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and si m | gbmi MAkBRIng an autoimmune response, to controlling infectious disease and
inhibiting graft/tiSsue rejection. The prinéipa] 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.
15  Since the early 1960's the availability of these immunosuppressive agents have been
restricted to only a few'drugs. Howevér, in the early 1980's in addition to azathioprnine
and corticosteroids. cyclosporine became widely available and has been the drug of
choice ever since.'(Koba.shigawa, Truans. Proc. 30:1095-1097, 1998; Isoniemi, Ann.
Chi. Gyn. 86:164-170, 1997). However, the newer immunosuppressive agents are
20 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
25 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,

30 Semin. Vet. Med Surg. 12(3):144-149, 1997) Accordingly. marrow depression and
Jiver 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

35 metabolism, hypertension, and diabetes.
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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 1gors
and dyspnea. (Richards et al., Cancer Res. 59(9):2096-2101, 1999)

20 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
) 25 fissues 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 (Sfrom, Clin. Asp. Autoimm. 4:8-19, 1990). However, such
ideal matches are difficult tolachieve. Further, with the increasing need of donor organs

30 an increasing shortage of transplanted organs currently exists.  Accordingly,
xenotransplantation has erherged 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

35 cellular interactions among T and B lymphocytes as well as macrophages or dendritic
cells that recognize and are activated by foreign antigen (Strom, supra; Ceilular and
Molecular immunology, Abbas et al. (Eds.), WB Saunders Co., Penn., 1994). Co-
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of interferon- (IFN-) which in turn activates cytodestructive properties of macrophages
15 (Farrar et al., J Immunol. 126:1120-1125, 1981). Furthermore. IFN- and IL-4 are also
important activators of MHC class 1l expression in the transplanted organ. thereby |
further expanding the rejection cascade by enhancing the immunogenicity of the grafted
organ (Pober et al., J. Exp. Med. 157:1339. 1983: Kelley et al., J. Immunol. 132:240-
245, 1984).
20 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
25 predominantly on CD4 T-cells that in turn activate the APC through CD40 engagement,
leading to improved antigen presentation (Grewal et al., Ann. Rev Immimol. 16:111-
135, 1998). This is caused parily 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
30 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, 1L~
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 ef al., J.
35 Leukoc. Biol. 63:418-428, 1998).
Similar mechanisms are involved in the development of antoimmune

disease, such as type 1 diabetes. In humans and non-obese diabetic mice (NOD).
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and Dixon, Adv. Immunol. 37:269-389, 1985; Eisenberg et lal.. J. Immunol. 125:1032-

1036. 1980; Bonneville et al., Nature 344:163-165, 1990; Dent ef al., Nature 343:714-

719, 1990; Todd et al., Nature 351:542-547, 1991; Watanabe ef al., Biochem Genet.

20 29:325-335, 1991; Morris et al., Clin. Immunol. Immunopathol. 5 7:263-273, 1990;

Takahashi et 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

is to suppress the patient's immune reactivity to the antigenic tissue or agent. with a

25  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,

30 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

35 immunosuppressant agents. In one embodiment, this invention discioses a method for
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wherein m, n, p, g, X, Y, R, R, and R, are as defined below, including pharmaceutically
acceptable salts and stereoisomers thereof.

10 In another embodiment, novel compounds are disclosed having structure
(I) above, but excluding a specific known compound (ie. 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

15 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

20 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,

25 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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positive T-cell proliferation, following incubation with FR901228 and stimulation by
beads having anti-CD3 and anti-CD28 antibodies attached thereto. _
15 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) CD154 expression, (B) CD25 expression, (C) CD69 expression, and (D) cell
20 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 afier 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
25 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 8A-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
30 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 1L-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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nmet hods of the present invention, the conpounds may 15 be administered to
suppress the i mune FaspoHy-108 ase barcgraphsslepicting theopresanse of Hi-d@pd dNF-
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aving under e.an ogenei c transplant, or xenogenei c transpl ant.

Furt her &%Qg@]&)@%t ‘EJ) ﬁﬁ&%ﬂ?ﬁ&?ﬁlﬁ@f{w@dm ni stration of a conpound of
this invention for iFijir®illidepididGowpdard iof dirkhi Treell stapilp hamgfeered widr a
enhancing graft survival fqgllow t ranspl ant 20 adm nistrati Levi ous
Cor corcurPut forelpit (e pudb Al g RIS Bty Hiiofedl BRI el BuRUC D
al | ogenei of ted"REAopremeter 24rhamspiodioning stonulntoh witthgdx28-eadsaiprthe prosericeom

| ynphocyt §8¢ {P501 L3 bt y}g b 1oeR of CD25 or CD154 on |ynphocytes
following sti r‘ruP’at Ion. n }o_r or “i_nduci ng aneggn\g or apoptosis in
activated T-cells wihigue 1Zdepickiflovndate ok giacetulacDNAcgaiming of 15D4 X-eehlst her
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ol erance _to an_anti a ing to an ani nal a dosage of a
conpoufld Bflss@r@@taﬂpgsgfﬁ%ﬂﬁdf?&ndﬁﬁég#'ded are methods for reducing secretion
of TNF-a and for inhibiting the cell cycle of an activated T-cell prior to

yS- phase e@ﬁé&?@g@ﬁﬁ@@{%@we’%fﬁﬁww of structure (1). MAY 2()0)
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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 terrestnal bacterium Chromobacterium

15 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

20 candidates as well as natural products have been identified that reverse this phenotype,
and hence reverses transformation of tumeorigenic cell lines. FR901228 is a natural
product that has been identified in this effort, and has subsequently been shown to be
highly active in amimal-based models. As a result, FR901228 has received considerable
attention as an antitumor agent.

25 More specifically, FR901228 is a bicyclic depsipetide (i.e., a peptide
containing ester linkages as well as amide linkages) having the following structure:



These and other aspects of this invention will be apparent upon rf §r MAYeZ(l
to the followi ng detail ed description. To this end, various references are
set forth herein which describe in nore detail certain background

i nformation, procedures, conpounds and/or conpositions and are each

her ebWo® Ab#x2pdbr at ed by reference in their entirety 5 BRIGRUMEERH%PTI ON OF
THE DRAW NGS Figure | is, a bar graph representing dose dependent

i nhi bition of peripheral blood |ynphoc§te (PBL) proliferation follow ng

i ncubation with FRO01228 and stimnul ati on-py beads having anti-CD3 and
anti-CD28 anti bodi es attached thereto. Figurfe 2 is a bar graph depicting
dose dependent inhibition of peripheral]] to bIoo; | ynmphocyt e (PBL)
proliferation, follow ng incubationx RO0+228 and stinmulation with

| onomycin/ PMA. Figure 3 is a bar gra h dedi cti hpg dose dependent inhibition-
of CD4 positive T-cell prolife i followhg incubation with FR901228
and stimulation by beads having nt|-h43 and anti-CD28 anti bodi es attached
thereto. 15 Figure 4 is a bar graph degyctipg floge dependent inhibition of:
CD4 positive T-cell prollferi%ybn Kol | 6y ng~Yhcubation with FR901228 and

stimulation with in vitro gengrated aIIo eni.c \dendritic cells. Figures
5A-5D are bar graphs depicting/fl g Ty o y greasurenents of (A) CDl 54
expression, (B) CD25 expressign, ) C[369 expression, and (D) cell 20
viability, follow ng T-cell vationAn the|presence of varying | evels of
FRO01228. Figure 6 is a bar grzbh}de icti -2 expression as neasured by
ELI SA 24 hours after 3x28 bead ) (anti-CD3 and anti-CD -)8

conj ugat ed beads) of T- cells in t e presence of varying | evels of
1FR901228. Figure 7 is a bar graph defR¥I2A§ nean fluorescence intensity of
" CD4 25 cells stained with CFDA-SE at day 6 followi ng 3x28 bead stinulation
or no stinulation in conbination with addition of FR901228 at varying tine

poi nt s. . o . )
While the molecular basis for activity of FR901228 is not known. it has been postulated

5 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 er al., J. Am. Chem. Soc. I'18:7237-7238. 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

10 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

15 recrystallization.

In addition to isolation of FR901228 as a natural product, the total
synthesis of this compound has now been reported by Khan et 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

20 vyield 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.

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

compounds of structure (1) generally. have been discovered 1o have immunosuppressive



Fi gures 8A-8B are bar graphs depicting flow cytonetry neasureneni sy ¢fAY (BG%
CD 137w, CD154, CD25, CD62L. and CD49d expression and (B) CDI | a, CD 134,
CD26, CD54, CDO5, and CD69 expression, follow ng stimulation or no
stinulation 30 with 3x28 beads in the presence or absgpqf;bs3i§901228. (20
ng/ m OB 9 is a bar graph depicting CD154 expression on CD4 cells
followng an initial stinmulation with 3x28 beads in the presence of 20
units of IL-2 and a subsequent stimnul tion at day 3 to 4 W th 3x28 beads,

20 units of I1L-2, 3x28 bea g‘s w 20 n|t | L-.2, or no i mul
20ng/ n  oProprIgL2 38 t(“é(ﬂ}gdt ﬁ‘”é?&?‘“l é;e PSR W"\A@? 9-493 fior 18"
PCT/ US00/ BR36228] eshpsuntShavin©Ohedblowiag sguembs(Itepi cting the presence of
IL-2 and TNF- a 1 n supernatants of PBL cells follow ng stinmulation by 3x28
beads in the presence of FR901228 (20 ng/nm ) and cycl osporine (500 ng/m).
Figure 11 depicts flow data of Jur kagf{T-c '|'s stjabily transfected with a 5
vector containing the nucleic d s fopxgreen fluorescent protein
under control of the CD 54 prono fagllowing stinmulation with
3x28 beads in the presence 168 ng/mM of FR901228. Figure
12 depicts flow data of intra ining of CD4 T-cells
followng no stimulation or stinulation withf 3x28 beads for 24 hours, in
the presence of io 0, 1, 10, m of FR901228. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON { ,\this invention is directed to
conpounds, specifically FR90 Fen rs thereof, that are useful in
hacler

2
the context of immune suppres |2L ! 28/ s a depsipeptide isolated

fromthe terrestrial bacteriu hr o um 15 vi ol aceum |t was
ysubsequent |y shown that FR90122 ouRd i nhi

t transformation of Ha-ras
“transfected nouse fibroblasts (NI §T3 € frutant ras protein, in which
5 ey

including pharmaceutically acceptable salts and stereoisomers thereof,
wherein

mis 1,2, 3 or4;

