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acid derivatives having histone deacetyl ase enzyme-inhibiting activity for
the preparation of anti- inflanmtory medi canents. Sone derivatives of

hydr oxam ¢ acid which inhibit histone 5 deacetylases are known. Those
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activity, espeCially trichostatin and 03/°0134
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derivatives are described in Proc. Natl. Acad. Sci. USA 95, 3003-3007, 1998;
Tumori, 2001 Nov-Dec, 87 (6): S12-4; Anticancer Drugs, 2002 Jan, 13 (1): 1-

10 13; Nature Rev Cancer, 2001 Dec, 1 (3): 194-202; Curr Opin Oncol, 2001
Nov. 13 (6): 477-83; Cancer Chemother Pharmacol, 2001, Aug, 48 Suppl
1:520-6; Cancer Chemother Pharmacol, 2001 Aug, 48 Suppl 1:S17-9;
Haematologica, 2001 Sep; 86 (9): 908-17.

These compounds have mainly been studied as potential anti-tumoral

15 drugs: trichostatin, an antifungal antibiotic isolated from Streptomyces
hygroscopicus, is a potent inducer of murine erythroleukaemic cell
differentiation (Cancer Res. 47, 3288-3691, 1987), while SAHA and CBHA
have been studied by the Sloan Kettering Institute (WO 95/31977) as tumour
cell differentiation inducing agents.

20 The therapeutic use of histone deacetylase inhibitors to treat tumours is
described in Anticancer Res. 20, 1471-1486, 2000 and Exp.Opin.Invest.
Drugs 8(10),1611-1621,1999.

It has now been found that the known derivatives of hydroxamic acid

having histone deacetylase inhibiting activity, especially trichostatin and



be used to treat disorders which can be alleviated by inhibiting those
cyt oki nes. Exanples of such disorders, with an inflamuatory and/or

aut oi nmurwomas1a93 i ncl ude nmultiple sclerosis, Crohn's di s@easEPanas379
ulcerative 5 colitis, atherosclerosis, rheumatoid arthritis, psoriasis,
spondyl oart hr opat hi es (anchiIosatingifpondilitis, psoriatic arthritis,
arthritis connected to ulcerative colTtis), AIDS-related neuropathies,
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cells/well), incubated for 60 mnutes with SAHA or TSA at
will be administered at doses ranging between 1 and 500 mg one or more

times a day, depending on the disorder concerned and the
pharmacotoxicological characteristics of the compound in question, which
15 can be administered in the form of suitable oral, parenteral or topical
formulations.
The following examples illustrate the invention in greater detail.

EXAMPLE 1- Inhibition of cytokine production in vitro

The treatment of lymphocytes with lipopolysaccharide (LPS) induces
20  the production of various pro-inflammatory cytokines, such as TNFa, IL-1f
and IFNy (J. Biol. Chem. 1990; 265(18): 10232-10237; Science, 1998;
281:1001-1005).
The effect of SAHA and TSA has been studied by evaluating the
inhibitory effect of the compound on cytokine production by peripheral blood
25 mononuclear cells (PBMC) from healthy volunteers (2 to 6 donors),
stimulated with LPS.
Samples of peripheral blood or buffy coats from healthy volunteers

were used. The samples were separated by centrifugation on density gradient



various doses, and then stinulated wth LPS fromE. coli 055:B5 (10 ng/m)
for 24 hours in the presence of the conpound. At the end of the treatnent
the 5 prowonBlosanat ory cyt oki nes TNFa, |L-1P were neasur e@CihyEPOIBE83z9 of an
el ectrochem | um nescence assay (ECL) using specific comercial antibodies.
Interferon y (IFNy) was neasured with commercially available ELISA

assay. Cytokine IFNy is produced by the T |Iynphocytes following their 10
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(1C50) wa Hed by linear regression. The results are sunmarised in
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10 stimulation by pro-inflammatory cytokines, especially IL-12 and IL-18

(Dinarello C. A. and Moldawer ‘L. L. Proinflammatory and anti-inflammatory
cytokines in rheumatoid arthritis. A primer for clinicians. 2™ Edition, Amgen
Inc., 2000).

