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ing or enhancing the ability of p27 protein to inhibit the activation of cyclin E-Cdk2 complex
are described. Likewise, US 6,355,774 discloses the p27 protein as well as a method for pro-
ducing p27 in cultured cells. In vitro assays for discovering agents which affect the activity of
p27 are also provided. Furthermore, methods of diagnosing and treating hypoproliferative

disorders are provided.

Porter et al. (Porter PL, Barlow WE, Yeh IT, Lin MG, Yuan XP, Donato E, Sledge GW,
Shapiro CL, Ingle JN, Haskell CM, Albain KS, Roberts JM, Livingston RB, Hayes DF.
p27Kipl and Cyclin E Expression and Breast Cancer Survival After Treatment With Adju-
vant Chemotherapy. J Natl Cancer Inst. 2006 Dec 6;98(23):1723-31.) describe that abnormal
expression of the cell cycle regulatory proteins p27(Kip1) (p27) may be associated with breast
cancer survival and relapse. Lower p27 expression was associated with worse overall survival
and disease-free survival than higher p27 expression. Low p27 expression appears to be asso-

ciated with poor prognosis, especially among patients with steroid receptor-positive tumors.

WO 02/055665 in Example 8 thereof describes assays that have been used to identify the in-
teraction of Skp2 and p27 in vitro. The assays are described as useful in order to test for com-
pounds that inhibit cell proliferation. The assays can be carried out in the presence or absence

of molecules, compounds, peptides, and said molecules identified by the assays are described
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wherein Rl re hydrogen, Cl-C4 al kyl which is |

or substit@ggﬂgléé”@, or G-C4 al koxyy R3 is hydrogen, %6%{0%5{1
which is unsubstituted or substituted by OH or OR wherein Ris

sel ected from hyd en, C-Ca al.kyl, aryl or acet 24 i.s hydroge
nal ogen PoleiHy Wi g g horepeite Bers pernstesre e Pl e gro
Cl - Ca akjiit mdidoufesiaS idbyElFioQ&8 descrdad.ogen; R6 is hydrogen or Cl-C4

al kyl; and X is C=CH2 or CHR2 wherein le is Cl-C4 al kyl which is
unsubstituted or substituted by -SCl-C4 al kyl, and pharmaceutically

accept agkrﬁ}a?@l, 1% 4086138940 describes rapid screening of large compound libraries using a ho-
mogeneous time-resolved fluorescence assay for identification of inhibitors of Cksl-Skp2

binding that plays a critical role in the ubiquitin-dependent degradation of p27.

Pohl et al. (Pohl G, Rudas M, Dietze O, Lax S, Markis E, Pirker R, Zielinski CC, Hausman-
inger H, Kubista E, Samonigg H, Jakesz R, Filipits M. High p27Kipl expression predicts su-
perior relapse-free and overall survival for premenopausal women with early-stage breast
cancer receiving adjuvant treatment with tamoxifen plus goserelin. J Clin Oncol. 2003 Oct
1;21(19):3594-600.) describe that high p27Kip! expression independently predicted superior
relapse-free survival and overall survival in patients treated with combination endocrine ther-
apy. High p27Kipl expression thus may be useful for the selection of pre-menopausal women
with early-stage hormone receptor-positive breast cancer for adjuvant combination endocrine

therapy.

GB 2,367,553 discloses pharmaceutically active macrocycles and respective pharmaceutical
preparations for the treatment of autoimmune diseases, the induction of immunotolerance or

the treatment of bacterial infections.

It is an object of the present invention to provide compounds that can be used and strategies
that can be pursued in order to stabilize p27, in order to be used as therapeutic agents for the

treatment of proliferative diseases, and in particular cancerous diseases.

According to a first aspect of the present invention, this object is solved by the use of a com-

pound of the general formula I
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wherein

R' and R?, are hydrogen, C;-Cq alkyl which is unsubstituted or substituted by OH, or C;-C4
alkoxy;

R* is hydrogen, C;-Cg alkyl which is unsubstituted or substituted by OH or OR, wherein R is
selected from hydrogen, C-C, alkyl, aryl or acetyl,

R* is hydrogen, halogen, C;-C4 alkyl which is unsubstituted or substituted by OH, or C;-C4
alkoxy;

R? is hydrogen or halogen;

R® is hydrogen or Cy-Cy alkyl; and

X is C=CH; or CHR wherein R7 is C;-Cy4 alkyl which is unsubstituted or substituted by -S-
C;-C; alkyl, and pharmaceuticaily acceptable salts thereof,

for the production of a medicament for the treatment of cancer in a subject.

Preferred is a use according to the present invention, wherein

R!, R% and R? independently are hydrogen, C;-C4 alkyl which is unsubstituted or substituted
by OH, or C,-C4 alkoxy;

R* is hydrogen, halogen, C;-C4 alkyl which is unsubstituted or substituted by OH, or C,-C4
alkoxy;



R4 is hydrogen or unsubstituted Cl1-C4 alkyl, e.g. nmethyl; Rs is

hydr ogen i s hydrogen or nethyl; and X is

wherein R?%i5 WFSFGVW ch is unsubstLtut ed or substltucﬁ_cg}‘%zgorsmgﬂ%
-S-ethyl, and phar naceutlcal | y accept abl e salts thereof Even further
preferr gi use according to the present invention, wherein Rl is
hydrogeﬁ‘ grhyﬂ@tgﬁrg,prhﬁageps met hyl or hydroxymethyl; R3 is hydrogen or

met hoxyRﬁﬁéhyu ghﬂdfegelﬂamy] aed hyl ; R5 is hydrogen; R6 is net hyI and

X is C=CH2, harnpceutical |y acceptable salts thereof.
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particu fcarthwprpdm:fhen Dédmdaaracrgy'on the Beatment of cancer in a subject.

It will be understood that the above defined compounds may bear substituents within their

structure, e.g. may bear appropriate amino moiety substituents.

Alkyl groups and moieties in the compounds of formula I may be branched or straight chain.

Alkyl groups are suitably straight chain.

Further preferred is a use according to the present invention, wherein

R! is hydrogen or unsubstituted C-Cy alkyl, e.g. methyl;

R? is hydrogen or C;-Cy4 alkyl which is unsubstituted or substituted by OH, e.g. methyl or hy-
droxymethyl;

R} is hydrogen or C;-C4 alkoxy, e.g. methoxy;

R* is hydrogen or unsubstituted C,-C; alkyl, e.g. methyl;

R’ is hydrogen or bromo;

RS is hydrogen or methyl; and

X is C=CH, or CHR” wherein R’ is methyl which is unsubstituted or substituted by -S-ethyl,

and pharmaceutically acceptable salts thereof.

Even further preferred is a use according to the present invention, wherein
R' is hydrogen or methyl;

RYis methyl or hydroxymethyl;

R’ is hydrogen or methoxy;

R is hydrogen or methyl,

R’ is hydrogen;

R® is methyl; and

X is C=CH,,

and pharmaceutically acceptable salts thereof.



or, in particular, argyrin F, and pharmaceutically acceptable salts

t her eof . F&?’gz@is?%ﬂﬁ?& the follow ng definitions app%?spiza)s)ﬁbﬁ?znd

R6 is Me) R2 122 R& A H CH3 OCH3 H B CH3

Preferred is a method according to the present invention comprising providing argyrin A and
pharmaceutically acceptable salts thereof to a patient in need thereof. Further particularly pre-

ferred are argyrin B
S
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or, in particular, argyrin F, and pharmaceutically acceptable salts thereof.

For argyrins, the following definitions apply (R®is H, and R® is Me)

Argyrin R' R* R’ R*
A H CH; OCH; H
B CH; CH; OCH; H
C H CH3 OCH; CH;
D CH; CH; OCH; CH;
E H CH; H H
F H CH,0H OCH; H
G CH; CH,OH OCH; H
H H H OCH; H

Preferred is a method according to the present invention, wherein the subject is a mammal, in

particular a human.