10 ‘ 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

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

As used herein. the term "amine 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-
diiodotyrosine, hydroxylysine, naphthylalanine, thienylalanine, -carboxyglutamate,
phosphotyrosine, phosphoserine and glycosylated amino acids such as glycosylated

serine, asparagine and threonine.
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have WEHA42¥ntified that reverse this phenotype, 25 af§ ANy erses
transformation of turnorigenic cell lines. FR901228 is a natural product
that has been identified in this efford9 and has subsequently been shown to
be highly active in aninal -based nodels. As a result, FR901228 has

recei ved considerable attention as itunor agent. More specifically.
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and that the [FédUcCrng environment 1 Nnsidela cell may_convert this fconpound -

to the nonocyclic di-thiotHform (Khan etf al _, J. Cihem Soc

118: 7237-7238. 1996). Na.rmaijalcture of FRY901228 by aldighérent ati on jprocess is
di scl osed i n Pg—S—Pat-ert—No—4+9-+138—ags+ghred—t-o—Fori-sawa—Phrarmaceut | cal
Co., Ltd. (hgreby to i®E8Eated by reflerence in Valwmeentirety).} In that
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Chr onpbact er ijum vi ol a%ﬂ%@%@éﬁ s grownlin a nut ﬁ1"g°r\?egrredi um_cont ai ni ng
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Fol | owi ng con i 3 i purified

yby conventioral techni dGdR)4Nboh as by s¢l vent ext dasimeon, chrondt ogr aphy

Sor 1o recrySraTT Zath QN HC(=NH)NH, Arginine
—CHy—T—= Histidine
HN.__~N
-CH,COOH Aspartic acid
-CH>CH,COOH Glutamic acid
-CH,CONH» Asparagine
-CH>CH»>CONH» Glutamine

Phenylalanine

-0

, Tyrosine
_CH2 Tryptophan
N
H
-CH>SH Cysteine
-CH>CH,>SCH3 - Methionine
-CH,OH Serine
—N % Proline
-CH(OH)CH3 Threonine




In addition to isolation of FRO01228 as a natural product. the RofaMAY 2004
synthesis of this conpound has now been reported by Khan el al. (supra).
This procedure involves a 14-step process which provides FR901228 in 18%
overall yield. 1In brief, the synthesis first involved L a

cat al YWP®4&} metric al dol reaction to 20 yield a thiol£€§%§@#ﬁﬁﬁb
(3-hydroxy acid. The peptidic portion of the conmpound was assenbl ed by
standard peptide synthesis nethods. Thélthiol-containing P- hydroxy acid

was then coupled to the peptidic portion. and a nonocyclic ring generated
by formation of the ester (depsipeptide) |inkage. The bicyclic ring system
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In addition to naturally occurring amino acid side-chain moieties, the
amino acid side-chain moieties of the present invention also include various derivatives
15 thereof. As used herein, an "amino acid side-chain moiety derivative” includes
modifications and/or variations to naturally occurring amino acid side-chain moteties.
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
20 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
25  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,, aryl and a C,,,, aralkyl.



am no acid side-chain noiety present in naturally occurrin r ot gi ps

including (but not limted to) the naturally oc%:/urri ng am'gng aci dg MAY 2004

side-chain noieties identified in Table | below. OQher naturally occurring

side-chain noieties of this invention include (but are 20 n |limted to)

the siW@OHHAMA noi eties of phenyl gl ycine, 3,5-dibronot ngyiU%éqB%?%- '

di i odotyrosi ne, hydroxyl ysi ne, naphthyl al ani ne, thienyl al ani ne,
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In one embodiment of structure (II1). R, is an unsaturated lower chain alkyl, such as
10 =CHCH,, =CHCH,CH, and the like. In the case of FR901288. R, of structure (IIl) is
=CHCH,, and m, n, p, ¢ 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
I5 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. -8H, -
SR, -SO,R, -SO;H, -SOR. -PO,R, -OPO,R and halogen (including F, Cl, 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 aralky! moieties of this
20 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 heteroalky! derivatives of the alkyl portion of the lower chain
alkyl and aralkyl moieties, including (but not limited to) alkyl and aralkyl phosphonates
25 and silanes.
With regard p and ¢ of structure (1), 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 g is 2) or two (i.e., when both p and g are two) amino acids moieties. For



- CH2000HAspartic acid - CH2CH2OOOHG ut ami ¢ aci d - CH2CONH2Aspar agi né 5 MAY 200
- CH7CHZCONH2d ut am ne -CH2 - OPhenyl al anine _CH2 O OHTyrosi ne - CH2

Trypt ophan H - CHZSHCyst ei ne - CH2CH2SCH3Met hi oni ne - CH7OHSer i ne NProl i ne
-CH(OH)CH ; Threonine 5 MAY 2004 WO 01/42282 PCT/ USOD 33169 11 Wien the

am no WEi0Y4228%e chain noiety is proline. it should be PHEPYBYY that the
R, R or R group is joined to the adjacent nitrogen atomto form the
pyrrolindinyl ring of proline. For exadple, in one enbodinent of structure
(1), whereinin, n, pand q are 1, the R group may be proline - that is,
R taken tesgmpleewhen phs 2 mdg i} fandnX indxryigenk sompondsci ilis anyeptips inchedeny |
ring as represeMERinbWiddeutbdsqng structure (1]) 10 In addition to
natural |y occurring am o acid side-chain noieties, the amino acid
side-chain noieties of the present invention also include various
derivatives | '

. R|
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(IV}

In structure (IV) above, the amino acid side chain moiety corresponding to the R, group
of structure (1) is designated R,' in the first instance and R,"in the second instance (since
10 pis 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 (1), the designation " " represents an optional double

bond. When present, the double bond may be in either the cis- or trans-configuration.

15 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

20 esters and amides as represented by structures (V1) and (VI1), respectively:



15 thereof. As used herein, an "am no acid side-chain noiety deriZeﬁiNM%'ZUU
i ncludes nodifications and/or variations to naturally occurring am no acid
side-chain noieties, and includes enbodi nents wherein R, R and/or R3 are
joined to the bicyclic ring of structure (1) by a double or triple bond.
For eX@9r/d2282 he anino acid side-chain noieties of al affHE $

| euci ne, isol eucine, phenylglycine and phenyl al ani ne nmay 20 generally be
classified as | ower chain alkyl, aryl dd aral kyl noieties. Derivatives of
am no acid side-chain jeti i ncl ude ot her straight chain or branched,
cyclic or noncyclic, s i ttited or unsubstituted, ated or
unsaturated | ower ghain or aralk [ sed herein

"l ower chain al kyl noi etieE ain from1-1 ons, "l ower
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C, _,, aryl and a and in a nor referre bodi ment, froma

C,_, alkyl, a ({9 amfi _" aral kyl (fj2. OH 1/ 42282
PCT/ US00133169 12 Whe ,,
attached by either

d R, as set orth in zh%uct re (1) are

itriple bond, atije enbodi nent
i ncl udes conpoun of structure' (rry mherq;n R joined by a double
bond: In one enbodl Rsf strylture (rrr)y, R aR3unsat

jaledlower

chain al kyl, such as g =CH " =CHCH, Cl 13 and he I'i ke~1m the case of
FR901288. R, of structurfe (I'11l) is =CHCH3, and in. g are each 1. X is
oxygen, and the optional double bond is present (and in the

)trans configuration). AM{¥D acid side-chain derivat(VH3 of this invention
further include substituted derivatives of |lower chain alkyl, aryl and

aral kyl noieties, wherein the i
5 The compounds of this invention may be prepared according to the

following Reaction Scheme 1:

Reaction Scheme 1
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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 et 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"=0OH, or R'=0OH and R"=H).

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



15 substituent is selected from (but are not limted to) one or ngré MﬁYéWQ
follow ng chem cal noieties: -OH -OR -000H -COCK, -CONH ~, -NH2_ -NHR
-NRR -SH - SR -SO R -SOrH, -SOR -PGBR, -0PO3R and halogen (i ncluding
Br and 1), wherein each occurrence of Ris ind Xosel ected

fron1éV?BVﬁ? 8%hain alkyl, aryl or aralkyl mpiety. Moreéover, cycflc | ower
chain al kyl, aryl and aralkyl noi eties_ of this 20 invention include
naphthalene, as well as heterocyclic c gpounds such as thiophene, pyrrole,
furan, im dazole, oxazole, thiazole, pyrazole, 3-pyrroline. pyrrolidine,
pyridine, pyrimdine, purine, quinoline, isoquinoline and carbazole. Am no
aci d side-chain dergieapi:ves further include heteroal kyl derivatives of the
al kyl portion of the lower chain alkyl and aral kyl noieties, including
(but not Iimted to) alkyl and aral kyl phosphonates 25 and, sil Wth
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structure (1) is designated R' inthe first instan anly n the second
instange (since lo pis 2 in this enbodinment) in order to clarify that
these amno acid side chain noieties nay be the sane or different. In
further enbodinments, pis | and qis 2, or both p and g - are 2. In
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10
1n step (2), the peptidic portion of the compound is prepared by standard
peptide synthesis techniques starting with an appropriate amino acid methyl ester 5.
) Methyt 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-triphenylmethy!) when
15 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 ¢ are 2, the above technique is utilized to incorporate
one or two additional amino acid groups into the peptidic portion of the compound.



15 in one enbodi ment, the double bond is in the trans-configuratidgnhg pmyi 3y
is in the case of FR901288. Dependi ng upon the choice of the X andY
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al., J. Ani. Chen?. So 118; 7237- 7238, 1996. Benzyl ester 3 js formed by
Ti-(1V)-catal yzed addi tjj on O benzyl, 0- TMS ketene acetal tyo al dehyde 2
(wherein R =H andrR' =CH._or = and R'=H). 20 Hypyol ysis oflbengyl ester
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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 methy! 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 ().
15 Alternatively, the compounds of this invention may also be synthesized
by the following technique:



—

PCT/ US40133169 In step (2), the peptidic portion of the conmpound il& § MAY 20
prepared by standard peptide synthesis techniques starting with an
appropriate amno acid nethyl ester 5. Methyl ester 5is reacted with an
N-protected amino acid utilizing the BOP reagent to vyiel i i de 6,

fol | oWEAM2%upl i ng to N Froc- cyst ei ne- (S-tri phenyl rretPﬁ?'?()’S%\ﬁﬁg'ﬁ; 15 mis 1,
or an anal og thereof when mis 2, to yield tripeptide 7. Tripeptide 7 is
then converted to N-protected tetrapeb?i de 8, followed by deprotection of

the FMOC group to yield tetrapeptide 9. In the above reaction schene, R .
R, and R are the swwe :ent and i ndependently represent an am no

acid side-chain noiety or derivative thereof as defined above. It wll be

recogni zed thatcghe above technique corresponds to 2Qcghe synt is of

conpounds of stﬁ% ucture (1) when p and q are both 1. Im enbogh oerein
i"lized to

one or boPh of M. and/ orl-4NB$.€Cls t he above techhRh
tr

i ncorporate {one tmglqgé'tlonal amno acid grougs into the peptidic
portion of the c oun ¥¥% 1/ 42282 16 Ste TrtS T_A Cp 4 PCTI USOQ 33169
In step (BY, c@¥ipl iy of BHEYFapepti 88 9 and hydPbxy #0id @ with BOP and to
DI EA yi el ds the hydroxy nethyl ester "T07OIBSH medi at ed hydrol ysis of methyl
ester 10 provides the correspondi ng carboxylic acid, which may then be
convertsed to the nonocyclic |actone internediate 11 by cyclization with
DEAD and PPh,. Lastly, oxidation of the bis(S-triphenylnchtyl)lactone 11
with iodine in dilute MeOH sol ution provides conpounds of the present
i nvention having structure (I). 1. HOAc, THF, H0O

Li% NHsqy, EtOH g0, - .2. MsCl, py.