The effect of SAHA and TSA on IFNy synthesis induced by stimulating

15 PBMCs with IL-12 and IL-18 in vitro was evaluated on this basis. PBMCs
were seeded in round-bottomed 96-well dishes (500,000 cells/dish), and
incubated with various doses of SAHA or TSA for 60 minutes. At the end, the
cells were stimulated for 48 hours in the presence of the compound by
simultaneous addition of recombinant IL-12 (10 ng/ml) and recombinant IL-

20 18 (20 ng/ml). The quantity of IFNy produced was determined with a
commercial ELISA assay.

The effect of the various doses of SAHA and TSA was measured as the
percentage inhibition of production of the cytokine in question compared with
untreated control cells. The concentration able to induce 50% inhibition of

25  cell growth (IC5() was determined by linear regression.

The results are summarised in the table below:



|FNy (fromIL-12 + 1L-18) 740 490 These results clearly indicate that SAHA
and TSA inhibit synthesis of all the inflammuatory cytokines induced by LPS
wi th an 1eB®3i0m4phe nanonol ar range (50-200nM. 5 SAHA amdT/ERA2/6433D
inhibit the synthesis of IFNy by the T |ynphocyte cells, as denonstrated
by their efficacy (1C50 740 nM and 490, nM respectively) when the stinulus
used was the conbination of IL-12 and 11L- 18 specific for that cell |ine.
EXAMPLE 2 - Inhibition of cytokine production in vivo 10 Systenc

admi ni stration of LPS ggtdﬁggr atory ani né84Hid known t d'SAnduce rapid,
massi ve production of O-Tnfl ammatory DEs@kn™ps (| Ioypeadpr macol . 1992;
14(6): 1045-1050). Fenale BALB/C mice (20-22 grans) were treated orally
with SAHA at the vari o®NRboses i ndi cated,2Gthen treated5a8fter 60 m nutes
with LPS fromE. 15 Coli 055:B5 (30 ng/Kg intraperitoneally). 90 m nutes
after the endotoxin admibthildtration, bl ood K¥hples were t¥ken fromall the
treated animals (10 aninmal s/group), and the cytokines were neasured with
comerci al ELI SA assayé.FNVhe results are 88t out in théOtable bel ow, and

expressed as th 20, percen i pfi bition, of production of the cytokine in
question: WD 03 Hadtom r@%gﬁog‘gm 5 THEATMENT % i nhibhition of

I nhi biti f l@hibiti f TINFa | L- L= 0.1..np/Kg,40 13 10 1
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range (50-200nM).
5 SAHA and TSA also inhibit the synthesis of IFNy by the T lymphocyte

cells, as demonstrated by their efficacy (ICsgp 740 nM and 490 nM
respectively) when the stimulus used was the combination of IL-12 and IL-18
specific for that cell line.

EXAMPLE 2 - Inhibition of cytokine production in vivo

10 Systemic administration of LPS to laboratory animals is known to
induce rapid, massive production of pro-inflammatory cytokines
(Immunopharmacol. 1992; 14(6): 1045-1050).

Female BALB/c mice (20-22 grams) were treated orally with SAHA at
the various doses indicated, then treated after 60 minutes with LPS from E.

15 Coli O55:B5 (30 mg/Kg intraperitoneally). 90 minutes after the endotoxin
administration, blood samples were taken from all the treated animals (10
animals/group), and the cytokines were measured with commercial ELISA
assays.

The results are set out in the table below, and expressed as the

20 percentage inhibition of production of the cytokine in question:



inhibit, to a dose-dependent extent, pro-inflammuatory cytokine synthesis

i nduced in vivo in the nouse by adm ni stering endotoxin, thus confirm ng
the 5 rewolod®i1ah ained in vitro. EXAMPLE 3. Con A-| nduce@CIriRre?/od3my ury.
C57B16 mice were injected i.p. with either water vehicle or SAHA and after
1 h were injected i.v. with Con A as described in Proc. Natl. Acad. Sci.
USA, (2000), 97, 2367-2372. After 24 h,” serum am no-al anine transferase 10
was measur ed. +nptraveneus—niectonof Con_A results-in_hepaticcell death
within 12-24 frEArvENed” Bhibjteseofsnhibitiopt odnhibitionofenzymes such
as al anine amino transam nase YAE® . In ni dd-pBetreated Wih a single dose
of SAHA (50 ng/ kddAHiAven i.p. 1 h before Con A the 24-h | evel of serum
ALT 15 (nmean SE) vag/Bgld4 2.094 units/literzconpared wiph 15.190 2.580
in vehicle-treated mce (n =6 per group). EXAMPLE 4. Nitric Oxide
Production from MuggKlgerit oneal 5hcr ophages. 15 C57BLYy6 m ¢ were injected
i.p. with 1 m of sterile thioglycolate broth and killed after 5 days, and
macr ophages wer e 10gogd@d using bAstillation 2D of 10 M 6f ice-cold PBS
into the peritoneal cavity. The cells were <centrifuged (350 x g) and 3 m
of erythrocyte |y3imgkgagent (PA&rM ngen) wh& added for230 nmin. WO