Sasse F et al. (in Sasse F, Steinmetz H, Schupp T, Petersen F, Memmert K, Hofmann H,
Heusser C, Brinkmann V, von Matt P, Hofle G, Reichenbach H. Argyrins, immunosuppres-

sive cyclic peptides from myxobacteria. I. Production, isolation, physico-chemical and bio-
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logical properties. J Antibiot (Tokyo). 2002 Jun;55(6):543-51.) describe the production of a
group of cyclic peptides called argyrins, as well as some of their biological properties. Cancer
is not mentioned. Vollbrecht et al. (in Vollbrecht L, Steinmetz H, Hofle G, Oberer, L, Rihs G,
Bovermann G, and von Matt P. Argyrins, immunosuppressive cyclic peptides from myxobac-
teria. II. Structure elucidation and stereochemistry. J Antibiot (Tokyo). 2002 Aug;55(8):715-
721.) describe the structure of said cyclic peptides.

Similarly, Ley et al. (in Ley SV, Priour A, Heusser C. Total synthesis of the cyclic heptapep-
tide Argyrin B: a new potent inhibitor of T-cell independent antibody formation. Org Lett.
2002 Mar 7;4(5):711-4.) describe the synthesis of argyrin B and its function as inhibitor of

antibody formation. Cancer is also not mentioned.

More preferred is a method according to the present invention, wherein the treatment of the
proliferative disorders and/or cancer comprises blocking tumor cell growth, blocking and/or
destroying the existing tumour vasculature, treatment of breast cancer, treatment of hepatocel-
lular carcinoma, treatment of cervix carcinoma, treatment of lung carcinoma, treatment of

multiple myeloma, and/or treatment of colon cancer, and treatment of psoriasis.

Another aspect of the present invention then relates to a use according to the present inven-
tion, wherein the medicament further comprises additional pharmaceutically active anti-tumor

ingredients, such as paclitaxel.

Preliminary mouse experiments as performed by the present inventors show that Argyrin is
active already at a concentration of 0.03 mg/kg body weight. Another aspect of the present
invention thus relates to a use according to the present invention, wherein the compound, such
as, for example, Argyrin A or F, is administered at a dose of 0.01 mg to 200 mg/kg, prefera-
bly at a dose of 0.01 mg to 100 mg/kg, most preferably at a dose of 0.02 mg to 10 mg/kg, op-
timally given per day. Another example is 0.15 mg Argyrin per kilogram bodyweight injected

intraperitoneally every three days.

In certain embodiments of the invention, the administration can be designed so as to result in
sequential exposures to the compound over some time period, e.g., hours, days, weeks,
months or years. This can be accomplished by repeated administrations of the compound, e.g.,

by one of the methods described above, or alternatively, by a controlled release delivery sys-
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tem in which the compound is delivered to the subject over a prolonged period without re-
peated administrations. By a controlled release delivery system is meant that total release of
the compound does not occur immediately upon administration, but rather is delayed for some
time. Release can occur in bursts or it can occur gradually and continuously. Administration
of such a system can be, e.g., by long acting oral dosage forms, bolus injections, transdermal
patches or subcutaneous implants. Examples of systems in which release occurs in bursts in-
clude, e.g., systems in which the compound is entrapped in liposomes which are encapsulated
in a polymer matrix, the liposomes being sensitive to a specific stimulus, e.g., temperature,
pH, light, magnetic field, or a degrading enzyme, and systems in which the compound is en-
capsulated by an ionically-coated microcapsule with a microcapsule core-degrading enzyme.
Examples of systems in which release of the compound is gradual and continuous include,
e.g., erosional systems in which the compound is contained in a form within a matrix, and
diffusional systems in which the compound permeates at a controlled rate, e.g., through a

polymer. Such sustained release systems can be, e.g., in the form of pellets or capsules.

The compound can be administered prior to or subsequent to the appearance of disease symp-
toms, In certain embodiments, the compound is administered to patients with familial histo-
ries of the disease, or who have phenotypes that may indicate a predisposition to the disease,
for example breast cancer, or who have been diagnosed as having a genotype which predis-

poses the patient to the disease, or who have other risk factors.

The compound according to the invention is administered to the subject in a therapeutically
effective amount. By therapeutically effective amount is meant that amount which is capable
of at least partially preventing or reversing the disease. A therapeutically effective amount can
be determined on an individual basis and will be based, at least in part, on consideration of the
species of subject, the subject's size, the subject's age, the efficacy of the particular compound
used, the longevity of the particular compound used, the type of delivery system used, the
time of administration relative to the onset of disease symptoms, and whether a single, multi-
ple, or controlled release dose regimen is employed. A therapeutically effective amount can
be determined by one of ordinary skill in the art employing such factors and using no more

than routine experimentation.

In certain preferred embodiments, the concentration of the compound is at a dose of about 0.1

to about 1000 mg/kg body weight/day, more preferably at about 0.01 mg to 200 mg/kg, pref-
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Argyrin Aor F, is admnistered at a dose of 0.01 ng to 200 nyg/ kg,
preferably at a dose of 0.01 ng to 100 ng/ kg, nost preferably at a
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exposures to the conpound over sone tine period, e€.9g., hours, days,
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adm ni strations of the conpound, e.g., by one of the nethods

descri bed above, or alternatively, by a controlled rel ease delivery
sys-  \\Bn2hesdsia 38THPpTdsERIA00BHO0 sk 2¢lates to a method for screening a compound for

the ability to inhibit the degradation of p27, comprising contacting a cell with a compound
suspected to inhibit the degradation of p27, assaying the contents of the cell to determine the
amount and/or biological activity of p27 and/or the cell cycle status, and comparing the de-
termined amount and/or biological activity of p27 or the cell cycle status with the amount
and/or biological activity of p27 or the cell cycle status as found without the compound,
wherein a change of said amount and/or biological activity of p27 or the cell cycle s'tatus is

indicative for a compound that inhibits the degradation of p27.



8 tern in which the conmpound is delivered to the subject over a

pr ol onged ri w.t hout repeated adm ni strations. %

rel ease de |f8@aog§item is nmeant that tot al rel ease of %tcﬁ‘g&é@ Yarrd
does not occur inmediately upon adm n’strati on, but rather is del ayed
for sone tine. Release can occur_in byrsts or it gan occur radyal |
and conMeftheﬂf \SsaxHig; the optepisoef e elicthat ‘Ss%faéﬁﬁc‘%’lﬁh fae © E]OUHH bt te
| ong acgdréw,e@nﬁlor@e@&aqeteﬁ%gﬁhe E&lbm Mo Slol SYisal aétfﬁ@&ﬁ%’%dfb@m@é"&:‘ﬂ
or subcutaneous inplants. Exanpl es of sistems in which rel ease occurs
in burstwld ﬁ@mw@ well lgnowrstpsth@n@rsmoml pnd inelude Wrstemel blots on P2 B HpRIEs-
inlipo r

i posonggggg?l%g Sehis] @I£ ’B?@H&HL g% gthCP ? ’c“&g!t%l8 %7%1? of H%s%ﬁ(p rottér?rlgesugh ﬁsr for
pH, |'i gbtampiepa@iGRP (g'r@lnd}umscmt@gem)jiangveﬁmyh@anw ts@/@ﬂiecryslm markers.
whi ch the co ound Jis. en e an |on|c oat ed

1 0c ARG £ e} PO e Brsrens TOPGR: Rl PR HpAI<ORR is
syst ens gitBmdach rel ease of the conpound is gradual and conti nuous

i nclude, e.g., erosional systenms in which the conpound is contained
inaformwthina matrix, and diffiisional systens in which the
conpoun € | : G e Sorblel Tfpound
Such sugtegﬁ]eﬂggﬁaeﬁgglé%%g&g@g%gb t&dp%?én? m&m,gm} n the for mrof gmm
or capsiflesnceyhe moﬂermmm degradation af p has d@ﬁ:radnqdr hyothe amognt @ﬁﬁ)ﬁeqmem-
to the Lanc i sease synptonms. In certain enbodi nents, the
corrpoun%’g)rf) M&Pﬁ?%{%ﬂed to patients with famlial histories of the
di sease, or who have phenotypes that nmay indicate a predisposition to
t he di sease, for e | e reas cancer, Of Wwh hav been. di agnosed,. as
i 1 ErRGRO0Y bEURR BF OB B8 136 SESOR iy <P, BErerTine F3 o el darey oo
who haveg wahdigcellictkeefl e}ﬁ& Odush at hebreATRARE cACEAY, Al tPatobelfu® daftveitd &l
is admnistered to the subject in a t her apeuti cal | y effective am)unt.
By t her ipacrriy sacieamaedl ine, alupgsercingmagssihing rad/obasiar capseresll line.
capable of at |east partially preventing or reversing the disease. A
therapeutically effective anount can be determ ned on an individual
basi s aN®rapicferted ibagnethodtcdording ta thegaesent ignerdionswhereiat tho megliod fuether
speci es of subj e he j.ect'.s. Si t