" OH 3. TriiCL py.

NH:2 4. FmocCl

O OH
TrS _ 1. EiCOCl, NMM, THF . TS P
n OH 2 CHN», ERO n
NHFmoc 3. C¢HsCOOAg/tBuOH, H,O NHFmoc

10

In this embodiment, compound 4' is made by the above procedures, and
- then added. 1n Step (3) above, to the peptidic portion made by Step (2). The resulting

15 intermediate is cyclized as disclosed previously to vield compounds of structure (I).

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.

20 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,

25 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 (1) 1s intended to encompass any and all

suitable salt forms.



15 Alternatively, the conmpounds of this invention may al so be s '
by the follow ng technique. WD 01/42282 17 Alternati ze Step (1)yn2|_f§;y£ﬁe§ﬂm
N1-13M BtOH TrS 10 OH NHFnoc G| |. FtCO2ClL, NW THF 2 CH2N2, Et ?0 3.
C6H 000Ag/ 1BuOH, H20O PCTI USCQO 33169 | . HOAc, THF, H20 MsCl 3.
Tritywolo14g282 4. Fnocd TrS In this embodi nent, corrpob’ﬁW ’?%16?rade by the
above procedures. and then added. in Step (3) above to the peptidic
portion made by Step (2). The resultint 15 internediate is cyclized as

di scl osed previously to yield conpounds of structure (1). In the case of X
being NH or NR sucWithorpardridsstereyisdmenspthe ostrgroundd obstRturef(Icmapdand 4 are

NH or NAR lraFSc@gﬁ‘H \éghymaiz no&qp'ats' Pagemmgnrﬁééﬁm? RLLQRAL 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

5 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),

10 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,

15 lung, pancreas, intestine, limb, muscle, nerve tissue, duodenum, small-bowel,
pancreatic-islet-cell, including xeno-transplants, etc.; to treal or prevent graft-versus-
host disease, autoimmune diseases, such as rheumatoid arthritis, systemic lupus
erythematosus, thyroiditis, Hashimoto's thyroiditis, muitiple sclerosis, myasthenia
gravis, type I diabetes uveitis, juvenile-onset or recent-onset diabetes mellitus, uveitis,

20 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

25 hepatitis B and C infections, staphylococcus aureus infection, viral encephalitis, sepsis,
parasitic diseases 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

30 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

35 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



doubl e bound of structure (1) is not present, the same reaction & §cHAY q2085
may be enployed, but utilizing the correspondi ng saturated internedi ates.
20 The conpounds of the present invention also include acid addition salts,
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fol |l ow nglmmam;lpglaaﬁ)atmamatgd illnesses. such as, seborrhoeis dermatitis, angioedemas,
erythemas, acne, and Alopecia areata; various eye diseases (autoimmune and
15 otherwise); allergic reactions, such as pollen allergies, reversible obsiructive 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 rhihitis, and the like; inflammation of mucous and blood vessels;
20 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 CD235 and/or CD154). comprising the

25 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

30 indications such as those herein described, that are immunologically induced or
exacerbated 1s 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

35 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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CD4 T-cells activated in the presence of FR901228 do not undergo
activation induced cell death (AICD), however they subsequently undergo apoptosis in
vifro 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

20 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 apparemly

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

25 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-

30 responsiveness of the immune system toward an antigen that it has the ability to react

against. While not wishing 1o be bound to a particular mechanism, it is believed that

tolerance is induced by the compounds of the present invention by the mnduction 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

35 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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15 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
20 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 cyclosponne
remains present.
Further, FR901228 immune suppressxon leads to 1nducuon of anergy
and/or apoptosis only in activated T-cells; thus. the general level of T-cells and other
25 hematopoietic cells are maintained. In contrast, both cyclosporine and FK506 block the
. earliest 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 (1)
30 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,
lonomycin/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 1L-2 stimulation; inhibition of the
35 induction of CD25, CD134, CDI137w. CD}54, CDl1a, CD54, and CD95 on CD4 T-
cells; no significant affect on CD69 induction or activation induced downregulation of
CD62L; reduction of 1L-2 secretion from peripheral blood lymphocytes; reduction of
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: this regard lymphocyte proliferation and/or acnvatlon may be measured following

contact with the compound of interest prior to. simultaneous with, or subsequent io

stimulation. For example, a key hallmark of T-cell activation and subsequent induction

15  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 commonty

employed to measure cell proliferation and cytokine secretion may also be utilized,

including a colorimetric assay employing propidium iodide staining, MTT (3-[4.5-

20  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.

) - Imnumol. 35:327-334, 1992; Levine et al., Int. J. Immun. 7(6):891-904, 1995; Hara et

25 al, J Exp. Med 161:1513-1524, 1985; Harding et al, Nature 336:607-609, 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

30 antibodies (in the presence or absence of anti-CD28 antibodies), allogeneic cells,

superantigens or iocnomycin/PMA. (Paul, Fundamental Immunology, Fourth Edition.

Lippincott-Raven, 1998). '

A variety of in vitro and animal models exist for testing and validating

immunosuppressive compounds of the present invention and their applicability to a

35 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
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Mol B.'ol ]4(5) 425-438 1996; Theofilopoulos and Dixon, Adv ]mmunol 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; Moris et al.,
20 Clin. Immunol. Immunopathol. 57:263-273, 1990; Takahashi et 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

25 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, psonasis, 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

30 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

35 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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weight of the recipient. the extent of the disease, kind of concurrent treatment. if any,
15 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 resulis. 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,
20  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
25 can be readily determined during clinical trials and standard testing methodologtes
available in the art. These dosages are the effective amounts for the prevention or
treatment of autoimmune discases, the prevention or treatment of foreign transplant
rejection and/or related afflictions, diseases and 1llnesses..
A "subject" is preferably a mammal, such as a human, but can also be an
30 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, gninea 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
35 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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15 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
20 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

25 of autoimmune diseases, the prevention of rejection of foreign organ transplants and/or
related afflictions, diseases and ilinesses 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

30 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

35 agents or in 2 combination of therapeutic agents. They can be administered alone, but
are generally administered with a2 pharmaceutical carrier selected on the basis of the

chosen route of administration and standard pharmaceutical practice.
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di sease Ofaphiled cai bomandfaenirel agkystainak raiéase mioduetsyto 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
20 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
25 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
30 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.
35 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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15 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.
20 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

25 herein are incorporated by reference in their entirety.
EXAMPLES

EXAMPLE ]
30 CELL GROWTH AND PREPARATION

Cells isolated from human blood are grown in X-vivo media

(Biowhittaker Inc., Walkersville, MD) and depending on use supplemented with or
without 20 U/mi IL-2 (Boehringer Mannheim, Indianapolis, IN) and supplemented with

35 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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subjects wi th autoi mmune di sease; subjects undergoing transplantation; and
subjects 25 with cardi ovascul ar di sease; subjects with allergic reactions;
and subjects with trauma or pathogenic induced i mune disregul ation.
Exanplgsofdz2@ut oi mune di seases include insulin-dependSHUSNEHEP es

mel litus, asthma, psoriasis, ulcerative colitis, Crohn's disease,
rheumatoid arthritis, nulti pI e sclerospg, system c |upus erythenatosus, as
wel | as others di scussed above. Subjects with an organ or cell/tissue

transpl anF@gf RviditeRed)N 2NGRA g‘l’titaﬁlfﬂ%a(mﬁntl‘c&lﬁlo%giw) egsmMhpenieitlingLifest em

in order to press or. prevent ant.rejection. An "organ

t r anspl anifechnoiegies);and tzrlﬁ%ftéqpf"?'ﬂbc"gfﬂf@ {I-F‘nglﬂ ¥ing” an internal organ
(e. ?i : htearz | ung. Eﬂg@nﬁ%atsl iffoRT |, hepahyr hasian strolrmatclag ddrmrs earg npbgtn% and
smal | intestine, on X r BM a
donor to MEFEST gﬁ‘? Cr%ﬁ cf \@eR e% el 3locd rgglﬂﬂ(xgle celEk(!P §

Honor T s genetl nct fromthe
i ndi vi guabbinedtushiy Inﬁ:phdagteiﬁqaaxaaomlw@ﬂa(ﬂ@é\l thmtmals ﬁ?ﬁs‘ﬂd\’l@%ﬂ CA
transpl ant” | SmstiRgohes transplants (i.e.,
xenot r ans Bt é’ﬁ‘{l@?m&ﬁrﬁlﬂ’?‘ a(ﬁ:"[r?%\%emgtrmun%]§ is the dosagl(z:I of g %nq,g@ ui r ed
to achi eve the WD OPerdpirga plopdubnmiogyiss FBLJedner ebfaingd, 1t or

prophyl actl, 8’(1(% fbgcﬁmculjaﬂﬁn QKazfrEhl@uret%kmg@ Pfttsbb@hcmmobmdnthmhmc(daterdesul ts
in suppressio

naive or ry se,
ani mal , oDymeﬂdS (@W{QSIP¢N%T&B§? ééébmég‘ﬁaﬁ?’g‘i‘ I ﬂéﬁtrs]% g g | on in
t heI sg,laj eg,?d rﬁéf&tﬂﬁhéseﬂetlﬁﬂlbaﬁﬁﬁyladhe{?ﬁefﬁ? ahnjbdmrprftqsh)drapdtagocyebieteaﬁf\:'
i ncl udes, for exa i ncreasi,n e li S g
\ synpt ons Bﬂaﬁ!ﬁ‘gp?f&p E’Fﬁ]ﬁa‘ba‘oﬁea H]r%?d v mr?éngnc Q g‘;ﬁ{f&l ag(g/(galg aut 0f mune
“di sease, mhfaaanashmcnqns (Dywd). s CDA cdlsaanevmlrﬁ'tekil frorg the (RRly feacpy by

A b ST bR moBUhEAR i (AR aeHe G 1000, Doz | ke
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paral ygi S“}aghlﬁy,l LR S depleted twice with sheep anti-mouse Ig-coupled dynabeads (10°
cells/ml, 6 beads/cell, 20 min at 4°C) and magnetic cel} 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° celis/ml, 2h at 37°C (without Dynabeads). After extensive washing,
20 adherent cells are cultured for 7 days in media containing 500 U/ml GM-CSF
(Boehringer-Mannheim) and 12.5 U/ml 114 (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).
25 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 Il
30 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) lonomycin

35 (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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20 Growth and activation protocols are the same as those described above.

