USE OF DI KETODI THI OPI PERAZI NE ANTI BI OTI CS FOR THE PREPARATI ON OF

ANTI ANG OGENI C PHARMACEUTI CAL COVPCSI TI ONS The present invention relates to
t he use oWodvdsalsedst hi opi perazi ne antibiotics, in parti eglrapesaeiseri N and

gliotoxin, for the preparation of nedicanments with antiangi ogenic activity.
STATE OF THE ART Chaetocin (1) (lI) and chaetomn (1I) (") are
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. V. Rodr | gg %21 Am Chem Soc, Washington, D.C, 1976, G W Ki r by,
DJ. F{ob'@(b;M 51 '@Nst hesis of Mycotoxins, ed. P.S. Stenyl, p. 301,
Academ c Press, New York, 1980. For the isolation of chaetocin from

col tures of Chaetomi umsp. strains, assigned to a C thielavioideum and
froma Farrowhd $Peschlt! AlventiRae réla8 o HHAGAWA ! dBletodiTRRPRS QYRG! ON Of
chaet ogl obosi ns, "sterigmatocystin, O nethylsterigmatocystin, and chaetocin
by ChaehfibiH&PPin Fetibeladt eHadtdbl ;andaliodoxinM fdrolsh@lpre%)%?a%m?ﬁ{ﬂ) :
170-7 and S. Sekita, et al., Mycotoxin production by Chaetom um spp. and

rel at ed nfdiigimekBMwith antMpio@émt ach98y. 27(8):766-72). The compounds of
this class are characterised by the présence of a disul phide bond. Besides
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are representative examples of epipolythiodioxopiperazine antibiotics, which
are secondary metabolites of moulds having antimicrobic and cytotoxic
activity produced by fungi of the Chaetomium strain (C. Leigh, A. Taylor,

Mycotoxins and other fungal metabolites related food problems, ed. J.V.



epi pol yt hi odi oxopi perazines are gliotoxin (I1l) (1Il) (P. Varing, J .
Baever, diotoxin and rel ated epi polithiodi oxopi perazines , Gen Pharnacol .
27, 13 1lwéd 28d6m661H896), sporidesm ne (Chem Ber. 105(1 Prrrpddsrnelysy 1972),
aranotine (N. Neuss et al., Aranotin and related netabolites. I1.

| sol ati on, Characterization and structures of two new netabolites,
Tetrahedron Letters, 42, 4467-4471 , 1968), verticillin (Chem Ber. 105(1
1) : 3658- Bodricky2p) 22%e|Amactlim. Goc.,Rélasborgtonbdd Cof 18765 dn 8Y. Kartiyaaci di n,
an Inhibitor of Nicotinic Acid Biosynthesis; J . Bacteriol. 96(4): 1285-
1290, 1908 Radins.y ZdehiBipsifasiso ok nbliisosariant icsi oPis Atewg41por30l,
aspirochlorine; K Sakata et al., Structural revision of

aspi r ochfeafleraic BresshNery ¥ oxBobA49. For thevisolasisnap’ ehassopiar fomneotumssdi one
produced by aspergillus SPP, Tetrahedron Letters, 28 (46), 5607-5610,
1987) . AP hagtardnel ispe stredns, Passigned m eukbdhiglipyicidewde sl frommvachel et
al. inJ . Antibiot. 27, 57 (1974) has_a epi pol yt hi odi oxopi per azi ne

st rucx ur BarreNdat Bi nst6aigs r 8R% udlécamd Alamatee orifli- gt i IR dHEUE &N

di scl osed by H P. \Wber (Helv. Chim _Acta, 53(5): 1061-73, 1970; Acta

Cryst al | effpetoghobospeussterignaygcy sy JP ey AR ergmagoerstena@ié Ghdetifina
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Besides  chaetocin  and  chaetomin, further examples of

epipolythiodioxopiperazines are gliotoxin (I1I)

(1)

15 (P. Waring, J. Baever, Gliotoxin and related epipolithiodioxopiperazines, Gen
Pharmacol. 27, 1311-1316, 1996), sporidesmine (Chem. Ber. 105(11):
3658-61, 1972), aranotine (N. Neuss et al., Aranotin and related metabolites.
II. Isolation, Characterization and structures of two new metabolites,
Tetrahedron Letters, 42; 4467-4471, 1968), wverticillin (Chem. Ber.

20 105(11):3658-61, 1972;), melinacidin (F. Reusser, Mode of Action of
Melinacidin, an Inhibitor of Nicotinic Acid Biosynthesis; J. Bacteriol. 96(4):
1285-1290, 1968) and oryzachlorin (also known as antibiotic A-30641 or

aspirochlorine: K. Sakata et al., Structural revision of aspirochlorine



anong themtissue oxygen tension is highly relevant, as denonstrated by the
reversibile increase in VEGF nRNA | evels under in vivo and in vitro hypoxia

condi t i ongo 20dwcbI8r eased expressi on of VEGF nRNA i s naipoircpomadioadssd by t he
transcri ption hypoxi a-inducible factos- 1 (Hf-1), which binds to a
recognition site in the pronoter region of the VEG- gene. A great nunber of
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2001 from Chaetomium abuense and C. retardatum, Tetrahedron Letters, 26, (39),
4731-4734, 1985).

Vascular Endothelial cell Growth Factorv (VEGF) plays a fundamental
role in processes of physiological and physiopathological angiogenesis.

15 Different mechanisms are involved in the regulation of the VEGF gene;
among them tissue oxygen tension is highly relevant, as demonstrated by the
reversibile increase in VEGF mRNA levels under in vivo and in vitro hypoxia
conditions. The increased expression of VEGF mRNA is mainly mediated by
the transcription hypoxia-inducible factor-1 (Hif-1), which binds to a

20  recognition site in the promoter region of the VEGF gene.

