

The compounds of this invention can be administered for the treatment
of autoimmune diseases, the prevention of rejection of foreign organ transplants and/or
related afflictions, diseases and illnesses according to the invention by any means that
effects contact of the active ingredient compound with the site of action in the body of a
warm-blooded animal. For example, administration, can be oral, topical, including
transdermal, ocular. buccal, intranasal, inhalation. intravaginal, rectal, intracisternal and
parenteral. The term "parenteral" as used herein refers to modes of administration
which include subcutaneous, intravenous, intramuscular. intraarticular injection or
infusion, intrasternal or intraperitoneal.

The compounds can be administered by any conventional means
available for use in conjunction with pharmaceuticals, either as individual therapeutic
agents or in a combination of therapeutic agents. They can be administered alone, but
are generally administered with a pharmaceutical carrier selected on the basis of the

chosen route of administration and standard pharmaceutical practice.
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The active ingredient can be administered orally in solid dosage forms,
such as capsules, tablets, troches, dragées, granules and powders, or in liquid dosage
forms, such as elixirs, syrups, emulsions, dispersions and suspensions. (See, e.g., Chan
et al., Invest. New Drugs 15:195-206, 1997, demonstrating the bioavailability of oral
dosages of FR901228) The active ingredient can also be administered parenterally, in
sterile liquid dosage forms, such as dispersions. suspensions or solutions. Other
dosages forms that can also be used to administer the active ingredient as an ointment,
cream, drops, transdermal patch or powder for topical administration, as an opthalmic
solution or suspension formation, i.e., eye drops, for ocular administration, as an aerosol
spray or powder composition for inkalation or intranasal administration, or as a cream,
ointment, spray or suppository for rectal or vaginal administration.

Gelatin capsules contain the active ingredient and powdered carriers,
such as lactose, starch, cellulose derivatives. magnesium stearate, stearic acid, and the
like. Similar diluents can be used to make compressed tablets. Both tablets and
capsules can be manufactured as sustained release products to provide for continuous
release of medication over a period of hours. Compressed tablets can be sugar-coated
or film-coated to mask any unpleasant taste and protect the tablet from the atmosphere,
or enteric coated for selective disintegration in the gastrointestinal tract.

Liquid dosage forms for oral administration can contain coloring and
flavoring to increase patient acceptance.

In general, water, a suitable oil. saline, aqueous dextrose (glucose), and
related sugar solutions and glycols such as propylene glycol or polyethylene glycols are
suitable carriers for parenteral solutions. Solutions for parenteral administration
preferably contain a water soluble salt of the active ingredient, suitable stabilizing
agents, and if necessary. buffer substances. Antioxidizing agents, such as sodium
bisulfite, sodium sulfite, or ascorbic acid, either alone or combined, are suitable
stabilizing agents. Also used are citric acid and its salts and sodium
ethylenediaminetetraacetate (EDTA). In addition, parenteral solutions can contain
preservatives, such as benzalkonium chloride, methyl- or propylparaben, and
chlorobutanol. In certain embodiments. the composition is prepared by diluting 10 mg
of lyophilized depsipeptide and 20 mg of povidone, USP with 2 ml of a solution
containing 20% ethanol USP in propylene glycol, USP. The solution is then diluted
further with 0.9% sodium chloride injection, USP to a final drug concentration in the
range of 0.02 to 5.0 mg/ml.

For administration by inhalation, the compounds of the present invention
may be conveniently delivered in the form of an aerosol spray presentation from

pressurized packs or nebulizers. The compounds may also be delivered as powders
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which may be formulated and the powder composition may be inhaled with the aid of
an insufflation powder inhaler device. The preferred delivery system for inhalation is a
metered-dose inhalation (MDI) aerosol, which may be formulated as a suspension or
solution of a compound of the present invention in suitable propellants. such as
fluorocarbons or hydrocarbons.

For ocular administration, an opthalmic preparation may be formulated
with an appropriate weight percent solution or suspension of the compounds of the
present invention in an appropriate opthalmic vehicle. such that the compound is
maintained in contact with the ocular surface for a sufficient time period to allow the
compound to treat the mucosal surface or penetrate the corneal and internal regions of
the eye.

The same dosage forms can generally be used when the compounds of
this invention are administered stepwise or in conjunction with another therapeutic
agent.

When drugs are administered in physical combination, the dosage form
and administration route should be selected depending on the compatibility of the
combined drugs. Thus, the term coadministration is understood to include the
administration of the two agents concomitantly or sequentially, or alternatively as a
fixed dose combination of the two active components.

From, the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of illustration.
various modifications may be made without deviating from the spirit and scope of the
invention. Accordingly, the invention is not limited except as by the appended claims.
Further. all patents. patent applications, journal articles, and references referred to

herein are incorporated by reference in their entirety.