P cacs o ere et i P B s oo Buuid BBsRE doTiS Ut fdGompound
parti cuhsdcreeneipoliintinetinchs atsbe:atlgdféeamﬁsmieﬂurafeﬂyclslyfmdm utﬁg'ehtedtbehérhiﬂfﬁi

of adm nistration relative to th i sease.s tqQns, an

ehet hor MSeRIATE W T e S<Grenes Aon BrF Seo BFERRLS e O dmusiar andlor
enpl oyesmlogwhh@rtmfafpmhloﬁe ef mefd Ju¥&qadm ditteri mbBodiedseboveled by one
of ordinary skill 1n the art enploying such factors and using no nore
than routine experinentation. WO 2008/ 104387PCT/ EP2008/ 001552 9
erably gf,qg; f By AlatlBty (of kiR RS bry PUIRERTRRIGY vRthoft
dose ofﬁ% gcg{?&pcagblc%%%% Y Prae gﬁe , §TE‘é&g“olsna e ormll?s such tﬁa
it doeshmctatusubs t@wﬂu@tidnyofdevdtsaiq Qbamls yor tefeachangh ef Subfieret groGpsriikry fiets
of the '”V\‘}ﬁ‘é L QL RO Oalgg%nsadxm AhRLEL %dcfgéshe ¢ mtro%ugﬁont &pqo%"é‘r' Ay
by any conventi onal T odl rElcalrar enteral Y, or al %
in the goups, pfefdratll ah\ang)bn@amw (ﬁﬂ)onmﬂﬁﬂﬂ’ﬂﬁl&t ﬁdrle)tamﬁlegneth}?ﬂ tihel, EQj‘rdSpy(I),f
injectaple s in the form of

| u en5|ons p

| ot i ons‘SOI@r@P 5?|“H’? rﬂéﬁ?ﬁ"éy ‘?%%ME‘P“’BW? hlsﬁgéﬁy‘ SFO%Q S JAPPoKEBH Broups,
form Correisndsaghs tv Bide barBbn d@fﬂsvwevam aﬂﬂ%m@; PTBraBS RAVERATRt
synt het1_cal by net hods known to the skil person in the art of
pepti deft Itmé#r}i;@t ﬁgmeeorgthrwhéhw@iwglgﬂ%ﬁﬁarf@rs?wpﬂq, gemoup rfelertesh feom she
sui t abl 0 alAwer agt I y I f

cul tureger%tH éﬂg oggvlut{éb % nqlgrg%r%%’m fgggrrcjh o@c(t)ﬁg?/r d::ﬁ?[l-f EI% Bn
addi t i oRatherockief ad:iaiqnahpa;mép grompglcoly te addedrio dfe Iam!eeﬂ@csydi acsiigdel bingo

bond, an . dditi reac on # cg or a hal ogenation step. A suitable
mcroor&é ?}EG ngei ﬁsffl? & O'by culturing a variety of different



Preferred is a nmethod according to the present invention, wherein the
screened g fluences the proteasom c degradati R%z—@

determ neg&ggg@ﬂ 2 ?rount of a fusion Jrot ein, such as %g; 'g,rzo;@:sz
Preferred is a nmethod according to the present i nvention, wherein the
|nvest|&atedasay cell is a_tunmour c | i ne, .suc

breast Hdiedsd thepiepy phsslecting s fomwpapn I"%(?‘d1 H}gct}‘ﬁB?fBP%‘thr HT$W§asuﬂng the

Cervi X gfdef b@BTdsidd ddnﬂ:%un@s foURDIploRLE EMBEref@itdd d Thite,or aRPkREn Aumber
col on cancer cell line. More preferred is a method according to the

pr esent of timesasirequirednEecabove Hescribedwoathpd is e temanddirgetsd gveipign” siice it
nodi fi cat i t
comounivalles § mliiqe BF PR et ARNGEARS: anlt elebhdh (Sfby) cHietive com
whi ch i §01fnd§ wReelesigh jie ah Eekvdlwionhsyitiposessapdinfiziog its cmmbiliiies Wwithrrespebictn a
screened for their effectivene to increase the anount and/ or

bi ol ogi BHHCURAQREY, b t‘iﬁ?blf e or nore subsequent screening

net hods as above. Modification can be effected by a variety of

net hods known in the art, which include without |imtation

i nt r oduBrefastedds armestend aqegrdingnisi the PEweRt Heveatiom sEciB R qouwe?rl%ﬁfépfding to
gCIr OgPS kdrlﬁglﬁt 18 Tap G IRERin & 1) ffi'ﬁogﬂcﬁj e &Ed&ﬁl&r%g@ﬁﬁmgeﬂ eacy hﬂ‘(ﬁi ®hick is

e infroduction o rou ref er abl avin
one to fnswbstdardon seisoted bk OH, foorcrﬁaaﬂi@@, Rées Iltlyﬂrogeit, thalogem- %r@p?’ﬂ}’l

i soprop but ut
gr oups, %b‘&tkét ﬁsé"ﬁutfé rrsouu%tlmted er ab d (Eta%}]?()n )F{ So{lydrééé ng)?c@l ?régen R6
atons, |sOwdfogah lok W1C4gefilqﬂpa]d Jﬁl’zeftbft(}ﬁﬂ grr @HRIS nghdrm Ri6ois fQ 1By dhylb@lﬂch is

atons or through the intrqducgtio ., for exa seIe

Fr om t RERPBOPE NS Ag - SNERCs R o pragppeaia B G s Bséor
het er oafdhemfetll AbdESPHNE 1O UPusel s b NAA ARGERure Sstdidire@edtvad@in de groups
coul d be added to the mol ecul e, such as si ngl e am no aci ds,

di pepti des tripeptides, and so on. WD 2008/ 104387PCT/ EP2008/ 001552
Oy 3 @tm@{p SEd 6 dofin b\ QARG U th 0P B rd dRirdg1Epharma.-
conpoun urlng ﬁe ef ect o ﬁe nodi f1 ed conpounds to t he
pr ot ei nc@@nalb:emrpepeem edmgrising (@ sorecaing ngfrthcéfﬁ) roerséing &f thej pressnigigvention,
r equi red ove, descri he d t

cval'ut i B T RRE g SO R e PO LR, seePhBfIE fers andior
nodi f i caiduﬂéhtarﬁhrﬁ&h eas:biptnms adestreteyiee fd Erinulaee a:phmmacmhﬂcaircens:etiémt, dor

in an evo tlonar process optimzing jts capabil wi.th ct
Lo a partiuls brbe Ry sy emicaly of i fbels, v 5BY Eopeahil st dn pETERE
net hod aﬁ:e@nfilatg otr@u)I lRey. B BSEBHm ioh Vb QIHGap‘lM]@J PhRnRraYNPURChe form of
according to fornula | as above, wherein Rl and R3 mdependentlgr

are hydirb?jéaﬁi’le @iut@arlsarréyrpemmshtqpécalms%stlﬁbmf 8f lodipps ersupBtmesys
CH or u REEhre Dl R980 1dne GRrsBh ¥ bkiMahg BedeSbed
unsubstr tute orgés%ékgﬁ %d eﬁ%g); r%r Cl-Ca al kg%r,s R5 is hydr%gene
or hal ogethg rdRgectise htedatargen or CI -Ca al kyl; and X is C=Cl112 or CHR6
wherein R6 is Cl-Ca al kyl which is unsubstituted or substituted by
-S-Cl-C4 al kyl, and pharmaceutically acceptable salts thereof, is
chem caLA!dm;mﬁhtﬂ‘oheelantagatt 4.8, aicompsed @as ba ateathlishedisyt mr;emémod which al-
"direct go oI ution” anot heh aﬁ{)ect ﬁ{g t he l'Ec%esent ventr ont
di 1 eot elpotia HERRB e b 6 BRI oSt ereds dRelts) SEoipi6aham dposition
conpr i skfRaktRtors GLFRRItOGs T8N GleStiorR GRIN AioRd tdpital Q@mﬁﬁﬁﬁiﬁﬂﬁ or any other
i nvention, and forrnul ati ng the screened conpound wi t
phar mac ewtht)éatflaslmatz%eﬁpam recageess dp thedprgpiorelle R ity @?ﬂsls obigingde pryections
exci pi e e ka9 ity
or oxath 2 £ purRERM: ikl Sl R AR St b oI, b
convent itacbmal1n¢ldddsepsarmngoanplamwiardn@1ﬂdnam yystemsg e.gor laidro}sPheeg hydrpgelse
formof tablets or cap parentera n_the f
o} oot aBPERE? derheiSh e SRS R ey o'e e Pl Plion e

diffusion systems and non-polymeric systems, e.g., compressed, fused or partially fused pel-

lets. Suppositories include glycerin suppositories. Oral ingestion doses can be enterically