EXAMPLE 1il
ACTIVATION MARKER ASSAYS

25 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-buman CD4 Ab (Immunotech. Fullerton, CA), FITC-coupled
anti-human CDl1la Ab (Pharmingen), FITC-coupled anti-human CD26 Ab
(Pharmingen), FITC-coupled anti-human CD49d Ab (Coulter), FITC-coupled anti-

30 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 pl 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

L
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EXAMPLE IV
15 IL-2 AND TNF-at ASSAYS

Cells are prepared as described above. Supematants 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,

20 Sunnyvale, CA).

In an alternative assay. IL-2 is measured by intracellular staining of CD4
T-cells using flow cytometry. For intraceliular labeling of 1L-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

25 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 1s
performed on a Becton Dickinson FACSCalibur flow cytometer using Cellquest
software following the manufacturer's protocol (Becton Dickinson).

30 To study the mechanism behind FR901228 inhibition of CD4 cell
proliferation, IL-2 and TNF-a 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

35 observed using intracellular IL-2 measurement (not shown). However, diminished 1L-2
production is not solely responsible for the lack of T-cell proliferation. as addition of
100 U/ml IL-2 (Boehringer Manhetm) will not restore proliferation. The observation
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i ngr edi eg{lmﬁfate%r\wﬁh RL5®BLads and stained with carboxyfluorescein diacetaie succinimidyl
15 . 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
20 120 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 stirnulation with 3x28 beads.
25
EXAMPLE VI
CD154 EXPRESSION ON CD4 CELLS

The effect of FR901228 on the induction of the CD154 activation marker

30 on CD4 cells is studied. In this regard, cells are labeled with FITC-coupled anti-human
CD4 Ab (irnmnnotech, Fullerton, CA), PE- coupled anti-human CD154 Ab (Becton
Dickinson, Fullerton, CA), or FITC- or PE-coupled IgG1 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

35 cells are stimulated for four days in the presence of 3x28 beads and/or 20 units/ml IL-2
or an anti-JL-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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concentration in t h?n separate experiments, RT-PCR of the CD154 transcnipt 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
20 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

25 induction of CD154 as one mechanism of immune suppression.

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

30 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

35 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.



!
range of 0.02 to 5.0 ng/m . 35 For admi nistration by inhalation,ztﬁeMAY 2003
conpounds of the present invention may be conveniently delivered in the
form of an aerosol spray presentation from pressurized packs or
nebul i zers. The conpounds nmay al so be delivered as powders 5 MAY 2004 WO
01/ 4228 REB2US00133169 27 which may be fornul ated andPERESHEIME
conposition may be inhaled with the aid of an insufflation powder inhaler
device. The preferred delivery system3for inhalation is a netered-dose
i nhal ation (MDI) aerosol, which may be fornul ated as a suspension or
solution of a compound of the present invention in suitable propellants.
such as 5 fluorocarbons or hydrog ?ﬂﬁﬁpﬁ gkor ocular admnistration, an
opthal m c preparation may be fornu d--wth an appropriate wei ght percent
sol ution or suspensi onRAPIQIHRTARENEEIARRQGFERABIONASAYEt i nvention in an
appropri ate opthahnic vehicle, such that the conpound is naintained in

Lt eSS 4 e B

i nternal s&Redted hyoldenditye cantfifughtion switk filtielgpater r(ESMa,nOgmhaﬂ"bka‘nb& used

conj unct Piﬁh °L*ﬁ°@h§ﬁ9gpgi b SEire, o SRBREE BsERIRERUC R s  er ca

i n physi ﬁﬁuxmmﬂnmmmmmpmmnﬂ@mmmmmm smdsuquym\ratar dut emMhoul d

Che-t or oSSR oty AR ? BN HERANNE (Lt Y eBinldies) FAROIARESEHEA 7 .I?,ﬁsof

t he tmo elgimrsclmolv@énﬁ tthep arg then zsr@qm:qltataLSOQ,R-%DSamcbfeﬁmeo@q/ataés- fixed

~ dose combi p@t LARART ih N@nipiGe AREAKE POBRRACANGROt of PBMC are rosetted with
neuraminidase-treated sheep red blood cells (SRBC). After another centrifugation with
1.SM, the SRBC of these rosetted T-cells are then lysed with ammonium chlonde lysing
buffer (Life Technologies). After washing twice with complete media, these purtfied T-

15 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 l/well into a 96-well flat-
bottom microculture plate (Costar, Cambridge, Massachusetis). The T-cell suspension
is then immediately distributed into the wells at 100 V/well. Afier incubating the cells
with the test compound for 30 min. at 37°C. in a humidified atmosphere of 5% CO, -

20 95% air, anti-CD3 Ab (OKT-3, Ortho Diagnostic, New Jersey) is added per well (final
conc. of 10 ng/ml), followed by 50 | of the irradiated PBMC. The cutture 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-fabeled with 2

25  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 individuat 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

30 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 OorR NODSCID MicE

35
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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levels using a glucometer at bi-weekly intervals. A reading of more than 200mg/d] of

10 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 week$ in those mice treated with the compound when compared
to those mice that were treated with excipient only. Surprisingly, the results of the

15 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.



fraction by incubation in a culture flask (Costar,
uncoated Dynabeads (Dynal,

Gsl o, Norway).

Pittsburgh. P
1x108 cells/nm, 2 bea

o T

at 37C. Monocytes to and nacrophages are renoved by adherence to the

culture flask or phagocytoze the

magndt?@V¢P? separation according to the

(Dynal).

10 pg/ M of nonocl onal

| F5),
After 15 washing,
dynabeads (10"
separation.

cel

ext ensi ve washi gy,
contai ning 500 U n
(Boehri nger - ¥anithe
and expresses surf
for HLA-DR €£D86;

ant i bodi es obt ai ne
may be obtaigeddfr
(9.3) may bevobfai
EXAMPLE 11 3Q §-.CF|
stinul ated by fhre
4 coval ently ceudl ed
" beads) accor@in§ t
2) lononycing35 (G
st at e- | 3- acebat & (

¥he purity of CH4
flow cytonet®y. Dendritic cells are generated from
culture flask (Coskar),

CD4 cells are purified frqgmthe PBL fraction by
ant i bodi es agai nst CD8 (cl one Gl0-1),
CD14 (clone F13) and CD16 (Coulter),
cells are depleted tw ce

s/, 6 beads/cell, 20

cells arer

98 cel s/ M, 2hg
@20 adiferent ¢&lls ared
SGv CSFE'( Boehrd nger - Man
). Thegresul tg ng

83, Cu B Bc ang

LA STI Ml ATi-ON gAND- MEASL)
=2 di f f ereft ~nefhodeloq @
to anti CD3 ( OKT- 3)~ and
D't he mamuf act ur €r” 43 i'ns
al bi ochem La Jol | a,— CA)
bR A

par amagneti ¢ beads t

HCe mar Kers ch&tacteristic of
Bega@ &ve for
i”f rom Be&®n O &kPnsén,|CA). 25°
i OrthgBigteg = e(Rawelan, NIE &S tip
fed fromt Bri'st &t “\Wer & “Bqui bb,  Stanf & d¢ Conn.)|.

sudoBafigP! eted by

manuf acture's 1Tnstruction

CD- 10

108 cells/m. 20 mn at

i ncubation with

(cl one
4C.

wi th sheep anti-nouse |g-coupled

mn at 4C) and nagnetic
utinely 91-95% as neasur
adhering to
t 37C (wz Bout Dynabeads
ultured o 7 days in ng
heim ang 2.5 Um 1L-4

cel | popul ati angi s weakly adh

deffdfitic gells (p
~ ete: all

€ antizCD3 mAb
ot -.CDZ

VENT GFeTeE SHVEGe
5~1) Dyrrabedds I vb %o%a L
BNt - CIRS (9. F ant&bodj
Bucti oY Byna )’ F-besd
éloo ng/ ni) argod phor bol

Jaa]
O
o

age (wks)
@
injection

TABLE 2A

sex origine

recipient
1D genot

Cage
card

rec'd

®

22-Mar
4-6
wks.

4

BSLC

2661
2662
2663
518375 2654
2655
2656
2657
2658
518376 2675 NODSCID F BLSC

518374 2659 NODSCID F
2660

¥ L] L] T L] L]

rec'd

®

22-Mar
4-6
wks.

4

2676
2677
2678
2679
2381
2382
2383
2384
2385

518377

cel l

ed by

t he

). After
di a

er ent
ositive

(OKT3)
8 mb

are
es (3x28

s/cell,
12-nyri

injection

NOD spleen
cells
FR901228

3/27/0 30x 1076
0

cells (DMSO
Vehicle only)

NQD spleen

0

3/27/0 30x 1076

donor

FR901228 injected NOD SCID mice versus injection with DMSO vehicle

age genot sex| date

{wks.)

10 NOD

10 NOD




——

(Cal bi ochen) (10 ng/m), 3) allogeneic dendritic cells (25, 000 déndrfy 004

cell s/ 200,000 CD4
| xI 06 cells/mM. Cel

i ncubated with conpounds of structure (1) (e.qg.,

cells)- Al cells are stinulated at a concentration of
|s are 5 MAY 2ii 0 WO 01/42282 PCT/1JS04133169 29
FR901228) (NCI, Bethesda,

MD) f owolo1/422822 hours prior to stimulation as outlined BESWSOIIEY | feration

assays are conducted in
are stinmulated at 1x106 cells/m i

is neasured by MIT
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AcTNVAT10N MARKER ASSAYS 25 The effect of FRO01228 on the inducti@n3oMAY 200
various activation markers on CD4 cells is studied. In this regard, cells
are labeled with one or nore of the follow ng antibodies: anti-Duman cH4
Ab (I munotech. Fullerton. CA), FITC coupled anti-human CDI |

( Phar tW@g®m3282 F| TC- coupl ed anti-human CD26 Ab  ( Phar mi rfifeHyse f—-’13‘l% coupl ed
anti-human CD49d Ab (Coulter), FI TC-COQj_Pl ed anti 30 human CD54 Ab

(Pharm ngen and Becton Dickinson), FITC coupled anti-human CD95 Ab °

Ph i , FITC h I T | ed
ant - human b2 A5 TRELt B OPERPREonT UL et et e SRl MpriRer ©
anti - hu m%n@l%f (Iﬁeiﬁ{r&ﬁloglﬁlﬁé BeQ N descibetCherfin fngthe%%sﬁ%f @l'lﬁs'[raﬁﬂérﬁ
CD154 Ab (Becton Dickinson), or FITC or PE- coupled |gGl isotype control

Ab. Cell sthehdeahoanmnbabnioddicaﬁoﬂmaﬂbe made tvathoait dds(immgt fro@ thé spfit and h
antibody in a final valunme of 30 |, washed and resuspended in 1%

par f or mal $ERG Abthe PYFRHON-St . Louis, | MLO). Interestingly, CD25 and CD 154
expression is strongly suppressed after 3x28 bead stinul ation at
concen¥rations t9 ' AY 200 WD 01/42282 PCT/ US00133169 0 as low as 10 ng/m
FRO01228 (Figure 5A and 5B). In contrast, CD69 induction is not affected
by 100 ng/m FR901228 (Figure 5C). In addition, Figures 8A-8B denobnstrate
i nhibition of the induction of CD25,. CD 134, CD 137w, CD 154, CD 11 a,
CD54, and CD95 on CD4 T-cells with no significant affect on CD69 induction
or activation 5 induced downregul ati on of CD62L (Figures 8A-8B). This
suggests that FR901228 inposes a specific, however not conplete,
inhibition of proximal CD4 cell activation. Further, greater cell
viability is not significantly affected by concentrations up to 100 ng/m
of FR901228 as neasured by propidiumiodide (P1l) exclusion using standard
flow cytonetric procedures (see Dengler el al.. Anhicancer Drugs.
6(4):522-532, 1995).