EXAMPLES

EXAMPLE 1
CELL GROWTH AND PREPARATION

Cells 1isolated from human blood are grown in X-vivo media
(Biowhittaker Inc., Walkersville, MD) and depending on use supplemented with or
without 20 U/ml IL-2 (Boehringer Mannheim, Indianapolis, IN) and supplemented with
5% human serum (Biowhittaker), 2 mM Glutamine (Life Technologies. Rockville, MD)
and 20 mM HEPES (Life Technology). Jurkat E6-1 cells (ATCC, Manassas, VA) are
grown in RPMI 1640 (Life Technologies) supplemented with 10% fetal bovine serum
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(FBS) (Biowhittaker), 2 mM glutamine (Life Technologies), 2 mM penicillin (Life
Technologies), and 2 mM streptomycin (Life Technologies).

Buffy coats from healthy human volunteer donors are obtained
(American Red Cross, Portland, OR). Peripheral blood mononuclear cells (PBMC) are
obtained using Lymphocyte Separation Media (ICN Pharmaceuticals, Costa Mesa, CA)
according to the manufacturers' instructions.

Peripheral blood lymphocytes (PBL) are obtained from the PBMC
fraction by incubation in a culture flask (Costar, Pittsburgh, PA) or with uncoated
Dynabeads (Dynal, Oslo, Norway), 1x10° cells/ml, 2 beads/cell, 2h at 37°C. Monocytes
and macrophages are removed by adherence to the culture flask or phagocytoze the
paramagnetic beads that are depleted by magnetic cell separation according to the
manufacture's instruction (Dynal). CD4 cells are purified from the PBL fraction by
incubation with 10 pg/ml of monoclonal antibodies against CD8 (clone G10-1), CD20
(clone IF5), CD14 (clone F13) and CD16 (Coulter), 10° cells/ml. 20 min at 4°C. After
washing, cells are depleted twice with sheep anti-mouse Ig-coupled dynabeads (10°
cells/ml, 6 beads/cell, 20 min at 4°C) and magnetic cell separation. The purity of CD4
cells are routinely 91-95% as measured by flow cytometry.

Dendritic cells are generated from PBMC adhering to the culture flask
(Costar), 10° cells/ml, 2h at 37°C (without Dynabeads). After extensive washing,
adherent cells are cultured for 7 days in media containing 500 U/ml GM-CSF
(Boehringer-Mannheim) and 12.5 U/ml IL-4 (Boehringer-Mannheim). The resulting
cell population is weakly adherent and expresses surface markers characteristic of
dendritic cells (positive for HLA-DR. CD86, CD83, CDl1c and negative for CD4).
(note: all antibodies obtained from Becton Dickinson, CA).

The anti-CD3 mAb (OKT3) may be obtained from Ortho Biotec.,
(Raritan, NJ) and the anti-CD28 mAb (9.3) may be obtained from Bristol-Myers
Squibb, (Stamford, Conn.).

EXAMPLE II
T-CELL STIMULATION AND MEASUREMENT OF THE SAME

Cells are stimulated by three different methodologies 1) Dynabeads (M-
450) covalently coupled to anti-CD3 (OKT-3) and anti-CD28 (9.3) antibodies (3x28
beads) according to the manufacturer's instructions (Dynal), 3 beads/cell, 2) Ionomycin
(Calbiochem, La Jolla, CA) (100 ng/ml) and phorbol 12-myristate-13-acetate (PMA)
(Calbiochem) (10 ng/ml), 3) allogeneic dendritic cells (25.000 dendritic cells/200,000

CD4 cells). All cells are stimulated at a concentration of 1x10° cells/ml. Cells are
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incubated with compounds of structure (I) (e.g.. FR901228) (NCI, Bethesda, MD) for 1
to 2 hours prior to stimulation as outlined above. Proliferation assays are conducted in
quadruplicate in 96 well flat-bottom plates. Cells are stimulated at 1x10° cells/ml in a
final volume of 200 1. Proliferation is measured by MTT assay (MTT assay Kkit,
Chemicon International Inc., Temecula, CA) at day 3 (stimulation method 1 and 2) or at
day 6 (stimulation method 3), and results are presented as mean value of quadruplicates.

PBL cultures or purified CD4 cell cultures are stimulated with 3x28 beads,

ionomycin/PMA or allogenic dendritic cells. As demonstrated in Figures 1-4

concentrations as low as 10 ng/ml of FR901228 completely inhibit proliferation of CD4
cells stimulated with 3x28 beads or ionomycin/PMA. whereas concentrations of 1
ng/ml of FR901228 or below have no significant effect (these experiments are
performed by using a 2 hour incubation with FR901228 prior to stimulation).
Interestingly, proliferation induced by allogenic dendritic cells is significantly inhibited
by FR901228 at concentrations as low as 1 ng/ml. Further, greater cell survival is not
affected by FR901228. as assessed by sub-G1 DNA measurement and integrity of the
cell membrane (Figure 5D). Lack of cytotoxicity of FR901228 is in agreement with
results described by Byrd et al., Blood 94(4):1401-1408, 1999; Bates ef al., Clinical
Pharmacology, Programs and Proceedings of American Society of Clinical Oncology,
Abstract 693, 1999; and Chassaing et al., J. Chrmatogr. B 719:169-176, 1998.
Growth and activation protocols are the same as those described above.