Anot her aspect of the present invention relates to a nmethod of

treating cancer .in subj ect, conprising adm nistering ‘ %{ iLv.e
anount of \%ﬁéﬁ‘gﬁgﬁ{ﬁceuti cal prepar atf on according to d)%glsng 0%61”2
invention to a subject in need of said treatment. Preferabl y, said
cancer is selected fraom breast, cancer, hepatocel |l ul ar .carc,

T B WA g ek, S BIRETnG T EEPEAIOATL BOB 15020, FRgFad cjther

di sor deggnasr ARONA- to BIc8ERE 81t Yan B:2dtdomad. T8 lagdn can BoISBPetdRH NOliquid, e.g.,
Treating Is meant to include, e.g., preventing, treating, reducing

the synpt&ssolvsfl or epllaidaliforn. tFhe litiuisbeanebeos sabvandli partish solyens or mor-selvem. In
al so incgl u i bject at risk for a disease
as abov&ah %?sgm%té%?%%{" :a)re%?isglgl P§ e?%gctl ve anmount of a conpound as
above is provi ded. Being at risk for the di sease can result from
a_fam hi story of the. di sease enot whi ch redl pose
ot he” romuE: SR SRS AR iR SPBappyal fonaon Tt is
di seasepoARQihetordinp esthe AletidinsRbORENt invention relates to a use as
above, vvherel n the medi cament further conprises additional
pharmaceutical ly active ingredients that nodul ate cancer, such as
breast GapHer pQ&Rﬁ{tﬂggwséﬂtQﬁve%ﬁEﬁ'rcﬁg}g? o & hlewth d&ﬁ mgé%tlﬂ%%ce} HY subject,
carci noma, and colon cancer or agents t at nmodul ate other _
prolif ec@pmgﬂa@em@spg smcffecasfeamokaOhe plwrmaceytiea prepFragion ﬁwrdlmg ®©
recently denonst press d_v.ersion
D27k Pl PRt Bep tiess TRRET BE e eafhohh TtreiB i 18 ShP i€ e
reduced ﬁbﬂebleambe{ce@fhepﬁtb&smmn ahrc&ﬂﬁmp Hﬁtﬁ@rqﬁnﬂm@ﬂuﬂgﬁcmhnm@,@lﬂs&m
to invasive carcjnhonas T| mrer beu . et al, Testin th ,t%nce
of p27 GREGFERIAPHRIaEYe f‘ﬁ%f serﬁgreﬁevepgfqm‘g)ya WidRATeRs giing
and col g, &APRSheludl, @G, NodendieA tefifg, H@ucﬁné—@%syﬁaﬁ%&“dﬂoﬂ&ﬂﬁ@)ﬂe disease
Based on this work, the inventors set out to i dentify conpounds which
| ead tooacqnéli@Rpresm on of p27 in cancer tissues. In this work the
inventors identify Argyrin A a conpound derived from nmyxobacterium
archangi um gephyra, as a potent inducer of p27kip | expression.
Argyri nThe mmdummsalacpamﬂluks 8 method\Dr20AENd 0 43BRECT/ R0 8/ AiErgHas diRve,

human cancer c nmour Y r

by haeegings Seiaprut gy S i A ASIERO L dedople S prd PR BARG sk
whi ch | @idbe digcadesdneaili fompé.gt o family hisesuef the dlsbase a gergyype Iwhich predis-
functions are_ strictl ependent on th I’eSSI on of .p27ki Pl as

nei t her PPRLIPE HisFase %é’g ’EWHB‘E perRigps gicgé’ PR 9 dtca pr ess

p27ki Pi respond to this conpound. Surprisingly, the nolecular

mechani sm by which Argyrin A exerts its p27 dependent  bi ol ogi cal
functi ofnptiet ppetigt the pesartinysHpPRreltioh iop ushas spseppeig s BRgnediggment
i dentif

cvel s pEDSIARRES N ARl UG oI ARBEcfts (E nUIRETRAA, suchas
thr oughbwasta;amy lepatbenitulas earcimatney teabis carechonst hm@s:afcmoncﬁetaad tadpn cager

of the subst he Stron Lnereas

fl uores%?‘?{?&taagaz rr}c@hghf |(?tﬁee'd)r(g§drﬂr“é%/crhlseﬁs aﬁgfl?:? - anaf)%[% |ncfe whi ch
had originally been identified as a net abol i c product derived from
nyxobact eri.um ar chang |u ephyra Sasse . al . ALgyrins, i
i Munos Jg?)rlé‘é"é‘FQf% rE'iF@F Ygé%?é’p?ﬁe/ ?%o?ﬁﬂﬁiﬁi‘%a@t @rqt%PAf“f%d B Ean ot B"r?kp[
i sol ati gy “p*irm@qsi la%ml&@hl LAA @df@i’e@hﬁﬂb&ﬁémﬂé:ﬁ:ﬂ%@du@&i the n&,%bxquﬁtestmal
(Tokyo) "55, 543 02 igure 5A). As shown by flow cytonetr
Argyrin aqkmeme?opeaowbwh; frspgrptsed & muasave pREnRasdémmerbepln de abf'festmg

| C50. o
col on %c%ﬁeﬁ%ﬁ%e I"s ;@Eg&%@oﬁl proli P%Sg?g?aet?{”co ﬁﬁgggg%or?gﬁgofle[@%l%
| i nes SWdI8n carCaCdras Madldcad ScMIRSTA (168 e H09-d A2@06)). @asbdl-m_éns(we!ﬂwtm n-

o Cho Sehodrer s e BRI opRS Ry B i € Prblefiog LB U ey B80S

In this work the inventors identify Argyrin A, a compound derived from myxobacterium ar-

changium gephyra, as a potent inducer of p27kip1 expression. Argyrin A induces apoptosis in



WD 2008/ 104387PCT/ EP2008/ 001552 15 notrypi sn and trypsin-like
activities,of oteasone after treatnment with Argyrj [oA__
conbi nat i OW%&”&SZI;%&%ZS agai nst the 1311,3 132 and p5 subunﬁﬁé@z%%’@bﬁ
| evel s of proteasone subunit expression are displayed in the
correspondi ng vvestel\r_n bl ot s. The degree of h_{l;lhi biti %n the,i nve)pqp,,or

r eached hymehcasceadall e AILHMRRFRAGRARS B 15 SPROLgHY DYSABTiRg RZ e dt also

conpar ablgetd el difitiff kRS S RXGNAERE WHcHMGYNSE tddAREHROs BERT Bssue in vivo.
treatment”in vivo (Figure 3A). The levels of proteasgnme subunit

expr essidagyrar & fieticiphsaye dirictly derendest pa diegraresgometpad h asineither tureas colfs