A great number of experimental data show that Hif-1 is a global
regulator of oxygen homeostasis and that an impaired Hif-1 activity promotes
survival, proliferation, invasivity and metastatization of tumoral cells
(G.L. Semenza, Nature Review Cancer, 3, 2003, 721-732). It has been

25  therefore hypothesized that therapeutic strategies aimed at inhibiting Hif-1
activity can increase survival of cancer patients (Semenza GL. HIF-1 and
tumor progression: pathophysiology and therapeutics, Trends Mol. Med.

2002 8:S62).



107:43). The expression of Hf-I a exponentially increases as O2
concentration decreases and determ nes the global levels of Hf-1 activity.
The functwonoefosttye Hif-1 a transactivati on domain is alpe@/EPodseeisst O
negative regul ation controlled by oxygen partial pressure. The N-term nal
transactivation donmain is negatively regulated through the recruitnent of
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pr ot eosone “degradati on and transcriptional activity of Hf-1 .
Oxygen is the limiting substrate for the prolyl-hydroxylase that modifies
Hif-1a (Epstein AC et al. C. elegans EGL-9 and mammalian homologs define
a family of dioxygenases that regulate HIF by prolyl hydroxylation, Cell 2001
107:43). The expression of Hif-lo exponentially increases as O,

15 concentration decreases and determines the global levels of Hif-1 activity.
The function of the Hif-la transactivation domain is also subject to
negative regulation controlled by oxygen partial pressure. The N-terminal
transactivation domain is negatively regulated through the recruitment of
hystone deacilase by VHL and the factor inhibiting Hif-1 (FIH-1), which
20 binds to both VHL and Hif-1a (Semenza GL. et al. FIH-1: a novel protein
that interacts with HIF-lalpha and VHL to mediate repression of HIF-1
transcriptional activity, Genes Dev. 2001 15:2675).
Hif-1 activation occurs through coactivators p300/CBP which
physically interact with the activation of the Hif-1 domain to facilitate
25 transcription of genes like VEGF (Arany Z. et al. An essential role for
p300/chbp in the cellular-response to hypoxia, Proc. Nat. Acad. Sci. USA 1996
93: 12969). Both p300 and CBP are co-activators also for other transcription

factors, such as Stat-3, NF-kB, p53.



The structural details of the interaction between Hf-I a TADC with the
CH domain of p300 or CBP have been clarified (Eck MJ. et al. Structural
basi s f orwoeossustent of CBP/ p300 by hypoxi a-i nduci bl e f @¢trap20050@d4pha,

Proc. Natl. Acad. Sci. USA, 2002 99:5867, Wight PE et al. Structural basis
for Hf-1 al pha/CBP recognition in the cel l ul ar hypoxic response, Proc.

Nat. Acad. Sci, USA, 2002 9 |Is of . the interaction between
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The structural details of the interaction between Hif-1ao TAD-C with
the CH1 domain of p300 or CBP have been clarified (Eck MJ. et al. Structural
basis for recruitment of CBP/p300 by hypoxia-inducible factor-1 alpha, Proc.

15 Natl. Acad. Sci. USA, 2002 99:5367, Wright PE et al. Structural basis for
Hif-1 alpha/CBP recognition in the cellular hypoxic response, Proc. Nat.
Acad. Sci. USA, 2002 99:5271). Details of the interaction between p300/CBP
and the CITED2 protein (also known as p35"7), which is considered a
negative regulator of HIF-1w activity, have also been published (Freedman,

20 S.J. et al, Nature Structural Biology, 2003, 10(7), 504-12).

Hif-1 activation induces transcription of a number of genes involved in
the production of angiogenic factors, glucose carriers, glycolytic enzymes,
survival, migration and invasion factors, which are particularly important for
tumor progression.

25 Aberrant expression of Hif-1a protein has been observed in more than
70% human tumors and their metastasis and has been associated to an

increase 1in vascularization and tumor progression (Zhong, H. et al.,

Overexpression of hypoxia-inducible factor 1o in common human cancers and



881-890 (2001)), oro-pharyngeal squanous cell cancer (Aebersold, D.M et

al . Expression of hypoxia-inducible factor la: a novel predictive and
prognost iwopadcuset7er i n the radiotherapy of oropharyngeacramnasiiss€ancer
Res. 61, 291 1-2916 (2001)), early stage cervical cancer (Birner, P. et al.
Over expressi on of hypoxi a-induci bl efactor la is a markerfor an unfavorable
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i nhibitors acting through in anlsns ave SCTl such as:

7SI v (Sl by 53%8?&1‘5 AELEE
al . Regualat ERpr&fsidy PORI BypordlGhdh &blaCHkRForl- Al-PhA r?&ﬂfyleﬁﬁéc%n%‘dand
prognostic parameter in the radiotherapy of oropharyngeal cancer, Cancer
Res. 61, 2911-2916 (2001)), early stage cervical cancer (Birner, P. et al.
Overexpression of hypoxia-inducible factor lais a marker for an unfavorable
15 prognosis in early-stage invasive cervical cancer, Cancer Res. 60, 4693-4696
(2000)), head-and-neck cancer (Koukourakis, M.I. et al., Hypoxia-inducible
factor (HiflA and Hif24), angiogenesis, and chemoradiotherapy outcome of
squamous cell head-and-neck cancer, Int. J. Radiat. Oncol. Biol.’ Phys. 53,
1192-1202 (2002)), mutated-p53 ovary cancer (Birner, P. et al., Expression of
20 hypoxia-inducible factor la in epithelial ovarian tumors: its impact on
prognosis and on response to chemotherapy, Clin. Cancer Res. 7, 1661-1668
(2001)), oligodendrioglioma (Birner, P. et al., Expression  of
hypoxia-inducible factor-1c in oligodendrogliomas: its impact on prognosis
and on neoangiogenesis, Cancer 92, 165-171 (2001)) and BCL-2-positive
25 esophageal cancer (Koukourakis, M.I. et al., Hypoxia inducible factor
(HIF-1a and HIF-20) expression in early esophageal cancer and response to

photodynamic therapy and radiotherapy, Cancer Res. 61, 1830-1832 (2001)).