EXAMPLE II1
ACTIVATION MARKER ASSAYS

The effect of FR901228 on the induction of various activation markers
on CD4 cells is studied. In this regard, cells are labeled with one or more of the
following antibodies: anti-human CD4 Ab (Immunotech. Fullerton, CA), FITC-coupled
anti-human CD1la Ab (Pharmingen), FITC-coupled anti-human CD26 Ab
(Pharmingen), FITC-coupled anti-human CD49d Ab (Coulter), FITC-coupled anti-
human CD54 Ab (Pharmingen and Becton Dickinson), FITC-coupled anti-human CD95
Ab (Pharmingen), FITC-coupled anti-human CD134 Ab (Pharmingen), FITC-coupled
anti-human CD25 Ab (Becton Dickinson, Fullerton, CA), FITC-coupled anti-human
CD69 Ab (Becton Dickinson), FITC- or PE- coupled anti-human CD154 Ab (Becton
Dickinson), or FITC- or PE- coupled IgG1 isotype control Ab. Cells, 2x10° are labeled
for 20 minutes at 4°C with 2 ul of each antibody in a final volume of 30 pl, washed and
resuspended in 1% parformaldehyde (Sigma, St. Louis, MO). Interestingly, CD25 and

CD154 expression is strongly suppressed after 3x28 bead stimulation at concentrations
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as low as 10 ng/ml FR901228 (Figure 5A and 5B). In contrast, CD69 induction is not
affected by 100 ng/ml FR901228 (Figure 5C). In addition, Figures 8A-8B demonstrate
inhibition of the induction of CD25, CD134, CD137w, CD154, CD11a, CD54, and
CD95 on CD4 T-cells with no significant affect on CD69 induction or activation
induced downregulation of CD62L (Figures 8A-8B). This suggests that FR901228
imposes a specific, however not complete, inhibition of proximal CD4 cell activation.
Further, greater cell viability is not significantly affected by concentrations up to 100
ng/ml of FR901228 as measured by propidium iodide (PI) exclusion using standard
flow cytometric procedures (see Dengler et al.. Anticancer Drugs. 6(4):522-532, 1995).

FR901228 inhibition cannot be bypassed by ionomycin/PMA activation,
implying that FR901228 inhibition is downstream of the rise in intracellular calcium
observed immediately after CD3 stimulation of CD4 cells.

EXAMPLE IV
IL-2 AND TNF-ct ASSAYS

Cells are prepared as described above. Supernatants from cells
stimulated 24h are subjected to an IL-2 or TNF-a enzyme linked immunosorbant assay
(ELISA) according to the manufacturer's instructions (Biosource International,
Sunnyvale, CA).

In an alternative assay. IL-2 is measured by intracellular staining of CD4
T-cells using flow cytometry. For intracellular labeling of IL-2 or IFN-, cells are first
incubated with 1 g/ml Monensin (Calbiochem) for 4 hours prior to assay. The cells are
subsequently stained for surface proteins as described above, fixed and permeabilized
using Becton Dickinson intracellular staining-kit, labeled with PE-coupled anti-human
IL-2 Ab and FITC coupled anti-human IFN- or the corresponding control Abs as
described by the manufacturer. Data acquisition and flow cytometric analysis is
performed on a Becton Dickinson FACSCalibur flow cytometer using Cellquest
software following the manufacturer's protocol (Becton Dickinson).

To study the mechanism behind FR901228 inhibition of CD4 cell
proliferation, IL-2 and TNF-o. production by activated CD4 cells was analyzed.
FR901228 at concentrations as low as 10 ng/ml markedly inhibits IL-2 production
measured by ELISA after 24 h of 3x28 (anti-CD3 and anti-CD28 antibody coupled
beads) bead stimulation of purified CD4 cells (Figure 6). A similar inhibition was
observed using intracellular IL-2 measurement (not shown). However, diminished IL-2
production is not solely responsible for the lack of T-cell proliferation, as addition of

100 U/ml IL-2 (Boehringer Manheim) will not restore proliferation. The observation
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that FR901228 inhibits IL-2 production contrasts with previous results reported by
Wang et al. who reported that FR901228 did not inhibit CD3-induced IL-2 production
of the Al.1 T-cell hybridoma (Oncogene 17(12):1503-1508, 1998). The reason for this
difference is currently unknown.

In further experiments, both IL-2 and TNF-a were measured by ELISA
following 24 hours of stimulation of peripheral blood lymphocytes (PBL) with 3x28
beads in the presence or absence of 20 ng/ml of FR901228 and 500 ng/ml of
cyclosporine (Figures 10A and 10B).