Bpopt oo ROtk i Ihith UG bR Gkespb e AR 75 Pedplifph® B BRP e
hf)lur fs l(o Eiognﬁlaz &@ghan_lismfpgy]'g\aiﬁtli éké%yr:(ry%i&ﬁeﬁ?ritg_ypﬁﬂrﬁep%ndant BigzﬂdgsdaR{ﬁAn)c_tiai ist
a i broblasts derived fr nockout m ce underwent apoptosis a
conpar afFgy é’\l@t?tﬂ’fl"ﬁw%%ﬁg% PFE#I™MS on (Figure 2E) while
treatnent of p27 wldtype or knockout cells with bortezom b i nduced
massi ve _apopt osi s i ndependent of the p27 status (Fi %ure 2A .kipl'l'hese
resul t s Tpddantift shatprrss yrhidislegdto anipgesgin theexpisFaonevelp pkpPl e inven-
critica (o ' 3
i bi £ 15k S oAl bARIRIN hfou s CETSINGR (RERETRE, W REBbErRr e
OL cel | ilsy. é)m?dtlwi iu!hstﬂnciicg:y which/exerted the tsrongestinglieassdn Ifgupre:@ntm;@s aleglti-
t he i nventars, determ ned.the ne. expr.ession signature

- eop SR &® AERITAY i SRS RS R TR Eh Hifuea i BbOR
gene exprelas m"‘ff ﬁﬁm{/\rﬁgxob&tgﬁﬂrg a@&aagmmge@hmr(rggﬁs_e,m.mﬁ ablAatyrixfs, fninau-
gene expressi on dat ich the inveptors ained in these, . .
exper i mBAUEPEE g le Peatea, o g}»?tf’ﬁa%r@r PP 5olpierh RS feRgmical
cell's. EhOMbRgRE fbpMed Do nBSF @@;@B, mLyﬁoomi@h@wm dhb G b9 R
the gene expression profiles of cells ich were treated with

ei t her BypmerprIgYDR Argxpyied v differens celiilarpbenctupasyat ranges ef Koe-t Whidhrprr
treatne Sal b f

only ab%{)! g‘gﬁ&ggﬁ‘}égﬂg‘ﬁ’aﬁg‘?db?‘ﬁg ?%12% %gaeﬁt@c}q A? gglioﬁn&i@fébr"iag% r??ﬁ) pEP o
Anong t hediérgenadon Sadinnme eclflines SEH By ChGo has wetltas 2B (hredst Magyer) and

A res ively. The funct,ion en i 1 hej .
cor r espatht (s A Gier Geb PSSt GaPu oL PR AR F R s, i
bor t ez osaHIGb@hdye iffabiidn. (The Apop2E:Ss Pdndispsoivity bhAysemus evay eonfirdied @y gaat-
pertubations. on.the cellular level. From thi ta.the_jpventors
concl ud&h NAB%?WOB“P‘PEQMWf%%ﬁ?goﬁgh%@ﬁ%}regg'gets in the

cell which result in the activation of various cellular responses

t her eby making bortezom b induced cell death independent of EZ?kll
expr essTBnlimFiieupneEstiest daierd iy Fearrolibthoxsdept gy 7pduegd an increase
stabi 1l galdAir 5PV ERYa LS uRIEAANE YA hRMALRRAIBLRHACPRIKRS Toeter-
i nvasive intestinal cancers. The inventors therefore tested |f _
Ar gyr i nmind wiletbeardthp gyt Asindiéedi changeoin mFUT exbressiembevelsiveds dum to g in-
tr eat ment of;, TR 60LON, CARGEL K8l 1Y 0. PR8I 048R TPETS ERROCR/801552
16 derived tUMBdr Xenograrts.” 16 anal yze this the i nventors firs

t est ed bd thApepgérics add wesen@&Cdfl Amgyad WeFigapnl G sladvisanguantiNdation ofAfhe @kpression

i ntraperitoneal njection of Argyrin A .20S proteas was .i sql at ed
o PelavERT a7l bt his g R L lgheaimide Fefed tIR S HEh He® ipibaied wih
i nj ecti ARgyriSA SR WM utfealcdINFS A AesttehirefulisNAiaRich@tkt@blocP b ERGARer

activities after i.p. application. The maxi muminhibitory activity

was reabhigseagellaghs plbnowm pat fyraeveamechanismecinyelie pedeolic fos@ertiop of the
baselin - i0j i 1 hi i ndi e
mvent of Y B G205 Bl R PBS I RCRE R P SRRE e UL BE bR
ki | ogr aprateashymesi after inaupatidirewith nharegsingi anonetl dfyAmysn At Figee IdayisowsAthat

shown in F gure.3B.Argyrin |l ed to _significant uctjon,in the.size
ot TenbdtonRe Bt Aos §6stdut M ALSERA 58T fuebledRndeREihish
tion of the caspase, trypsin and chymotrypsin like proteasome activities, Importantly the ex-

tent of proteasome inhibition by Argyrin A was comparable to what was measured with the



WO 2008/ 104387PCT/ EP2008/ 001552 17 ceived a single injection of
Argyrin A __Fiagur shows that Argyrin Aleads to a si

reduction I'? zgﬁéﬁﬁéﬁber of CD31 positj,ve endotheli al ceﬁéﬂz‘gﬁm@lﬁ?\zg
as early as 90 mnutes after injection with onIy about 10% of CD31
positive.cel NS -
ol endifbsy et PRt Phir' e BRGRm ¥l SR A SR e abiipr o
I Nt UNDUEgYRSA Ub afilibie thiasroRasond b Qﬁlvehto:ﬁﬂ)uhadhmtdtm vedl] hﬁ)ﬁ&ﬂ]ﬂﬂ:teasome
expression in the CD31 posMk#OFépg&gasl al ceI{? (Figure 7A).

under st SHRITHET SApHE Ry péli B sor drEumlgtetl Br S RARsE ﬁé&gm A
pri mary L e F{rg%}eem)a*rh@mv@ﬁtsf-‘sttﬁ&%& Sinchuas &@pxrgﬁﬁ &@févxm@&eaﬁgrada.
m nutes after 1njecti'on the inventors observed swelling of

endot hekipabf gd| duemm;tthrovvasom@irﬂhmw 4s{ividy (nodw ad ipdusas apnpiasisan &1 arrest
attachrrentva%n%socf%lujfergﬁl ﬁ%@s (Figure 4D) in the tunour

vascul at'Ut & dresultror the apparent | oss of cell and basal

menbrane attachnent after Argyrln A treatnent many of the exam ned
t umour ood vessel s we

| uded | | |
PP e AR SR s L R L

obser Veﬂ)s@flﬁcﬁfmr@rfﬂﬂéﬂoﬂ ok Ar9ah mewwm @a%lytm@fneéq%@c&ﬁ‘ Iﬁot&@s@metlm%mn
t hronboti ¢ occl usion of the affected bl ood vessels. In contr

bor t ezofiPirhisibruisentete digeted sAmpHalzed moyermebryenie 8broblasis fras a%f‘lggwlc{we
the a Okl n

| vent oe RRESdnicB TRIPAIGRNARE TR pidlcalthd SpltiiodbRestili alf Sosaved ol
f or mat i oyclodistihpiiér arq/anopmlsthyﬁéovs tytamedy. @orfe@omévdtrwnﬁwv@cgﬁ apoptosis
mat ri gel assa ntI HSe I

To | noerfeard R nbb SOt EbetrelRliel tere, sh§ s oy Bl B AR
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thereafter. As shown in Figure 3D, both, bortezomib and Argyrin A treatments, led to a sig-
nificant reduction of proteasome activity in the primary tumour tissue.

kP! and apoptotic cell death in

Importantly Argyrin A treatment resulted in an induction of p27
more then 60% of all tumor cells (Figure 3 E, F). This result was not unexpected as SW480
cells were highly sensitive to Argyrin A treatment in vitro. The inventors therefore decided to
test whether Argyrin A would also show an effect against HCT116 derived tumor-xenografts
as these cell lines did not undergo apoptosis in vitro but instead arrested in the G1 phase. The
result of these experiments are shown in Figure 4A. While the reduction in tumour size was
not as pronounced as in SW480 derived xenotransplants the inventors still observed a signifi-
cant reduction in tumour volume after treatment with Argyrin A. Interestingly when SW480
or HCT116 derived tumours were explanted they uniformly showed a large necrotic area in
the centre of the tumour which was filled with blood and necrotic fumour tissue (Figure 4B).
This phenotype is often observed with drugs which interfere with blood vessel formation or

compounds which directly damage existing tumour vessels. The inventors therefore deter-

mined the microvessel density in tumour tissues (SW480 or HCT116) from mice which re-
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4F). Both treatments led to a significant reduction in vessel like structures. However loss of

p27 only had a significant effect on the Arygrin A induced phenotype, reinforcing the conclu-

sion that Argyrin A exerts its biological functions through an increase in p27¥P! expression.