10 FRO01228 i nhi bition cannot be bypassed by iononyci n/ PVA act?ﬁ?%anqu

i nplying that FRO01228 inhibition is downstreamof the rise in

intracel lular cal cium observed imediately after CD3 stimnulation of C4
cells. EXAMPLE IV 5 IL-2 AND TNF-a ASSAYS Cel |l s are prepared as descri bed
above. Supernatants fromcells stinulated 24h are subjected to an IL-2 or
TNF-a enzyne |inked i mmunosorbant assay (ELISA) according to the

manuf acturer's instructions (Biosource International, 20 Sunnyvale, CA).
In an alternative assay. IL-2 is neasured by intracellular staining of CD4
T-cells using flow cytonetry. For iggracellular |abeling of IL-2 or IFN
cells are first incubated with | g/ fjhsdnensin (Cal biochem) for 4 hours
prior to assay. The cells are subsequently stained for surface proteins as
descwbethimbove, fixed and perneabilized ?5 using Becton Dickinson
intracellular staining-kit, |abeled wth PE-coupled anti-human 1L-2 Ab and
FI TC coupl ed anti-human I FN- or the corresponding control Abs as described

by the manufacturer. I:Si ki ytonmetric analysis is
perfornmed on aEBectéﬁgﬁﬁgkﬁﬁggﬁit&&%@gﬁﬁg%%ﬁﬁﬁ%ﬁicytoneter usi ng Cel | quest

software followi ng the manufacturer's protocol (Becton Dickinson). 30 To

study the nmechani sm behi nd FRO012 inhgbition of C4 cell proliferation,
| L-2 and TNF-a production by activated cel |l s was anal yzed. FR901228 at
concentrations as |low as 10 Kg [ ithhi bits IL-2 production
measured by ELISA after 24 h of [3x2 {ianti- and anti-CD28 anti body
coupl ed beads) bead stimul@tiomngef purified €D4 cells (Figure 6). A
simlar inhibition was 35 ob ved using intracellular IL-2 measurenent

(not shown). However, dimnished |L-2 roduction is not solely responsible
for the lack of T-cell prolixfe i ddition of 100 Um IL-2

*)(Boehringer Manheim) will n { rgst or Troliferation. The observation
NH

0O
S
\Rs
S

M

or a pharmaceuxtically acceptable salt or stereoisomers thereof,
wherein
misl, 2, 3ord;
nis0,1,2o0r3;
p and g are independently 1 or 2;
) X i1s O, NH or NR;
R, Ry and Rj are the same or different and independently an amino acid
side-chain moiety or an amino acid side-chain derivative; and
R 15 a lower chain alkyl, aryl or arylalkyl moiety;
with the proviso that the compound is not FR901228.

2. The compound of claim 1 whereinmis 1 and nis 0, 2 or 3..

3. The compound of claim | wherein mis 2,3 or 4 and nis 1.



25 fit! Y 20 WD 01/42282 PCT/ US00/ 33169 31 that FR901228 inhibitz Lmﬁ 2004
production contrasts with previous results reported by Wang et &l: %
reported that FR901228 did not inhibit CD3-induced IL-2 production” of the
Al.] T-cell hybridoma (Oncogene 17(12):1503-1508, 1998). The reason for
this difference is currently unknown. In further experinents, both IL-2
and TNF-cr were neasured by ELISA- follow ng 24 hours of stinulation of

peri pheral blood |ynphocytes (PBL) with 3x28 beads in the presence or
absence of 20 ng/m of FR901228 and 500 ng/m of cyclosporine (Figures |ICA
and | OB). 10 EXAMPLE V PROLI FERATI | NHI BI TI ON ASSAYS Peripheral bl ood

| ynphocytes are, prepared as ed .wi.t h ads
and Stalned w th car BHIRBIESLArRT raestae st m Gyl a7 a2
(CFDA- SE) at day 6 post stinulation. Cell stinmulati on was carrled out as

i ndi cated above and the cells were washed twice with PBS and resuspended in
medi a and i ncubat edlhsicompompheSHaifbivbensinaX iFfPobes, OR). After about 10

m nutes of staining, the cells are washed with nedia and FPS and dye

i ncorporation was neasured. FR901228 was added at various time points
post-stinulati g, alThelcdk Quﬂfoiaélal%} whérein®0ts R o2k hour's
post-stimulation. Figure ? depicts flow data generated by CFDA- SE

staining. The y-axis sets forth nean fluoresence intensity, which relates
to the inverse_ of romﬁ£ Ahcordl gly, the g.ta i ndi cat es, th t. cel
growth of actiVated e&@mpgw of Pl di VadreByR Frasb R e aipinReacith§idg GRRIRCt i ng
t he ibfesW th FRO01228 prior to. concurrently with, or subsequent to
stimilation with 3x28 beads. 25

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 irmune
~ 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,



EXAMPLE VI CD154 EXPRESSI ON ON CD4 CELLS The effect of FRO01228 of § Ay 200
i nduction of the CD 154 activation marker 30 on CD4 cells is studied. In
this regard, cells are | abeled with FITC coupl ed anti-human CD4 Ab

(I'munot ech, Fullerton, CA), PE- coupled anti-human CD154 Ab (Becton

D ckinson, Fullerton, CA), or FITC or PE-coupled I1gGl isotype control Ab.
Cells, 2x10% are labeled for 20 mnutes at 4Cwith 2 pl of each anti body
ina final volume of 30 |, washed and resuspended in 1% parformal dehyde
(Sigma, St. Louis, MJ). The 35 cells are stinulated for four days in the
presence of 3x28 beads and/or 20 unitgs/m 1L-2 or an anti-IL-2 antibody at
day three, FR90]11228 is added to the culture at a concentration of 20

ng/ M. On day 4, “M%n f1 uorescence intensity is nmeasured by flow 5 WO

01/ 42282 PCTI US00133189,gy3enmtry. As depicted in Figure 9, the presence of
absence of I1L-2 did not conpensate for the suppression of CD 54

expressi on i nduced ks GRQ@1238. EXAMPLE VI REPRESSION OF CDI 54 AT THE
TRANSCRI PTI ONAL LEVEL Ln thig experinent, Jurkat T-cells were stabily
transfected with a 980¢gAe ‘@a’r:‘%eflﬁﬂgly](?f-z-’EG:Pl. Cl onet ech) wherein the

nucl eoti de sequencexepepdjingr areen fluorescent protein was operably |inked
to the CD 154 pronoter cloned from Jurkat 10 cells. Follow ng sel ection of
cel I s contai ni ng t h&;viecaml Rofreitht eares by diffeeent ehd sndeperelentdyibp entiedadio
stimulatian fqQr 24 hours wifh,3x28 Qheads in the presence of varying

conc SECHIR SHRICty §F 7R Y 3] Hl§-Chn fRBIIYSENAF| yor escence was then det ect ed

using flow cytonetgy IS, ﬁgﬁ§§t t Vi guES. 11, only cells having O
ng/ M of FR901228 sh%e\e é|rng%ct| ﬁ%QOWngr esst?’on beyond t hose cells
having no 15 stinul ati on.

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 following structure:



in separate experinents, RT-PCR of the CD154 transcript was carri éch T 200
after 18 hours of stinulation with 3x28 beads and vari ous anounts of
FRO01228. These experinments denonstrated reduced | evels of CDI54
expression with increasing anounts of FR901228 (data not shown).
Experinments were al so conducted using CD4 20 cells incubated with
anti-sense constructs of c-nyc. After stinulation by 3x28 beads for
twenty-four hours, the anti-sense c-myc construct reduced CD154 expression
as neasured by flow cytonetry by about 50% as conpared to controls

i ncluding: no construct. sense or tgansfection with a scranbled c-nyc
construct (data not shown). Accor@ngl®s F 1228 and | i ke conpounds nay
target the activity of c-nyc%ndi i tion of CD 154 as one

mechani sm of i mrune suppressi oM | NHI Bl TI ON OF CELL CYCLE

PRI OR TO S-PHASE ENTRY 30 Unsti stigwl ated (3x28 bead
stimulation) CD4 cells wereOyj varyi ng concentrations FR901228
and the intracellular DNA contjent was nmeasured by staining with propidium
i odide (PI) using standard pr
with a mixture of | tg/m R, andN®. 03% saponin in PBS for about 20 to 30

m nutes. As indicated by Figyre [12, thesis does not take place 35 in
t1] i ncubated with 10 to 100 ng/m
01228 appgaff's to inhibit the cell cycle of

non-stinulated cells or in

of FR901228. Accordingly,

activated T- cells prior to en{ry Bf S-phase. WO 01/42282 PCT[ It 1S00/ 33169

EXAMPLE | X RADI O SOTOPE T- CELL | FE ASSAYS 5 Peri pheral bl ood

mononucl ear cells (PBMC) from heald onors are separated by density
centrifugation with ficoll-hypaque (JSM O ganon Teknika, - Durham North
Carolina). After washing, the PBMC with conplete nedia (RPM 1640

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

misl,2,30r4;

nis0,1,2o0r3;

p and g are independently 1 or 2;

X is O, NH or NR;

