WO 2007/102146PCT/1L2007/000281 METHODS AND COMPOSITIONS FOR IDENTIFYING A
CELL PHENOTYPE FIELD AND BACKGROUND OF THE INVENTION The present invention
generally relates to compounds, methods and 5 compositions useful in identifying a cell phenotype,
and more specifically to compounds, methods and compositions useful in differentiating between a cell
having a makgnant phesotype, a cell having a pre-malignant phenotypepafidhagelbdaying a
non-malignant phenotype, or a metabolically impaired cell and a metabolically normal cell or a
maternal versus a fetal cell. More particularly the invention relates to 10 differential staining of cells in
a biological sample, cytological or histological preparation. The present invention further relates to use
of the compoMIEEHOPHANDAChIROMOSHIADF K g eiaseeys gt wplidatieqpsiagnosis, drug
therapy monitoring and monitoring of disease progress. For oncological diagnosis it is necessary to
determine the presence of 15 tumor cells, malignant or pre-malignant, among other normal or reactive
cells in a testth $PEEIHYI AREBHRIST %@éﬁ type of tumor and the organ from which it
was derived. The assessment of pathologica traits in living cells is commonly performed
by means of interptefatidiissricSmypRtiavor peRsIsdy oFdbyidestingeomaudnctiontibdspents such as
motility jAlbetisgisatoMolesniriBiclegyrahihe Gell: 3ty Nevniottand L.ondorn (1994)], vitality,
anchorage iggli%er}l Snt gtr%/(\{thm[llalambur er and Salmopn, Science (1976) 197:461-463] and others. By
contrast, fixed Cells and tsaus SanypIeerLHaE ik gbﬂ}@%f?&%%?&&@%&?%@ﬁgsbﬁ@ﬁa For example,
malignancy ®redigeentgibenrispeoameliphwliogiegirehanpaarthpligivepisentd-phariatypic a25 changes.
Traditionally, these:; ssm re performed,by,means of light microscopy follpwing staining of the
specimen vﬁ#&?jﬁ%ﬁa ?:%Erﬁ agfioonpoaf &l/%g%ﬁigéggr’fgpr%ige fﬁtlé & s?/ié%/f@ He'human eye.
Thereafter, BRfEeRlisghtisisnstespiestisd friskeetibn Miseholicgledy ibatmesisuchlass tissue
organizationiigtieatise wfintglelarasyiap IGIE] 0 IP: £16;; ested by Boyd
[Boyd, "A 30 textbook gﬁﬁl}olo y" Péﬁa?ggaﬁ%fﬁga%%gﬁggﬁ%ﬁﬁpeﬁt%g ?i%%% "the chief
characteristiSPSF i ne &’§?Fc?‘?:‘ge‘ﬁ’,v i Buther s5laise inyhterRicresseeprowdsnmetbedsand
chromosomaihisematiciiensidoredsed dytoplagmiagiucienn adis, aiLorse WQ therapy
2007/102146PGL 41,2007 2 irregular chromatin network, and larger nucleoli than normal”. In
addition, mé?glﬁ)éﬁ%%sorde@%grég(écﬁrég%égﬁzz%@%ﬁsﬁﬁe presence of metabolically impaired cells having
an altered (impairddy pHsatngisel adizpnapiaridisvisactrsashenodgparoia Metahetioally sformal cell. 5Yet,
cytological assessiaetsmaRAakalioNPratistldenificatian-ptsANsEr RS @mQpg,the normal cellular

population i{és%gigeer&org?araiio . One reason is that, in some cases, non-malignant cells mimic
morphologic charattensticS 8t tAfEEPtelg ebrunmidy realiivarmasgtiiormredienpresent in serous
effusions, oftérellisplag/datpidal features such as multinucleation, nuclear hyperchromatism, eccentric
position to of the pycleus.and eyiPplasmig;Daro }gilia features yhich are typically characteristic of
cancer cells [Brownlow et at, Equin% Vet. %I. ﬂ%g)ﬁ eﬁ?ﬁfgl}%éﬂ ¥l é:ﬁﬁgst §I.?0A1F'ﬁ4.0§.bf\/led. (1984)
77:887; PetPSVaIaEt, WaM B o0 iobuyrstation : HibslsHutran(agei)in sibg étstng"Gbmpendium on