03/ 013493 PCT/ EPS%/ 08379 6 Seven mlliliters_of DMEM contai ning 5% FCS was
added and the_cePPdefig e cent®olrded at 4C The cells werl resuspended in

DVEM at 1 milli m_and 0.5 ni d to.wells of a 48-well
plate. sara s Hacper il ool BFCSAMATRASETS IRl cediAth the
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EXAMPLE 3. Con A-Induced Liver Injury.

C57B16 mice were injected i.p. with either water vehicle or SAHA and
after 1 h were injected i.v. with Con A as described in Proc. Natl. Acad. Sci.
USA, (2000), 97, 2367-2372. After 24 h, serum amino-alanine transferase

10  was measured.

Intravenous injection of Con A results in hepatic cell death within
12-24 h with markedly elevated serum levels of hepatic enzymes such as
alanine amino transaminase (ALT). In mice pretreated with a single dose of
SAHA (50 mg/kg) given i.p. 1 h before Con A, the 24-h level of serum ALT

15 (mean * SE) was 8.144 + 2.091 units/liter compared with 15.190 + 2.580 in
vehicle-treated mice (n =6 per group).

EXAMPLE 4. Nitric Oxide Production from Mouse Peritoneal Macrophages.

C57BLy6 mice were injected i.p. with 1 ml of sterile thioglycolate

broth and killed after 5 days, and macrophages were isolated using instillation

20 of 10 ml of ice-cold PBS into the peritoneal cavity. The cells were
centrifuged (350 x g) and 3 ml of erythrocyte lysing reagent (PharMingen)

was added for 10 min.



10 observed at 400 and 800 nM respectively. EXAMPLE 5. Inhibition of IL-12
production by cul tured nonocytes. Venous bl ood was obtai ned from consenti ng
adul ts amaoggparas ed over Ficoll-Hypaque. The PBMC fract iPcn/BRay0ssashed and
adjusted to five mllion cells per m. Five hundred mcroliters was
aliquoted into each well of 24-well 15.flat-bottomplates, 100 nl of SAHA
was added, and the plates were incubated for 1 h at 37C. The cells were
stinmulated wit S0l b t or..@48 h At
37C the super nrazgtegﬁl?mmg@l%érrggegygyd%l}t?g%%g%(‘g?&g;y?gg?%&eed%nscﬁé? © nocyt es
were isol ayed dshthaiddd 4ugat. Phe @ | bl RPM
with 10% FCS, and g{.glquot ed at 2 %lgsf meﬁf}i&%ﬁlsggﬁl‘?\?gﬁ?mnmE?Eg‘?‘ﬁ?llﬁgrm

Tef | on- cogteednt thd 0r® ntli wbasadd@dommeyelld o€ a BaAl blite NSAEN hlaslR1deR70) was
pur chased from Endogen (Wburn, MA). As shown in Fig. 2, there was a

dose- deperfde®0 medat 8700 and thPs/stiEN]ytet neith etle IcbnibZngticad uf TN of gus
nonadher ent human nonocytes. At 200 nM the reduction was 55% (P, 0.01)
and at B6%FAtv48dtenM4 b, NOOewyls irshexappLEtsntDexte datermihededsiaglthti s

Femal e, 82(geek-ol d C57BL/6 mice (The Jackson Laboratories, Bar Habor, M)
wei ghi ng 201193 kgageiteas dewribgdiniAmdiRpiol kel Rhiysigl sCRE1Lb 28 d-i n r oons
at a contr ed tenperature and a 12 h day/night rhythm WD 03/013493