Rj, R; and Rj 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:



medi um wi th 5% human serum 100 nM gl utanine, 1 nM sodi um pyruvat §. MaY 1206M
non-essential amno acid, 2 mMMPenicillin (Life Technol ogi es), and 2mM
Streptonycin 10 (Life Technol ogies), they are then irradiated at 7.500
BADS, and resuspended at 4 - 4.5 x 106 cells/m in conplete nedia. Another
al iquot of PBMC are rosetted with neuram ni dase-treated sheep red bl ood
cells (SRBC). After another centrifugation with LSM the SRBC of these
rosetted T-cells are then |ysed with ammoniumchloride |ysing buffer (Life
Technol ogi es). After washing twice wth conplete nedia. these purified T 15
cells are also resuspended at 2-2.5 x 106 cells/m in conplete nmedia. The
various dilutions of the test co undtare agded in triplicate at 50
[/well into a 96-well flat- ) icrocul tyte plate (Costar, Canbridge,
Massachusetts). The T-cell susp i ep imediately distributed into
the wells at 100 |/well. After incu inglthe/cells wth the test conpound
for 30 min. at 37C. in a huRkdifNdd at nosghere of 5% CO, 20 95%air,
anti-CD3 Ab (OKT-3, Otho Diagnostic, New|Jersey) is added per well (final
conc. of 10 ng/m ), foll owed 5001_of e irradiated PBMC. The culture
plate is then incubated at(f37CNHn hunmdi fi ed at nosphere of 5% CO, - 95%

air for 72 hours. The prolfifler ionl\ﬁ& T }ynmphocytes is assessed by
measurenent of tritiated (' ie ym™ mé ifcorporation. During the |ast
18-24 hours of culture, theScells are pyl ge-1abeled with 2 25 G /well of
tritiated thym dine (NEN_ Canbkj dgB3 Massgchusetts)- The cultures are
harvested on gl ass fiber filters~using ti ple sanpl e harvester

(MACH- 11, Wallace, Gaithersburg, ryl'and) - Radi oactivity of filter discs
corresponding to individual wells (¥ measured by standard liquid
scintillation counting nethods (Betaplate Scint Counter. Wallace). Mean
ycounts per minute of replicate wells are calculated and the results are 30
expr ess plthrmgcandod Braceeptatda salf orcterpaisomerrtBgraofi ed to inhibit tritiated

thym dine incorporation of T-cells by 50% EXAMPLE X PREVENTI ON AND/ OR
DELAY OF DI ABEWRSSENSET | N NOD OR NODSCI D M CE

mis 1,2, 3o0r4;

nis0,1,2or 3;

p and g are independently 1 or 2;

Xis O,NHorNR; .

R, Ry and Rj 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.

20. A method for reducing interleukin-2 secretion from lymphocytes,
comprising administering to an animal an effective amount of a compound having the following

structure:



35 This Exanple illustrates the ability of a representative depsé feptAYdel0d
conpound FRO01228 to prevent or delay diabetes onset in NOD and NODSCI D
mce r/4 2 P WD 01/42282 PCT/ US00133169 34 FR901228 was di ssolved in 10%
DMSO in PBS and were administered i_p. to NOD or NODSCID m ce every ot her
day. Controls contained only the DMSO excipient (10% DVSO in PBS). G ven
that, NODSCID m ce do not spontaneously develop diabetes, 30 x 10" NOD
spleen cells froma 10 week ol d NOD nouse were 5 injected into each NODSCI D
nmouse (i.v.) at 4 weeks of age to | uce di abetes. 0.5rng/ kg of FR901228
was adm ni stered at each treatnent tmenty aninmals (ten NOD animals and

ten NODSCI D ani mal s)- Every two s tRe nunper of mce in each treatnent
group that had becone di abetl vvas val yate y measuri ng bl ood gl ucose

| evel s using a gluconeter at A reading of nore than
200nmg/ d] of 10 bl ood gl ucose on nse utl,ﬁ observatlons was consi dered
i ndi cative of frank diabet ose nunbers for these groups are
presented in Table 2 bel ow. shown in Tgble 2_ in NODSCID mce, onset of
frank di abetes was del ayed byl at peast~t weeks in those mice treated
with the conpound when condgjed NHo thoseXm ce that were treated with

exci pient only. Surprisingl ﬂt%i%ﬁ f the 15 NOD m ce were even nore
r
?udy, whi Lig

dramatic- in that no NOD no t he conpound devel oped frank
di abetes during the 18 weeks ' of 10 excipient treated mce
devel oped frank di abetes in WRB tinme

denonstrates an i munosuppressiwve effe

di abetes onset. WD 01/42282 35

}'arre_ Clearly, this data
m the delay of phenotypi cal

¢y

or a pharmaceutically acceptable salt or sterecisomer thereof,
wherein

misli,2,3ord;

nis0,1,2o0r3;

p and ¢ are independently I or 2;

Xis O, NHor NR;

Ri, Ry 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 CD154 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

misl,2,3or4;

nis0,1,2o0r3;

P and g are independently 1 or 2;

X is O, NH or NR;

Ry, Ry 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:



Irla~DrO00Ar00 ~NrINLL NN 1n = X OC U-zTarl f 5, \J U ~J) F?-- Wﬂm
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or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

misl1,2,3or4;

nis0,1,2o0r3;

p and q are independently 1 or 2;

X is O, NH or NR;

Ri1, Rz 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:
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or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

mis1,2,30r4,;

nis0,1,2o0r3;

p and g are independently 1 or 2;

Xi1s O, NH or NR;

R), Rz and Rj3 are the same or different and independently an amino acid
side-chain moiety or an amino acid side-chain dcrivative; and

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

24. A method for reducing secretion of tumor necrosis factor-alpha,

comprising administering to an animal a dosage of a compound having the following structure:



AN 4G-.OL Iy, , 2z oci1d ~-11111, 1~ ,~ 1.11, , 1 17af MAYQ004
01/ 42282 w 36 PCTIUSOO 33169 5 ' 1104 5MVAY21JD WO 01/ 42282 PCTI US00133169
37 Fromthe foregoing, it will be evident that although specific

enbodi nents of the invention have been described herein for the purpose of
illustrating the invention, various nodifications my be made w t hout
deviating fromthe spirit and scope of the invention. 2 5 MAY 2[ UN

or a2 pharmaceutically acceptable salt or stereoisomer thereof,
wherein

mis1,2,30r4,

nis0,1,2or3;

p and g are independently 1 or 2;

X is O, NH or NR;

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

R is a Jower 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:



38 CLAIM5S W Caim A conmpound having the follow ng structure: gi) or a
phar maceuxtical |y acceptable salt or stereoisomers thereof, whet & MA% 2004
1,2,30r 4; nis0, 1,20r3; p and g are independently 1 or 2; X is 0, NH or
NR;, Rl, R) and R3 are the sane or different and independently an am no
acid side-chain noiety or an amno acid side-chain derivative; and Ris a
| ower chain alkyl, aryl or arylalkyl noiety; wth the proviso that the
conmpound is not FR901228. The conpound of claiml wherein mis | and nis
0, 2 or 3.. The conpound of clains | wherein mis 2, 3 or 4 and nis Il 39
The conpound of claim| wherein one 4%

1

"por gis 2, or both p and q are 2.
The conmpound of claim1l wherein X 0, %The conmpound of claim1l wherein X
is NIl or NR The conpound ofgpgl ai ereiglR, and R are amino acid side
chain noi eties. The conpound o ai fein Ris an am no acid side
NH

chai n derivative. 0 P

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

misl,2,3or4,

nis0,1,2o0r3;

p and ¢ are independently 1 or 2;

X is O, NH or NR;

| Ry, R; and Rj 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 mis 1

27. The method of any one of claims 10, 16, 17, 20, 21, 22, 23, 24, or 25

wherein m is 2, 3 or 4.

28. The method of any one of claims 10, 16, 17, 20, 21, 22, 23, 24, or 25

wherein nis 1.

29. The method of any one of claims 10, 16, 17, 20, 21, 22, 23, 24, or 25



9. A conposition conprising a conpound of claiml and a pharnace@tﬁd@%ﬂﬁmﬂ
acceptable carrier. 10. A nethod of preventing or suppressing an inmmune
response or inunurte nediated response of an animal, conprising

adm nistering to said animal an effective ambunt of a conpound having the
follow ng structure: (1) 2004 or a pharnmaceutically acceptable salt or
stercoi sonmer thereof; 2 5 MAY 2 O 40 wherein inis 1,2,30r 4; 11 is O,
1., 2 or 3; p and q are independently | or 2; Xis O, NHor NR Rl, R and
R3 are the sane or different and i ndependently an am no acid side-chain
moi ety or an amino acid side-chain d&ivative; and Ris a |ower chain

al kylwhedith: 190, Bbyd.al kyi noiety. 11. The nethod of claim 10 wherein said
animal suffers fromor is at risk of suffering froman autollnmune di sease.
12. The method of claim 10 wherein said aninmal suffers fromor is at risk

of suffering from an,infl ory di sease. .. Th t hod,of . cl.aim
wherein said adbma Tbgpehed oF g gfe E g ijfgklgfﬁs@f 2?1 ?1% o o pi
or af tyeRS Handgste titggase. 14. The nethod of claim 10 wherein said animal
wi || undergo of has wundergone an all ogeneic transpl ant.

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 g 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 R3 are the same or different and independently an amino acid side chain moiety.
35. The method of claim 34 wherein R and R3 are both -CH(CHs),.

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 =CHCHa.

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.



15. The nmethod of claim 10 wherein said aninmal will undergo or thEsMAY 2004
under gone an xenogeneic transplant. ].6. A nethod for inhibiting the
proliferation of |ynphocytes, conprising admnistering to an animl an

ef fective anmount of a conpound having the following structure: 5 M1 f Y
2011 41 or a pharmaceutically acceptable salt or stereoisoner thereo
wherein msl,2,30r4, nisO, 1,20r3; p and q are independently 1 or 2; Xis
0, \HorNR, R, R and R~ are the ngE or different and i ndependently an
amno acid side-chain noiety or an“"am no acid side-chain derivative; and R
is a lower chain alkyl, aryl or arylalkyl noiety. IT A nethod for enhancing
graft. survival4d ol ' Methbd TR Bk of AT 19, NG, 1Rd20, WISher 2RM4, Qr

ani mal previous to, concurrently with, or subsequent to a transplant

pr oc edkareindhe emipand veFRYIZAS. of a conpound having the followi ng structure:
, Y 2004 42 (1) or a pharmaceutically acceptable salt or stereoisoner
thereof whereininis 1,2,30r4; nis0,1,20r3; p and q are independently 1
or 2;

41. A method for inhibiting the proliferation of CD4 T-Cells, comprising

administering to an animal an effective amount of a compound having the following structure:

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

mis 1,2, 3or4;

nis0,1, 2 or 3;

p and g are independently 1 or 2;

Xis O, NH or NR;

Rj, R and Rj 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.