Diagnastic Gyialogy £jliasgahladariaiey (AMIagy: 47N GditamL 1940, InespuEM Gyjplogy, for
example, vaﬁuo@‘%d %Ir 15dc uld indi%f?te cincer but also reactive glandular cells, in particular in
patients with pnetimonia Bfg]bo?tfﬁ%) i WHléd ‘Qf%ﬁwcﬁrfﬁkﬁ%ﬁ%%h‘f%qmi&@ho%ﬁ@@ytology"
Chicago: Tit&meiroeysldgymath Edition((2976) R 1A @Edd0ansome I Bighamiseisappear to have

normal morghgql fers front false negative and false positive diagnoses
[Morel' et at‘%h gb%%%%ﬁg%{g%%)ﬁg (%%ggg%§§§%51%§0Wb°§1 GESpHRHe o(ﬁge}ﬁ%%B tlassical
cytological FEHEBHSYHE ERfsTeRy BiTiRnsgbal dinghduindes el determipleshdyithe qualification
and emerimegeﬁ.themm@@xm»ggm@r@msméﬁbiHri@sp@f@méxzwh%m@i@%dl?ﬁ%ﬁa- The
classical cyrtrtllllcorgé%gl tefcginigues are in %ny cases supplemented bya group of techinologies, which
are based On eompounds SR AR R PEFERMRD sslxherarambinationshidretHemistry,
immunocytetirenismalenchin sitls hvtividizatioe. These tgehnolegierareHaaEfalRReROtypic
characterization: . implication of antibodies to intermedjate filaments), detection of
tumor markéegltgtgl(g}fglé)érgg%llgogsati%:(?lvgﬂa{m%¥l Zié%)f,é%ealc 161 of pE3 ARt RENaT A H W efEction of other
oncogenic BYprésaibiviankirasrapigiinelivhei seigueicessiRespit i Ba3ah[Borhedificity of these
technispiesitgdgiecs malnanpiennaephiiesedephnjaespiaydes Ahan-maligpant tool for
oncodiagno%is. 3. . Th? tgree mQst common types of clinica specimen sed in modern diagnostic
a ol8gy epRiEierre kims rsxeted shir dbioriBld pejctPreas). specimens, and

char 116G
cytology aré St ad°cy
cervical vagimd¢smedrshromosomal aberrations, decreased cytoplasmic-nuclear ratio, a coarse




Exfoliative cytology deals with the phenomenon of exfoliation of cancer cells 5 from the surface of
tumors early in the progression of the disease, even in the pre-invasive stages thereof [Boyd, "A
textbook of Pathology" Philadelphia: Lea & Febiger, 8 11 edition (1970)1. The exfoliated cells can be
found in numerous body fluids such as pleural, peritoneal, pericardial, cerebrospinal, ocular, joint,
gastrointestimab Huidsenasswell as in respiratory specimens, skin and mucpsahsaipigssy0and urine.
These exfoliated cells can be collected by means of brushings, washings, direct puncture, drainage,
touch preparations, scrapings, etc. Fine needle aspiration (FNA) biopsy is a form of diagnostic
biopsy that uses thin (tine).needles (22-gauge of arrower) to obtain cellular samples from within the
body using ARHhAHAVALRAHSHE ‘?J‘fdg’ﬁ’fﬁ? ‘I’?&Pg{i‘gﬁr} BRI Hee Hrddbon S 8O lular samples
are then exdininéssmicrdacapicaty ty detpetstheqof sengebéalbrioystisoadk poegsses [NMLLS, "Fine
Needle Aspjrati i 4 B) Techni LA e ideline”, NMLLS t GP20-A
(1996)]. As %%g%&;e@g [‘(gjl%é( gl’#a%n%%{ogy,g%%é?spﬁéc%%ﬁi({)%v%ggg%etﬁgﬂ %r%fﬁ%%q E)l(%]\ sions or masses
and is thereter@iktgakded as a more direct diagnostic approach. FNAB typically encompasses lesions
20and masses froethe e ashi thxeithgiandsnheadwnekiRReiiif.£R8 14pes @pdomen, etc.
Cervical vaginal smears ar sglioirégimféom the female reproductive tract aimed at enabling the

diagnosis of Huffersug s BB B AEDSTASHPAAHRE, SRR FESPhIE-Hikighant nature, or
other pgthokqgieaiqsprI@Mt t@bjsrmﬁ:ielkutapwngi;te@meﬂmmmm tol.slide, _procesged
and Sta'“edﬂ&oé%ﬁg%,e{%%ﬁevlﬁgh@{ﬁ%ﬂﬂ PTG AT HODL BUCTOREARY oﬂeﬂ“&@é?a%rem’ diagnostic

cytology is typiqgéky ased on a rather narrow set of staining methods and composltions, some of
which appeafgtcmaesiienrschgs mytltiaie sipBainel S ibmsvERp TsBHIncHesERteRHieal cytology
[Kjeldsherg @ndeltunissys «Bo gy aadibicl s hisha a4k A8 W KosS Didgoasticieyielegyiand its
histopathologic basis. Third edition, Philadelphia (1979)]. This refers primarily to the alcohol-fixed
Papanicolaé%I S\ ﬁ%rfgrgi‘?géﬁ‘é’cf Miy%ﬁ%ﬁvg% |éllﬁ§3)(é‘%§glﬁop§g:’r%§%§t own as 4
Romanowslih stailedhilid 84ainings Witrehemaatoxy/)ih.andetsinl Sy 6:9-dtaimitddar emdocrine cytology
and the Pa im method gre.more rarely used, T aysGtunwald-Giemsa.(MUG) staining
method is V&E ely siéld%n?eglier?ige}d la Ocr)?g%g%rx?géx fgrrl(tilﬁnjlé1 |(§Sgt}$os}%glxl?%’eﬁ;%ﬁﬁg§fﬂ§})oﬁloﬁﬁ% origin and

