10 RasGAP derived peptide for selectively killing
cancer cells. FIELD OF THE | NVENTI ON The present
invention relates to a pharnaceutical conposition
conprising a conbination of at |east one fragment of
the N2 sequence of the Ras@AP protein and a
genot oxi n, wherein said at |east one fragnent of the

11 SR BNIPEE Rtk fof Pt B b GIR " 1
I NVENTI ON Turmrs are diverse and het er ogeneous, but

i
al| share the abi| itiLP9FFHE| INVENHOY Wit hout control .

Deregul ated cell proliferation coupled with suppressed
apopThbe presens mnmlvreﬂ@tescto ﬁsﬂlrannﬁce@ﬂ@l admpepition comprising a

r 5 %tgtg{r@fnaft éeliligo ! e\rlﬁ Ysgﬂlyetélgg Bi;t%g E#igéAP protein and
Eﬁ&&ﬁﬁmeﬁler&ﬁlshld%i’éagb orfé ﬁﬁghﬁht ofthe ROBQRACcE Biant KRS

['ace during devel opnent, and is essential for the

abrhtymfesaﬁmotoﬁlnhoﬂ:dbmla}twsly czhesroelischeni cal event t hat

is believed to irreversibly commt a cell to

apoptosis is the activation of caspases (cystein
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can ocked by specific caspase inhibitors. It is
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events can be blocked by specific caspase inhibitors. It is thus the cleavage of the

caspase substrate that is responsible for most, if not all, of the characteristic changes
observed during apoptosis.

The execution phase of apoptosis is triggered when caspase substrates in a
cell are cleaved. Dozens of caspase substrates have been identified and the list is
growing steadily (Earnshaw W.C. et al., “Mammalian caspases: structure, activation,
substrates, and functions during apoptosis” Annu. Rev. Biochem. 68, 383, 1999).
Once cleaved, caspase substrates mediate the biochemical and morphological events
observed during apoptosis such as amplification of the activation of caspases, DNA

fragmentation, nuclear breakdown, etc.



fragnmentati on, nucl ear breakdown, etc. 2 Furthernore,
Mt ogen-activated protein kinase (MAPK) pat hways have
been shown to regul ate apoptosis in a positive or
negati ve manner (Jarpe MB. et at, "Anti-apoptotic
versus pro-apoptotic signab 4ransduction: checkpoints
and stop signs along the road to death"” Oncogene, 17,
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on NFkappa B" J. Biol. Chem, 277, 14641, 2002b ),
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cl éavage by caspas They have shown that” at ow
apopusiss Fuf. Cyaskins Netwe | 134i38§, 2(RAg CAReiRasGlAPN ¢ermznal fragment

positjon 455, generating an, N term
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strong apaptotic response in HelLa cells as assessed
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nuclei, activation of caspase 3, and cl eavage of X
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siyﬁﬁé, d%f&ﬂﬁ%co% the e{t@ﬁtj'bq{itstcﬁagage by caspases. They have shown that at
low levels of caspase activity, RasGAP is cleaved at position 455, generating an N-
terminal sequence (sequence N) and a C-terminal sequence (sequence C).

Sequence C, but not full-length RasGAP, induced a strong apoptotic response
in HeLa cells as assessed by its ability to induce the appearance of pycnotic nuclei,
activation of caspase 3, and cleavage of PARP.

In the same study, the authors have also shown that sequence N, rather than
promoting cell death, appears to be a general blocker of apoptosis downstream of
caspase activation. At higher levels of caspase activity, the ability of sequence N to
counteract apoptosisis suppressed when it is cleaved at position 157. This latter

cleavage event generates two sequences, N1 and N2, that in contrast to sequence N,



pronoting cell death, appears to be a general bl ocker
of apoptosis downstream of caspase activation. At

hi gher | evels of caspase activity, the ability of
sequence N to counteract apoptosis is suppressed when
it is cleaved at position 354. This latter cleavage
event generates two sequences, N 1 and N2, that in
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drug used in chenotherapy to treat cancers. However,
it has been shown in Leblanc et al (Leblanc V. et at,
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dctagvrza%rfrocrr? IRlag('}AP and having the amino acid sequence WMWVTNLRTD.
There is, however, no indication that said peptides enhance the ability of potentiating
apoptosis or killing selectively genotoxin-treated tumor cells.

Similarly, international patent application WO03/018630 (French et al.)
discloses a peptide of 61 amino acids (SEQ ID N°6) comprising the polypeptide
WMWVTNLRTD and the use thereof for breast cancer therapy. Again, there is no
indication that said peptide enhances the ability of potentiating apoptosis or killing

selectively genotoxin-treated tumor cells.



Simlarly, international patent application

W03/ 018630 (French et al.) discloses a peptide of 61
am no acids (SEQ I D N6) conprising the pol ypeptide
WWWTNLRTD and t he use thereof for breast cancer
therapy. Again, there is ng oindication that said
pepti de enhances the ability of potentiating apoptosis

or [in sel ecti vel NOt OXi t cells.
“Ehentfrmpg 0o o i SRR AR IR hEimicIRE £ 00
rddi(ﬁﬁérﬂi?j)t dre COrréhtly' aidiof tHRah S ehmnintand Wi @&t thergieaticd] tool
the nost common and efficient therapeutical tool to

tot tresd cansarsc Eheeffivhey affthe daigyussrl in weerapthergpyinceeaf gancers

religS R S b i B Rer SR Thdre i€ Moo R 1iHfRlibn itk bio'or
tHeBe &ﬂﬁgs Ha€cdthes ﬁ*(ﬁﬁ% feEtuBS thé}aéan(‘a%ﬁﬁvéﬂsélfaﬂbﬁ nbaail cells,
that they can al so adversely affect nornma S, . nhon

nemeareer b sincedhayowt vhlyyindise agtropg s@u@@o&oﬁfeasms in
stimu of cas n canc t
HsERIE bt REER o e S, Sty on QR b
AR quicily.| de qui ckly. Therefore, the challenge for the
cI|n|C|ans is to choose the doses of drugs that are
h| ghTherefogd theochellemgerfat életchmctanmtg dbg@sertb@ deses pf Ggrguihat
i.nduce, severe s eff cts. in 1t i;ents suc
e ghigh srpoeh g fada s vt it s el PR SR g™
fFEHON gﬁé gat%&%%ﬁﬁ as flzﬁpfo@é/ 'nﬁgseh RRd $6makldl Yirbidc Qfxuﬁfyl'lﬂﬂ

t owar ancer cells woul'd obviously increase th
seebhdaracancofs. chenot her apeut ic treatnments thereby

enabling | o 0ses 0 S. . This w
' btroving sedeivin O i iveds g el v PV Ty
it diSe et h@&k? of Jﬂéﬁfo%;e% utid H@atﬁﬁh%(%ﬁer@lgy &ﬁﬁhﬁ’g I%%FHoses of
I'nvention Is"to provide an inproved approach
dmgnbrmsawubaiswdshlt in rhduging hofar bhpossibdathesevero above-hsted side
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effgfée- ment i oned dr awbacks. SUMMARY OF THE | NVENTI ON
Thi s object has been achi eved by providing a
phar maceuti cal conposition conprising a combination
of aThérefess, tinebjéat @fj thentreseht inkentldd is txpremide ap impiowred

approach, in combination with a drug, for the treatment or prevention of cancers,

which does not have the above-mentioned drawbacks.
SUMMARY OF THE INVENTION

This object has been achieved by providing a pharmaceutical composition
comprising a combination of at least one fragment of the N2 sequence of the
RasGAP protein and a genotoxin, wherein said at least one fragment of the N2

sequence enhances the ability of said genotoxin to kill selectively cancer cells.

Furthermore, the invention provides a kit for treating or preventing cancer in

a subject comprising the pharmaceutical composition according to the invention.



RasGAP protein and a genotoxin, wherein said at | east
one fragnent of the N2 sequence enhances the ability
of said genotoxin to kill selectively cancer cells.
Furthernore, the invention provides a kit for treating
or preventing cancer in agsdbject conprising the

phar maceuti cal conposition according to the invention.
50 DESCRIPTION OF TILE FIGURES Fig. 1 shows the

per cent age of apoptosis induction by various drugs in
HeLa cells trans E%‘f‘gﬁné’ﬂ“t%e"}m%ﬁ’?ﬁ’\ﬁﬁ?agrrent N2 or an

enpty pcDNA plasm d. HelLa cells (2x106) were plated in
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*** p <0.001). Fig. 2 Ais a schematic

Therssdtaorrgspand tothetheandt sthedast devd g offhtes independent

thi tudy. SH ts. th honpl .
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encodi ng the constructs described in 1g. 2 A HelLa
cells were transfected as described in Fig. 1 with

g, 3Kt 3 EhemetfdenrSmon ot it ASREL fitpd o i

'“ﬁh§platin and the extent of apoptosis was determ ned
20" hours later. The results correspond to the nean
SHireprdsents tHe Sicdtdnariogy darhaine i ndependent
determ nations. Asterisks denote a significant
di fference between the cells treated with 0.15 M

Fg %iﬂ %,tﬁg ggf%ﬁiéég%df apYhiobie i ddtRANYEASplAfin in HeEa cells
transfected with plasmids encoding the constructs described in Fig. 2 A.

HeLa cells were transfected as described in Fig. 1 with plasmids endoding the
constructs described in Fig. 2A. HeLa cells were then treated or not with 0.15 uM
cisplatin and the extent of apoptosis was determined 20 hours later. The results
correspond to the mean + standard deviation of three independent determinations.
Asterisks denote a significant difference between the cells treated with 0.15 pM
cisplatin and the cells without treatment (**, p <0.01; **¥, p <0.001).

Fig. 3 shows phase contrast and epifluorescence images of live cells incubated

with FITC-labelled TAT-RasGAP3;7.326 peptide.



Fig. 3 shows phase contrast and epifl uorescence inmages
of live cells incubated wth FITC | abelled

TAT- RasGAP3n_326 peptide. 6 The following cell lines
(HeLa, U20S, H Mesol, MCF-7, HaCat and HUV-EC-C) were
i ncubated 3 hours at 37C, 5% CO2 in culture nedium
wth 20 MFI TG | abel | ed TAT- RasGAP317-326 pepti de and
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three independent determinations. Asterisks denote significant differences between
the genotoxin-treated cells incubated with TAT-RasGAP317.32¢ and those left

untreated or incubated with the HIV-TAT4s.57 peptide (**, p < 0.01; #**, p < 0.001).