EXAMPLE V
PROLIFERATION INHIBITION ASSAYS

Peripheral blood Iymphocytes are prepared as described above,

stimulated with 3x28 beads and stained with carboxyfluorescein diacetate succinimidyl

- ester (CFDA-SE) at day 6 post stimulation. Cell stimulation was carried out as

indicated above and the cells were washed twice with PBS and resuspended in media
and incubated with CFDA-SE (Molecular Probes, OR). After about 10 minutes of
staining, the cells are washed with media and FPS and dye incorporation was measured.
FR901228 was added at various time points post-stimulation, at time 0 or at 24, 72, and
120 hours post-stimulation. Figure 7 depicts flow data generated by CFDA-SE
staining. The y-axis sets forth mean fluoresence intensity, which relates to the inverse
of cell growth. Accordingly, the data indicates that cell growth of activated T-cells is
inhibited by FR901228 either by contacting the cells with FR901228 prior to.

concurrently with, or subsequent to stimulation with 3x28 beads.

EXAMPLE VI
CD154 EXPRESSION ON CD4 CELLS

The effect of FR901228 on the induction of the CD154 activation marker
on CD4 cells is studied. In this regard, cells are labeled with FITC-coupled anti-human
CD4 Ab (Immunotech, Fullerton. CA), PE- coupled anti-human CD154 Ab (Becton
Dickinson, Fullerton, CA), or FITC- or PE-coupled IgGl isotype control Ab. Cells,
2x10° are labeled for 20 minutes at 4°C with 2 pl of each antibody in a final volume of
30 pl, washed and resuspended in 1% parformaldehyde (Sigma, St. Louis, MO). The
cells are stimulated for four days in the presence of 3x28 beads and/or 20 units/ml IL-2
or an anti-IL-2 antibody at day three, FR901228 is added to the culture at a

concentration of 20 ng/ml. On day 4. mean fluorescence intensity is measured by flow
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cytometry. As depicted in Figure 9, the presence of absence of IL-2 did not compensate
for the suppression of CD154 expression induced by FR901228.

EXAMPLE VII
REPRESSION OF CD154 AT THE TRANSCRIPTIONAL LEVEL

In this experiment Jurkat T-cells were stabily transfected with a vector
construct (p-EGFP1, Clonetech) wherein the nucleotide sequence encoding green
fluorescent protein was operably linked to the CD154 promoter cloned from Jurkat
cells. Following selection of cells containing the vector of interest, the cells were
subjected to stimulation for 24 hours with 3x28 beads in the presence of varying
concentrations (0 to 100 ng/ml) of FR901228. Fluorescence was then detected using
flow cytometry. As is demonstrated by Figure 11, only cells having 0 ng/ml of
FR901228 showed induction of GFP expression beyond those cells having no
stimulation.

In separate experiments, RT-PCR of the CD154 transcript was carried
out after 18 hours of stimulation with 3x28 beads and various amounts of FR901228.
These experiments demonstrated reduced levels of CD154 expression with increasing
amounts of FR901228 (data not shown). Experiments were also conducted using CD4
cells incubated with anti-sense constructs of c-myc. After stimulation by 3x28 beads
for twenty-four hours, the anti-sense c-myc construct reduced CD154 expression as
measured by flow cytometry by about 50% as compared to controls including: no
construct. sense or transfection with a scrambled c-myc construct (data not shown).
Accordingly, FR901228 and like compounds may target the activity of c-myc and its

induction of CD154 as one mechanism of immune suppression.

EXAMPLE VIII
INHIBITION OF CELL CYCLE PRIOR TO S-PHASE ENTRY

Unstimulated and stimulated (3x28 bead stimulation) CD4 cells were
incubated with varying concentrations FR901228 and the intracellular DNA content
was measured by staining with propidium iodide (PI) using standard procedures. In
brief, the cells were stained with a mixture of 1 pg/ml PI and 0.03% saponin in PBS for
about 20 to 30 minutes. As indicated by Figure 12, DNA synthesis does not take place
in non-stimulated cells or in stimulated cells incubated with 10 to 100 ng/ml of
FR901228. Accordingly, FR901228 appears to inhibit the cell cycle of activated T-

cells prior to entry of S-phase.
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EXAMPLE IX
RADIOISOTOPE T-CELL PROLIFERATION ASSAYS