others. Howevietosthid nistition §6¥6Not bxpressinridaay séiecaunpior Yaeiigigat wits. The
Papaﬂi£r>0|a%&@iﬂchﬁ@t@‘@&ﬁé@,%@ﬁdﬁgi%%@@’Eﬂ&ﬂﬁ%@eﬁ@,@ﬂ?&@éﬂﬁwﬂ%Ja%@iﬁ%&tﬁ?apaniCO|aOU
and Traut, Am. Y. Obst, &gynecol. %941 42:193-206, Papanicolaoy "Atlas of Exfoliative Cytology"
Cambridge, FEAMSAR ARCOM VISR Pre¥icti89)1 SRPRIBRML I dieiS G IPBEN types of
stratified an@ismnpleTildepiticlhaqieesehih ildicoh@biigdd knaddition] benrféapaireaiactlimethod (Pap

smeats ey ot 1 SR NTBAOGN 08 o 00 sy el s

cells. This approach has been also'widely use lelds o cytology. 1t should be

emphasizedtHdp it mabemitiaossbipiely g e defsiat: Syivetieayall 8%epedirtal procedures, do not

reveal gny tinctoriaiplasglestivityfampalignanteala cytoldhbs, Momes! thesepiigspdrcytological
staining protoccils g{r@gvﬂde selective h terocluorg(igc r tinctlo ial selectjvity of pre-malignant and
malignant c&1i€ HRAIRSiR pRe deRTRE raYal St AT B FERPIRPH B gnized need for,

and it would-perhigolyady antagdausbitthave aalishiatendeffieleitta20 cytological staining methods

which detect, moni id ' S i ( to normal cells,
in metabolically im%%élr%%%cse‘?% a%%%%%%gm%%ggﬁgaﬁﬁ/&%r(gﬁ%ﬁ%e%ﬁ agnr%ql{n{é ?:%gldgell as compared
to maternal @@HPWEW@"@R@RW@ prhichicacisasiamicomie pedh ARl aHst iR aPRFIRCHGSE cases not
amenapje tquigh thiqughiniseinaaieelianphepeRaiMoraqyen asalasultati#p the increasing

number of réFW genes with unknown function, as well as the need to determine the function of known

genes, there 1§ JFEAtARHENE FoPTEhilPR RESSRNNE HBtFSHS M e tBE R YR cBcfend and tumor
suppressor gesesiibheriitidreeegpizedmadthio fahehemicisant dlgsdor matagenicity,

particularly with technigques which are readily adapted to automatiop for high throughput screening.
Furthermor@gtﬁﬁ%n%gfsvglﬁge@'ﬁ)’r %eete Wge?éjéf?e&rgﬁgﬁeﬁaﬁ?i-‘ég c?l?rtg?gaq?ﬁ%cﬁ’tgncggnging the

behavior/phethetypecofeeiis dfrpnesmiatigieantrts nodnalciklsoattiérecigranneed fdedpitectreect combination
of drugs n ApbkCPEBIRR MM ID e RHES R EA0t HlllgH-AdR R Nflaes Ahie screening
assays and platforms. 5 SUMMARY

techniques provides a pan-malignant tool for oncodiagnosis.



According to one embodiment, there is provided a method of staining or pre-staining at least one cell,
the method comprising contacting the at least one cell with a staining agent selected from the group
consisting of an extract of a Ficus elastica plant, a C23H4404 and a proanthocyanidin, thereby staining
or pre-staining the at least one cell. According to one aspect, there is provided a method of
staining or pxgesiainiig;as least one cell, the method comprising contactipgthe,al-igaskpne cell with a
staining agent consisting of an extract of a Ficus elastica plant, thereby staining or pre-staining the at
least one cell. According to another embodiment, there is provided a method of staining at least one
cell, the method comprising: (a) contacting the at feast one cell with a staining agent selected from the
group consisting of APcdRiFaseet SOmBIeR drastieheprin! speimpmeaneddnaradsromprrsyinidin, so as to

obtain a pre-staieg, call exealsabadRlsapastiegshmpre-siainegdicalbpruzsis Wit asleast one dye.
According to another as gtct, theLe is.g%gvided a method of staining at least one cell, the method
comprising: (58‘6‘83}%{&%% R At e 2% 0l BEWith a staining agent consisting of an extract of a Ficus

elastica plant, so asfd@stain armiesstdintdnddl tbe peHispanc(3)t erfaldting sdickpeerstdined cell or cells
with at legst ang e suraAC6PIIAGHAIMINRNIRAINIERINMN SlemE tiembodite sy hp, gt Ieast one cell