Different approaches for inhibiting Hif-1 activity have been described



function by the manmmal i an target of rapanycin, MIl. Cell. Biol. 22,

7004- 7014 (2002)) and MEKK inhibitors (Sodhi, A et al. The Kaposi's

sar cona- ageQoécalsedsher pes virus G protei n-coupl ed recepor/ppRecsREIsAt €S
vascul ar endothelial growth factor expression and secretion through

m t ogen-activated protein kinase and p38 pat hways acting on

hypoxi a-i nduci bl e factor la, Cancer Res. 60, 4873-4880 (2000)) which act on
t he transythe litematyre s$gm§|csf thiat suggﬁstaﬂ thei isel ofaarttiseinsy oligomubleodrdesof
HSP90 chaper one prot ei na‘% @d%leeSh . et al. Geldananycin induces

degr adat f@mHu L eypsodi negation anmana HIG- lefopmet ei n via the prot eosome
pathway in prostate cancer cells, Cancer Res. 62, 2478-2482 (2002));

i nhi bi tors of AMTE ddéxipharmacelogical apprstachesii fflllftlrae aivity anhrbstios st at e
(Welsh, SJ. et al. The thioredoxin redox inhibitors 1-meth Ipr@g

2-i m dazetjng ditBigushdeindisegs| eneehamisman;hsve hlmm deserdorsbd Susbt oas:l a and
vascul ar_endot helial growth factor formation, Cancer Ther. 2, 235-243

(2003) ) : PRCand 3y iplibatoges (4Bndelze Wi c?bt@ﬂbulﬂé@s Slic TN faCllltatﬁS ;
2- met hox adi bj eesh, . et al. 2ME2 inhibits tunor wt h an
angi ogentalsl B ﬁw@aﬁgﬁnﬁgxﬁr@smb@eegs dier-ar 841G 6400 ?f@mgr Cel |
3, 363-375.(200 and epoth ones (Escuin, D. et al., Epothilone
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mitogen-activated protein kinase and p38 pathways acting on
hypoxia-inducible factor I, Cancer Res. 60, 4873-4880 (2000)) which act on
the transduction of signals that control Hif-1a activity; inhibitors of HSP90

15  chaperone protein (Mabjeesh, N.J. et al. Geldanamycin induces degradation
of hypoxia-inducible factor l1a protein via the proteosome pathway in prostate
cancer cells, Cancer Res. 62, 2478-2482 (2002)); inhibitors of
thioredoxin-reductase, which modify the cellular redox state (Welsh, S.J. et
al. The thioredoxin redox inhibitors I-methylpropyl 2-imidazolyl disulfide and

20  pleurotin inhibit hypoxia-induced factor 1o and vascular endothelial growth
factor formation, Mol. Cancer Ther. 2, 235-243 (2003)); molecules which
destabilize microtubules, such as 2-methoxyestradiol (Mabjeesh, N.J. et al.
2ME?2 inhibits tumor growth and angiogenesis by disrupting microtubules and
dysregulating Hif, Cancer Cell 3, 363-375 (2003)) and epothilones (Escuin,

25 D. et al, Epothilone B inhibits Hif-la downstream of its microtubule
stabilizing effects, Proceedings of the 95" Annual Meeting of the American

Association for Cancer Research, Abs. 5427).

Recently, inhibition of both constitutive and hypoxia-induced Hif-1o



Ther. 3:233-244, (2004)). Finally, it has recently been reported that
chaetomn -a netabolite of Chaetom um sp fungi w th dithiodi ketopi perazine

st ruct ur ewoi2nésisteses wWith the binding of Hf-1 to p300pcTheesmpnsnd acts
altering the structure of the CH donain of p300, thus preventing its
interaction with Hf-1 . Admnistration of chaetomn to tunor-bearing mce

i nhi bi t s|l¥ROY| qaknﬂm:%magﬁmwp&km&im Bmah%oénﬁghy@%taf e (A L.
'l , cha

Kung et al ., ncer Ce 33-43, 2004). diotoxin an etocin are

comer ciglde/ ARl habl Bedn QBpSHITR T oRip Al GRBWRE m%ngﬁtiﬁﬁﬁ&faqﬁ ng to

t he nethods described in the abovenentioned publications. The tota

synt hesigpfityd|H Ok e¥ér) thé MR dDaclionfYAEBmpeunbaidt ket 8edn Ki shi
in Total synt'hesis of "gliotoxin, dehydrogliotoxin and hyal odendri n,

Tet rahedsaly cWified) (S 2WAsIR0A8al, 19k kirumb SCHBMEE ol TR MENTHEN Lt has

now been found that antibiotics with a diketodit"hiopi perazine Structure, in

par t iscul miopehees ofPX-ang, h iihid¥ioR ofHyBoRld-ndieiblédr 1 REMY1THG Y Of
Hf-I with p300 and to prevent VEG- production in c¢ells malntained under
hypoxi a Thadidt2n244Taep4)n a first enbodi nent the invention relates to
the use of diketodithiopiperazine antibiotics selected fromchaetocin and

gliotoxin forFinhHypithas attaitlphbesrdieparet that @hathenin’ eatni@abolife of
pat hol ogi es wherein inhibition of the binding of Hf-lce with p300, in