Peripheral blood mononuclear cells (PBMC) from healthy donors are
separated by density centrifugation with ficoll-hypaque (LSM, Organon Teknika,
Durham, North Carolina). After washing, the PBMC with complete media (RPMI 1640
medium with 5% human serum, 100 mM glutamine, 1 mM sodium pyruvate, 0.1 mM
non-essential amino acid, 2 mM Penicillin (Life Technologies). and 2mM Streptomycin
(Life Technologies), they are then irradiated at 7.500 RADS. and resuspended at 4 - 4.5
x 10° cells/ml in complete media. Another aliquot of PBMC are rosetted with
neuraminidase-treated sheep red blood cells (SRBC). After another centrifugation with
LSM, the SRBC of these rosetted T-cells are then lysed with ammonium chloride lysing
buffer (Life Technologies). After washing twice with complete media. these purified T-
cells are also resuspended at 2-2.5 x 10° cells/ml in complete media. The various
dilutions of the test compound are added in triplicate at 50 1/well into a 96-well flat-
bottom microculture plate (Costar, Cambridge, Massachusetts). The T-cell suspension
is then immediately distributed into the wells at 100 1/well. After incubating the cells
with the test compound for 30 min. at 37°C. in a humidified atmosphere of 5% CO, -
95% air, anti-CD3 Ab (OKT-3, Ortho Diagnostic, New Jersey) is added per well (final
conc. of 10 ng/ml). followed by 50 1 of the irradiated PBMC. The culture plate is then
incubated at 37°C. in a humidified atmosphere of 5% CO, - 95% air for 72 hours. The
proliferation of T lymphocytes is assessed by measurement of tritiated (‘H) thymidine
incorporation. During the last 18-24 hours of culture, the cells are pulse-labeled with 2
Ci/well of tritiated thymidine (NEN. Cambridge, Massachusetts). The cultures are
harvested on glass fiber filters using a multiple sample harvester (MACH-II, Wallace,
Gaithersburg, Maryland). Radioactivity of filter discs corresponding to individual wells
is measured by standard liquid scintillation counting methods (Betaplate Scint Counter.
Wallace). Mean counts per minute of replicate wells are calculated and the results are
expressed as concentration of compound required to inhibit tritiated thymidine
incorporation of T-cells by 50%.

EXAMPLE X
PREVENTION AND/OR DELAY OF DIABETES ONSET IN NOD orR NODSCID MICE

This Example illustrates the ability of a representative depsipeptide

compound FR901228 to prevent or delay diabetes onset in NOD and NODSCID mice.
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FR901228 was dissolved in 10% DMSO in PBS and were administered
1.p. to NOD or NODSCID mice every other day. Controls contained only the DMSO
excipient (10% DMSO_ in PBS). Given that, NODSCID mice do not spontaneously
develop diabetes, 30 x 10° NOD spleen cells from a 10 week old NOD mouse were
injected into each NODSCID mouse (i.v.) at 4 weeks of age to induce diabetes.
0.5mg/kg of FR901228 was administered at each treatment to twenty animals (ten NOD
animals and ten NODSCID animals). Every two weeks the number of mice in each
treatment group that had become diabetic was evaluated by measuring blood glucose
levels- using a glucometer at bi-weekly intervals. A reading of more than 200mg/dl of
blood glucose on two consecutive observations was considered indicative of frank
diabetes. Average glucose numbers for these groups are presented in Table 2 below.

As shown in Table 2, in NODSCID mice, onset of frank diabetes was
delayed by at least two weeks in those mice treated with the compound when compared
to those mice that were treated with excipient only. Surprisingly, the results of the
NOD mice were even more dramatic, in that no NOD mouse treated with the compound
developed frank diabetes during the 18 week study, while 8 of 10 excipient treated mice
developed frank diabetes in the same timeframe. Clearly, this data demonstrates an

immunosuppressive effect in the delay of phenotypical diabetes onset.
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From the foregoing, it will be evident that although specific
embodiments of the invention have been described herein for the purpose of illustrating
the invention, various modifications may be made without deviating from the spirit and

scope of the invention.
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CLAIMS

A compound having the following structure:

or a pharmaceuxtically acceptable salt or stereoisomers thereof,

wherein

misl,2, 3 or4;

nis0, 1,2 or3;

p and ¢ are independently 1 or 2;
X 1s O, NH or NR;

R;, R, and R, are the same or different and independently an

amino acid side-chain moiety or an amino acid side-chain derivative: and

and g are 2.

R is a lower chain alkyl, aryl or arylalkyl moiety;

with the proviso that the compound is not FR901228.

(OS]

The compound of claim 1 wherein m is 1 and nis 0, 2 or 3..

The compound of claim 1 wherein mis2,3 or4 and nis 1.

The compound of claim 1 wherein one of p or ¢ is 2, or both p

The compound of claim 1 wherein X is O.
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6. The compound of claim 1 wherein X is NH or NR.

7. The compound of claim 1 wherein R, and R, are amino acid side
chain moieties. '

8. The compound of claim 1 wherein R, is an amino acid side chain
derivative.

9. A composition comprising a compound of claim 1 and a

pharmaceutically acceptable carrier.

10. A method of preventing or suppressing an immune response or
immune mediated response of an animal. comprising administering to said animal an

effective amount of a compound having the following structure:

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

mis1,2, 3 or4;

nis0,1,2or3;

p and g are independently 1 or 2;

X is O, NH or NR;

R;, R, and R, are the same or different and independently an
amino acid side-chain moiety or an amino acid side-chain derivative; and

R is a lower chain alkyl, aryl or arylalkyl moiety.
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11. The method of claim 10 wherein said animal suffers from or is at

risk of suffering from an autoimmune disease.

12. The method of claim 10 wherein said animal suffers from or is at

risk of suffering from an inflammatory disease.

13. The method of claim 10 wherein said animal suffers from or is at

risk of suffering from graft-versus-host disease.

14, The method of claim 10 wherein said animal will undergo or has

undergone an allogeneic transplant.