PCT/ EPO2/ 7 They were fed standard m ce chow pellets ad libitum had

free access to g . k.- SU A i1 .bot ...and were | i i zed to the
condi tions at esggs}{ovy@tgggrl\g’dgsés‘&% 8’:}%&?‘?{%%& Ty %iégdgg? Fs. Mce
were Kkill b Iy - @i gbo O Mol . e t ia (Fort
Dodge, | one Gt ot 1 K FRER 20 0RR TP ashaOion BRCeT AR 885 e ( pos:

nol eculoar obeéglat ﬁQool@ﬁ@;gdm,Mpggﬁvel H) dissolved in sterile, distilled
water ad libitumfrom day one to five followed by a five day observation
peri od. SANAMBLFEaSininhitsitiened IDcEpaiubiof b8! diltured ndnbclilsad total vol une
of 200 I and a concentration of 10 ng/ kg body wei ght (BW throughout the
experi nent (dayenoud bieod ®)ps oBoainedlfram cendadiny adulacaas sepapatedtoier and

recei ved ei ther SAHA )
Ficoll-Hypaque. The PBMC fraction was washed and adjusted to five million

cells per ml. Five hundred microliters was aliquoted into each well of 24-well

15 flat-bottom plates, 100 ml of SAHA was added, and the plates were incubated
for 1 h at 37°C. The cells were stimulated with LPS, soluble OKT3, or
cytokines, and after 24 or 48 h At 37°C the supernatant was removed and
frozen for cytokine assays. Monocytes were isolated by centrifugation over
Percoll, washed, suspended in RPMI with 10% FCS, and aliquoted at 2

20 million cells per ml in Petriperm Teflon-coated culture dishes (Sigma). The
ELISA for human IL-12 (p70) was purchased from Endogen (Wobﬁm, MA).

As shown in Fig. 2, there was a dose-dependent reduction in LPS/IFN-

y-induced IL-12 production in nonadherent human monocytes. At 200 nM, the
reduction was 55% (P, 0.01) and at 86% at 400 nM (P, 0.001).

25 EXAMPLE 6 Dextran-induced colitis

Female, 8 week-old C57BL/6 mice (The Jackson Laboratories, Bar
Habor, ME) weighing 20-22 g were used in this study. The animals were

housed in rooms at a controlled temperature and a 12 h day/night rhythm.



(10 ng/ kg BW or water p. o. once daily for 10 days. Body wei ghts, occult
bl ood or the presence of gross blood per rectum and stool consistency
wer e det ewoioneB4emi | y. Two investigators blinded to the pCotEPoRDIsS3assessed
the clinical score (table 1). Wight loss < 1% conpared to 15 day 1 was
counted as O points, weight loss of 140 < 5%as 1 poi nt, 5to< 9.9%as 2
points, 10 to 20% as 3 points and nore than 20% as 4 points. For stool

consi st encyj,e st\éﬁ&ﬁfi%i’c%ncﬁo% WaLds-f0 | CLnggp‘Haldefrée QE(%SQ‘%Q)tap

poi nts for pgstya sem -t or ned stolswh not stick to the anus

(soft), apgded sﬁgflnl’i'é@ ih WotllbfUiil e laSclif@tized GoSthieCKorddRtidbALe afNbkst

(diarrhea). Bleeding 20 was scored O points for no blood in henmoccult, 2

poi nts f orsep@siddysebefoesodell ercdnded iROERp&ithentsgrMss Meeedkiligd Eﬁnese
scores (body weight, stool consistency, rectal bleeding) were added and

di vi ded by;eﬂncelsdlblqcagon mndet sofluramel dnesthaekias@oreDodgei lograf Cidyn I\ ) heal t hy)
to 4 (maxi mal activity of colitis). Post nortem (on day 10), the entire

col on Vias renoMgewarmiead. S%Bie@ér@wniﬂatﬁ sasumn(l2S Sinaotaselas oveight 4dgt h was
neasured as an indirect nmarker i nfl anmation. Col on Ieép%th has been

shown to Bda KAV, éHF%TapQ%}#}iSéPlveﬁ in ﬂP@lmﬂu%%?‘h g dmitis is
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Body weights, occult blood or the presence of gross blood per rectum,
and stool consistency were determined daily. Two investigators blinded to the
protocol assessed the clinical score (table 1). Weight loss < 1% compared to
15 day 1 was counted as O points, weight loss of 1 to < 5% as 1 point, 5 to <
9.9% as-2 points, 10 to 20% as 3 points and more than 20% as 4 points. For
stool consistency, 0 points were given for well-formed pellets (formed), 2
points for pasty and semi-formed stools which did not stick to the anus (soft),
and 4 points for liquid stools that did stick to the anus (diarrhea). Bleeding
20 was scored O points for no blood in hemoccult, 2 points for positive
hemoccult, and 4 points for gross bleeding. These scores (body weight, stool
consistency, rectal bleeding) were added and divided by 3 resulting in a total
clinical score ranging from 0 (healthy) to 4 (maximal activity of colitis).
Post mortem (on day 10), the entire colon was removed from the
25 caecum to the anus and the colon length was measured as an indirect marker
of inflammation. Colon length has been shown to be a reliable parameter in