In this work the inventors identify the myxobacterium derived cyclical peptide Argyrin A asa
compound which exerts its biological functions by blocking the cellular turnover of p27<',
Stabilization of p27°™'led to either G1 arrest or apoptosis in different human tumour cells in
vitro. By treating xenotransplant tumours derived from human colon cancer cell lines the in-

ventors furthermore show that Argyrin A also affects the tumour vasculature. Its anti-
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of p27* might therefore result in an increased resistance of tumour cells against processes

which lead to the accumulation of proteins which are normally degraded by the proteasome.

The inventors suggest that p27%?'stabilization through Argyrin A, and other Argyrins as de-
scribed herein, such as in particular Argyrin F, represents a valuable new strategy for the

treatment of human malignancies.

Another aspect of the present invention then relates to a method according to the present in-
vention, wherein the medicament further comprises additional pharmaceutically active anti-

tumor ingredients, such as paclitaxel and/or bortezomib.

Another aspect of the present invention relates to a method of treating cancer in a subject,
comprising administering an effective amount of the pharmaceutical preparation according to
present invention to a subject in need of said treatment. Preferably, said cancer is selected
from breast cancer, hepatocellular carcinoma, cervix carcinoma, lung carcinoma, and colon
cancer, Preferably, said patient is a human being. Treating is meant to include, e.g., prevent-

ing, treating, reducing the symptoms of, or curing the disease or condition.
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Figure 3 shows that argyrin A induces apoptosis in human colon cancer xenografts in vivo a)
Mice were i.p. injected with Argyrin A (0.03 mg/kg bodyweight) or bortezomib (Img/kg
bodyweight). At the indicated timepoints 208 proteasome was isolated from peripheral blood
cells and the activity of the different proteasome subunits was determined as described (Fig-
ure 1d). b) SW480 colon carcinoma cell lines mixed with matrigel were injected under the
skin of nu/nu mice to establish xenotransplant tumours. Treatment with Argyrin A or borte-
zomib was started when these tumours reached a volume of 200 mm®. The graph shows a
quantification of tumour volumes at the indictated timepoints compared to the starting size
which was set as 100 (n=8 Argyrin A (0.15mg/kg bodyweight), n=4 Bortezomib (0.6 mg/kg
bodyweight), n=10 PBS/EtOH control ¢) All mice were weighed throughout the course of the
experiment. The graph shows the changes in body weight for mice treated with Argyrin A or
bortezomib. d) Determination of proteasome activity in tumour tissue after treatment with
bortezomib and Argyrin A. After a one time injection of the respective compounds tumours

were explanted at the indicated time points and proteasomes were exiracted from the tumour
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tissue. The activity of the respective proteasome subunits was determined as described previ-
ously (Figure 1d). ) Determination of the number of p27kipi positive cells in tumour tissue
after Argyrin A treatment. The pictures show representative samples of immunchistochemical
stainings for p27 in tumour tissues after 10 days of Argyrin A treatment. f) Detection of apop-
totic cells in xenotransplanted tumours by TUNEL staining of tumour tissues after treatment
with Argyrin A or bortezomib. At least 200 cells were counted on five independent sections to

quantitate the number of apoptotic cells.

Figure 4 shows that argyrin A damages existing tumour blood vessels and interferes with ne-
ovascularisation in a p27*"' dependent way. a) HCT116 colon carcinoma cell lines mixed
with matrigel were injected under the skin of nwnu mice to establish xenotransplant tumours.
Treatment with Argyrin A or bortezomib was started when these tumours reached a volume of
200mm3. The graph shows a quantification of tumour volumes at the indicated time points
compared to the starting size which was set as 100. (n=8 Argyrin A, n=8 Bortezomib, n=6
PBS/EtOH) b) The pictures show the macroscopic appearance of a xenotransplant tumour
after 10 days of treatment with Argyrin A. Note the large necrotic centre of the explanted tu-
mour. ¢) After a single injection of Argyrin A (0.15 mg/kg bodyweight) or bortezomib (1.0
mg/kg bodyweight) tumours were explanted at the indicated time points and bloed vessels in
the tumour tissue were co-stained for CD31 and p27. (See also Figure 7A for representative
immunofluorescent stainings) The graph shows a quantification of the data. d) The ultrastruc-
ture of microvessels was analysed after injection of Argyrin A (right and middle photographs)
or Bortezomib (left photograph), respectively. Note the swelling of the endothelial cell (“E”)
and the occlusion of the lumen (“L”) by erythrocytes after 90 minutes of Argyrin A treatment.
The arrow marks the detachment of endothelial cells after 48h of Argyrin A treatment. The
left panel shows apoptotic endothelial cells after treatment with Bortezomib e+f) HUVEC
cells were grown in endothel-cell basal medium supplemented with growth factors and con-
taining 2% FCS for 24h and treated with Argyrin A (1uM), bortezomib (10nM), siRNA
against p27, Argyrin A and siRNA or bortezomib and siRNA. Tube length (f) and blood ves-
sel like 23 structures were determined using photographs of HUVEC cultures. The micro-

graphs show representative examples of HUVEC cultures under the indicated conditions.

Figure 5 shows a) the chemical structure of Argyrin A b) The graph shows a quantification of

the percentage of apoptotic SW 480 cells as determined by a histone-associated-DNA-
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fragments ELISA after treatment with Argyrin A, Camptothecin treated U937 cells were used

as positive control.

Figure 6 a) The graphs show representative examples of flow cytometric measurements of
wildtype and p27 knockout cells after treatment with Argyrin A or Bortezomib. b) p27 wild-
type or knockout MEFs were incubated with Argyrin A and the expression levels of p21, p53,
Bax and actin were determined at the indicated timepoints. ¢) MCF7 breast cancer cells were
incubated with Argyrin A or Bortezomib for 24h or left untreated and the activity of the cas-
pase-, chymotrysin- and trypsin like proteasome activities were measured using fluorogenic
peptide substrates specific for the different catalytic activities. d) Correlation values for Fig-

ure 2Q.

Figure 7 shows representative immunofluorescence co-stainings of endothelial cells in human

colon cancer xenotransplanted tumors for CD31 and p27.

Figure 8 shows that Argyrin A treatment is very well tolerated, as shown by the body weight

of mice.

Materials and Methods:

High throughput screen (HTS) for p27 stabilizing substances

A cellular high throughput screen for p27 stabilizing compounds was established by stably
introducing a DNA plasmid (EGFP-N1, Clontech) which allows the expression of p27%P1.
GFP fusion protein in HeLa cells. p27-GFP expressing cells were selected with neomycin and
several independent clones were subcultured. HeLa p27-GFP cells were seeded in 384 well
plates (Coming) and incubated with a set of highly diverse natural products {(part of the
Helmholtz Center for Infection Research myxobacterial metabolite collection) at a concentra-
tion ¢f 70 nM. GFP emission was determined by fluorometric measurements using a Victor
1420 multilabel counter (Perkin Elmer) at 3h, 24h, 48h and 60h after the start of treatment.

The proteasome inhibitor MG132 was used as a positive control.

Cells and tissue culture
Primary human fibroblasts (HKI); HCT116 (colon cancer), MCF7 (breast cancer), CaCo (co-
lon cancer), A549 (Lung cancer), HeLa (cervical cancer) and immortalized MEFs were culti-

vated in DMEM supplemented with 5% FCS and 2 mg/ml penicillin/streptomycin. SW480
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cells (colon cancer) were cultivated in MC Coy’s media supplemented with 5% FCS and 2

mg/ml penicillin/streptomycin.