parti cul @hadtomitihe spr fepayi avithndiohicalik ¢ t@pip xgeieCs trachiue anenfcsfeobs ecith of t he
invention are therefore chaetocin and gliotoxin as antiangi ogenic,
ant i - pr aheflendingvef Hif} 1 antoi p30e). Riteat orapagrdtasts dlterang thé¢ beucenrbodithent, the
invention relates to pharnmaceuti cal
10 CHI domain of p300, thus preventing its interaction with Hif-1cu
Administration of chaetomin to tumor-bearing mice inhibits hypoxia-induced
transcription in the tumor and tumor growth (A.L. Kung et al., Cancer Cell, 6,
33-43, 2004).
Gliotoxin and chaetocin are commercially available from Sigma
15  Aldrich and can be obtained according to the methods described in the above-
mentioned publications. The total synthesis of gliotoxin is reported by
T. Fukuyama, S. Nakatsuka e Y. Kishi in Total synthesis of gliotoxin,
dehydrogliotoxin and hyalodendrin, Tetrahedron, 37(11), 2045-2078, 1981.
DISCLOSURE OF THE INVENTION
20 It has now been found that antibiotics with a diketodithiopiperazine
structure, in particular chaetocin and gliotoxin, are able to inhibit the binding
of Hif-1ae with p300 and to prevent VEGF production in cells maintained
under hypoxia conditions.
Thus, in a first embodiment the invention relates to the use of
25  diketodithiopiperazine antibiotics selected from chaetocin and gliotoxin for
the preparation of medicaments for the treatment of pathologies wherein

inhibition of the binding of Hif-1a with p300, in particular for the preparation

of antiangiogenic medicaments.



conposi tions conprising di ketodithiopiperazine antibiotics selected from
chaetocin and gliotoxin active ingredients, in adm xture wth suitable

carriers wodo@xgspsents. The invention further relates torapamishosisf or
inhi biting VEG- production in a cell,9which nethod conprises contacting the
cell wth an effective anmount of chaetocin or gliotoxin. DETAl LED

DESCRI PTI ON - @5bjlddie d NN N tHInk @e0 thdrBf B! dHle®ddiNCart ol Rtk irCas anfi-
particul ar chaetocin and gliotoxin, are able to inhibit the interaction

bet ween dﬂigiogelﬁii@gaﬁﬁg&olﬁ’érdtiv&@fid BEEMMPRSHItRY Agerte. demonstrate with a
fluorescency assay adapted from Freedman SJ et al., Nature Structural

Bi ol ogy 2003,InlG (fa}thepO0émbbAimehaetiei inventofll rélafs RoahRatigE&ftfg usef ul
for the control of angiogenesis and tunor growth. Pharnaceuti cal

conposi téampositionbesempeising ndik codithRpesstaeitee inkibivges Qectele fidat ment
of a nunber of pathol ogi es wherei n angi ogenesis is involved as pathogenesis

fact or, dletexdianpldghofdxdnentiveangBedibnsQlin ddiiraire widhahefabse tatrigropat hy,
rheumatoid arthritis, psoriasis, emangi oma, scleroderna, neovascul ar
gl auconeandSexdigidntsors that are particularly sensitive to conpounds able to
inhibit the binding of Hf-l a wth the CH domain of p300 conprise |ung
carci noma, nehimar irvenciancifoothier pelasisatte aaméthoda,foneuildbltast OVEGF
glioblastoma multiforme, nelanoma, central nervous system tunors,
or o- f ar yprgdattisguamauseldeMhichnoethod eowiprisesvesntactiagpiirgeell , wkihdsey
col on, head-and-neck tunor and ol igodendroglioma. For the envisaged
t her apewtffecdivasmouns af ¢hketosdn bhigbipitgrainazi neanti bi otics will be
adm ni stered through the oral, parenteral, transdermal,

10 DETAILED DESCRIPTION OF THE INVENTION

Diketodithiopiperazine antibiotics, in particular chaetocin and
gliotoxin, are able to inhibit the interaction between Hif-1a and p300, as it has
been possibile to demonstrate with a fluorescency assay adapted from
Freedman SJ et al., Nature Structural Biology 2003, 10 (7), 504-512.

15 Chaetocin and gliotoxin are therefore useful for the control of
angiogenesis and tumor growth.

Pharmaceutical compositions of these compounds can be conveniently
used for the treatment of a number of pathologies wherein angiogenesis is
involved as pathogenesis factor, for example different forms of solid tumors,

20  diabetis retinopathy, rheumatoid arthritis, psoriasis, emangioma, scleroderma,
neovascular glaucoma.

Solid tumors that are particularly sensitive to compounds able to inhibit
the binding of Hif-1a with the CH1 domain of p300 comprise lung carcinoma,
mammarian carcinoma, prostate carcinoma, neuroblastoma, glioblastoma

25 multiforme, melanoma, central nervous system tumors, oro-faryngeal
squamous cell cancer, cervix, ovary, esophageal, kidney, colon,

head-and-neck tumor and oligodendroglioma.

For the envisaged therapeutical uses, said ketodithiopiperazine



rectal, topical or equivalent adm nistration route, in dosages that will be
determ ned by the experts in the field according to the pharnmaco-toxi col ogy

and phar nmoQkesnstizs properties of the sel ected conpoundpamdprasseisisng to
t he pathol ogy, its severity and progrmssion stage and to the patient's
wei ght, sex and age. However, the dosages will be typically conprised

bet ween fhtibignds 1001 ¥ Kahdhest¥eldh tﬁ&%@ﬁftyhe{) g)rglgﬁ?é&%h%}hl,oﬁahﬁ‘@er%’éli, ent.

Chaetocin and/or gliotoxin will optional ni stered in conbl hation

Wi th ot hettathesPichEIAPeYhival &teBEMinsBations t@aNee thndé t (iRt apyl PBOt ocol s
with potentially synergistic drugs having different nmechani smof action.