this model as DSS-induced colitis is associated with colon shortening as

described previously [Gastroenterology,1990, 98,:694:]. Pharmacol.Exp.Ther.,
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From the results, reported in the following Tables 1-6, it is evident that
SAHA effectively counteracts dextran-induced colitis, a valid and established
model of inflammatory bowel diseases in humans.

5 Table 1. Clinical activity score [Lab. Invest., 1993, 69:238-249].

Score points | Weight loss | Stool consistency Rectal bleeding
0 0% Formed Negative hemoccult
1 (>0%) <5%
2 5-9.9% Soft Positive hemoccult
3 10-20%
4 >20% Diarrhea Macroscopic bleeding
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PCT/ EP0O2/ 08379 11 Table 6. Colon length Goup Colon length (cm DSS +

r 7.

Gable 8. CHER enSAHA 9.20.2 SAHA'10.1 0.2 Water 10.5 0.3

Group Colon length (cm)
DSS + water 7.6x£02
DSS + SAHA 9.2+0.2
SAHA 10.1+0.2
Water 105+ 0.3
EXAMPLE 7
5 A series of hydroxamic acid derivatives described in EP 901465 were

subjected to the histone deacetylase (HDAC) and TNFo inhibition tests in
accordance with the methods descried by Lechner et al., Biochim Biophys. Acta
1996, 1296, 181-188 and Moreira A.L. et al., J. Exp. Med. 1993, 177, 1657-
1680 respectively.

10 The results, set out in the following table, show that a linear correlation
exists between the ability of these compounds to inhibit the synthesis of TNFa
and their inhibition of HDAC activity.
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| /| x WO0o03/03u33193 PCT/ EP02/ 08379 13 CLAIMS 1. The us@CafEPayoR3examn c
acid derivatives having histone deacd3yl ase inhibiting activity for the
preparation of anti-inflammtory nedi canents. 5 2. Use as clained in claim
1, whereLAIMS® derivatives are selected from suberoylanilide hydroxanic
acid (SAHA), N- hydroxy-3-[3-(hydroxyam no)-3- oxo-1-propenyl]-benzam de
(CBHA) and trichostatin (TSA). 3. Use as clainmed in claim2, wherein the
derivatives are selected from suberoylanilide hydroxam c acid (SAHA) and
trichostati MheTSKE. ofOhgdrdisenias acidi deivatives! diamidg ohisfofeorddaoetylase
preparation of nedicanents for the treatnment of nultiple sclerosis,
Cr ohn' dnkiibsiéng ectimityuioe éhapireparationtdfsinti-atfiemastbey asidcarnbetsmat oi d
arthritis, psoriasis, spondyloarthropathies (anchilosating spondilitis,
psofi atZi.c aldser as i daimed hini tlagmc dnnebereih tthe udedvativese are dleldotsd , from
Al DS-rel ated_neuropat hi es, asthma, chronic obstructive |lung diseases, 15
br onchisttberoypamdlidet hydraxemie aeid ¢BADMAY Nebpdioxiys3{[8i-(theiroxyamino)kict eri al
or toxic), acute glonerul onephritis.

oxo-l-propenyl?-benzamide (CBHA) and trichostatin (TSA).

3. Use as claimed in claim 2, wherein the derivatives are selected from
suberoylanilide hydroxamic acid (SAHA) and trichostatin (TSA).

10 4. Use as claimed in claim 1 or 2 for the preparation of medicaments for the
treatment of multiple sclerosis, Crohn’s disease and ulcerative colitis,
atherosclerosis, rheumatoid arthritis, psoriasis, spondyloarthropathies
(anchilosating spondilitis, psoriatic arthritis, arthritis connected to ulcerative
colitis), AIDS-related neuropathies, asthma, chronic obstructive lung diseases,

15 bronchitis, pleuritis, acute and chronic hepatitis (either viral, bacterial or toxic),

acute glomerulonephritis.