Fig. 5A shows the NFkB activity in U20S cells treated with cisplatin and in the
presence of HIV-TATgs.57 or TAT-RasGAP3;7.326 peptides

U20S cells (1x10°) were plated in 6 well plates and transfected with 1 pg of a firefly
luciferase reporter plasmid for NFxB activity and 0.1 pg of a plasmid encoding the
Renilla luciferase. The cells were treated one day later with the indicated
concentrations of cisplatin in the absence or in the presence of 20 uM HIV-TAT4z.57
or TAT-RasGAP;3;7.326 peptides during 20 hours. The data represent the firefly

luciferase activity normalized to the Renilla luciferase activity and expressed as fold



concentrations of cisplatin in the absence or in the
presence of 20 M HI V- TAT48-57 or TAT- RasGAP31v326
peptides during 20 hours. The data represent the
firefly luciferase activity nornmalized to the Renilla
| uci ferase activity and exproessed as fold 70 increase
of the basal NFKB activity obtained in control
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determined. The results correspond to the mean =+ standard deviation of three

independent determinations.

Fig. 6 represents western blots and percentage of JNK phosphorylations of
U20S cells transfected with either HIV-TATg .57 or TAT-RasGAP3i7.326
peptides and treated with cisplatin.

U20S cells (2x10°) were plated in 6 well plates and treated for the indicated periods
of time with the indicated combinations of the HIV-TAT4z.57 or TAT-RasGAP317.326
peptides (at a 20 uM concentration) and cisplatin (at a 30 uM concentration).
Positive controls for JINK and p38 activation were obtained following stimulation of

the cells with 1 pg/ml anisomycine during 3 hours and with 0.5 M sorbitol for 30



of time with the indicated conbinations of the

Hl V- TAT48 57 or TAT- RasGAP317-326 peptides (at a 20 M
concentration) and cisplatin (at a 30 M
concentration). Positive controls for JNK and p38
activation were obtained fgld owing stimulation of the
cells wwth 1 g/m anisonycine during 3 hours and with

0.5 M itol for. 30 8.0.mi ivel
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e positive controls. The results correspond to the
resultscorsspmddo thednednalt stardapd deviatinn dfitlarep indgpendent
experi nents. 90 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
eXpeEMeAent i on rel ates to a pharnaceutical conposition
conprising a conbination of at |east one fragnent of
the N2 sequence of the RasGAP protein conprising the
general am no acid sequence WKWTXXRTX, wherein X
represents an amno acid, and a genot oxin,
characterized in that said at | east one fragnment of
the N2 sequence enhances the ability of said
genotoxin to kill selectively cancer cells. As used
herein, the terns "peptide", "protein", "polypeptide",
"pol ypeptidic" and "peptidic" are used
i nt erchangeably to designate a series of am no acid
resi dues connected to the other by peptide bonds
bet ween t he al pha-am no and carboxy groups of
adj acent residues. RasGAP, a regul ator of Ras and Rho
GTIP-bi nding proteins, is an unconventional caspase
substrate because it can induce both anti- and
pro-apoptotic signals, depending on the extent of its
cl eavage by caspases. At |ow |l evels of caspases,
RasGAP is cl eaved at position 455, generating an
N-term nal fragnent (fragnent N, of about 56 kD) and
a CGtermnal fragnent (fragnent C, of about 64 kD)
Fragment N appears to be a general bl ocker of
apopt osi s downstream of caspase activation (Yang J:
Y. and Wdnmann C., Mdl. Cell. Biol., 21, 5346, 2001



and J. Biol. Chem, 277, 14641, 2002b). At high levels
of caspase activity, fragnent N is further cleaved at
position 157 thus generating two fragnments, N (am no
acids 1 to 157) and N2 (am no acids 158 to 455). By
"cancer cell"” is nmeant a cgld arising in an animal in
vivo which is capable of undesired and unregul ated
cell growth or abnornmal persistence or abnornal

i nvasion of tissues. In vitro this tern1a|so refers to

a cell |ine DHAAILED RESCRIBHION OF THE INVENFION i 7ed

established cell culture that will proliferate
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mamal i an cells, preferably human cells. There are
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di fferent nodes Drugs of the present

“Wﬁ?@ﬁfP%anﬁﬁfgkﬁmﬁﬁgﬁ%gaﬁﬂich are derived from or
A G728 e fhaféadd htlcAxP e ﬁ&?néiﬁ of tHei N2 eguedle ephageshes.

Interferon, tunmor growh actors, tunor necrosis
atfilitytodisaid @n@'mim tﬁé{dt salestivelyteanesr @liscSF and G- CSF and

i nterl eukins such as interleukin-2, interleukin-86,

-interleukin-7 and interl eukin-12 are exanples of such

bi ol @gi,6cl hetitAfie foink epdptct Spebtdir, CBBIgPEptide”, “polypeptidic”
therapeutics. A drug of the present Invention can

abfreptidicasrowstd m@;dmeahﬂw edignatg @ sempyoigmingpcid residues

ofaReea k0 HE oitis b SSbellnep Pl PP AP Pali S M,
gﬁhﬁybp&jggmﬁggﬂﬁﬁ antinetabolites, DNA cutters, DNA

ders, topoi sonerase poisons and spindl e poisons.
ExanpRm}AiT aakefylatat oﬂgaﬂgldrﬁf@ @TB bii Pprofais, is an

car must i strept ozo
URRORY PO CAgRASH S‘ﬁiﬁgfl@ﬁ)&ca%ﬁf Sl et &%‘@r %}%raﬁp‘f{ﬁ 8@8“0
31?%]956% &ficon ﬁl'e%meﬁf bifits GSVREPbPEsPasesN AtQHW Gévels of
hi ot e acar bazi n, procarbazine, hexanethyl
ca¥phsenj ResG AR iseldayédateonitivn %menmsng am - tepmp@lkframmt

B ERE P SRk S b Bl SR

kB 155Gk 8fafpetd BEa GERUA VIR 6iSpdptosis downstream of
caspase activation (Yang J.-Y. and Widmann C., Mol. Cell. Biol., 21, 5346, 2001
and . Biol. Chem., 277, 14641, 2002b). At high levels of caspase activity, fragment
N is further cleaved at position 157 thus generating two fragments, N1 (amino acids
1 to 157) and N2 (amino acids 158 to 455).

By “cancer cell” is meant a cell arising in an animal iz vivo which is capable
of undesired and unregulated cell growth or abnormal persistence or abnormal
invasion of tissues. In vitro this term also refers to a cell line that is a permanently
immortalized established cell culture that will proliferate indefinitely and in an

unregulated manner given appropriate fresh medium and space.



t opot ecan, irinotecan, canptothecin sodiumsalt,
daor ubi ci n, doxorubicin, idarubicin, mtoxantrone

t eni posi de, adrianycin and etoposi de. Exanpl es of DNA
bi nders are dactinonycin and mthranycin whereas

spi ndl e poi sons can be sel;gcé ed anong the group
conprising vinblastin, vincristin, navel bin,

pacl it axel . and, dacet axel . drug,a I .

ant i%ﬁﬁ%‘bl‘%fl%sm : EE%%r”g%ggﬁ:\%ﬁfec l%%nﬂﬁgh ammalian clls,
prefEPibY, fuifan SePlk! WM 8e GOHHIEI QURSHS of BRI OF BiffsRér origin and

tringtrexate, pentostatin, cytarabin, ara-CW,

with didfferenthnvdepbiostibat e, hydroxyurea, fl uorouracyl,
floxuridipe, chlorodeaxyadengsi ne enci t abi.
i SSREh P G aFcies ET DAY EUpUr feents pRaps A0 o, or
W gHBEMc{bily@i?&ﬁdééé RE® bR glcdt bedekabd. MateffeloX athbogeweNd
adrianycin“are used as drug in the present invention.

faGorsptumxirmscrosin fintors,sgrowtl fetersgiuch as GYREISHand 61CRf apd
. one another. .In case, .npr.e than.on enot oxi | S .
G RRS e SRS JREB FR A Tl
exgﬁi?gs%gbﬁ@l BislogRhd drdkd AirfentiP Bscdan @Bhdet tHeBpedticst hose
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In theTart, and w depen . g. on the
cancer cells to kill. The term "enhanci ng" as used

h ' f h [ f id .
v oh Brpt pstent AR abropatirm 81 PR gety Bhich dpees

Dighl Anfd%:f ok Sventls {Hl% ﬁ%%ﬁitfﬂyiﬁ% Rublfas JERSOWIMRIGERLIYiAS €an be

or "exanpl e, neasuring the percentage of apoptosis
sebectedeftdns theqponadcampriping gileylatingeagohtss dndineatabotitas dldNAnentters,
treated with at |east one drug, by .scoring the nunber
DYA Riaders topaisnmarassPop Bht ?llgﬂ%i;%lﬁortsa mar ker of

apo%}%&ﬂg@?s’cﬁaﬁ%@aﬁngggﬁhg lelbﬁguﬁtﬁl% sRmMbif, SreReRar ed

tot romdrug-treated cells that do not contain
méchlstefhamincd mebfhataneuracil eittogemmustapk phliothentivedls cyickeapliamide,
-a tw fold ar . nor j ncrease qf tosis,in cells. at.
iphosghwaicc EpRIBiL. cab0p uBfm{tWBYC‘H’_etgﬁ’g‘g’ﬁeéaWaﬁ‘P’ proggpazine,
- Mnitot d
e b 838 Al i, By Gt

othéreplahicldetiyatbfesa drug to kill cells. As used herein,

by the term"selectively" is nmpant that the peptide of
t he AR pyasaple GhDRH) etcssB OIROTYCIY consists in a

Fr agfigakioRferdsBE pdioorR el 8068 @ed £ the group comprising

topotecan, irinotecan, camptothecin sodium salt, daorubicin, doxorubicin, idarubicin,
mitoxantrone teniposide, adriamycin and etoposide.

Examples of DNA binders are dactinomycin and mithramycin whereas
spindle poisons can be selected among the group comprising vinblastin, vincristin,
navelbin, paclitaxel and docetaxel.

As drug as well antimetabolites can be used which can be selected among the
following coumpounds: methotrexate, trimetrexate, pentostatin, cytarabin, ara-CMP,
fludarabine phosphate, hydroxyurea, fluorouracyl, floxuridine,

chlorodeoxyadenosine, gemcitabine, thioguanine and 6-mercaptopurine.