Exanpl esievérriiddosy th®Rpefts tilethe NN &l AQbrafPEd $Ife PARBULES-tokRIISE P
i njectable or oral” solutions or suspensions, suppositories,

cont r ol | pRheASEskihofi o prapertidieot ithe sefited comssind and %r@ﬁlgﬁf&par ed

by neans of conventional techni ques and excipi ents, for exanple those

di schosalleipatiRelvicyyt Brses eFRrARICAtEdre io PGt AN 88d enHBqHtientd Wepsht, Mack
Pub., N.Y. ,IﬂlU. S. E?gThe i nve%ti onpliuig illust rflgtge:d in gre?tyér det ai Iegi} n the
fol | ow ngxex@pies. Exanple 1 - Inhibition of Biot-H f-1 786

826/ GST- p300323/ 423 Chaetocin's ability to prevent interaction between

H f-1 and p3@owaseletie dvsdgiat adllube ngpihidlyf lcoai@icendytassay0. ( DELEI A(tm) )
met hod di scl osed by Freedman SJ at al., Nature Structural Biology 2003, 10
(7), 504-Bldrg/Kgidiablith respdat ed thd neeiphrafithe patientl ated Hif-1 fragment
corresponding to C-term nal am noacids 786-826 (Biotinylated Hf-I 786 826)
w a s obtai néchdpyodinaSpet/or gliotoxin will optionally be administered in
10 combination with other chemotherapeutic agents, for instance in
chemotherapy brotocols with potentially synergistic drugs having different
mechanism of action.
Examples of compositions of the invention comprise capsules, tablets,
injectable or oral solutions or suspensions, suppositories, controlled-released
15 forms and the like. Said compositions can be prepared by means of
conventional techniques and excipients, for example those disclosed in
Remington’s Pharmaceutical Sciences Handbook, XVII ed. Mack Pub., N.Y.,
U.S.A.
The invention is illustrated in greater detail in the following examples.
20 Example 1 - Inhibition of Biot-Hif-10%6%26/GST-p300323/423
Chaetocin’s ability to prevent interaction between Hif-1« and p300 has
.been evaluated using the fluorescency assay (DELFIA™) method disclosed
by Freedman SJ at al., Nature Structural Biology 2003, 10 (7), 504-512,
suitably modified.
25 The human biotinylated Hif-1o fragment corresponding to C-terminal
aminoacids 786-826 (Biotinylated Hif-1ax "%%2%) was obtained by AnaSpec

Inc (San José, California, USA) and used without further purifications.

A construct expressing the GST-p300°2*** fragment was transformed



Inc (San Jose, California, USA) and used without further purifications. A
construct expressing the GST-p300323 423 fragnent was transfornedin the
BL21 ( DE3yo3vdcaistr7ef E. coli. Such construct was obtai nedthp2elsomsasy in the
expression vector pGEX-4T-1 (Amrershamin . 27-45-80-01) the DNA sequence

whi ch encodes for the p300 region conprised between the 323-423 am noaci ds;

t he DNAﬁleméeﬂmmw@eazabg@aiﬁ%%.rﬁ@ﬁg@eg}%%&ﬁmdwsma _i@?ﬁﬁg{lg?ﬂ)- The

expression of the protein was I nmM i sopr opy

-D-gal ac i i € teard ysedh4_kpC ' ion in
thegpr es%%ggkggagidsjﬁi&ggﬁbﬁgge??%é%rﬁhw&%ﬁgIzlid Qg%%bggyg)%%g%%d , 0

.1 M Zn@ende WMiPH Tonc®dés T8¢ The b%@@%?’ﬁ)tﬁ@@mﬁrﬁségllfelttw%n nge e 9t ease

i nhibitor) and GST fusion protein contarned in the soluble fraction was

puri fi edaifhcuciigittAt MINACsRRRARE W GRalRY throéMPR PEIR P B8 612808 ¢8Svin NO-

27-4574-01). The protein final concentration was determ ned according to

Br adfsor dRgadtiori)nTH prdsasaadf (hBrm@dtandvd indiRld. wBhOLh&MNisofZop9ts.
(1976)). Sanples purity was eval uated through SDS- PAGE. The sanples were

stored atﬂlio@D-'gﬁlla@td@%rﬂisi&@%(llﬂei&iasfl“ﬁ}é VB tEdA I 1 vRereOUlys2dl fqﬁb@%ﬁ, usi ng
96-wel | s NUNC Maxi sorp plates. C96 NUNC Maxi sorp plates (‘Nunc, product No.

446612) suavieatiore uhathedpresensé Gt a Wulifabsd bepfaVv(TH mNSTHEBH@! PHUSIOON0. S
4762) at a final concentration of 1 ng/m in PBS buffer (Phosphate Buffered

Sal i ne 1M0riviMoNaGh) @HosPiEAESO450 mM DO Ui Clalgtril tes ddiné. nd a Ealet wel |
was then washed three tines with 300 mMl of TBST buffer (50 nM Tris-HC pH

8.0, 1500fRbbhElprofza®dimliibitor) ndeBSZHusidaptote] ton@snédém theldethbaé t h 100

m of a 10 nMsolution of biotinylated Hf-1 786 826 in TBSB (50 nM

Tri d0HC frp¢ti@ Owas5punificadn HI{whathioBSSepBagse, 4B otbsti (MomefshHani53) )

and incubated Ih at 250C. In the last row of each plate only TBSB buffer

was Biosciences; no. 27-4574-01). The protein final concentration was determined
according to Bradford with the Biorad assay (Bradford M., Anal.
Biochem.,72, 248, (1976)). Samples purity was evaluated through
SDS-PAGE. The samples were stored at -80°C in glycerol 50%.