comprises a heterogeneously differentiated population of cells. 55’:Accprd|ng to still further features in
the described PrEfEFratrEhEBRTAEAE e b 1EEb ke ofyd'1halesg d Bidelrhiac deitiify to still further

features in thee-8ase/ibteamRie Bl @Mbudimamsathe alleast oaeslyRl imsalaateddrasathe group
consisting of @ukln sic d%e and apn acgdic dye. Accordiggdlto still further features in the described
odi

preferred em ?nesrlllts, wher? ‘fﬁrﬁfe & é:g%?%’nep aﬁ}‘éafs an atidi fa%‘%f staif %t’int}@hrgrty above a
predetermineghshesksidakindisativead = diftespintiatedpeiingistséiatiebstoneiyenisa basic dye a

staining {ptengily ahpvergRredaiarminedilasholchit elicgiie.aladt vRdiffereniiaiagd gell: (i) the at

least one dye comprises the acidic dye and the basic dye a staining intensity above a predetermined
threshold withl{5&" BRHEEy &rinpegidatvR s RREHRIE SERRRIBSESeftand a staining intensity above a

predetermined threshalchith dheaasic dyexaineiopdyesof asundifargaiaitiglhy mccording to St
further features in g%le escribi?éieggéerred embodimeéuts, t e,heﬁ@gfeneo sly_ differentiated population

of cells compPEEs 4 OGRS icRGUES CALRBPATRY 1B LR LRI YRIOPES R 8% ribed preferred
embodimentshthiecheteiogensously differsatiatdd pOpulatipmoftel.cdinprisediésoiptettdells. WO

2007/1091 ARG ZARUIO0ZL .o ACCATINRI ST ASLIPAIES IS agried preferred

embodiments, the heterogeneously differentiated population of cells comprises malignant or
pre-malignantisetrs, processpetidiigSto SHIFfOISREE featifeliom %ﬁépélféﬁ%%@ preferigersmbodiments,

the Sheterogeqygeusly diffgrgntated populakional eatsccanpyieep falabsplised o Agepsding to still
further features. in the ¢ ibed preferred odiments, the heterogeneously.differentiated population
of cells comp?ggio%égi%ﬁclasl ;}rl%’ltﬁ(@a?ig%‘ﬁaégenﬁsge anﬂys}&coc%c?F fﬂﬁstgl é%’l‘l‘f FEir st ol d?%nr?n the described
preferred embamtirents athetQisdradizghdice sreiastica PléaBopmprisesiectopisxiresions  According

to stillfusther featuresdn the describedpraferred ampodiments.the gxiragt officus glastica plant

comprises an ethanol extract. According to still further féatures in the described preferred
embodiment?i#fEtEth 4ol extract comprises a 70 % ethanol extract. 15According to still further

features in the descadbgd-arefesies embedimertsapheys from the female reproductive tract
aimed at enabling the diagnosis of numerous types of atypia, some of neoplastic

nature, others of pre-malignant nature, or other pathological processes.
25 All types of cellular samples must be transferred to a slide, processed and

stained in order to enable visualization by means of light microscopy.

At present, diagnostic cytology is typically based on a rather narrow set of
staining methods and compositions, some of which appeared many years ago, but are
still being extensively used in present clinical cytology [Kjeldsberg and Kniger, Body

36 fluids, Chicago (1987); Koss, Diagnostic cytology and its histopathologic basis. Third
edition, Philadelphia (1979)]. This refers primarily to the alcohol-fixed Papanicolaou

stain and the air-dried May-Gronwald-Giemsa {a version of which is known as



extract of Ficus elastica plant comprises a crude plant extract. According to still further features in
the described preferred embodiments, the extract of Ficus elastica plant comprises a purified plant
extract. According to still further features in the described preferred embodiments, the 20extract
of Ficus elastica plant comprises a diluted extract. According to still further features in the described
preferred embodimentséhe extract of Ficus elastica plant comprises NMRspegiramssgetailed in
Figures 43-44. According to still further features in the described preferred embodiments, the
staining agent is fluorescent. 25According to still further features in the described preferred
embodiments, the staining agent emits fluorescefice at 430 nm upon excitation at 375 nrn