RasGAP protein enhances the ability of a genotoxin to
kill cells at a given concentration, specifically in
cancer cells but surprisingly not in non cancer cells.
Concentration ranges of the genotoxin in vitro in
which the peptide of the 4ynvention enhances the
ability of a genotoxin to kill cells selectively in

s d d . ' d.
For 105t syt el PTG R Ak Bt Bt o€
adgigR9ti@akduden ayﬂidsggnil\t}l’ie $efeRReftioh. to 100 M preferably

bet ween 0.15 to he N2 sequence of the RasGAP
pr ot@¢netdxénspranbe uaesl 3longeer in sambingHomwithene anefhere fnsgage

to 36 kD protein si,sting ,of 7 i [ ich
mish BrrinoaboRs s Brg R b Rs &b BanBRatth of
ehb@Wi iPwéll widiDthk @gﬂaﬁ%ﬂﬁ{e@ lof thOE€ sIREMInABY ar?, dn8HA) depend

domai ns are involved in recognition of phosphoryl ated

e. gyowticcenashesllsde kil.c honol ogy 3 (SH3) domains are
often indicative of a protein involved in signa
transduction related to cytoskel etal organisation.
" Fr agEa ety “édhfdiset & 13cERALIRNERIsA0 Mheldphtigy dfossepaoé oche
acids in length than the N2 sequence of the RasGAP
inpentipeitminciiassths effaetrif @ geagtobia to dlbicells. Thimganasity gan be

mERBIFRATEL? e THaRFORE. e Ao prroeriies of SeBarEn s
coﬁ%‘iﬁilﬁ%g eﬂtﬁiﬁ%ﬁﬁl@iﬁv&ﬁf&l ARl legedRlith dt @St drikaiudBYscoking

part ar less than 30%anmino acids in length than
thé hembesyectls displbipng pyunetic sudti (a markersGapoptptioedish. The

Topesbr e ey g Prpyd o ont AHBGL e EafA RS eh own
cohthid %ﬁl géaétid% UEhedfvdBon SX PPt (RRABIdRA a SUH NGBt faor®r

reco nt techniques as described in Maniatis et at
indr9f2, of lpbrerasis arcells ond gigen conckentirsioaton that Negreases bycaf ldast

e e
as%ﬁﬁir%qhgaﬁﬁ cﬁ'ugio tingepB domain of the N2
e. Applicants,

sequen surprisingly, have
characterized a fragnent of the N2 sequence of the
RasGAP protein that still e cesthﬁggﬁ}ilit

f
gondkoaeh e by rsserp talsin gy EsqReAn eéﬂeaﬁ%eoﬁ%ﬁ?
inP@Riof il DEeAANF b AGEs in® BB 6 8RNI deqb¥mkhedized.

RasGAP protein enhances the ability of a genotoxin to kill cells at a given

concentration, specifically in cancer cells but surprisingly not in non cancer cells.
Concentration ranges of the genotoxin in vitro in which the peptide of the

invention enhances the ability of a genotoxin to kill cells selectively in cancer cells

depend, usually, on the genotoxin used. For example, usually the concentration of

the genotoxin in vitro is between 0.1 to 100 pM, preferably between 0.15 to 30 pM.

The N2 sequence of the RasGAP protein is preferably derived from human
and refers to a 36 kD protein consisting of 297 amino acids which encompasses two

SH2 and one SH3 domain as shown in Figure 2 A.



Applicants have generated a series of truncated
versions of fragnment N, as shown in Fig. 2 A and
determined their ability to potentiate genotoxin

i nduced apoptosis in a cancer cell line (Fig. 2 B)
These fragments of the N2 gequence have been cl oned
into a vector and transfected into a cancer cell |ine

(HelLp) ' : o
Pl b oBet BB RNRRAk HRARh gantion of
plﬁ@ﬁﬁdrﬁrl&ﬁéﬂ_tﬁb@iﬁd whgreak SrcStdanaloged (SHF) dihainslaye didemindicative
enhance ci splatin- induced death, In contrast, ceJls
ofgpreteisinyglvehan dgmd ﬁrﬁn@@tl%waé%ﬁ%gtqsﬁgetsﬁ%fgafamfln
had an i ncreased enhancenment of cisplatin-induced
apoptosis as shown in Fig. 2B 13 Applicants have
t herregnaEndt fterd logie@shoeeohtiiitglesoaninomcids én Bhigth than
domain in an attenpt to identify a m ninal enqanci n
the duesraence af theRpsGAPaAtin- bl sesuengercap Pe yicd a5floRges 1
ce (Fi [ [ St
PGS Gy hdpertbe e PR BOR R i¥hfves, Preferably

thf selfiéhck BY@RTnk RRs tHaa Lo, pedfadblyhess alitinl 6004, ip particular less
cisplatin to kill HeLa cells (Fig These results

n 1o Ki 19 2B) .
theh 30 ameino a¢ids ndength daanthe rspertiva H2 ssavsses pfthgRasGAP
fga ment N2 does not require a conplete SH3 donai n but
PO edi ated by a part of the SH3 domain such as a

Shor theRp bédqlictices ROWEN 6€a i@ cht tAGESMNdan Ok pdparedHy a variety
domai n contains preferably |ess than or equal tq 70

ofmetbogr anddechiviques kaawn inethe art saefuas for exanmle phsanical synthesis

r ef er.abl ess thap or u tQ. 1 ] ' .
offeEorihiy et Fi et e Mt e g 10 SR Abning
ARJrhieH) Manudl TAIBBSEALHaor L ABofogRent invention is a

phar maceuti cal conhposition which conprises a fragnment

of the N2 sequence of the RasGAP protein consisting

in the.am.ng, acid s n encoded b .

e quinEEDpiind fpre 3 BRET sERETH aRRAC Dysip
cESHARDBRSINAD AQd 8&dunccSSTtHE BES Yomakdfl the N2 sequence.

RasGAP284- 351 gaagat agaaggcgt gt acgagctattctacctta

EDRRRVRAI LPYTKV cacaaaagt accagacact gat gaaat aagtttct
PDTDE{)}?[E;'EnK[cs;,Ds'\I/JFqI)ﬁSineg, have characterized a fragment of the N2 sequence of
‘the RasGAP protein that still enhances the ability of a genotoxin to kill selectively
cancer cells and that has also the advantage to be more easily synthesized.
Applicants have generated a series of truncated versions of fragment N, as shown in
Fig. 2 A and determined their ability to potentiate genotoxin induced apoptosis ina
cancer cell line (Fig. 2 B). These fragments of the N2 sequence have been cloned
into a vector and transfected into a cancer cell line (HeLa).
Applicants have shown that HeLa cells transfected with an empty construct
or with a construct encoding the SH2 domain of N2 only do not enhance cisplatin-
induced death. In contrast, cells expressing the constructs containing the SH3

domain had an increased enhancement of cisplatin-induced apoptosis as shown in

Fig. 2B



t aaaaggagat atgttcattgttcat aat gaatta VHNELEDGAMAWTNL
gaagat ggat ggat gt gggtt acaaat t t aagaac RTDEQG.| VEDLVEE
agat gaacaaggccttattgtt gaagacct agt ag VGREEDPHEGKI WFH

aagaggt gggccgggaagaagat ccacat gaagga GKlI SKQEA

aaaat at ggtt ccat gggaagat tt cgaaacagga agct SEQ ID N2
RasGAP284 341 gtacgagctattctaccttacacaaaagt accaga
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p@iﬂﬁ[ﬂ:&@@dﬁ@ﬁ@e@not require a complete SH3 domain but is mediated by

ID N4

T

V\MWM&&@ oP&%@HMrﬁﬁlﬁ gh®bins pleférhsly B8 tl@rtricgudfio 70,

the N2 sequence is SEQ ID N4

( Ras GAP317- 326)

then the

mb&sprbferab@r kzsd then aneqilakwcﬁﬁ)e nost pratoabdyiless them oteasryol I

i n hu
almnf’faé‘(déﬁ

am no aci ds,
shown in tabl e 2. Table 2 Species Anmino acid sequences
of Rag@ARIIE; SR6mphisediby WeivaYehRAPention is a pharmaceutical

composition which comprises a fragment of the N2 sequence of the RasGAP protein

{ T going & poearef PRALCREVE ar o i 11 r ont

whi ch are conserved anong the species as

consisting in the amino acid sequences encoded by the DNA sequences of Table 1:

Table 1
Sequences Name DNA sequences Amino acid
sequences

SEQIDN1 | RasGAP..351 | Jaagatagaaggcegtgtacgagectattetacctta EDRRRVRAILPYTKV
cacaaaagtaccagacactgatgaaataagtttcet | PDTDEISFLKGDMEI
taaaaggagatatgttcattgttcataatgaatta VHNELEDGWMWVTNL
gaagatggatggatgtgggttacaaatttaagaac RTDEQGLIVEDLVEE
agatgaacaaggccttattgttgaagacctagtag VGREEDPHEGKIWFEFH
aagaggtgggccgggaagaagatccacatgaagga | GKISKQEA
aaaatatggttccatgggaagatttccaaacagga
agct

SEQ ID N°2 RasGAP2g4.341 gtacgagctattctaccttacacaaaagtaccaga RVRAILPYTKVPDTD
cactgatgaaataagtttcttaaaaggagatatgt | EISFLKGDMFIVHNE
tcattgttcataatgaattagaagatggatggatyg | LEDGWMWVTNLRTDE
tgggttacaaatttaagaacagatgaacaaggect OGLIVEDLVEEVGRE
tattgttgaagacctagtagaagaggtgggecggg | EDPHEGKIW
aagaagatccacatgaaggaaaaatatgg

sEQIDN°3 | RasGAP2g4 33 gtacgagctattctaccttacacaaaagtaccaga RVRAILPYTKVPDTD
cactgatgaaataagtttcttaaaaggagatatgt EISFLEGDMEIVHNE
tcattgttcataatgaattagaagatggatggatyg LEDGWMWVTNLRTDE
tgggttacaaatttaagaacagatgaacaaggcect QGLIVEDLVEEVGR




Bos taurus WWWTNLRTD Muse WM W VTNLRTD Rattus
norvegi cus WWWTNLRTD Anophel es W LW VTAHRTG
Drosophilia WLWVTAHRTG Alignnment WWTXxxRTX
Conserved am no aci ds anong the species are
represented as bold underligped type residues whereas
the X correspond to am no acid residues that can be

changed Dy CONSEtGaldbgacetagtay G 0geaEyaddgV el am No
aci g substitutjons, wthout inpairing the inventive

sEQ D prOpPBRadGARS 708 | t@egmgamqa@aatﬂadgwatgst of t heg"™BMBNLRTD

domai n of N2. Conservative am no acid substitutions
are herein defined as exchanges within one of the
foll Masngﬂre iﬁa@ngnmfpthe SH3 dsrmm ofghe bfﬁapqu,encwrﬁm B NGt

ues: Ser. Thr

(st s e ] SRS Biaisoritd Sncl BheodeliBy sétpbpd iy
NP@hﬂ!umaﬁﬁg UiV NG RSl ed c6Rpdriiug betwalf thd B ifereandpdeiss