15 The assay was carried out as follows, using 96-wells NUNC Maxisorp
plates. C96 NUNC Maxisorp plates (Nunc, product No. 446612) were
incubated overnight with streptavidin (Sigma; product No. S 4762) at a final
concentration of 1 pg/ml in PBS buffer (Phosphate Buffered Saline 10 mM
sodium phosphate, 150 mM sodium chloride pH 7.4). Each well was then

20  washed three times with 300 pl of TBST buffer (50 mM Tris-HC1 pH 8.0,

150 mM NaCl, 0.05% (v/v) Tween 20). Each well was then added with 100 pl
of a 10 nM solution of biotinylated Hif-1¢/*¢%2% in TBSB (50 mM Tris-HCI
pH 8.0, 150 mM NaCl, 5% (w/v) BSA (Sigma, product No. A 2153)) and
incubated 1h at 25°C. In the last row of each plate only TBSB buffer was
25 added. Each well was then washed three times with 300 pl of TBST buffer.
The plate so prepared was used for the assay.

Separately, a plate (daughter plate) containing in each well 10 pul of a

10 uM solution of each test compound in DMSO was prepared. This plate was



added. Each well was then washed three tines with 300 ml of TBST buffer.
The plate so prepared was used for the assay. Separately, a plate (daughter
pl ate) combavevosgr7sn each well 10 ml of a 10 nM sol uti orcofere@shiiest
conmpound in DMSO was prepared. This plate wasadded with 100 m of a 111 pM
sol ution of GST-p300323 423 diluted in incubation buffer (TBSB added with

0. 1% ( v/ wjidddewith2Q000,5 &f M OTT, pM sdfudos &F, GYTX 99012%233%1%&{:@“&- 100

m. of the m xture contal ned in the daughter plate re i medi ate

transf er ihibiationhBu ffes 3T BE Bt &dd e tid Uit ev/v! BlvBeMeaxy, poespﬁmdmf h
chaetocin at a concentration of 10 mM safe for the two last well rows,

wher ei n ¢8cgiMAZRCly)sniadae dhwisbhutiéhsTl 0of Dl\@ptheTHﬁﬁﬁuEV&bdtQM&drﬁpflﬁsem ed
the positive (row 11, + Hf-1) and negatlve (row 12, - Hf-1) control.

After i ndabghteopliterwede mimaBREelyereis forled mae\m&seglatt@r ee times with 300
mL TBST buffer (50 mM Tris-HC pH 8.0, 150 mM NadCl 05% (v/v) Tween 20).

Each el | wasEnbkenlsagted platdwes. ;&eEgrle with EWAQBE1 awn@enﬁrahbnfefﬁ
anti body (DELFIA Eu-N | abel ed; Perkin El nmer; product no. AD 025 1)

di ssol vedOi pM} 0@ felfof BEB thuf 12t woltrivwy, Nghd@ima@AGhall wht eiddedcHht i on
for Ih at roomtenperature, each well was washed three times with 300 mi

TBST buf 1@ryL tdfedMSO0. fiihesé twiograls aegieséytedghs Qasifiee (fdnhincermt1)
Solution, Perkin Elmer prodotto No. 1244-105) was adde The pl ates were
t hen readnd\mtegathl(Bi\ﬂ‘JIZal-;}M PRedtfr¢lPer ki n El nmer) reader in fluor escence
node for tine resolution. Chaetocin activity was cal cul ated as follows. The
fl uorescence fuftem inatbatiaf forepat 26°Contclohmel]l was ovash2zdahréd emeswithl at e
was subtracted to the fluorescence value of all the other wells. The
resul@ i ng0® InJorld8BErpeffern (2@ nit TemeHCIgpH &bs 15DemMiNaGE 0¥ % lie/viean
fluorescence value of the positive
Tween 20). Each well was then added with 60.8 ng of an Europium-labeled
anti-GST antibody (DELFIA Eu-N1 labeled; Perkin Elmer; product no. AD
0251) dissolved in 100 pL TBSB buffer containing 10 pM ZnCl,. After
incubation for 1h at room temperature, each well was washed three times with
15 300 uL TBST buffer, then 100 pl of signal-amplifying solution (Enhancement
Solution, Perkin Elmer prodotto No. 1244-105) was added.
The plates were then read with a FUSION alpha-FP-HT (Perkin Elmer)
reader in fluorescence mode for time resolution.
Chaetocin activity was calculated as follows. The fluorescence mean
20  value of negative controls in row 12 of the test plate was subtracted to the
fluorescence value of all the other wells. The resulting fluorescence value for
each well was then divided by the mean fluorescence value of the positive
controls in row 11 (which represented the maximum signal value, 100%), and
expressed as percent value. The inhibition value was the difference between
25 100 and the signal percentage calculated for each well.
Using daughter plates where the compounds were present at ten

different concentrations comprised between 90 uM and 0.178 puM in each

row, a dose-response curve could be calculated from which the ICs, could be



controls in row 11 (which represented the maxi num signal value, 100%, and
expressed as percent value. The inhibition value was the difference between

100 and twe 28eageai7sper cent age cal cul ated for each wel | . posiEpgoodaunbt er
pl ates where the conpounds were presemt at ten different concentrations
conpri sed between 90 MM and 0.178 nMin each row, a dose-response curve

coul d bejad)edil WrR@ntrafiGnbf it ddipbed neosdrPedealyedots anmsRisRbEon of

t he conpound necessary to cause 50% i nhibition of the signal). Rows 11 and

12 cont aiei E‘i@ntaQQ_ RBWisCl ¢ oid Y17 eRmesan L dhe heelfie 0ol - rebRedeitd RSt .
chaetocin showed inhibition of the interaction between Biot-H f-1 786 826
and GST-guifieh1823/ 423 with an 1 C50 of 12.5 mM Exanple 2 - Inhibition of