According to SRS YelredhilcskigmechBb dprsterdn antbeimetherinedpinideragent is
biotinylated. ¢hdoordingytolsii fudtihe Meatniesninmibtdeseribed prefenad.embodiments, at 30least one
of the C23144404 K cyartidin. urally occurring. Acearding.to still.further features in
the described prefgggé%%%gﬁi?n&ge@%l% e g%?i%ﬂ%@&ﬁﬁ%ﬁﬁ%%&%% B}Bgrr]ft a([)cyanidin IS
synthetic. 71abopgeidsdiiteg teestingupsirerfeellareishempiendéidivibdeiprafbmbdroniBodivents, the ethanol

extract of Fighs flastisanianbis:sHeriamnenaditsngsityshuchamedions.  According to still further
features in the described preferred empodiments, the positively charged ions are selected from the

group consisting of Hag AR ANy LR ethoh sy Ak Gty stnvised: feammdEsth e described
preferred emizgiizhemtsy¢HE phtéastonendyBraoprsys Givetdgesecol. AseOydngonRid] further features

in the descri?géiaﬁrc%ﬁgg@d mpggiﬂ}%ﬁgﬁgeﬁfﬁgﬁ?q@& l%é%’a' gg:tﬁd freg@ mevgrré%l}{p consisting of a

basic dye, an acidic dye, a trlamnotripheny derivativ 1azo derivaflive and’a combination

y )
of same.  PAESIHAt ot pfntetr ditiaantintive 9ésatbstysrofosediBrdbodirsionts, the two dyes

comprise dyggimelrcieekdiemh eURSPESISHEY Oha Basisi s AR AHNC BYE Bnears)
triamnotripheglgmethane de ivativ%,f% law derjvative and a combination of same. _According to still

further featufes W 84 cABBY p BB BSintHg St e (U RYeR ideffected
sequentially normAlcoet dimgotocstil. furthienfpatuchhin theaborivaitprefedes ambatkinents, the basic
dye is selected from.the. JL9MR, consistin hlia and new Fuchsin. . According to still further
features in the dés%:(?ibe p(r?e r'regt e% ng?#%%%?tagmaegdtl\ié,acti;/’ég(??aﬁﬁl r%%%.s a A%%ording to still
further featuPs8ceftie destBers gibrethectimbeiprerrduien differéntutet el tioetarimal healthy cell

and thepuindiftesentinieshcalismgnadignant or pre-malignant cell. According to yet another aspect,
there is provided a]rplgthod of identjfying a.cell of a differentjation state of interest, the method

comprising: (a) staining the Selany Th) AR A T RIS HREIRIRWINER 1Y PIR¥4F least one dye is
an acidic dyesladtaningervensitytaboveiscrédeteaviingd i estatdlignndicatvenfa:gifferentiated cell;
(ii) the at le n b I , I§NgQ, in it \ edetermined threshold is
indicative o?%égﬁr%%{gfﬁ%a egl‘ gﬁ%%(iii&ﬁg%r%éisi%ﬂr?é )S@eg%&%n%ﬁééisv{kméﬁ ﬁ:ggl];%g&and the basic

dye, a stainifigFthtEHsifPAbbvEalsr e ttiahinad taviasens vinnbevs delibleyads pifiieeive of a
differentiated;aslbging astaipngintansibicaeueamsadsianminediRrsrheld with thebasic dye is
indicative Ofi%nc%l%iztf%% stig;[egogl%gﬁ'eg to normal cells, in metabolically impaired cells as
compared to metabolicallty normal cells and in fetal cell as compared to materal cell.
While existing practice is reliable, it is both time consuming and in most cases not
amenable to high throughput testing of celtular phenotype. Moreover, as a result of
25  the increasing number of new genes with unknown function, as well as the need io
determine the function of known genes, there is a great demand for rapid and simple
methods for detecting oncogencs and tumor suppressor genes. There is a recognized
need to test chemicals and drugs for mutagenicity, particularly with techniques which
are readily adapted to automation for high throughput screening. Furthermore, there
30 is a need for new type/generation of anti-cancer treatments changing the
behavior/phenotype of cells from malignant to normal. Also there is a need for the
correct combination of drugs in anti-cancer treatment. These requests are not fulfilled

due to the lack of the screening assays and platforms.



According to still further features in the described preferred embodiments, the undifferentiated cell is a
malignant or pre-malignant cell. According to an additional embodiment, there is provided a method of
diagnosing a cancer in a subject, the method comprising: (a) staining cells of the subject, so as to
obtain stained population of cells; and (b) analyzing a staining of the stained population of cells,
wherein when: (i) the at least one dye is an acidic dye, a staining intensity above a predetermined
threshold is indicative of differentiated cells; (ii) the at least one dye is a basic dye, a staining intensity
above a pegdgtgrmiged threshold is indicative of undifferentiated cells; (iii) the at least one dye
comprises the acidic dye and the basic dye, a staining intensity above a predetermined threshold with
the acidic dye is“hefteiiR/© ercmbrentcdeshyandes srtiriitensity above a predetermined
threshold withithe PasiGaiyenis indiistive: ebnnaifigteniintehpelingwhaiRBM iR asense or level of the
undifferentiated cellg in indicative of malignant or pre-malignant cells tzereb diagnosing the cancer in
the subjeCURGEHHY LU 2R SERTACT A EmBOTRE B NI 5155 Hod s FHEA o detormining
an-anti cahices tekative plazouss€-itHa,Subjedtdrpneaththemetfinthéeanéth sthiobmprising: (a) administering
to the subj i erapy; (b) analyzing a presence or level of malignant or pre-malignant
cellsina é%éls%{/és%%%ﬁg%%ﬁhgés%%?éct following step (a) according to the above method, whereby the
presence or levefeferEnadighanesprgste Hranghaanotsiesis imgidadvelottine afntedrt course.