Antibodies, Western Blotting, Immunofluorescence, Immunohistochemistry

Immunohistochemical staining of mouse tumour tissue, western Blotting and immunofluores-
cence experiments were done as previously described (Timmerbeul, I. et al. Testing the im-
portance of p27 degradation by the SCFskp2 pathway in murine models of lung and colon
cancer. Proc Natl Acad Sci U S A 103, 14009-14 (2006). Kossatz, U. et al. C-terminal phos-
phorylation controls the stability and function of p27*"'. Embo J 25, 5159-70 (2006).). The
following antibodies were used: p27 (Cat. No. K25020-150 ; Transduction Labs), p21 (N20;
Santa Cruz), p53 (FL-393; Santa Cruz), NfKB (C-20; Santa Cruz), Bax (P-19; Santa Cruz),
Alexa fluor 488 (# A11001; Invitrogen), 20S-proteasome subunit beta 2 (Z) (PW9300; Bio-
mol, for human cells), 20S-proteasome subunit beta 2 (Z) (PW8145; BIO TREND, for mouse
cells); 20S proteasome subunit beta 1(Y) (PW8140; BIO TREND), 20S proteasome subunit
beta 5 (PW8895; BIO TREND) ; PECAM Antibody clone MEC 13.3 (# 550274; BD Pharm-

ingen).

MTT assays, Apoptosis, Flow cytometry

MTT assays were done as previously described (Sasse, F. et al. Argyrins, immunosuppressive
cyclic peptides from myxobacteria. 1. Production, isolation, physico-chemical and biological
properties. J Antibiot (Tokyo) 55, 543-51 (2002)). TUNEL staining of tissue sections was per-
formed on 10 micrometer sections which were deparafinised and treated as recommended by
the manufacturer. (In Situ Cell Death Detection Kit, Fluorescein; ROCHE, Cat # 11 684 795
910). Flow cytometric analysis of cultured cells was done using a Becton Dickinson fluores-
cence cytometer as previously described (Malek, N.P. et al. A mouse knock-in model exposes
sequential proteolytic pathways that regulate p27%"! in G1 and S phase. Nature 413, 323-7
(2001)). Analysis of the distribution of cells in the cell cycle and the sub-G1 fraction was
done using Cell Quest software. A histone-associated-DNA-fragments ELISA was used to
determine the number of apoptotic cells according to manufacturers instructions (Roche # 11

774425001).

siRNA
siRNA knockdown was performed using transfection reagent FuGene6 ® or HiPerFect trans-

fection reagent. Transfections were done using siRNA in a concentration of 0.2 nM for
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p27 forward: 5-CGUAAACAGCUCGAAUUAAL-3" (SEQ ID No. 1)

backward:5 -UUAAUUCGAGCUGUUUACGtt-3" (SEQ ID No. 2)

Psmb1:1D:68878:
Psmbl forward: 5°-GGAUUUUCAAUUCAUACCCH-3" (SEQ ID No. 3)
backward: 5'-GGGUAUGAAUUGAAAAUCCH-3" (SEQ ID No. 4)

Psmb2:1D70480:
Psmb2 forward: 5'-GGACGAUCAUGACAAGAUGH-3" (SEQ ID No. 5)
backward: 5’-CAUCUUGUCAUGAUCGUCCH-3* (SEQ ID No. 6)

Psmb5:1D 68783
Psmb5 forward: 5 -GGUGCUUAUAUUGCUUCCCHt-3 (SEQ ID No. 7)
backward: 5°-GGGAAGCAAUAUAAGCACCtg-3" (SEQ ID No. 8)

PSMBI1:ID105612
PSMBI forward: 5’-GACUGUCUUACGCUGACAAtt -3" (SEQ ID No. 9)
backward: 5°-UUGUCAGCGUAAGACAGUCtc -3" (SEQ ID No. 10)

PSMB2:1D:105614
PSMB2 forward: 5'-GAUAUUACUCCUGUGUGUU1t -3" (SEQ ID No. 11)
backward: 5'-AACACACAGGAGUAAUAUCt -3" (SEQ ID No. 12)

PSMBS:ID:105622
PSMBS forward: 5'-GAAGAGCCAGGAAUCGAAALtt -3" (SEQ ID No. 13)
backward: 5'-UUUCGAUUCCUGGCCUUCtg -3* (SEQ ID No. 14)

Proteasome purification, Proteasome assays
Proteasome assays with purified 208 proteasome were performed as previously described

(Lightcap, E.S. et al. Proteasome inhibition measurements: clinical application. Clin Chem 46,
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or MCF-7) or tissue sample homogenate (tumour sections) were re-suspended in 1mL
ATP/DTT lysis buffer (10 mmol/L Tris-HC] (pH7.8), 5 mmol/L, ATP, 0.5mmol/L. DTT, 5

mmol/L MgCl,), and incubated on ice for 10 minutes, followed by sonication for 15 seconds.

The lysates were centrifuged at 400 x g for 10 min at 4°C, and the resulting supernatant con-
taining proteasomes was stable at —80 °C with the addition of 20% glycerol for at least 1
month. Protein concentration of the samples was measured using a coomassie protein assay

(Pierce, Rockford, IL).

For proteasome extraction from whole blood, frozen whole blood cell pellets were thawed and
lysed in 2-3 pellet volumes cold lysis buffer (5 mM EDTA, pH 8.0). Lysates were spun down
at 4°C and the supernatant was transferred to a fresh tube. 5pl was taken for the determination

of protein concentration using a coomassie protein assay (Pierce, Rockford, IL).

Proteasome assays using proteasome purified from cells or tissues were carried out in a 100
L reaction volume containing 20 pg proteasome extract, 50 mmol/L. EDTA and 60 wmol/L
fluorogenic substrate (chymotrypsin-like(CT-L), trypsin-like(T-L) or caspase-like (C-L)) in
ATP/DTT lysis buffer at 37°C The assay buffer was supplemented with a final concentration
of 0.05% SDS for the evaluation of the chymotrypsin-like activity and caspase-like activity.
The rate of cleavage of fluorogenic peptide substrates was determined by monitoring the fiuo-
rescence of released amonomethylcoumarin using a Victor 1420 Multilabel counter (Wallac)
at an excitation wavelength of 395 nm and emission wavelength of 460 nm over a period of

60 min.

HMVEC culture, in vitro capillary-like tube structure formation assay and im-
munofluorescence

Primary microvascular endothelial cells (HMVEC) were isolated from human foreskin. The
cells were kept at 37 °C and 10 % CO2 in EGM-2 MV from Cambrex which includes the
basal medium (EBM-2), FBS, hydrocortisone, hFGF-B, VEGF, R3-IGF, ascorbic acid, hEGF,
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an Axio Vision 3.1 Zeiss camera and scored by determining tube length and the formation of

closed vessel like structures.

; Xenotransplant Stadies
1x107 SW480 cells or HCT116 celis (in 100 microliters DMEM medium and 100 microliters
matrigel) were s.c. injected into the flanks of NMRI nu/nu mice. Tumours grew for approx.
18 days until they reached appropriate size (200mm3). Tumour size was measured with a
digital calliper and calculated with the help of the following formula:(Length x width2)* n/6.
All experiments were done after review and in accordance with the animal rights and protec-

tion agencies of Lower Saxony, Germany.

EM

Small specimens of the tumour were fixed in 2.5% glutaraldehyde (Polysciences, Warrington,
PA, USA) in 0.1 M sodium cacodylate, pH 7.3 and postfixed with 2% osmium tetroxide
(Polysciences) in the same buffer. After dehydration in graded alcohols they were embedded
in Epon (Serva, Heidelberg, Germany). Thin sections stained with uranyl acetate and lead
citrate were examined in a Philips EM 301 electron microscope. The electron micrographs

were selected, digitalized, and processed using Adobe Photoshop 6.0.

DNA Microarray Hybridization and Analysis.

Quality and integrity of the total RNA isolated was controlled by running all samples on an
Agilent Technologies 2100 Bioanalyzer (Agilent Technologies; Waldbronn, Germany). For
biotin-labelled target synthesis starting from 3 pg of total RNA, reactions were performed
using standard protocols supplied by the manufacturer (Affymetrix; Santa Clara, CA). In each
case 10pg of labelled cRNA were hybridized to an identical lot of Affymetrix GeneChips
HG-U133 2.0 for 16 hours at 45°C. After hybridisation the GeneChips were washed, stained

with SA-PE and read using an Affymetrix GeneChip fluidic station and scanner.