, Asn, du, An IV. Lar aromati c residues: Phe,
revwle;d thapthm am/dlff_emng emnirg acpi%awhmh apempsemed rmgngithespecies
Val, Cys. These peptidic variants of
ast'\éﬁlogm %g’}ﬁ%o acid part of the human SH3 domain of
N2, and in particular the alignnment sequence WKW
VTXXRTX, are also enconpassed by the present
i nvention and they refer toTpbletd des having an ami no

acid sequence that differ to sonme extent fromthe
native sequence peptide, that is the amno acid

sequence Thahed@'y T70m the RAtdodRidFRENEIES NLRTD

by cdnservative or non- consegyﬁgédgpﬁmszgo aC| d
substiftuti ons, whereby one or nore amno acid

resid are substitouted by angifiA I\YM sae

char adtI1%0 | Cs and 4 v qm — Prefefably,
t he fr|Rpndausof t he NP sequenc‘ﬁ{ '\ QasGAP protein
conpri|dsuisthe ami no aci d sequeWBRVYIMNATRLRTD. Usual |y,

the pe méttggn&%%y I'ng essent i wMwVvINLREDF r agent | of

the Ancphe eus‘;ce WLWVTAHRTG
Drosophilia WLWVTAHRTG
| Alignment ] WXWVTxxRTx |

Conserved amino acids among the species are represented as bold underlined
type residues whereas the X correspond to amino acid residues that can be changed
by conservative, or non-conservative amino acid substitutions, without impairing the

inventive properties of these 10 amino acid parts of the SH3 domain of N2.

Conservative amino acid substitutions are herein defined as exchanges within
one of the following five groups:
L Small aliphatic, nonpolar or slightly polar residues: Ala, Ser, Thr, Pro, Gly
IL Polar, positively charged residues: His, Arg, Lys
II.  Polar, negatively charged residues: and their amides: Asp, Asn, Glu, Gln
IV.  Large, aromatic residues: Phe, Tyr, Trp




of the RasGAP protein conprising the general am no
acid sequence WKWTXXRTX as disclosed in the present
invention is conjugated to an agent which increases
the accunul ati on of the peptide in a cell. Such an
agent can be a conpound wﬁ%ch i nduces receptor

nmedi ated endocytose such as for exanple the nenbrane

Vi1 anler e Al R SRR T AP FBUTIL Ak S8 (Qian Z

M et al., "Targeted drug delivery via the
transferrin receptor-nedi ated endocytosi s pat hvvaﬁ/" )
PharTesepemidiavariretsicd iss 16 4mimsacid potol the hugag §H3 domain

nbr ane perneabl e.carrier which ¢ sel ected e.
ol s ot Bl Sepetich SniARelE §Eaforc
elﬁﬁhlgas(ied"y elrése '?gelﬁﬁﬁ aR\ll SRy rEfeR R Shptiné Kidpateamino

al ready been use or intracellular delivery of
acibspgueteceitizhidbiférdo sorné extentt feom the netive suehesareplide shatighe

et at,.  "Inhibition f Il-2 .receptor _induct] nd
ampipo 2cid SEAHFOET BHat YHY 2‘!?81 jl-ﬁ'ﬁﬁ’ﬁﬁvq ¥ Wwﬁwﬁﬂ% B ur kat
oo 2l RERL L 1 ke scdhang o Cer
arpino spidatsdues akodubstitutéd bytanather With pape clrradseristigs and

CoB AR 1 Sb B o BT SrFE! R NATSPHTRE £F LIS ORP
- B . ; RAEWBF tides.
P F%ﬁ%é%ﬁﬂ%?ﬁ%%?ﬁzﬁgﬁé?éﬂ%ma%erneabf%ﬁggpgigsg grgs

used, nore preferably a cell nenbrane perneabl e
carrier peptide is used. 16 0 In_case the

el |
ment¥ ssly,dhe Repfislecopsisimesssentially panirpgraeqtRl Hiq 2 ggapupnce
Ol pi [ {] as been
ofthEREPRP brain B bl BBl BrealpeRTr 23
WXWYITHXRTKiae disokiptd hethe prsera bavedaon issonjugetedfo an agent
menbr ane- perneabl e peptjdes haying potential as
whigh nimé%ea‘t@? apqupuetiom Qi the Peptige & %0‘*&& ivery" J. Biol.

Cheny Ch%ﬁ%ﬁerg%glg PF ?{Qﬁ%l#%uﬁmﬁlcﬁ Bﬂu@%@%’c&f médigtedi ne

residues i rane permnea arrier peptide

erld@SytaseSudi hd fot @Rimple iheiaambrana thhefermiatrbcaptarfmediated
internalization and that there seens to_ be iﬁ opt.i mal
endaeesis of transfrin genpeatediiodherppguticdrags; (e f4aYl ¢+ on,

BT RO P ot e Ty
PlhnhcdIBSTBA RRiews, 54, 561, 2002) or a cell membrane permeable carrier
which can, be selected e. g. among the group of fatty acids such as decanoic acid,
myristic acid and stearic acid, which have already been used for intracellular delivery
of peptide inhibitors of protein kinase C (Toannides C.G. et al., “Inhibition of IL-2
receptor induction and IL-2 production in the human leukemic cell line Jurkat by a
novel peptide inhibitor of protein kinase C” Cell Immunol., 131, 242, 1990) and
protein-tyrosine phosphatase (Kole H.K. ez al., “A peptide-based protein-tyrosine
phosphatase inhibitor specifically enhances insulin receptor function in intact cells”
J. Biol. Chem. 271, 14302, 1996) or among peptides. Preferably, cell membrane

permeable carriers are used, more preferably a cell membrane permeable carrier

peptide is used.



perneabl e carrier by a spacer. In this case the cel
menbr ane perneable carrier is preferably a peptide.
Usual Iy arginine rich peptides are selected fromthe
group conprising the H V-TAT 48-57 peptide, the
FHV-coat 35-49 peptide, thg HTLV-11 Rex 4.16 peptide
and the BW gag 7.25 peptide. Preferably, the
arginine rich peptide is H V-TAT 48-57 peptide. In
case the H V-TAT 48.57 peptide is conjugated to a
Ras GARaseilb esit fenbudie pefficdbly cappariph peftale @it #ilB26,
then two glycine residues are inserted betweenz&he
preferably; be e aiginesdei rapside. Ihhashesn sgeeptly ghopgin Futaki et al.

N

peﬁfn@hlﬂa%gﬁideﬁ hevipepotesital @b cirfiers foviarheddinlarpyotéia delivery” J.
to include D-forms and/or "retro-inverso
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inRrRAlRalibirRl tERatéd stdigy ©ftRIR dpfielabasabértE arginine residues for
ef fectiveness of the specific heterobival ent or

thieéntemehization,rrefsrably ey eentain momitignd argigingsogi cal
activity is predicted for the retro-inverso contai ning
pepti de when conpared to the non-retro-inverso

cont pihd pepld@bethe SnRMiadistBusllyodoRfiigat td EfeBell membrane
degradation by native proteinases. Furthernore they .

pérseeblb eamiesbomspacer. bxihisxase the celf neminereesagabde easripy isy

a%gI |, ower id”munogeni city (Sela M and Zi sman E.,
prefyatlLe BER9C ol es of D-amino acids in i mune
phenggrNg ardiiaERcH peﬂti’lel%es 41t %el o8 flom thEekdr doRfRIsER the

peptides are prepared for peptides of known sequence
HEé-TaB arst heptiide,aghe EXdrpdat ;140 pepsids, the d TINsRERex (5 Pemtjde and

g BN B S AE0S rCRAE Lo Qi SR o FY LA geice

Lsigceversed and the chirality of each amno acid
esidue is inverted; thus, there can be no end-group
conpheasrthaHIVyTARLso pepladanip ssujogated totaRassiAR saqrence, such

asI fg¥ g)?atnllp Q R?é(?mgﬁgs'zz,' (gnt tlw%ngsly(g}cle It'elgﬁugsezgg Iindsgr‘[ed between the

TAT and RasGAP sequences as spacer to allow flexibility.

Since an inherent problem with native peptides (in L-form) is degradation by
natural proteases, the peptide of the invention may be prepared to include D-forms
and/or "retro-inverso isomers" of the peptide.

In this case, retro-inverso isomers of fragments of the peptide of the
invention are prepared.

Protecting the peptide from natural proteolysis should therefore increase the
effectiveness of the specific heterobivalent or heteromultivalent compound. A higher
biological activity is predicted for the retro-inverso containing peptide when
compared to the non-retro-inverso containing analog owing to protection from

degradation by native proteinases. Furthermore they have been shown to exhibit an



(which do not nornmally alter primary sequence),.
including in vivo or in vitro chemcal derivitization
of peptides, e. g., acetylation or carboxylation. Also
included are nodifications of glycosylation, e. g.,
those nmade by nodifying the glycosylation patterns of
a peptide during its synthesis and processing or in

SR S5 B o SRR, DAr
roff® OFY- iR ho Tl &S whAlhdghebnidaa)! DASER Fat 1,399 ervpyyres.

so I ncluded are sequences which have phosphoryl at ed
am no acid residues, e. g., phosphotyrosine,
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coval ent eptide mnetic") which is not
suscepti bl e to cleavage by pepti dases. Were

roteol yti ¢ degradation of the pepti follow ng.
Dt e oo b S B e P e
di?éctié? o%%tsia@éhéé {s¥ertidaiahil Yice AeRlitydT RGN Enio tabidaresidue is

noncl eavab peptide mnetic wll "make the resulting

inpefpdd; deisnthere cah Abhe eadvgdraupusmplameentes#y.ul as an active
substance. Such mnetics, and nethods of
i ncorporating theminto peptides, are well known in

the A@p tenccﬁbﬁa s ﬁﬁ; tHé P&E&t AV eRRort S TdMEeicatoRs bf 1hE peptide

groups such“as t-butytoxycarbonyl, acetyl, theyl,
(vgﬂélﬁﬂ?ﬁdat,ngﬁﬁhllbloaim pﬁmgmyéelglu&ﬂe)g_ligdludi?giimﬁvq orinettey | |
ansyl, . bhenzyl oxycar bonyl , uQr en t hoxycar pon
cheatien) dorvitipatian of pepissya & Fg5tylakign o %&éﬁ‘/}ﬂ&ff)r’ lclypd
4 i:nj . Bl ogkj ' Rt
o LGRS e L B g5l
paﬁféﬁistdfaﬁﬁhti&wdlﬁfﬂgtitscsﬁmtheﬁﬂElmd Pgcgssing ag e Bifthtiprocessing

peptide through the hydrophobic celluyl ar nenmrane and
steps & & Y e@PHng W?é}?PPé“c@rﬁ??WHﬁ% W{%éli ﬁﬁ%ﬁ&@?" gone. g,

enpl }s L SA 1 '
PR ey R R oy BRYE g oEAM SO e CERAR s
whREDEVS pigphdiglatedeintnaheid iesidueaci g., phoppbotyeosine,

WKW/ TXXRTX, in accordance with the present invention,
phasphesiedneg oF ghespholBr®BECencodi ng t he pol ypeptides are

preferably used. Wth regard to the nethod to

practi se reconbi nant techni ques, see for exanple,
The invention also includes analogs in which one or more peptide bonds have

been replaced with an alternative type of covalent bond (a "peptide mimetic") which
ié not susceptible to cleavage by peptidases. Where proteolytic degradation of the
peptides following injection into the subject is a problem, replacement of a
particularly sensitive peptide bond with a noncleavable peptide mimetic will make
the resulting peptide more stable and thus more useful as an active substance. Such
mimetics, and methods of incorporating them into peptides, are well known in the
art.