Accordingga;afilbfarthasfeatiren inHbedaseribadRratereshamnbodimentseibeonetand further
comprising optaining an additional biopsy f?ample of trgﬁ subject %ior, to sﬁep (a) and/or concomitant
with step (B3t @ SATBE G SHF RIS FRn LR HeabSUspatsHraaifah SitSdiments, the
method fusthedgoonprisistgicom taring dhe denvaladll the malignant or pre-malignant cells in the biopsy
sample with the gglggtricqalr;al£ biopsy sargg(lgméﬁc%rding ta a further embodiment, there is provided a

O di s thefe 19 provice . .
method of determining an anti-cancer treatment regimen in a subject in need thereof, the method

comprisindga{dpdraiaingsablestaee wHidiersthnargmansthicpte mealigimatiens!iesh biopsy sample of -
the subjecg, ) adminigtatngno e suhierlpdherapesiaiisrtiveraraountelan anti cancer therapy

according to the presence or level of malignant cells in the biopsy sample of the subject 9

According TSl HH AT Ha tfeat e i aBEUNoRaRIfY SpSdinRiiRs2 #YE- d further
comprisingdlépeadigaated ( adhaltoningd ble-Aatetiinl do st avith thdsasispectythere is provided a
method of identifying an agent capable of reversing a pre-malighant gr malignant, phenotype of a cell,
the method comr o e e T e F e S rotype of the
cell followirns @£}lae optiorditgprosite(a) according to the above method, wherein a reversion of
phenotype is indiggtive gf,an.ag8nheaRable: Ynkelaisiteh G MAI IR e5realigpast phenotype of a

cell According to still further features in the described preferred embodiments, the agent comprises
a test composition.  ACCTHRTY 2 SRR HRILRARS IR BidLuRREibaPGERREHEhbodiments, the
test composition is selestegiigyamdhe group consisting of a polynucleotide a polypeptide, a small
molecule chemiczg%l a c%rqlqg%%atedig lipid and a combination of same. ~  According to still further
features in the d cribedopre efred embodimen s, the agent comprises a fet Condition. According
to still further feaf\regdinghe desheibisdtprestarrpgiemioditheditsetiie theatasivon éslbelected from the
group congistRgsef gw%gér%@gjygq@%&{&g#@ggﬁggﬁg,gtigais_ According to still further features
in the describéd preferred embodiments, the cell comprises a plurality of cells. According to still
further features in the described preferred embodiments, the method is performed using means for
high output According to still further features in the described preferred embodiments, the means
comprises an automated sampling device, a liquid handling equipment, an automated stabler, a
dispenser, a robot, or any combination thereof. = The present invention successfully addresses the
shortcomings of the presently known configurations by providing methods for cell staining which can
be used to distinguish between cells of different differentiation levels.  Unless otherwise defined, all
technical and scientific terms used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. Although methods and materials similar or
equivalent to those described herein can be used in the practice or testing of the present invention,
suitable WO 2007/102146PCT/1L2007/000281 10 methods and materials are described below. In
case of conflict, the patent specification, including definitions, will control. In addition, the materials,
methods, and examples are illustrative only and not intended to be limiting. 5 BRIEF DESCRIPTION
OF THE DRAWINGS ‘



The invention is herein described, by way of example only, with reference to the accompanying
drawings. With specific reference now to the drawings in detail, it is stressed that the particulars shown
are by way of example and for purposes of illustrative discussion of the preferred embodiments of the
present invention only, and 10 are presented in thg,cause of providing what is believed to be the most
useful and readily understood description of the principles and conceptual aspects of the invention. In
this regard, no attempt is made to show structural details of the invention in more detail than is
necessary for a fundamental understanding of the invention, the description taken with the drawings
making apparent to those skilleﬂ:' e art how the 1 ' [ | ay be embodied
in practice. hi the cFaRiRRs St %igefieaéué%so%%r%%%ﬁr%\{g‘%k}are %ﬁ)%ﬂmgoglﬁ%ﬁ%] derived from a