Xis 0, NHor NRR RI, R2 and R3 are the sanme or different and indiﬁﬁpaﬁm}ly
an amno acid side-chain noiety or an am no acid side-chain dérh I €%
and 18.Ris a |ower chain alkyl, aryl or arylal kyl noiety. The nethod of
claim17 wherein said transplant is an allogencic transplant.19. The net hod
of claim 17 wherein said transplant is an xenogeneic transplant. 20. A

nmet hod for reducing interleukin-2 secretion fromlynphocytes, conprising
adm nistering to an aninmal an effective amunt of a conpound having the
following structure: 25 PAY 20011 43 (I} or a pharmaceutically acceptable
salt or stereoisonmer thereof, whered¥nh nisl,2,30r4; nis 0, 1,20r3; p and q
are independently 1 or 2; Xis 0, NHor NRR R, R2 and R3 are the sane or
different and i ndependently an am no acid side-chain noiety or an am no
aci d si de-chai m2deri vanetieid fordniRbithgatht @eslifetian rfalBY IT-Cally | coarpriding al kyl
noiety. .21. A nethod for inhibiting induction of CD25 or  CD 154 on

| ypHdeyRisisring ) aroaiimal angisebvsaeowt phyrempomd haging thesfioHgWiSNE % r i ng to
an animal an effective anmount of a conpound having the follow ng
structure: 5 MAY LUW 44

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

misl,2,3o0r4;

nis0,1,2or3;

p and ¢ are independeﬁtly 1or2;

XisO,NHor NR;

Ry, Rz 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.



or a pharmaceutically acceptable salt or stereoisonmer thereof, vihBr MAK 2&%
is 1,2,30or 4, nis 0, 1,2 or 3; p and g are independently 1 or 2.- X is 0,
NH or NR;, RI, R2 and R3 are the sane or different and i ndependently an
amno acid side-chain noiety or an am no acid side-chain derivative; and R
is a lower chain alkyl, aryl or arylalkyl noiety. 22. A nethod for inducing
anergy or apoptosis in activated T-cells while nmaintaining overall T-cell
counts, conprising adm nistering to an ani mal a dosage of a conpound
having the followi ng strict ure: MAY 200 45 or a pharmaceutically
acceptabl e salt or stereoisorner theggof: wherein mis 1, 2, 3 or 4; rl is
O, 1, 2 or 3; p and q are independently 1 or 2; Xis 0, NHor NR R, R2
and R3 are the sanme or different and i ndependently an am no acid

si de-chai n noi dfy or Aamethoil dor tagatidg an defecttvat Wisdase] vabprsing abmolinRtarmgaol ower
chain al kyl, aryl or arylalkyl noiety. 23. met hod for inducing inmmune
syst é‘ﬁ]@@%@ﬁéﬁ@@cqvﬁ a&}?uah?é@éwpoueghﬂfm&&‘ﬁﬁmaﬁ@%wehg to an animal a
dosage of a conpound having the followi ng structure: 5 MAY 20N

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

misl,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 motety or an amino acid side-chain derivative; and

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



46 (1) or a pharmaceutically acceptable salt or stereoisorner tHerepAf 2004
wherein msl,2,30r4; nisO, 1,20r3; p and q are independent X is 0, NH or
NR, Rl, RL and R are the sanme or different and independently an am no acid
side-chain noiety or an am no acid side-chain derivative; and Ris a | ower
chain alkyl, aryl or arylalkyl noiety. 24. A nethod for reducing secretion
of tunor necrosis factor-al pha, conprising admnistering to an aninmal a
dosage of a conpound having the followi ng structure: 5MAY 2104 (1) or a
pharmaceutically acceptable salt or stereoisoner thereof, wherein
msl,2,3o0r4; nis 0, 1,2or 3; p angzq are independently 1 or 2, Xis O,
NIIorNR R1,44R2 and t an
amno acid si é}g cha%nm%ﬁggg t%e:ﬁﬁn%ﬁ%rﬁlﬁﬁgﬁles‘%sggglﬁ (ﬂdg‘%ﬁhg%ﬁ&%daéﬁl vealnyand R
i s a ihaematohairaspahiy | qongirigingondaimydterirdgy ko rmi ediynal 25 eflerize hadodmr of a

i nhibiting ihe cel | c cle of an activated "1'-cell prior to S- phase entry,
conprPBiPAEN ing tae &lioygng §regiisgni mal a dosage of a compound having the

Rz\NgE{H )l\fO

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

misl,2,30r4;

nis®, 1,2 o0r3;

p and ¢ are independently 1 or 2;

Xis O, NH or NR;

Rj, 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.



or stereoisorner thereof, whereininis 1, 2, 3 or 4, nisO, 1,

and g are independently 1 or 2; Xis 0. Nl-1 or NRR Rl, R, and R3 are the
sane or different and i ndependently an am no acid side-chain noiety or an
am no acid side-chain derivative; and Ris a |ower chain alkyl, aryl or

aryl al kyl noiety. 26. The nethod of any one of clains 10, 16, 17, 20, 21, 22,,0
wherein mis | 27. The nethod of any one of clainms 10, 16, 17, 20,2224, or
25 whereinrnis 2. 3 or 4. wherein it is 1. The method of any one of clains
10, 16, 17,20, The nethod of any one ®f clains 10, 16,17, 20, 21, 22. 23, 24, or
49 wherein ii i 0, 20 pdethdD forTpRvERI 0& f}featﬁ{gy‘:l%iﬁat&fy @xls@dsgés cbhprisin

16,17, 20, or 25 whereinp and g are bot The net hod of any one 0O

cl ai rﬂs‘inﬁmstemﬁg o7arPial #0FRclivic anolds of a compound having the following structure:

NH X

following structure: f"1' V 23Qf (1) or a pharnaceutically acce tﬁb@ms@hé

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

mis1,2,3 or4;

nis0,1,2o0r3;

p and g are independently 1 or 2;

Xis O, NH or NR;

Ry, Rz 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.

46. The method of claim 45, wherein said circulatory disease is selected from
the group consisting of arteriosclerosis, atherosclerosis, vasculitis, polyarteritis nodosa, and

myocarditis.



wherein one ofp or g is 2, or both p and q are 2. 32. The nethod%os mRy 20
of claims 10, 16, 17.20, 21, 22,23, 24, or 25 wherein X is 0. 33. The nethod
of any one of clains 10, 16, 17,20, 21, 22,23, 24, or 25 wherein X is NH or
NR. 34. The nethod of any one of clains 10, 16.17, 20, 21, 22,23, 24, or 25
wherein RL and R3 are the sane or different and independently an am no acid
side chain noiety. 35. The nethod of claim 34 wherein RL and R3 are both
-CH(CH3)2_ 36.- The nethod of any one of clains 10, 16, 17, wherein R2 is
an am no acid side chain derivative. 37. The nethod of claim 36 wherein R2
is =CHCH3. 38. The nethod of any ong of clains 10, 16, 17, 20. 2 wherein

t he optional double bond is present. or The nethod of claim 38 wherein the
double bond is in the trans configuration. L 5 MAY 2004 50 40. The net hod
of any one of dlai nsAl@¢ethed of ngating0s candjtiop2n apFniga, thertreagnenpioé mdiiah ishe
conpo LS _E 8. 41 A nmethod for inhibiting the proliferatiaon of Cf)4
T- Cel s&e% 8&653@%% by, rffurfiet 6f HBPROGY S rPrafticration Andiractivating. SRBBHENG|  a
CONPQuchifaYAd dh2BirhQah il eShidtit 4 £eonklolind having the following structure:

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

misl,2,3or4,;

nis0,1,2o0r3;

p and g are independently 1 or 2;

Xis O, NH or NR;

R,, Ry and Rj 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.



or a pharmaceutically acceptable salt or stereoisonmer thereof, %1%@ A0
msl.2,30r4; nis O, 1, 2 or 3; p and g are independently 1 or2 y |glb
NH or NR, Rl, R2 and R} are the sanme or different and i ndependently an

am no acid side- chain noiety or an am no acid side-chain derivative; and R
is a lower chain alkyl, aryl or arylalkyl noiety. 2 5 MAY 20104 51 42. A
nmet hod for inhibiting the proliferation of 18 '"f-Cells, conprising

adm nisterinp to an aninmal an effective amunt of a conpound having the
followi ng structure: or a pharnaceutically acceptable salt or

stereoi.sozner thereof, wherein ina6s 1,2, 30r4; nisO, 1,2or 3; p and q
are independent)  XisO, NHorNR, RL. R2 and R3 are the sanme or different and
i ndependently an amino acid side- chain noiety or an ami no acid side-chain
derivative; and8R i sAamkthndrofgiteventiag loy ltyeatimg inflamngatgyadikgabesmopmpysing| | A
2004 52.43. .A net hod for eating an infectioys diseas conpri sin

adni AFDIEFETRE PN agimal an sHecthyg ﬂé‘?‘i‘*&&?‘% 4/%"‘%1?%‘{]&?‘3‘6?% ecfgﬂ‘b‘ﬁiﬁlﬁ&trﬁ%wﬁ%g t he

foll owi ng structure:
Ri
RZ E&O
Os_ NH x 7

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

mis1,2,30r4;

nis0,1,2or3;

p and g are independently 1 or 2;

Xis O, NH or NR;

Rj, Ry and Rj 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.



{1) or a pharmaceutically acceptable salt or stereoisoner thereo},h Mikve 280%n
ms 1.2,30r 4; ii is 0. 1, 2 or 3; p and g are independently 1 or 2;
XisO,NHorNR;, Rl, R2 and R3 are the sane or different and independently an
am no acid side chain noiety or an am no acid side-chain derivative; and R
is a lower chain alkyl, aryl or arylalkyl noiety. 2 5 MAY 2004 53 44, A
nmet hod for treating parasitic di seases wherein damage is induced by an

i nfl ammat ory response, conprising admnistering to an aninmal an effective
anount of a conpound having the following structure: or a pharmaceutically
acceptabl e salt or stereoisorner thereof, wherein ms |,2,30or 4; nisO,
1,20r 3; p andgg are '}M&pgﬁn&é in% a?rhg'?' rofifbratifh sRid QlseNB RdmpHgingnd R3
are the sane or different and i ndepénde ?‘3 an am no acid side- chain

oI etagministaringitn amcandralchnsiffteti ehrmoundef a wahponad havidg ke follawingweuctoteai n

al kyl, aryl or arylall<.yl noiety. MAY 2 004 54

R> | O
Yﬁ{ﬁif ,
O NH X

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

mis1,2,3or4;

nis0,1,2o0r3;

p and g are independently 1 or 2;

X is O, NH or NR;

R;, R; and R3 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.