Also useful are amino-terminal blocking groups such as t-butyloxycarbonyl,
acetyl, theyl, succinyl, methoxysuccinyl, suberyl, adipyl, azelayl, dansyl,

benzyloxycarbonyl, fluorenylmethoxycarbonyl, methoxyazelayl, methoxyadipyl,



Mani atis et al. 1982, Ml ecular Coning, A laboratory
Manual , Cold Spring Harbor Laboratory and

commerci ally avail abl e net hods. Therefore the present
invention also relates to a purified and isol ated
nucl eic acid sequence eng@deng a peptide consisting
essentially of a fragnent of the N2 sequence of the

i S A LG, PR ARE harB fRnGR cabpr

teithigl 6f the peptilics @QuRTieRe encalditipal beagfivstt cnbindidpepdsage of the

sgguence of the RasGAP protein conprising the general
peptifie tireushdhe bxﬂxw#&@ww%v%xwraq@n@rw trapell. or
DNA/ RNA hybri d. DNA which can be used herein is any
pol ydeoxynucl oti de sequence, including, e.g.

doubWaess tdcambaniiNniGieB gretensilo psdde ghrdpi, a peptide consisting
doub] e-stranded DNA _wherein one or both strands are
esaentipdy; efia Gremens of thaib? sequengerd HhasRasiuih protein comprddag the

s  B6eRL P U PRI M

inSértigh Smiddi@ Aele dequenidds @A¢dlingathe polypestidesaregreferably used.
doubl e-stranded portion(s), double-stranded DNA
Withaegsard ta the ntpodde peastise ieembiganytechaisiss.sfe frgrgmple,

| e- st rein 4 .
VESHEL L AR LR B B ED READ S b
L#boR$e¢ aliNfombicRedly FMdablepietognt |y cross-1inked DNA,

cDNA, chem cal |l y- synthesi zed DNA, sem -synthetic DNA,

bi oskherdfereithe piigent inventien 4lgo relaiesdo adupiiad and isolated nucleic

enzvne-di gested DNA,, sheared . .| abel e
ok koS o o RSHRE o S St B W
se§@dc8 bMHB R [QOAPYrold & ipahél pédekal aRGRMAdIA BEUSRRCT es
of nucleic acid. 19 0O sequences that encode a

WHaPVIdXRbX<s describedahwant i al |y of a fragnent of the

N2 f .t.he .RasGAP [ i Si h
gena e BUeAeF A SISO R St Ng dbauence of
thE RASBEB nZREnRYmPHaNE M BbRN G Ho dRLRGHEHE WXV TXXRTX

_exanpl e, the phosphotriester nmethod or via autonated
is DA HIINAsomBNARN Adndri®PCR  net hods. The DNA sequence
encodi ng a fragnent of the N2 sequence of the RasGAP

DNA which can be used herein is any polydeoxynuclotide sequence,
including, e.g. double-stranded DNA, single-stranded DNA, double-stranded DNA
wherein one or both strands are composed of two or more fragments, double-
stranded DNA wherein one or both strands have an uninterrupted phosphodiester
backbone, DNA containing one or more single-stranded portion(s) and one or more
double-stranded portion(s), double-stranded DNA wherein the DNA strands are fully
complementary, double-stranded DNA wherein the DNA strands are only partially
complementary, circular DNA, covalently- closed DNA, linear DNA, covalently
cross-linked DNA, ¢cDNA, chemically- synthesized DNA, semi-synthetic DNA,
biosynthetic DNA, naturally-isolated DNA, enzyme-digested DNA, sheared DNA,
labeled DNA, such as radiolabeled DNA and fluorochrome-labeled DNA, DNA

containing one or more non-naturally occurring species of nucleic acid.



protein conprising the general am no acid sequence
WKW/TXXRTX, according to the invention may al so be
produced by enzymatic techni ques. Thus, restriction
enzynes, which cleave nucleic acid nol ecul es at
predefined recognition seqgences can be used to

i sol ate nucleic acid sequences fromlarger nucleic

aci | ecul es ..containing.the nucl ei '
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sequence of the RasGAP protein conprising the general
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present invention is.also a nucleic¢ acid.i r
xR BlE Ul D Oler Bt R (B i s b 4PCR
m&thf@. e-stranded RNA, cRNA, doubl e- stranded RNA,

doubl e- stranded RNA wherein one or both strands are

conpBedaNAfsequenoe oncodinge fragmypne af the Nboegrencs of thediagGAP

RNA wherein pne or both strands h |.pLer rupt
PR HGLE B EERTROTTR. SR REaPeal r Ry T B frpahito
th& {M8hon Bhy F186 86 pRAGEIIBY shky ARl RBGhiQlies PR, restriction

doubl e-stranded portion(s), doubl e-stranded RNA

enziraes iwhithhdeaRRlAusicicaciismaleeulesibt prededinpd ravegnitiply sequences
doubl e- st.r anded RNA . wher ei he ,RNA strand |
AR LR Py LU BRI DE TR REI TS 114 BIPTOoRIGA,

i i RERCE JFRMMA) that codes fi
co?%glrﬁnﬂggﬁ @€%§%Iﬁ§s!ﬁ%d ’RNA, % ?ghr?? ( synt h)et iaE:CORIsI?D\,Or 2

pebtidsymisisehg essBiMiyllyndiaragirient 0i3be MR sdquRige of thb RasGARNA,
ol abel ed .RNA

R oA 0 e

occurring species of nucleic acid. Preferably used as
nucleic acid is a purified and isol ated DNA sequence
sel diricothphssedrby e myesenpineentioniis tlaga 8ECeicRe i theSiagnioba
N2, SEQID N.3, or SEQID N4, 200, T pr nt
paiionErERdn R eldie ar st Topdeh R4 SRR HePfca
stﬁﬁmgﬁsdodﬂﬂégume@ Rﬁfg%b&ﬁl SRAHYOALRrahBdkre Bfripoddd T
the refefence sequence by conservative nucleotide

twoldr sidre fitapaasts, donblecdiypndeeR NA winreinmne bebothdesndsrimve an

substituted by, another wt ane characteristics, The
unigEwRPdRhaRphosissien QPR PRe SR ROl

stidh&&d RGO Unk'dn dr O double-stranded portion(s), double-stranded
RNA wherein the RNA strands are fully complementary, double-stranded RNA
wherein the RNA strands are only partially complementary, covalently crosslinked
RNA, enzyme-digested RNA, sheared RNA, thNA, chemically-synthesized RNA,
semi-synthetic RNA, biosynthetic RNA, naturally-isolated RNA, labeled RNA, such
as radiolabeled RNA and fluorochrome-labeled RNA, RNA containing one or more

non-naturally- occurring species of nucleic acid.

Preferably used as nucleic acid is a purified and isolated DNA sequence
selected from the group comprising SEQ ID N° 1, SEQ ID N° 2, SEQ ID N° 3, or
SEQ ID N° 4.



i sol ated nucl ei c sequence; that is,
naturally-occurring alternative forns of the 1isolated
and purified nucleic acid that al so encode pepti des
that are identical, honologous or related to that
encoded by the purified ang) bsol ated nucleic
sequences. Alternatively, non-naturally occurring

by il redeseay it pliramsor ety bR B DRl et oo .
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he NZ sequence of t e RasGAP protein conprising the
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onpri.se a nucl epti de sequence encoding a cell
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the REHHRR 8 oUncdhifasEasBtic Piddn®d 6f tBOBREIbSIINMirifiee and

general am no acid sequence WKW/TXXRTX, optionally
isclatgdugalercseqaenae; thatasmatwillebcdurrbgedsmative forms of the
.accunmul ati.gn. of the .peptide in ce). descri.be
ispated A RHER b F S s 50 SREE PEBGASH I AR TORRER o
hifiblbaSif S50 B MUPLRIHed hHE PukAbd Bidislhtadmiieid ul ar
ost cells are useful in expressing the DNA seguences
scgyfierides. A ltenvagtvelypnon-fidtesdly lvogrengrugriantsomnaidee prodicadiyinn
eukaryoti¢c and prokaryotic hosts, such as strains of
mEtag@QﬂS}s,tec%gglya%%%@re%%ﬂpqsgs , Streptonyces, fungi
such as yeasts, and aninmal cells, such as CHO, YB/ 20,
NSO, SP2/0, R1.1, B-W and L-Mcells, African Geen
MonkEhe Morbreptiomdd mirified agd jsoGE MiclBOBid seqB8BE encoding a
BSC40, and BMr10), insect cells (e. g.,..Sf9), an .
ErRGIHRA of IO SHAOIe AR DA CEAR Rrors i (i egfet amino
9 )@Q@T | flrfhefedtiislalillcbBld scqliBice
a‘g‘? g{qgl%a Iﬁ)gxﬁg co )i(’%%:yeﬁr&lePr eferagl Y, ei n a%eéh tion
eitcadii al el stientbrend peageniie cofict paptiNe sequence of the
RasGAP protein conprising the general am no acid
sequence WKW/TXXRTX and 21 a genotoxin, the
phar ' bk TR A8 ProRRE cQhpriRhEth
pharﬁ%@%ﬁ%ﬁkf@gzﬁ%ﬁé&hgﬁ%e caerlfeeis%(@e;r s,ﬁgi I ugnt% an% ¢
gl viiicsacidegeeic bV A WHTKIREX, aptionalit enggdicddp v agins
which facilitates processing of .the ac(#:iv ounds
whishdngseaspuths eramwipiierpidhepeptidg dn g cehas Sdhy hesp gre

pl%'fe?alﬁ)(f) Bfoduced, recombinantly, in a cell expression system.