VEG- production The conpounds of the invention were eval uated using a

cel lul ar testInothigenst, chadtyciipdhbived HHTBIIAPIFOLRS ¢hikea®RidiebEBweeh | S
(Hep3BVEGFLuci f er ase% in order to stably express a vector wherein

| uci fSer aB1QIEM] EE&E g dFG8TepB 80P &CaditinaelC 4 ke optnal of the rat VEGF
gene pronoter. H F-1 induction with deferoxam ne (which induces hypoxi a)

i nduces Exainpde 2selihiddtionpsf VEGRpreghucaivn vati on of the VEG- pronoter,
which in turn leads to an increase of luciferase activity which can be

nmeasur ed wi t HTlke compeuaidaldfithavai émbbre ware .eVIh&lté@lﬂiEﬁ?d%ellmz&l’tfeQﬁ’blﬁlg wi th
the HIF-1 /p300 conpl ex cause inhibition of H F-dependent |uciferase
acti vat i gmetrcaslyl t hmglifiedt heumaddu cepatocafcihomiafl eitbepS Bactdellst y (HEp@Bef or e,
this assay allows to evaluate the activity of the conpounds towards the
VEGF pr b L usifiérabe) m esdanbi sthblyoeXfir€hs predumt whereindusifesegu@pen t unor
angi ogenesi s. The Hep-3B- VEG- Luciferase |ine was obtained according to the
f ol 16w Nyegtiogdthane. is placed under the control of the rat VEGF gene promoter.
HIF-1 induction with deferoxamine (which induces hypoxia) induces
luciferase trascription through activation of the VEGF promoter, which in turn
leads to an increase of luciferase activity which can be measured with a
commercially available kit. The compounds interfering with the HIF-1a/p300
15 complex cause inhibition of HIF-dependent luciferase activation, resulting in
the reduction of luciferase activity. Therefore, this assay allows to evaluate
the activity of the compounds towards the VEGF promoter, which is essential
to VEGF production and subsequent tumor angiogenesis.
The Hep-3B—VEGF Luciferase line was obtained according to the
20  following procedure.
Human epatocarcinoma Hep3B Cells (ATCC reference No. HB-8064)
were seeded onto 6-well plates at a concentration of 2.5x10° cells/well in
2 mL DMEM/10% FCS and the day after were transfected with Fugene 6
(Roche Biochemicals®). The transfection mixture in each well contained 6 ul
25 of the transfection reaction Fugene 6, 1 ug of the reporter plasmid
pxp2-VEGF-luciferase (rat VEGF promoter, NCBI GenBank accession
No. U22373, Levy et al., J. Biol. Chem. 270 (22), 13333-13340, 1995), and

10 ng of pcDNA 3.1(+)plasmid (INVITROGEN) which makes cells resistant



Human epat ocarci noma Hep3B Cells (ATCC reference No. HB-8064) were seeded
onto 6-well plates at a concentration of 2.5x1 05 cells/well in 2 tnL DVEM

10% FCS awmd 2vévmeeary after were transfected with Fugene @ctRepeds/o13457
Bi ochem cals (r)) . The transfection mi xture in each well contained 6 m of
the transfection reaction Fugene 6, 1 ng of the reporter plasmd

PXP2- VEGG- h&trnk/ e SErans 8dc t NG R 04R1eRT oufNaBtofdnBatkiRC ARTRIFAGtuNG s U22373,
Levy et al., J°. Biol. Chem 270 (22), 13333-13340, 1995), and 10 ng of

pcDNA 3.ia§tenptieas d (1 NVI TROGEN) whi ch nmakes cells resistantto neomycin.
Transfection was carried out according to the manufacturer's instructions.

The suit abl e Tigd buipgiplel il p@pxﬁl@h@aqtp}ﬁ@h@glﬁiaalmséﬁét_aﬁt té AeHABRWE) Whs Was
sel ected through a cloning approach based on the "limt dilufion" procedure

( Sanbr og¥¢lebted Rhidwgh aB1bnimndpplvicht based. o 108 9)inMelBhiti@r prouvduge A
Laboratory Manual ; Cold Spring rbor Laboratori). The follow ng test of

Luci fer gSanthipoksdi,ofFrasth VEIR ahdcMatiage Ass@PoanvidlestlakoClohiag,
guantification of VEGF secreted in the supernatant "Secreted VEG- ELI SA

test") akelLebordtedy Mdnualt Gokd 8ptiygt Hansfrdcitedassi e Qiiedfcitdwing Bheof
foll owi ng experinmental protocol was used. Day 1. Hep-3B-VEGF Luciferase
cel | s wdrecifeaded exjirossibhawnkivitgs- ikhitifpratesadsaydi neid aesta densithy of
IxXIO4 cells/well/125 M of medium then allowed to adhere overnight in a
t her nostqtan{Bw@tEr COAJEGFDegcr2ted7in the sfipérdafant “Bucketed ¥HIGHE iRINSA of
conpound (previously prepared in nmediumso that DVSO concentration anounted
to 1. 6%tesV) anasamuetbdut witthstabbt trangfeatad sdlevieduwreadls/ wel | = 200 nl, parti al
concentration the conpound = 1.2 x, partial concentration of DVBO = 0.6%.
Aftdf I h i ncublat fadbowmg ereperomeatal protoeol avasassddaduced chemical |y by
addi tion of
Day 1. Hep-3B-VEGF Luciferase cells were seeded onto “blank”
96-well plates (Greiner) at a density of 1x10* cells/well/125 pnl of medium,
then allowed to adhere overnight in a thermostat (37°C/5% CO,).
Day 2. 75 pl of “3.2 x working solutions” of compound (previously
15 prepared in medium so that DMSO concentration amounted to 1.6% v/v) was
added to the cells (partial volume /well = 200 pl, partial concentration the
compound = 1.2 x, partial concentration of DMSO = 0.6%). After 1h
incubation in thermostat, hypoxia was induced chemically by addition of
40 pl/well of a 6x (600 uM) stock solution of deferoxamine (final volume
20 /well = 240 pl, final concentration of the compound = 1x, final concentration
of DMSO = 0.5%, final concentration of deferoxamine = 1x = 100 uM). The
plates were then placed in a thermostat for further 18-20 h.
Day 3. The “luciferase assay” and the “secreted VEGF ELISA test”
were carried out as described in the following.
25 Secreted VEGF ELISA test
Quantification of secreted VEGF was carried out using the “DuoSet

Elisa Development System human VEGF” kit (R&D Systems).