45. A nethod for preventing or treating circulatory di seases, czqgryﬁizg%
admnistering to an animal an effective anpbunt of a conpound ha¥i @A h
ollowing structure: or a pharmaceutically acceptable salt or stereoisoner
thereof, wherein msl,2,30r4; nisO, 1,20r3; p and q are independently 1
or 22 Xis 0, NHor NR Rl, R2 and R3 are the sane or different and

i ndependently an am no acid side- chain noiety or an am no acid side-chain
derivative; and Ris a |ower chain alkyl, aryl or arylal kyl noiety. 46. The
met hod o.f.'claim45, wherein said circulatory disease is selected from
the group consisting of arteriosclerdsis, atherosclerosis, vasculitis,
polyarteritis nodosa, and myocarditis. IN 2Ul4-55 47. A method of treating
a condition in an animal, the treatment of which is affected or
facilitated by5feductimethad of inhipitogythegomdh of €EPAtl-onlsand iivtuciagapopipsion.
conprising admnisferjing to an ani nal effective anmount of a conpound
havi HFTEReCHRIISHG Hgnigisteriag {p @n g %h%?%%feam%% qfyp mamaamgﬁ% or

st er ¢Qj reof, wherein msl,2,30r4; nisO, 1,2 or 3; p and g are
inde%gkﬁgﬁ?§§K%ﬂ§r 2; Xis 0, NHor NR Rl, R2 and R3 are the sane or
difl:erent and independently an am no acid side-

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

misl,2,3ord4;

nis0,1,2or3;

p and g are independently 1 or 2;

Xis O, NH or NR;

Ry, Ry and Ry 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.



chain noiety or an amno acid side-chain derivative; and Ris a *wﬁycgqu
al kyl, aryl or arylalkyl noiety. 2 1PMW20J 56 48. A nethod of p enting
or treating inflammatory di seases, conprising admnistering to an ani mal
an effective anoint of a conpound having the follow ng structure: or a
pharmaceutically acceptable salt or stereoisoner thereof. wherein msl, 2,
3or4; nisO, 1,2 or 3; p and q are independent Xi sO,NHorNR, RI, R2 and R3
are the sane or different and i ndependently an am no acid side- chain

noi ety or an amino acid side-chain derivative; and Ris a |lower chain

al kyl, aryl or arylalkyl noiety. 2 FgMAY 2 004 57 49. A nethod of treating
a hyperproliferative skin disease, conprising admnistering to an ani mal an
ef fective anmount of a conpound having the follow ng structure: (1} or a
phar maceut i cal By accépnethpe oEimhibiting the grovdh o6GB8 Ti-bellsenfl indushngrapoptosisi s 1,

2 r .4;: ni 1.2 or 3; nd. re i.n ndently 1 or 2; . Xi , NH
o,r ﬁl 'erem,’ comfmss?ﬁg admm?sterl?’n’g tg a% aqm%alaaneetlfec(tjlgg %m%gntto a concl)poun’d hav1r{gsthg

Rj
R.2 H/kfo
O« _NH x 7

following structure:

or a pharmaceutically acceptable salt or stercoisomer thereof,
wherein

misl1,2,3o0r4,

nis0,1,2o0r3;

p and ¢ are independently 1 or 2;

X1s O, NH or NR;

R:, Rz and Rj 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.



R, R2 and R3 are the sanme or different and i ndependently an aniQ agpy 200%
side- chain noiety or an am no acid side-chain derivative; and R ﬁs a

| ower chain al kyl, aryl or arylal kyl npoiety. ?5MAY200~ 58 50. A nethod of
inhibiting the growh of CD4 "|'-cells and inducing apoptosis therein,
conprising admnistering to an aninmal an effective anount of a conpound
having the follow ng structure: (lI) or a pharmaceutically acceptable salt
or stereoisoner thereof: wherein ms 1,2,30r 4; wnis0O, 1,20r3; p and q are
i ndependently 1 or 2; Xis O, NHor NR Rl, R2 and R3 are the sane or
different and independently an am nosaci d side- chain noiety or an am no
acid side-chain derivative; and Ris a lower chain alkyl, aryl or arylal kyl
moiety. MA( 2 0 0 4 59 51. A nethod of inhibiting the growth of CDR T-cells
and i nduci ng apg@pt osifsmethiod of inhibitingrpmiysi exgreation m astizated d-cels.omapsisigl  an

ffect,| t of . d havi the follow t (1
phar (SR TRAI 3 oG cEn e hoh Ok Sreee 0rRErErheieUBF e Tinghitn "

R jl,/o
’Yﬁ{ﬁ )
O NH X

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein
misl,2,3o0r4;
nis0,1,2o0r3;
p and g are independently 1 or 2;
X is O,NH or NR;
Ri, Ry and R; are the same or different and independently an amino acid side-
chain moiety or an émino acid side-chain derivative; and

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

53. A method for treating an infectious disease, comprising

administering to an animal an effective amount of a compound having the following structure:



nzis 1, 2, 3or 4 nis 0,1,20r 3; p and q are independently 10K BAY X0iks
(1), NJ-1 or NRR Rl, R> and R3 are the sane or different and independently
an amino acid side- chain noiety or an am no acid side-chain derivative;
and Ris a lower chain alkyl, aryl or arylalkyl noiety. MA L~Uy 60 52. A
met hod of inhibiting c-tnyc expression in activated T-cells, conprising
admnistering to an animal an effective anbunt of a conpound havi ng the
foll owing structure: (1) or a pharmaceutically acceptable salt or

stereoi somer thereof, whereintnis 1, 2, 3 or 4; nis0,1,20r3; p and q
are independently 1 or 2; Xis C, Mo NRR R, RR and R3 are the sane or
different and independently an am side- chain noiety or an am no
acid side-chain derivative; R j owerochai n al kyl, aryl or arylal kyl
noi ety 53. A nmethod for treatin ous di sease, conprising
admnistering to an ani mal an eflecty untp of a conpound having the
hol | ow ng structure: 11 200 1)

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

mis 1,2, 3o0r4;

nis0,1,2o0r3;

p and g are independently 1 or 2;

X is O, NH or NR;

R, R, and Rj 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;
wherein the infectious disease ts selected from the group consisting of hepatitis B infection,

hepatitis C infection, staphylococcus aureus infection, viral encephalitis, and sepsis.

54. A method of preventing or treating an autoimmune disease in an
animal, comprising administering to said animal an effective amount of a compound having the

following structure:



or a pharmaceutically acceptable salt or stereoisoner thereof, @n?¢@Wh?Mﬁ
msl,2,30r4; nis0.1,2o0r3; p and q are independently 1 or 2; Xis 0, NI

or NRR Rl, R2 and R3 are the sanme or different and independently an am no
acid side- chain noiety or an amno acid side-chain derivative; and Ris a
| ower chain alkyl, aryl or arylalkyl noiety; wherein the infectious disease
is selected fromthe group consisting of hepatitis B infection, hepatitis
C infection, staphylococcus aureus infection, viral encephalitis, and
sepsis. 54. A nethod of preventing or treating an autoiinnmune disease in an
ani mal , conprising admnistering t imal an effective anmount of a
conpound having the follow ng str r a pharmaceutically
acceptabl e salt or stercoi songy ein ms 1,2 3or 4
nis0,1,20r3; p and q are indepemdent ; Xis 0, NHor NR Rl, R2
and R are the sane or different ly an. am no acid

side-chain noiety or an am in derivative; and Ris a | ower
chain alkyl, aryl or arylalkyl{ noiety; wherei n sai d aut oi mune di sease

an

is selected fromthe group St rlheumatoid arthritis, systemc
| upus eryt hemat osus, thyroi i sNH) | aBhi not o' s thyroiditis, nultiple
scl erosi s, nyasthenia { ,
O
5 R
\3 ),

or a pharmaceutically acceptable salt or sterecisomer thereof,
wherein

misl1,2,3or4;

nis 0,1, 2 or3;

p and g are independently 1 or 2;

X is O, NH or NR;

Rj, R, and Ry 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; and
wherein said autoimmune disease is selected from the group consisting of rheumatoid arthritis,
systemic lupus erythematosus, thyroiditis, Hashimoto's thyroiditis, multiple sclerosis, myasthenia
gravis, type I diabetes, uveitis, Graves disease, psoriasis, atopic dermatitis, Crohn's disease,
ulcerative colitis, vasculitis, aplastic anemia, Evan's syndrome, autoimmune hemolytic anemia

and biliary cirrhosis.
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dermatitis, Crohn's disease, wulcerative colitis, vasculitis, aplastic
anenm a, Evan's syndrone, autoi mmune henolytic anema and biliary
cirrhosis. 5 ~'"1b ? 63 55, A nethod of treatnent and/or prophyl axis of
allergic reactions, conprising admnistering to an animal an effective
anount of a conpound having the following structure: (1) or a
pharmaceutically acceptable salt or stereoisoner thereof, wherein ms
1,2,30r 4; nis 0, 1,20r3, p and g are independently 1 or 2; X is 0, NH
or NRR Rl, R2 and R3 are the sanme orgsdi fferent and i ndependently an am no
acid side-chain noiety or an am no acid side-chain derivative; and Ris a
| ower chain al kyl, aryl or aryJalkyl moiety. UP i,1A{ 2004 64 56. The

met hod accor di 134. t o cl ai mMASimethhé roditreatadrd aadiongropduyiakesr of flteogic geadtionsat ri sk
of suffering frompollen allergies,. 57. The t hod accordi.ng,t | ai m 55
wher &PHRPESING admirysipriag, for agy aumpl gy sffctiye agpuntiod CBWPQH‘P‘f E%‘il?éﬂlﬁ?faﬁ%%hm
58. ThecIRt hod according to claim55 wherein said aninmal suffers

g
O NH X

or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein

misl,2,30r4,

nis0, 1,2 or3;

p and ¢ are independently 1 or 2;

Xis O,NH or NR;

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

R 1s a lower chain alkyl, aryl or arylalkyl moiety.



fromor is at risk of suffering frombronchitis. 59. The met hod quoM&VdEU#
to claim55 wherein said animal suffers fromor is at risk of suffering
fromallergic rhinitis. 60. A nethod of treating a hyperprolifcrative skin
di sease, conprising admnistering to an aninmal an effective anbunt of a
conpound having the following stricture: or a pharmaceutically acceptable
salt or stercoisoiner thereof, wherein msl,2, 3or4; nisO, 1,2 or 3; p
and g are independently 1 or 2; 65 Xis 0, NHor NR, Rl, R2 and R3 are the
sane or different and i ndependently an am no acid side- chain noiety or an
am no acid side-chain derivative; ah#l Ris a |lower chain alkyl, aryl or

aryl al kyl noi etsg;, wher ei NThanfbtHvdpRLprdnd foetlain \56 wkdrBindiake asighal Suffelsect ed
fromthe group consist i;\? of seborrhoeis dermatitis. angi oedenas,
I

er yt Hex opis at gned suffatdng\romensllan alesgies..

57. - The method according to claim 55 wherein said animal suffers

from or is at risk of suffering from asthma.

58. The method according to claim 55 wherein said animal suffers

from or is at risk of suffering from bronchitis.

59. The method according to claim 55 wherein said animal suffers

from or is at risk of suffering from allergic rhinitis.

60. A method of treating a hyperproliferative skin disease, comprising

administering to an animal an effective amount of a compound having the following structure:

or a pharmaceutically acceptable salt or sterecisomer thereof,
wherein
misl,2,3or4;
nis0,1,2or3;
p and q are independently 1 or 2;
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X is O, NH or NR;

Ri, Ry 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;
wherein said hyperproliferative skin disease is selected from the group consisting of seborrhoeis

dermatitis, angioedemas, erythemas, acne, and Alopecia arcata.

2004