A wide variety of unicellular host cells are useful in expressing the DNA
sequences of this invention. These hosts may include well known eukaryotic and
prokaryotic hosts, such as strains of E. coli, Pseudomonas, Bacillus, Streptomyces,
fungi such as yeasts, and animal cells, such as CHO, YB/20, NSO, SP2/0, R1. 1, B-W
and L-M cells, African Green Monkey kidney cells {(e. g., COS 1, COS 7, BSC],
BSC40, and BMT10), insect cells (e. g., $19), and human cells and plant cells in
tissue culture. Preferably, the host cell is a bacterial cell, more preferably an E. coli

cell.

Preferably, in addition to at least one fragment of the N2 sequence of the
RasGAP protein comprising the general amino acid sequence WXWVTXXRTX and



toxic to recipients at the dosages and concentrations
enpl oyed, and include buffers such as phosphate,
citrate, and other organic acids; antioxidants

i ncluding ascorbic acid and nethioni ne; preservatives
(such as octadecyl di net hylheazyl amoni um chlori de;
hexamet honi um chl ori de; benzal koni um chl ori de,
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pHenol, botyl orbsniyl alcbbott slkglkabess suFtEEN(ethy] oPproRgivIacden,)
or pol yet hyl ene_ gl ycol_ ( PEGQ) . .Thg form.of lecul ot
cafrphPh rserealoryconeang »énaﬁnf%@b&fl %Ffeé%frﬂ%‘gine? B igraFieh
A ider SR afungdth] Qiatin,
a%§ﬂ%%éﬁLgpﬁﬁﬁ%gg%?Pgﬁﬁﬁggégéxg%gﬁy%ﬁ%aparenteral ,%&h
orifufemghbaling hydrophilit pnbmess suchtas polyvioykpyrrohdorsdemimng] |
intramuscul ar, _i ntraperi tonea{l., .L..ntranasal

acigscavel at ghrpine liulamine, aipregmsy hisHidng, repiig) A vee:
mgﬁé@ag&‘aﬁiﬁ&q dﬁ?&ﬁh@l’i&ég 81 Ry c\éﬂfoﬁ?dlgﬁés RRIBhAEhbSse,
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maceut i cal conposition conprising the
mafindseas depmias;fdhalatrghgeats tuek as NPT qugans sichfas staose,
RasGAP protein and thfd%enptoxin, as descri bed her Hn,
manitpditrapalosa gletoraitalaialtPEBmB COPRIEIORS PURiEA] SBYTUm; Meta
| | | Of RO HonTBiE tfefacrktdlsuch A&
cdﬁ%}?@%?@%%b@é@nn%?@?%?e Tn tﬁlgmf or F:nsofa a sussupc):ensi on

TWEBRN® PXURONIES®asr palyediylche ghepp@BG). I n addi tion the
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Sust Haefern of pdmisustyatien of Hiei 4?&9@?2‘5%}1%%&}%?@ be
bl HjiakARd-dreh RRBNEH
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vy PRrcAteraMiiutbs sieh s afpu@neousintrireenbos, inteddeshalped
articles, e.g. filps, or 22 0 .
intramuscular, intraperitoneal, intranasal, transdermal, buccal routes or via an
implanted device, and may also be delivered by peristaltic means.
The pharmaceutical composition comprising the at least one fragment of the
N2 sequence of the RasGAP protein and the genotoxin, as described herein, as active
agents may also be incorporated or impregnated into a bioabsorbable matrix, with
the matrix being administered in the form of a suspension of matrix, a gel or a solid
support. In addition the matrix may be comprised of a biopolymer.
Sustained-release preparations may be prepared. Suitable examples of

sustained-release preparations include semi permeable matrices of solid hydrophobic

polymers, which matrices are in the form of shaped articles, e.g. films, or



m crocapsul es. Exanpl es of sustained-rel ease matrices
i ncl ude pol yesters, hydrogels (for exanple,

pol y(2- hydr oxyet hyl - net hacryl ate), or

pol y(vinyl al cohol)), polylactides (U S. Pat. No.
3,773,919), copolyners of 45 @glutamc acid and [ gamma]
et hyl - L- gl utanmat e, non-degradabl e et hyl ene-vi nyl
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possibilities include tablets, capsules, |ozenges,
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peptide and the like. Wile a preferred pharmaceuti cal
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While a preferred pharmaceutical composition of the present invention
comprises at least one fragment of the N2 sequence of the RasGAP protein and the
genotoxin as active agents, an alternative pharmaceutical composition may contain a
purified and isolated nucleic acid sequence encoding the fragment of N2 sequence of
the RasGAP protein, as described herein, as an active agent. This pharmaceutical
composition may include either the sole purified and isolated DNA sequence, an

expression vector comprising said purified and isolated DNA sequence or a host cell



expression vector conprising said purified and

i sol ated DNA sequence or a host cell 23 previously
transfected or transformed with an expression vector
described herein. In this |latter exanple, host cel
will preferably be isol at kromthe patient to be
treated in order to avoid any antigenicity problem
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pharmaceutical conposition as described herein is used
exXpuessionevector enhast nell previpnsly snansfoetedor anstamed Aithan

enconpassed by, the present, invention i he u
RERBSER0T gat oo BENBREre bie BY FRaPh et EuhitB A prplifce
thfé?‘?&%%h@ébn@ﬁslﬁ medi cament for the treatnment or

prevention of cancer. The term "cancer" refers to or

descri bes the physiological condition in mammals that
is typically ch terjzed by. | at [ .l .
s ual st i pBser il e neplint Sghe e ek o0t B

tr?ﬂn%ﬁt‘c?rg:r&feﬁ%ﬁ Bec@kquUp consisting of carcinong,
ynpho

, blastoma, sarcomm, |iposarcong,
neur oendocri ne tunor, nesothelionn, schwanonm,
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er, non-sna g cancer, adenocarci noma of
ot prevdntiog of sapiearous carci noma of the |ung, cancer of

the _peritoneum, hepatocel | ul ar  cancer, tri,c. or.
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carci noma, anal _
melanoma, leukemia, lymphoid malignancy, squamous cell cancer, epithelial
squamous cell cancer, lung cancer, small-cell lung cancer, non-small cell lung
cancer, adenocarcinoma of the lung, squamous carcinoma of the lung, cancer of the
peritoneum, hepatocellular cancer, gastric or stomach cancer, gastrointestinal cancer,
pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver cancer,
bladder cancer, hepatoma, breast cancer, colon cancer, rectal cancer, colorectal
cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney or renal
cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, anal
carcinoma, penile carcinoma, testicular cancer, esophageal cancer, a tumor of the

biliary tract, and head and neck cancer.

Preferably the cancer is mesothelioma, testicular cancer or pancreatic cancer.



carci noma, penile carcinoma, testicular cancer,
esophageal cancer, a tunor of the biliary tract, and
head and neck cancer. Preferably the cancer is
nmesot hel i oma, testicular cancer or pancreatic cancer.
24 The pharmaceutical conposition of the invention
will generally be used inan anount to achieve the
i nt ended purpose. For use to treat or prevent a
cancer, the pharmaceutical conpositions is _
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A further object of the present invention is to provide a kit for treating or

preventing cancer in a subject, said kit comprising the pharmaceutical composition
as described herein optionally with reagents and/or instructions for use.

Generally, the kit comprises a container and a label or package insert on or
associated with the container. Suitable containers include, for example, bottles, vials,
syringes, etc. The containers may be formed from a variety of materials such as glass
or plastic. The container holds a composition which is effective for treating the
cancer and may have a sterile access port (for example the container may be an
intravenous solution bag or a vial having a stopper pierceable by a hypodermic
injection needle). The label or package insert indicates that the composition is used

for treating the cancer of choice.



or plastic. The container holds a conposition which is
effective for treating the cancer and may have a
sterile access port (for exanple the contai ner nay be
an intravenous solution bag or a vial having a
stopper pierceable by a hypogderm c injection needle).
The | abel or package insert indicates that the
conposition is used for treating the cancer of
choice. 25 Optionally, the kit further conprises a
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serum (Sigma; cat. nN4637) at 37C and 5% CO2. W20S
cells were maintained in DVEM (Sigma; cat. n 5796)
Eﬁ%@il.ni ng 15% foetal calf serum (Sigma;, cat. n
4) at 37C and 5% CO2. H Meso-1 cells were
mai ntai ned in RPM 1640 containing 10% foetal calf
serumat 37C and 5% CO2. cells were naintained in
Ceflsend t $&tial SFM medi um (G bco; cat. nil
d%@p | nkd i R igh#ldat. $e8958) 20
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2.5x105 cells/well. W20S cell re . .
factor (Gibco; cat. n® 13247-051), 10 pg/ml o% ﬁ\glreonectm (Gibco; cat. n°33016-015)

at 37°C and 5% CO,. HaCat cells were maintained in keratinocyte SFM medium

containing epidermal growth factor 1-53 and extract from bovine pituitary gland
(Gibeo; cat. n° 17005-075) at 37°C and 5% CO». HeLa cells were transfected as
described previously (Yang J.-Y. and Widmann C., Mol. Cell. Biol. , 21, 5346,
2001). Genotoxin treatment was performed in 6-well plates. The cells were split the
day before the treatment at a concentration of 2.5x10° cells/well. U208 cells were
transfected in 6 well plates using the calcium/phosphate precipitation procedure
(Jordan M. et al., "Transfecting mammalian cells: optimization of critical parameters
affecting calcium-phosphate precipitate formation" Nucleic Acids Res., 24, 596,
1996) Briefly, plasmids were diluted in 90 pl HyO, mixed with 10 pl CaCl; 2.5 M
and incubated 10 min at room temperature. Then, 100 pl of HEP solution (280 mM
NaCl, 10 mM KC], 1.5 mM Na,HPO4, 12 mM D-glucose, 50 mM HEPES) was



transfected in 6 well plates using the

cal ci um phosphate precipitation procedure (Jordan M
et all, "Transfecting mammalian cells: optim zation of
critical paranmeters affecting cal cium phosphate
precipitate formati on" Nughed c Acids Res., 24, 596
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the I nstitute of Biochem stry, Uni versity of
Lausanne, Sw tzerland usi ng FMOC technol ogy, ©purified
P&YideRShanduiddabaingy mass spectronetry. Fluorescein
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Fluorescein isothiocyanate (FITC)-labeling was performed on the sequence 3-
alanine-GRKKRRQRRRGGWMW VTNLRTD whose side chain Fmoc-protected
amino acids were Arg(bpf), Lys(Boc), Gln(Trt), Trp(Boc), Thr(tBu), Asn(Trt), and
Asp(OtBu). The peptide was synthesized stepwise on 0.2 mmol Rink Amide AM
resin using Fmoc chemistry. The synthesis was monitored by ninhydrin test. After
the coupling of B-alanine, the Fmoc group was removed with 20% piperidine in
dimethylformamide (DMF). At this stage, a fluorescein group was conjugated to the
N-terminus of peptide with FITC (5 fold excess over the substitution of the resin in 4
ml DMF and 1 ml N-ethyldiisopropylamine) to form the fluorescein-derivated
peptide.