100 pl/well of supernatant from the “blank” 96-well plates seeded with



40 M /well of a 6x (600 mVW) stock solution of deferoxam ne (final vol une
Iwell = 240 m, final concentration of the conpound Ix, final concentration
of DVBO =w0.2b860sb178al concentrati on of deferoxam ne = | »ci/EPRésmidss7 The

pl ates were then placed in a thernostst for further 18-20 h. Day 3. The
"luciferase assay" and the "secreted VEGF ELI SA test” were carried out as
descri betliei rwellse ofolthewHreg3 BSR#EEF elluvHeradel [ Bdn¢ esteruannsfdreat i ano of
secreted VEGF was carried out using the "DuoSet Elisa Devel opnent System
human VH@Hisgarent RO vesi$t pistes (DMaxibénpyl landf suspeedataodrdingmtbhehébl ank”
96-wel | plates seeded withthe cells of the Hep3B/ VEG- Luciferase clone were
t r ansf erimsttuichibos tof dhe far mahu Setwedr] pl at es (Maxi sorp) and assayed
according to the instructions of the kit manufacturer. In the ELISA test
for inhibitidm ¢he sSELi®AetesVEleF oilabitooi nofasdegitédt YEIGF sttmstocinCafdof 0. 1
mM and 0.2 mM respectively. Luciferase assay Quantification of expression
of Ldci fglietoxin ehowedrICyené Owhs M andi @@ oM respettiBrliyght G o Reagent
(Promega). After discarding the supernatant and washi ng once with PBS, 40
m /wel | of Briméifexdse ddsapent were added to "blank" 96-well plates, i.e.

pl ates w t hout human hepat ocarci noma Hep3B/ VEG-- Luci ferase cells. The
reporter genelvsplifsation dfeoxprsssioncofidiumifirasel repadengenhewps ataededi th a
| um nonmeter. In the |uciferase assay for the inhibition of the VEG-

pr onot erowhwihoBright fdogR¢agenki(Rremogrd Afier dBoardingctbstsupernatant ande
conmpound that causes 50% i nhi bition of |uciferase signal) of 0.04 nmM and
0. 05 mM Wastpjaget pyeg yvith ARE 40 pl/well of Bright Glo Reagent were added to

10 “blank” 96-well plates, i.e. plates without human hepatocarcinoma
Hep3B/VEGF-Luciferase cells. The reporter gene expression levels were
determined reading the plates with a luminometer.

In the luciferase assay for the inhibition of the VEGF promoter
chaetocin and gliotoxin showed an ICsy (concentration of the compound that

15 causes 50% inhibition of luciferase signal) of 0.04 puM and 0.05 puM

respectively.



1. Use of diketodithiopiperazine antibiotics, except for chaetomn, for the
preparation of pharnmaceutical conpositions for the treatnent of pathol ogies
wher ei n iwbi2bedidcervsof the binding of Hif-l1ceto p300 is wpequire@dn1ds7 The use
according to claim1 for the preparatison of anti angi ogeni c nedi canents. 3.
The use according to claim1 or 2 for the prevention or therapy of solid
tunors. dpalfMgsuse according to claim3 wherein the tunor is selected from
| ung carcrTomg, mammary carci none, prostate carcinoma, neurobl astona,
glioblastoma nultiforme, nelanoma, central nervous system cancer,

or o- pharyngeal squanous cell cancer, cervical, ovary, esophageal, ki dney,

col on, head- %aﬁahq(@caaﬁﬁfo;ﬁ?@ra% AORREBRIRS! LREBt for cﬁﬁ%t&ﬁﬁfrfﬂk'ﬂﬂeto any

one of claine 1 to 4 wherei he antibiotic is chaetocin or i ot oxI n

Chaet oCigte gttt 8 PHaPmase @i 0QNLS4iTi oS obithe tPeath
gliot OXIﬁgegs anti - p(ribgllal fer%tl ve andﬁanlt |O- met ast ati %a afélﬁbg%%brb@eg

Phar gaceyhéreat nﬂﬁlb’méh bIf QRS bﬁmm? o HEF- 88 t@‘f)t3'0‘0€is irBghRE§ent chaetocin
and/or gliotoxin in adm xture wi th suitable vehicles and excipients. 9. A

net hod for i nMidiusk ngc dEdmgPrediaimon for ﬂlec?képarwhbﬁhomhh@ﬂ gfdpERIid ses
contacting said cell with an effective anmount of chaetocin or “gliotoxin.
medicaments.
3. The use according to claim 1 or 2 for the prevention or therapy of solid
tumors.

10 4. The use according to claim 3 wherein the tumor is selected from lung
carcinoma, mammary carcinoma, prostate carcinoma, neuroblastoma,
glioblastoma multiforme, melanoma, central nervous system cancer,
oro-pharyngeal squamous cell cancer, cervical, ovary, esophageal, kidney,
colon, head-and-neck cancer and oligodendroglioma.

15 5. Use according to any one of claims 1 to 4 wherein the antibiotic is

chaetocin or gliotoxin.

6. Chaetocin and gliotoxin as angiogenesis inhibitors.
7. Chaetocin and gliotoxin as anti-proliferative and anti-metastatic agents.
8. Pharmaceutical compositions comprising as active ingredient chaetocin

20  and/or gliotoxin in admixture with suitable vehicles and excipients.
9. A method for inhibiting VEGF production in a cell, which method
comprises contacting said cell with an effective amount of chaetocin or

gliotoxin.