- male patient tiagoasdge Byanieghesipt.histopathology, with carcinoma of unknown origin, stained using
the staining proceguis AgeQici 100 RIRRRALHNHNAGRA TR sRoolisens)egrs prepared from
pleural effusions. FIG. 2A dggcts pleural effusions stained W%?S%/I%-Gr Waldagsi%msa protocol. '
Specimensaienet sesidsel B yeeiEA STOmSHERRSRBRIEMS b TS ViR ABA 2RSSt Calls. These
conventional techpiguaswers st diffgeenidalimandd-te. 2B dkpittsrpleved| affosionsttained with the
novel staining procedure according to the present invention, While 25 p of cells with
malignant p¥ riids HEsAEtdTATd ‘igé?i,#ee gsyt%%lgglr%l%fﬂ ggrr%aﬁ%fft‘ée#%ﬁeﬁtg r%gg%oéhages and
leukocytes peabiypesdvbresatainiadrgiesive of aRiGeRuthtdsdistid thesidsarcRrerard ¥ pleural fluid
derived from a female patient diagn j sWithiarsih ema of the breast,
stained usiﬁggﬁ%ﬂecs ?n%%abnrlg eﬁ?@%@%g%% o] %ﬁﬁgﬁ%ﬁ%ﬁg@%& 4 shows a smear
prepared fronvfpievizbd et EHY e fib Fast 08 S BRIAPHREY HssaAd5y ireats e Eﬁf%pathology, with
carcinoma\;‘%grg(@% rgin, skingdwsngiansiainio presesiarevakchiglingdio tiespiesent invention.
The inset WO 2007/102146PCT/IL2007/000281 11. shows a magnification ofthe single stained cell. A
total of threénfieatiisapf acliifersiatsintrbreiistsPatHE JitEst %ﬂ%’g. g Rredgeaiet en panels

(A-G) of six«l=B)3triningrsitaations asipikadntad in TabfefnEi@d5alldepicts 3LL lung carcinoma; FIG.

5B depicts C6 5 Astrocytoma; FIG. 5C depicts A37 : : icts Friend
Erythroleukemia; Iﬁﬁf."%%“géﬁisc% mﬁ%"@g&& ‘“@F‘%e%%ﬁ%gﬂf S%%%@r%&%%%%%@ exudate; and
FIG. SG depistscxanmsy diffivabidase populdimicaAlpoenmrsastisdio §iemes8esh from a patient
diagnosed with Cobggc%ac[ﬂg? FRIned Haingthe ﬁf@ﬁ%@é@%&ﬂf&@@ﬁﬂﬁﬁﬁ@eﬁﬁsﬁhﬂemesem
invention. 10 FIG. epicts the entire histological section; and FIGs. 6A-C depict magnification of
certain fieldbetPrenepscdsfemiaetronirtaheayf &W&Wﬁ%‘ﬁ%ﬁt‘fﬂé%}ﬁtures show a clear
association between morphology and color. FIGs. 7A-C show histological sections prepared from
dimethylhydrazane-  induced colon cancer animal model and stained with the novel staining
protocol. 15FIG. 7A depicts regions corresponding to the morphologically normal phenotype; FIG. 7B
depicts regions corresponding to the morphologically hyperplastic tissue; and FIG. 7C depicts regions
corresponding to the morphologically dysplastic tissue. FIG. 8 shows a smear prepared from a female
patient diagnosed, by Means of 20histopathology, with ovary sarcoma, stained using the staining
procedure according to the present invention. FIGs. 9A-D show four pairs of histology sections.
The right panel of each pair contains a slide stained with the staining procedure according to the
present invention and the left panel shows a slide stained with the conventional Hematoxylin-Eosin



25technique. FIG. 9A depicts Cervix Carcinoma; FIGs. 9B and 9D depict Breast Carcinoma; and FIG.
9C depicts skin melanoma. FIG. 10 shows a tumor imprint prepared from a sample of breast tissue
containing carcinoma foci, stained using the staining procedure according to the present invention.
30FIGs. 11A-H show Pap-smears from a woman diagnosed with High Grade Squamous Intraepithelial
Lesion (1IGSYO)2#{382149 A-D show a slide stained with the conventionaPPEBACEMBYE stain, while
FIGs. | 1E-F1 show a slide from the same patient stained using the staining procedure according to
the present invention. WO 2007/102146PCT/IL§007/000281 12 FIGs.12A-G show various
pre-malignant and,other.conditj clipical signjficance.. rvical smears, stai using the staining
procedures accoré%ﬁ%of(gi?ﬁemp#eﬁspen |ﬁ5§1%%%§%ﬁ&el%§%§%§§§é kr%cﬁ??ﬁaﬁ%%%%ﬁ%@é%? 12B-C depict
Atypical Sqbeiwogsn@uily ofiffersattadinpeb SjioiicahsliF | canposssE rddigaatio®r G¥&de 5Squamous
Intraepitheliglglls (L&GSIL); and FIGs. 12F-G depict High Grade Squamous Intraepithelial Lesion
(HGSIL). FIGs. 13A-G show Pap smears stained using the staining procedure according to the
present invention. ASKetirase %WWF&W?F@%rﬁ]ﬁfﬁrb%?fz:gfﬁﬁ?gefc%"&%&'fatfh%‘%resent invention
yielded postibtersgsudtnas dippasedttd sopventionibtdiagmestisctofthdicyllded negative results.
FIGs.13A-B depicts a 41. years nventional Normal diagnosis: FIGs.13C-D depicts a 52 years
old, conventional ﬁgl %Orfw&r%y %r?t]l |%§§g€s$#|ﬂﬁg‘g%%%§%%%§ ?/ke%gr%é%%}}g%%l\%%@#al Inflammation
diagnosis; Riget@Rndepibisifeeytisied prouksionertiorils soorpirtimghibslinaldraadG depicts a 54
years old, cggygntional Inflammation diagnosis. 15FIGs. 14A-C show air-dried cytospin smears
prepared from pleural fluid of a 65 year old male patient diagnosed with breast cancer. FIG. 14A
depicts MayGrunvitaeesiamiesathfhtiye drriurast the e araransAY P e dMing procedure
according tainedprgsenisislendioplant compiss: dllbA&:shaw histology section staining of
dimethylhydrazane-induged 20colan canger in rat animal model. EIG. 15A depicts the full histology
section and showsAé:cr%lf?(?élg f?sg%%%ﬁré%lﬂcﬁ es ﬁ%aﬁ}arr%sr? aﬁ% rgﬁ%rgl C%Agr?gt%lfl?%es"[%%ether; FIG. 15B
depicts magmifiecttidiF shF tstiGyplantordipgses ahethvaidameidaatrows; and FIG.  15C depicts normal