Peptides were dissolved in deionised water at a final concentration of 1 mM and

stored at -20°C until further use.
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_ m’'croscope €équi ppe h fluorescence
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perfornmed one day afte

for about 5 minutes and the cells Were then analyzed (at least 400 cells per
condition) using an inverted Leica DMIRB microscope equipped with fluorescence
and transmitted light optics. Assessment of apoptosis was performed one day after
the transfection or treatment of the cells. In experiment involving transfected cells,
pEGFP-C1 was included in the transfection solution to label the transfected cells
with GFP. In this case, the extent of apoptosis was assessed in the transfected cells

only.

Luciferase Reporter Assay.

Luciferase assay was performed using the Dual-Luciferase® Reporter Assay from
Promega (cat. n°® E1910). The cells were lysed from a 6 wells-plate using 100 ul of
PLB lysis buffer provided from the Promega’s kit and incubated thirty minutes on
ice The lysate was then cleared by centrifugation at 16’000g for 15 min. The firefly



the transfection or treatnment of the cells. In
experinment involving transfected cells, pEG-P-ClL was
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Signaling Technology; cat n°9551L) was diluted 1:1000 in TBS, 5% BSA.

Quantitation was performed using the Odyssey infrared imaging software.
Statistical analysis

All the statistical analyses were performed with Microsoft Excel (XP edition} using

the student t-test.

Example 2:

RasGAP fragment N2 potentiates the apoptotic response induced by a variety of

genotoxins.



Si gnal i ng Technol ogy; cat n9551 L) was diluted 1:1000
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transf ect S . .
domain (Fig 2A tllrst c}etermme gh of these domains contained the pro-

apoptotic activity of fragment N2. HeLa cells were transfected with the plasmids
.encoding the various SH domains, in the presence or in the absence of 0.15 pM
cisplatin, a concentration at which the difference in sensitivity towards the drug
between cells expressing or not fragment N2 is maximal (see Figure 1). An empty
construct or a construct encoding the SH2 domain did not enhance the ability of
cisplatin to kill HeLa cells transfected with these constructs. In contrast, cénstructs
containing the SH3 domain enhance the ability of cisplatin to kill cells vi apoptosis
(Figure 2B). The inability of the SH2 domain alone to potentiate the cell death in
HeLa cells was not a consequence of reduced protein expression because Western
blot analysis revealed that the SH2 domain was expressed as efficiently as the other

constructs (data not shown).
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incubated with four different tumor cell lines: a human adenocarcinoma from cervix
(HeLa cells), a human osteosarcoma (U20S cells), a breast cancer cell line (MCF-7
cells) and a human malignant mesothelomia (H-Meso-1 cells) and two non cancer
cell lines (HaCat human skin keratinocyte cell line and the HUV-EC-C human
umbilical endothelial cells). As shown in Figure 3, the TAT-RasGAP317.326 peptide
efficiently entered all these cell lines. No difference in translocation of the peptide
was noted between the non cancer cells and the cancer cells. We first assessed the
sensitivity of the cancer cell lines towards increasing concentrations of the three

genotoxins (data not shown). This allowed us to determine the sub-lethal

concentrations of the genotoxins for each cell lines tested. Surprisingly, Applicants



bet ween the TAT and RasGAP sequences as spacer to
allow flexibility. As a nean to assess the cellular
upt ake of this peptide (thereafter called

TAT- RasGAP317- 326 peptide), we |abeled it with the
FITC fluorophore. The |abejsesl peptide was incubated
with four different tunor cell lines: a human
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cisplatin, adrianmycin, and mtoxantrone to kill the
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apeor;)'[]oaslrl‘,cblyn F-igilzqzlalB"%cwnce 274, 787, 1996; Beg A.A. and Baltimore D., "An
essential role for NF-kappaB in preventing TNF-alpha-induced cell death” Science,
274, 782, 1996) but can also be required for the induction of apoptotic responses in
some situations (Ryan K.M. et al., "Role of NF-kappaB in p53-mediated
programmed cell death" Nature, 404, 892, 2000). To determine whether activation of
NFkB by TAT-RasGAP3;7.326 was required for the enhancing ability function, a non-
degradable form of IkB (IkBaAN2) was expressed in cells. As expected, this
construct efficiently prevented the activation of NFkB by cisplatin and TAT-
RasGAP1,7.326 (Figure 5B). IkBoAN2 slightly increased the apoptotic response

mediated by cisplatin (Figure 5C). The potency of TAT-RasGAP317.326 to enhancing



medi at ed by TAT- RasGAP317_326. As shown in Figure 5A,
NFkB was activated in U20S cells after a treatnent
with cisplatin or with TAT- RasGAP317. 326, but not upon
stinmulation with the control peptide H V-TAT48. 57.

I ncubation of the cells wi4heoboth cisplatin and

TAT- RasGAP317- 326 resulted in additive activation of
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was however unaffected by the NFkB inhibitor (Figure
5C). These results indicate that activation of the
NFkB pathway is not involved in the cell death
enhancing ability effect nedi ated by TAT-
RasGAP317- 326 The stress-activated protein kinases
(SAPKs) - the JNKs and the p38 MAPKs - have been
inplicated in the apoptotic response induced by
various stinmuli (Jarpe MB. et al., Oncogene, 17,
1475, 1998). Figure 6 shows that neither the contro
H V- TATA$ 57 peptide nor the TAT- RasGAP317- 326
pepti de activated these MAPK pat hways. These pepti des
were al so not able to increase the ability of
cisplatin to stinulate the JNK or the p38 MAPKs
(Figure 6). These results indicate that the
stress-activated MAPK pathways are not inplicated in
the capacity of TAT-RasGAP317.326 to



enhance the ability of genotoxins to kill cancer
cells. 330 CLAIMS 1. A pharmaceutical conposition
conprising a conbination of i) at |east one fragment
of the N2 sequence of the RasGAP protein conprising
the general amino acid seggdesnce WKWTXXRTX, wherein X
represents an anmno acid, ii) and a genotoxin,
characterized in that said at |east one fragnment of
the N2 sequence enhances the ability of said
genotoxin to kill selecticugimscancer cells. 2. The
pharmaceutical conposition of claim1l, characterized
in that said at least one fragnent of the N2 sequence
l.of tAphRawGARicpt @nmqsltmmpmpge@gatcon@émﬂoaﬁ am no

aci d sequence, oded uences

No. 1, SEQ I D g ot 52 c% E‘Belﬁo"% N2 %ﬁt‘j"'{“ﬁ AghgRApAR,
prOfef ERGRIIHLRL o @&Eﬁﬂ%ﬁhﬁé 88d queh@ WX WVEXXRTX, wherein X

characteri zed |n that said at | east one fragnent of

rthamN@E&mmmemmd of the RasGAP protein conprises the
amno acid s q?tﬂ nce NLRTD. 4. The pharmaceuti cal
conposi ti on of) TUA §ROPXE, characterized in that said
ch%facteh%@tfﬁl tﬁﬂ%afdra'%%ﬁ‘é‘mnecﬁag’iﬁbﬁt HPths BQULREECO Eniidh@es the
P proteinis in Dformand/or in aretro-inverso
abulﬁgmﬁsaldi gemtoin takidl seleativaly eantcecedllsconposi ti on of
clains 1 to 4, characterized in that said at |[east
one fragnment of the N2 sequence of the RasGAP protein
2.1S CAMUpAAh&Duti @&np@s@t@&{ of¥Mif ISR 8RASS 1hhﬁ‘at%§i|d|at least
“accumul‘ation of said at |east oné fragment of the
oredruganntof tBéd N2 séquehioe optha RasGaRtfiretain @onpisss atiloast gme

claimb5, characterjzed i hat the ggent .is
arRiBBF A SeYSBF G eI BebentyA SSuchrig Piha vl D o2,
SEQTN.{ bLSEQIDANGLM 6, characterized in that the cell

3. The pharmaceutical composition of claims 1-2, characterized in that said at
least one fragment of the N2 sequence of the RasGAP protein comprises the amino

acid sequence WMWVTNLRTD.

4. The pharmaceutical composition of claims 1-3, characterized in that said at
least one fragment of the N2 sequence of the RasGAP protein is in D-form and/or in

a retro-inverso isomer form.

5. The pharmaceutical composition of claims I to 4, characterized in that said at
least one fragment of the N2 sequence of the RasGAP protein is conjugated to an
agent which increases the cell accumulation of said at least one fragment of the N2

sequence.



menbr ane perneable carrier is a peptide. 8. The

phar maceuti cal conposition of claim7, characterized
in that the cell nenbrane perneable carrier peptide
isin Dformand/or in a retro-inverso isonmer form
9. The pharnmaceutical conpgsiction of clains 7-8,
characterized in that the cell nenbrane perneable

carr . . I'kC ide- :
Sgel oSl oRRTRAReloBlboRLE Bt Ofick 5{haRER Al e hiipt i
a pEPireA®rarnk herdid¥lecaatcr35- 09 peptide, the HTLV-11 Rex
4-16 peptide and the BW gag 7-25 peptide. 10. The

phar maceuti cal conposition of claim9, characterized

4 int ?ﬁ‘% %}tb%%a%Qg'&‘@'cB%Qgglgﬁg 0198%111 ?fcgligfhc{epﬁe“n I‘Aﬁe c?ll

49.5 ar maceu conposition 0

mehidirdi® pbrh@blddantdids agégidezed in that the genotoxin
is selected fromthe group conprising al kyl ating

8.agenThe phanmperutiad] sompesition pRplaiey ¥+ drgcteniid i thatdhe cell
REPARE SRR bl SR IRRI A i B A 3BRY L Rarobitverkd Romer

fdrfh. t hat al kylating agents are selected fromthe group
conprising | omustine, carnustine, streptozocin,
mechl or et ham ne, nel phal an, uracil nitrogen nustard,

L R o RN
mRfndse hREhéiBle cah®rPePlidWik alBlgitn Eich béptRleHiENR selected

mel am ne, busul fan, pi pobroman, mtotane and other
frpingbe grou epinprising dw HZTAfhe. spprptidache FHYagoat 3549 peptide,

C Lfion of claim racterized in that
thﬁ&@rqgﬁ ]%8‘ 4"éé’8?ﬁ“§e ﬂé‘.“ﬁ%@%@ﬁ%% PSR %Se group
conprising cisplatine and other platine derivatives.