R4 is hydrogen or nethyl; R5 is hydrogen; R6 is nmethyl; and X is
C=CHz, andwgggkﬁgﬁﬁytically acceptabl e salts thereof. P%%&%ﬂﬁgﬁﬁﬂn
0 the

according to any claims Ito 4, whepein the conpound has

following formula and pharmaceutically acceptable salts thereof. 6.
Use acc%%gi&ﬂ tq any of clains 1 to 4 wherein said conmpound is
argyrin B2 an¥Yhar maceutical ly acceptable salts thereof. 7. Use
accor di pgallysls ¥ niboahyatae Wastperformavhesigg thet AffymebixeGCOSs]. 2 sofiwnral For
such as, for exanple, a human. 8. Use according to aqy 8f | ai,ms 1
to 7, wWREFHiEtoRalk TRy HRIHMENS Warcspled dhp H4TEE JNEPYIGT ¢ QIS

grow h, tfp,ld@%lﬁ.g R SHEECH S AE8 O ¥hile dhd SetCyds Hehditted HAMHAHUBES GBI ab8se
treatnent o reast cancer, treatnent of hepatocellular carcinom,

t r eat mesgrvasfin ceMIAME: aproplirntrdormat @ad neanailable lunder acaessionorrn, CYH868% B

of nmultipl el [ar. g%ig%a% on cancer. 9. Use
accordiﬁﬁmg%ﬂéﬁﬁgggkgﬁg?ﬁga?gfo ; gg%#ﬁ%%he medi cament further

conpri ses additional pharmaceutically active anti-tunor ingredients,
such as paclitaxel. 10. Use according to any of clainms 1 to 9,

wher ei n §2$apo Qqad_;gyagqhgpstered at a dose of 0.01 ng to 200
ng/ kg, pfErerably at a dose of 0.01 ng to 100 ng/ kg, nost preferably

at a dose of 0.02 ng to 10 ng/kg.

t

where ai are the signals in array a, bi are the signals in array §, y and g are the respective
means and standard deviations, and » is the number of items in each array. Functional cluster-
ing based on gene ontology terms were performed using Array Assist 5.1 (Stratagene, La

Jolla, CA).

Statistical analysis

Statistical analysis was carried out using Microsoft Excel software. If not stated otherwise, all
data are presented as mean +/- SD (error bars represent SD in all figures). Intergroup com-
parisons were performed by two-tailed student t test. Probability values of p<0.05 were inter-

preted to denote statistical significance.

Generation of p27-GFP-cell line as reporter construct

Human p27¢DNA (in plasmid vector CS§2+) was digested with EcoR1 and BamH], and the
resulting fragment was ligated after gel purification into the vector pEGFP-N1 (Clontech) that
was cut with the same restriction enzymes. Thus, a reading frame shift fusion with the GFP as
contained in the pEGFP-vector was generated. The plasmid was then transfected into Hela
cells, and, following selection of the cells with kanamycin, cellular clones were isolated
which had the plasmid integrated stably into their chromosome. The expression of the
p27EGFP proteins was confirmed using Western blots and immune precipitations for both

p27 and GFP.

Effect of different argyrin-derivatives
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lines, H15 (cervix carcinoma) and SW-480 (colon cancer). In order to test the efficacy, a p27-

GFP-clone was used.

Effect of different argyrin-derivatives

Mean of FSC-H | MIC (visual)** | MIC (visual)** | IC-50%**
(Log)* [pg/ml] [pg/ml] [pg/ml]
HI15 H15 SW-480 SW-480
p27-GFP-clone
Argyrin
A 8.52 4 4 Ca. 0.05
B 7.60 12 12 Ca. 0.05
C 7.36 37 37 Ca. 0.05
D 7.69 12 37 Ca. 0.05
E 8.52 4 4 0.7
F 11.24 0.5 0.2 0.05
H 37 37 Ca. 0.5

*The GFP-fluorescence was determined per FACS after a 24h incubation of the clone
H15GFP-p27 (HeLa-cell line; cervix-carcinoma) with the different argyrin-derivatives (500
ng/ml).

**Minimal concentration of a serial dilution exhibiting a visual effect.

**+*+Half-maximal inhibition of the proliferation of SW-480 (colon cancer cell line; analysis
following an MTT-test). Since all derivatives with the exception of E and F show a biphasic
progression of inhibition with a plateau at 50% inhibition, the determination of an IC-50-

value is difficult. It can be seen that argyrin F is particularly effective and thus preferred.
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Claims:

1. Use of a compound of the formula I

(formula I}

wherein

R! and R? independently are hydrogen, C)-Cs alkyl which is unsubstituted or substituted by
OH, or C;-C4 alkoxy;

R3is hydrogen, C,-Cs alkyl which is unsubstituted or substituted by OH or OR, wherein R is
selected from hydrogen, C,-Cs alkyl, aryl or acetyl,

R* is hydrogen, halogen, C,-C4 alkyl which is unsubstituted or substituted by OH, or C,-Cq4
alkoxy;

R? is hydrogen or halogen;

R® is hydrogen or C-Cq alkyl; and
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X is C=CH, or CHR’ wherein R’ is C,-C4 alkyl which is unsubstituted or substituted by -S-
C,-Ca alkyl, and pharmaceutically acceptable salts thereof,

for the production of a medicament for the treatment of cancer in a subject.

2. Use according to claim 1, wherein

R', Rz, and R? independently are hydrogen, C-Cy alkyl which is unsubstituted or substituted
by OH, or C,-Cq4 alkoxy;

R is hydrogen, halogen, C-Cs alkyl which is unsubstituted or substituted by OH, or C;-C,4
alkoxy; ,
R® is hydrogen or halogen;

RS is hydrogen or C;-C4 alkyl; and

X is C=CH, or CHR” wherein R is C;-Cs alkyl which is unsubstituted or substituted by -S-

C\-C4 alkyl, and pharmaceutically acceptable salts thereof.

3. Use according to claim 1 or 2, wherein
R' is hydrogen or unsubstituted C;-Cs alkyl, e.g. methyl;
R? is hydrogen or C;-C4 alkyl which is unsubstituted or substituted by OH, e.g. methyl or
hydroxymethyi;
R’ is hydrogen or C;-C4 alkoxy, e.g. methoxy;
R* is hydrogen or unsubstituted C;-C, alkyl, e.g. methyl;
R® is hydrogen or bromo;
RS is hydrogen or methyl; and
X is C=CH; or CHR wherein R” is methyl which is unsubstituted or substituted by -S-ethyl,
and pharmaceutically acceptable salts thereof.
|
4. Use according to any of claims 1 to 3, wherein
R'is hydrogen or methyl;
R? is methyl or hydroxymethyl;
RYis hydrogen or methoxy;
RYis hydrogen or methyi;
R? is hydrogen;
R® is methyl; and
X is C=CH,,

and pharmaceutically acceptable salts thereof.
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5. Use according to any of claims 1 to 4, wherein the compound has the following formula

S
j” N
\\N HN
S ‘
0 0 H
HN N.JL<,,N
H

O

HNT Yo  NH

OMe

© 7

HN

and pharmaceutically acceptable salts thereof.

6. Use according to any of claims 1 to 4 wherein said compound is argyrin F, and

pharmaceutically acceptable salts thereof.

7. Use according to any of claims ! to 6, wherein the subject is a mammal, such as, for

example, a human.

8. Use according to any of claims 1 to 7, wherein the treatment of cancer comprises blocking
tumor cell growth, blocking, and/or destroying the existing tumour vasculature, treatment of
breast cancer, treatment of hepatocellular carcinoma, treatment of cervix carcinoma, treatment
of lung carcinoma, treatment of multiple myeloma, and/or treatment of colon cancer.

9. Use according to any of claims 1 to 8, wherein the medicament further comprises

additional pharmaceutically active anti-tumor ingredients, such as paclitaxel.

10. Use according to any of claims 1 to 9, wherein the compound is administered at a dose of
0.0! mg to 200 mg/kg, preferably at a dose of 0.01 mg to 100 mg/kg, most preferably at a
dose of 0.02 mg to 10 mg/kg.
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