15.  The method of claim 10 wherein said animal will undergo or has

undergone an xenogeneic transplant.

16. A method for inhibiting the proliferation of lymphocytes,

comprising administering to an animal an effective amount of a compound having the

Rj
H p
O NH X

following structure:

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein
mis 1,2, 3or4;
nis0.1,2or3;
p and g are independently 1 or 2;
X 1s O, NH or NR;
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R,, R, and R, are the same or different and independently an
amino acid side-chain moiety or an amino acid side-chain derivative; and

R is a lower chain alkyl, aryl or arylalkyl moiety.

17. A method for enhancing graft survival following transplant,
comprising administering to an animal previous to, concurrently with, or subsequent to
a transplant procedure an effective amount of a compound having the following

structure:

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

mis 1,2, 3 or4;

nis0,1,2or3;

p and q are independently 1 or 2;

Xis O, NH or NR;

Ri, R, and R; are the same or different and independently an
amino acid side-chain moiety or an amino acid side-chain derivative; and

R is a lower chain alkyl, aryl or arylalkyl moiety.

18. The method of claim 17 wherein said transplant is an allogeneic

transplant.

19. The method of claim 17 wherein said transplant is an xenogeneic

transplant.



WO 01/42282 PCT/US00/33169
42

20. A method for reducing interleukin-2 secretion from lymphocytes,

comprising administering to an animal an effective amount of a compound having the

R;
N
H p
O NH X

following structure:

T NHOY\
)
_ A

N

S
M

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

misl,2,3o0r4;

nis0,1,2or3;

p and g are independently 1 or 2;

X 1s O, NH or NR;

R;, R, and R; are the same or different and independently an
amino acid side-chain moiety or an amino acid side-chain derivative; and

R is a lower chain alkyl, aryl or arylalkyl moiety.

21. A method for inhibiting induction of CD25 or CDI154 on
lymphocytes following lymphocyte stimulation, comprising administering to an animal

an effective amount of a compound having the following structure:
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or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

mis 1,2, 3or4;

nis0,1,2or3;

p and g are independently 1 or 2;

X is O, NH or NR;

R;, R, and R; are the same or different and independently an
amino acid side-chain moiety or an amino acid side-chain derivative; and

R is a lower chain alkyl, aryl or arylalkyl moiety.

22. A method for inducing anergy or apoptosis in activated T-cells
while maintaining overall T-cell counts. comprising administering to an animal a

dosage of a compound having the following structure:
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or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

misl, 2,3 or4;

nis0, 1,2 or3;

p and g are independently 1 or 2;

X is O, NH or NR;

R;. R, and R, are the same or different and independently an
amino acid side-chain moiety or an amino acid side-chain derivative; and

R is a lower chain alkyl, aryl or arylalkyl moiety.

23. A method for inducing immune system tolerance to an antigen,
comprising administering to an animal a dosage of a compound having the following

structure:

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

misl1,2, 3 or4;

nis0,1,2or3;

p and q are independently 1 or 2;

X 1s O, NH or NR;

R;, R, and R, are the same or different and independently an
amino acid side-chain moiety or an amino acid side-chain derivative; and

R is a lower chain alkyl, aryl or arylalkyl moiety.

24. A method for reducing secretion of tumor necrosis factor-alpha,
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comprising administering to an animal a dosage of a compound having the following

structure:

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

mis 1,2, 3or4;

nis0,1,2or3;

p and q are independently 1 or 2;

X is O, NH or NR;

R, R, and R, are the same or different and independently an
amino acid side-chain moiety or an amino acid side-chain derivative: and

R is a lower chain alkyl, aryl or arylalkyl moiety.

25. A method for inhibiting the cell cycle of an activated T-cell prior
to S-phase entry, comprising administering to an animal a dosage of a compound
having the following structure:
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or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

misl1,2,3o0r4;

nis0,1,2or3;

p and g are independently 1 or 2;

X 1s O, NH or NR;

R;. R, and R, are the same or different and independently an
amino acid side-chain moiety or an amino acid side-chain derivative; and

R is a lower chain alkyl, aryl or arylalkyl moiety.

26. The method of any one of claims 10, 16, 17, 20, 21, 22, 23, 24, or

25 wherein m is 1

27. The method of any one of claims 10, 16, 17, 20, 21, 22, 23, 24, or

25 wherein mis 2, 3 or 4.

28. The method of any one of claims 10, 16, 17, 20, 21, 22, 23, 24, or

25 whereinnis 1.

29. The method of any one of claims 10, 16, 17, 20, 21, 22, 23, 24, or

25 wherein nis 0, 2 or 3.

30. The method of any one of claims 10, 16, 17, 20, 21, 22, 23, 24, or
25 wherein p and q are both 1.
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31. The method of any one of claims 10, 16, 17, 20, 21, 22, 23, 24, or

25 wherein one of p or g is 2, or both p and ¢ are 2.