35 0 14. The pharmaceutical conposition of claim11,
1@ har 8ot pharmectutical cheapositien pRAaing Bit cheraciesized wdhgtdhearginine

.15. The.pha i cal _conposition of claiml11,
“éhﬁ?pllgf’éi)&?gﬁ%?ﬁgiﬁsﬁ pePtb%si oner ase poi sons are
sel ected fromthe group conprising topotecan,

irinotecan, canptothecin sodiumsalt, daorubicin,
1 dox ot lubpleirmaceutieal whinppsitiompf daianst I onkd), characterized in that the

genotoxin is selected from the group comprising alkylating agents, antimetabolites,

DNA cutters, DNA binders, topoisomerase poisons and spindie poisons.

12.  The pharmaceutical composition of claim 11, characterized in that alkylating
agents are selected from the group comprising lomustine, carmustine, streptozocin,
mechlorethamine, melphalan, uracil nitrogen mustard, chlorambucil, cyclosphamide,
iphosphamide, cisplatin, carboplatin, mitomycin, thiotepa, dacarbazin, procarbazine,
hexamethyl melamine, triethylene melamine, busulfan, pipobroman, mitotane and

other platine derivatives.

13.  The pharmaceutical composition of claim 12, characterized in that alkylating
agents are selected from the group comprising cisplatine and other platine

derivatives.



t eni posi de, adrianycin and etoposide. 16. The

phar maceuti cal conposition of claim 15, characterized

in that toposionerase poisons are selected fromthe

group conprising mtoxantrone and adrianycin. 17. The

phar maceuti cal conpositioms0é claim1l, characterized

in that DNA binders are selected fromthe group

conpri sing dactinonmycin and mthranycin. 18. The

phar maceuti cal conposition of claim1l, characterized
14.n thad plephadhecal pompesitornsfelsial B chatadterradtih ehag thUPNA

conpri sing_vinblastin, vincristin, navel bin,
cutigeisiblepasicilnd docet axel . 19. The phar naceuti ca

conposition of claim1l1l, characterized in that

antinetabolites are selected fromthe group conprising
13ret h%igp;ﬂiﬁﬂhﬁ.euﬁédl gBhpesiadeof clgant Qehahdterizedyih diaabi n,

ar a- , fludarabi ne phosphate, hydroxyurea, ..
toppsiornergserajsons afd sglagted drare thegipur euasisinedeneistagelrinotecan,

enti tabi n t hi o ! - AR QP U | .
N o R e e s
teﬁﬁ?@g@@,tagﬁhﬁgaaniaﬁu&tbp@sid@e genotoxin is selected from

the group conprising cisplatin, mtoxantrone and
adrianycin. 21. The pharmaceutical conposition of

| ai to 20.for the.tre nt, or t.] of
16gan cﬁ{e.p acgylic mB?Sl?%g%Qﬁ%P’nla% gﬂ?rigétglﬁ;ég&{rlrpﬁg%i tion
m?ési&hévagespols&l@ arOsel dofed tiften BeqRekREdnRitisingf miot@etoge amt

or the treatnent or prevention of cancer. 23. The use
adgiepyyedi ng to claim 22, characterized in that the

cancer is selected fromthe group consisting of

carci noma, |ynphoma, blastona, sarconma, |iposarcoma
1NeUrpRashidetidd BBhpodisiPé Ni@hihOTR ch&6aAGTA that DNA

meni ngi'onma, adenocarci noma, nelanonma, |eukema,
bihgerp sisdlented fgmathe grovpaempsisingslartiinapayvireand mihiaptyein; a

squanmous cel |l cancer, lung cancer, snall-cell 1ung

cancer, non-small cell 1lung cancer, adenocarci noma of
14.he TN harmAUAHIRY SofAb i RPORCIAfn 11 hirbdierizedan @ek spihdle

the peritoneum hepatocellular cancer, gastric or
pascnmactseleated drom thegreup eonegisingavinblastin, vincristin, navelbin,

paclitaxel and docetaxel.

19.  The pharmaceutical composition of claim 11, characterized in that
antimetabolites are selected from the group comprising methotrexate, trimetrexate,
pentostatin, cytarabin, ara-CMP, fludarabine phosphate, hydroxyurea, fluorouracyl,

floxuridine, chlorodeoxyadenosine, gemgitabine, thioguanine and 6-mercaptopurine.

20.  The pharmaceutical composition of claim 11, characterized in that the
genotoxin is selected from the group comprising cisplatin, mitoxantrone and

adriamycin.

21.  The pharmaceutical composition of claims 1 to 20 for the treatment or

prevention of cancer.



cancer, pancreatic cancer, glioblastom, cervica
cancer, ovarian cancer, liver cancer, bladder cancer,
hepat oma, breast cancer, colon cancer, rectal cancer,
col orectal cancer, endonetrial or uterine carcinoma
salivary gl and carcinonma, 4¢ dney or renal cancer,
prostate cancer, vulval cancer, thyroid cancer,
hepati c carcinoma, anal carcinom, penile carcinong,
testicul ar cancer, esophageal cancer, a tunor of the
2i | i @saoftih@pharmacehtibsiadnpositior ok clammckto. 22 #h thE ipecpasation
according to claim 23, characterized in that the
ofpamedicament fordhe fraatmenter PrevestipR of iancer or
pancreatic cancer. 25. A kit for treating or
preventing cancer in a subject conprising the
2nharTRoge atérling eplakn D ahalktepingd of thatlthe camcdr it eeld@ed
optionally with reagents and/or instructions for use.
fromg thergroup censifting (o Farcipgmar lymphemacasipa, Ao s epar at e

.phar maceut i cal f e [ i3

OB ek o R AR ey, TR el SRR,

ad®hocaéib@ifia, radlhnon@] laikedmed, LiishmidmbHgimcy, sqeantercell cancer,
anti bodi es, radi oi nmunot herapeutic agents,

AL g and
epdthtial saednerns cel sancst, lungrapoarssoabselupgranasp moaysowd el

1/ 2 Ra5GAP. ST25. i i
b s s R o L e B Lk o
thi ?Eﬁ@h&d&ﬁ' l}égléﬂol:éliﬂlbﬁ GG SFaseRe! or StontatB QanctA GadtdNEEstinal

40> PCT/ | BO4/ - <141> 2004- 06-30 <150> us 60/ 483, 691
cantér] parRCRLc 08180 gliehlggoma, cervigal cpagesMvViETan eqnsely Hver cpneer,

bladder cancer, hepatoma, breast cancer, colon cancer, rectal cancer, colorectal
cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney or renal
cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, anal
carcinoma, penile carcinoma, testicular cancer, esophageal cancer, a tumor of the

biliary tract, and head and neck cancer.

24.  The use according to claim 23, characterized in that the cancer is

mesothelioma, testicular cancer or pancreatic cancer.

25.  Akit for treating or preventing cancer in a subject comprising the
pharmaceutical composition of any of claims 1 to 20 optionally with reagents and/or

instructions for use.

26.  The kit of claim 25, further comprising a separate pharmaceutical dosage
form including an additional anti-cancer agent selected from the group consisting of
drugs, anti-epidermal growth factor receptors antibodies, radioimmunotherapeutic

agents, and combinations thereof.



<210> 1 <211> 249 <212> DNA <213> Honp sapi ens <400>

1 gaagat agaa ggcgtgtacg agctattcta ccttacacaa
aagt accaga cactgatgaa 60 ataagtttct taaaaggaga
tatgttcatt gttcataatg aattagaaga tggatggatg 120

WO4es0enssia at t t aagaac agat%gacaa ggcct t at t g RATJRAGHERT6S

<110>

<120>

<130>

<140>
<141>

<150>
<151>

<160>

<170>

<210>

<211>

<212>

<213>

<400>

agt agaagag 180 gtgggccggg aagaagatcc acat gaagga

aaaat at ggt tccatgggaa gQatid esRaa40 caggaagct 249
<210> 2 <211> 2kquekE2xsDiME <213> Honp sapi ens Page 1

WO 2005/ 000887 PCT/ |1 B2004/ 002165 2/2 RasGAP. ST25. t xt
<400> 2 gtacgagcta ttctacctta cacaaaagta ccagacactg
atupaeatbigigdé titheotdnhaaa 60 ggagatatgt.tcattgttca

t aat gaatta gaagat ggat ggatgtgggt tacaaattta 120
agaacagat g aacaaggcct tattgttgaa gacctagtag aagaggt ggg
C g gerpaderd vddB Gepigde cloacall gcdaghaadbldng akgepr20e 1s<210>
3 <213> 174 <212> DNA <213> Honp sapi ens <400> 3

14673/PCT

PCT/1B04/-
2004-06-30

us 60/483,691
2003-06-30

PatentIn version 3.1

1
249
DNA

Homo sapiens

1

gaagatagaa ggcgtgtacg agctattcta ccttacacaa aagtaccaga cactgatgaa 60

ataag
tgggt
arggg

cagga

<210>
<211>
<212>
<213>

tttct taaaaggaga tatgttcatt gttcataatg aattagaaga tggatggatg 120
tacaa atttaagaac agatgaacaa ggccttattyg ttgaagacct agtagaagag 180
ccggy aagaagatcc acatgaagga aaaatatggt tccatgggaa gatttccaaa 240

agct 249

2
204
DNA

Homo sapiens

page 1



gtacgagcta ttctacctta cacaaaagta ccagacactg at gaaataag
tttcttaaaa 60 ggagatatgt tcattgttca taatgaatta
gaagat ggat ggatgtgggt tacaaattta 120 agaacagatg
aacaaggcct tattgttgaa gacctagtag aagaggtggg cc 174
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