32.  The method of any one of claims 10, 16, 17, 20, 21, 22, 23, 24, or
25 wherein X is O.

33. The method of any one of claims 10, 16, 17, 20, 21, 22. 23, 24, or
25 wherein X is NH or NR.

34. The method of any one of claims 10, 16, 17, 20, 21, 22, 23, 24, or
25 wherein R, and R; are the same or different and independently an amino acid side .

chain moiety.
35.  The method of claim 34 wherein R, and R, are both -CH(CH,),.

36. The method of any one of claims 10, 16, 17, 20, 21, 22, 23, 24, or

25 wherein R, is an amino acid side chain derivative.
37.  The method of claim 36 wherein R, is =CHCH,.

38. The method of any one of claims 10, 16, 17, 20, 21, 22, 23, 24, or
25 wherein the optional double bond is present.

39. The method of claim 38 wherein the double bond is in the trans-

configuration.

40. The method of any one of claims 10, 16, 17, 20, 21, 22, 23, 24, or
25 wherein the compound is FR901228.



PCT/US00/33169

WO 01/42282 1/ 12
= 1.5-
-3
e —
= 1.0- ]
8 )
g
'§.O§5-
=
0.0 mﬁﬁﬂ
¢ 'E S < m = —
IS o <
£ <
o
FR9O01228 ng/mi

FIG. 1

B Joaoarycin/PNMLA activatog of
PBL
(8823, MTT cay 3)

sl

FRS0122§ ng/m

r—d

©
-~
(W1
-1
l

50 _ll

—~—
N
—

ool

0.1
0.01

Relative cell growih
o o
N n
[JI ClD
Control )

FIG. 2



WO 01/42282 2 /12 PCT/US00/33169

3x28 * =ad stimmilation or

pur.ued CD4 Tcells
= 1.54
2
B .
= 1.0¢ _ ]
8 . "4
K
Mo
= (0.5-
©
o
Il
O'O -0 QD W et e
E S v~ S 3
e =
C
FR901228 ng/mi

FIG. 3



PCT/US00/33169

WO 01/42282 3 /712
Allogen derdritic stmmiarion of
purified CD4 T-cells
(SSPS, MTT day 6)
= 159 _
E [ B
g
= 1.0-
b5
S
.z 0.5 =
I~ 3 i
Oﬂﬂwﬂﬂﬂ
o -é. g % -c- v — — —
g - < S
= =
| &
FRO01228 ng/mi

FIG.4



WO 01/42282 4 /12 PCT/US00/33169

T — ————

i Effect of FR9G1228 .o lymphocyte activation markers

A CD154 Expression CD25 Expression

PEL stim. 24 b with 378 beads 0 PRI stim 24 1 with 3x28 besds
751
. 300
G e ]
§<s0i [ ] 1 Sim| |
2 8 Q3B
=3 e BE‘
é 25" £°100-
M Y w E N R N ==
£ § E: E E £ 8§ EECECE
§&epee 3822 EE
s € = = | £ s - Z
g = < = — =
3028 bead se. 3x28 bead suzm.
D3 Expression Viability

- PBL sdm 24 b with 3x28 beads PBL st 24 h with 3x28 beacs

0

400 — 100 —
— - —_—
2 ‘] ] r =
< .. jo)
£ 3 300- ==
b ! 3
2 & 2004 >3 501

= x Es
g° g

0 < T E=E E E E ===

A = § £ £ & &

S - 22 2 2 S & 2 22 ¥

£ ° 3 s < - :

3x23 bead 3d=. 3x28 bead sum.

FIG.5



FIG. 6

WO 01/42282 5/ 12
A I-2ELISA
24h after 3x28 stimmulation of
purified CD4 cells
40000-
& 30000-
= f— 7 —
) J1 ]
§ 200007 -
100C0- / {—_
— |
Pl ]
O =—=———
ESF =T Z3
E <
Q
ng’ml FR901223

PCT/US00/33169



PCT/US00/33169

6 /12

WO 01/42282

CFDA-SE stained CD4 cells at
day 6

| luoz i ud ‘szxe
[ Juess ua ‘sexg
L UPT: ek ‘STXE
L |40 ua tgexg
| |sexe
101 el
[oJjuo))

1 T ¥
O O O
\n o s} <
L vy o™

1000

1M0i3 |[99,9519AUf

/

adsdra -

3x28 Be

No'sdim

FIG.7



WO 01/42282 7/ 12 PCT/US00/33169

[ 1No Stim

B 328

ZZNo stim + FR
XY 3x28 4+ FR

o
2 (4-V'IA) P6PAD
== (U102725-7) TZ9(1.
267AD
2 7S1aD
mg (g91-v) MLET1AD
g[ommg
S o o o o ?:
W o W - W
(‘\] ('\] p—t ]

FIG.8A



WO 01/42282 8/ 12 PCT/US00/33169

_1No stim

M 328

ZZANo stim + 'R\
NN 3x28 + FR

K]
¢

!

—— 59D

= (se3) S0

FIG.8B



/33169
WO 01/42282 9 / 12 PCT/US00/33

CD154 expression on CD4
T-cells day 4 after activation
(+/- 3x28 beads, -2 and
FRS01228 from day 3 to day 4)

oz I (IControl
& I 20 no/ml FR901228
= Z 100
< @
RN
A & spd
O35 50
o o o~ =
- = =~ =
g -"f: ZD‘-‘“"?
g ot
N
b
[sa)

FIG.9



WO 01/42282

PCT/US00/33169

A0

10 / 12
IL-2 measured by ELISA after
24h stimmlation of PBL
50000
40000
£ 30000
-
S 20000
10000
04 — —_—= -
BRIy
7 X E % Z K
Q ™ Q ok o «
z_ oz 2z
e = =
z > 2
S g S
S 3
%)
TNF-c measured by ELISA after 7
24h stimulation of PRL
10000-
§ 7500{ :
& 5000,
é‘ zsooj _
o U _0_0O
P =TT =
ER-ER
o (28] o (e} - ™
z 2 e
s E B
= 2 2
S = =

FIG.10A

FIG.10B



WO 01/42282 11 / 12 PCT/US00/33169

FIG.11

FRS
. , 88
EP"
No Stmm  Es 0
c i
e SHESS | — ]
102 103 0t
FL1-H
e 090199s.002
&
83
WT-E
3x28 beads, 24h ! EZ;
| 0
31 { |
10° 10! 10% 10° 10t
g 090199s.008
.gf
(]
3x28 beads, 24h ’33
S21 100
cE . |
CES Y C—
10° 10! 102 100 et
Foid
8 080199s.009
N
| g
~ ! .ggj
| E
3x28 beads, 24h' =3 350
. Q
10° ! 1e? 102 10*

3x28 beads, 24h

Counts
. 0 40 80 120160200

10




Counta

FIGA2

WO 01/42282 12 / 12
No Stim
g 100899S.001
1 FRrR9012
c 5 .. l'nXXr Y DB XaiA‘ ry e 4
109 10 102 10 10
RL3H
g " 100899S.002
o

3x2

PCT/US00/33169

3 beads, 24h

100899S.003

10°
A3+

1008995.010

2]
=
3
o
°3
‘ i
100 107
8 10089885011
“3
. 3
R
S 3
3
3
< X‘O - ur e e T, n e
10 10 102 107 10 10 10 A
Fl3-H 13-H
8 100898S.004 = 100858S.012
(] o
: 110 3
o ; 2 3
] E 3
3 3 3
Q (ST
31 3
S - e p——— e - < . i
107 10 10° 10~ 10 10 10
R+
8 1008¢98.0Ce = 1CC899S.914+
i L
@ 2 3
= 3 [
3 3
o ':3 - d Q :
3 g, v 3
QA“ . RIS . . -?.‘r c -. IR3 ....‘7 Y R

2




INTERNATIONAL SEARCH REPORT

Inte lonal Application No

PCT/US 00/33169

A. CLASSIFICATION OF SUUBJECT MATTER

IPC 7 CO7K11/00 C07K5/10

A61K38/15

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 CO7K A61K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, CHEM ABS Data, BIOSIS, WPI Data, EMBASE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A EP 0 352 646 A (FUJISAWA

C0) 31 January 1990 (1990-01-31)

A US 5 294 603 A (RINEHART KENNETH L)
15 March 1994 (1994-03-15)

PHARMACEUTICAL

D Further documents are listed in the continuation of box C.

E Patent family members are listed in annex.

° Special categories of cited documents :

“A" document defining the general state of the art which is not
considered to be of patticular relevance

"E* earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0O* document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international fifing date but
later than the priotity date claimed

'T* later document published afier the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular reievance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

16 February 2001

Date of mailing of the international search report

23/02/2001

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Deffner, C-A

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

information on patent family members

inte

onal Application No

PCT/US 00/33169

Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 0352646 A 31-01-1990 AT 94561 T 15-10-1993
AU 3829089 A 01-02-1990
CA 1335083 A 04-04-1995
CN 1040054 A 28-02-1990
DE 68909139 D 21-10-1993 .
DE 68909139 T 10-02-1994
DK 366889 A 27-01-1990
ES 2058411 T 01-11-1994
FI 893359 A 27-01-1990
HU 9500343 A 28-09-1995
JP 2028635 C 19-03-1996
JP 2085296 A 26-03-1990
dJP 7064872 B 12-07-1995
NO 893021 A 29-01-1990
us 4977138 A 11-12-1990
ZA 8905121 A 29-08-1990

US 5294603 A 15-03-1994 us 4950649 A 21-08-1990
us 5137870 A 11-08-1992
DE 3161556 D 05-01-1984
EP 0048149 A 24-03-1982
JP 1684261 C 31-07-1992
JP 3049919 B 31-07-1991
JP 57081413 A 21-05-1982
us 4782135 A 01-11-1988
us 4493796 A 15-01-1985
us 4548814 A 22-10-1985

Form PCT/ISA/210 (patent family annex) {(July 1992}




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