colon tissue. Note jhat regicRs:aAresRandingdothadrriphalagicaiyeosmal andmadgnant tissue are
distinguishable by the green/red 255tainilr%82pattern, indicated by arrows. FIGs. 16A-D show

histology setttgRckexificteorumiietiayiRyarBa SERfled colon cancer in rat animal model. Note that
the morphological diftergingas beivween-normetsindiadigniteiitissteradeabsdoirted thith changes in

the color, . FAGS 18 show istolonieal seclgn sianing,gl 8 melanoma tumor FIG. 30174

depicts staining accorbcl‘ﬁg e teachin los?stﬁli_s nv nﬁ%r]; and FIG. 17B depicts staining by
Hematoxylin-Eosinhccording ¢o s8AfobhoitaReestratherdensaibaithrgiiotsid sobedimts, #8A depicts tumor

in full sectiog,Qf QAR SIRIRIAG Y CiRRBR%H FuriRR gapidaumor in full
i According to still further features in the described preferred embodiments, the
20 extract of Ficus elastica plant comprises a diluted extract.
According to still further features in the described preferred embodiments, the
extract of Ficus elastica plant comprises NMR spectra as detailed in Figures 43-44.
According to still further features in the described preferred embodiments, the
staining agent is fluorescent.
25 According to still further features in the described preferred embodiments, the
staining agent emits fluorescence at 430 nm upon excitation at 375 nm.
According to still further features in the described preferred embodiments, the
staining agent is biotinylated.
According to still further features in the described preferred embodiments, at
30 least one of the Cy3HysO4 and the proanthocyanidin is naturally occurring.
According {o still further features in the described preferred embodiments, at

least one of the C,3Hy4O4 and the proanthocyanidin is synthetic.



WO 2007/102146PCT/1L2007/000281 13 section of the brain staining by Hematoxylin-Eosin; and FIG.
I8C depicts tumor in full section of the brain staining by the novel staining protocol of the present
invention. Note that only the staining protocol of this invention differentiated between tumor and normal
tissue. 5FIGs. 19A-D show changes in the staining during the normal physiological embryogenesis.
Vertical sections of chick embryonic retina from different differentiation stages were dissected out of
chick embryos. Paraffin blocks were prepared, cut and mounted on glass slides. The retina sections
were stained according to the respective protocdl. FIG. | 9A depicts retina of 7 day embryo [stages

30-31 10 accordintrtomsiagfoutibiugtidafemions(Mdhnbdeseitad dreimittomiddinemghdhe(1951)
£6:49-92)1. i 58, AeDIEE1R 0 Ry STRNOCIS SRURIOR ARB AN FIG, 19C depicts etna

of 14 day embryo erentiation stage 40); and FIG. 19D depicts retina of 18 day embryo
(differentiation sta@@@i}?&@b‘?@b@ﬁ@ﬁ%ﬁ@@@ﬁ‘@&ﬁﬁﬁ@éﬁ psffsredpmboinsris&iGfoon Layer, ONL
= Outer nugleadi 4y A8 oo uker skRRexifesm Liay bR coldhaiaregentaissiih addigmented
Epithelium. _  FIGs. 20A-C show differential staining of normal and adenocarcinoma cells. FIG. 20A
depicts norfdEfimary colonocytes (CCD-33C0) which were plated in chamber slides; FIG. 20B
depicts macroscopicctriiges Gfill fuatar (feaB8ds uethyel dtadnibatephafathed embaticotoisptytes (CCD-33C0)
on the left ok :ile%l& orc Igr&océgnﬁ% g‘gg?yég (HT-29) on the right panels; and FIG. 20C depicts human

colorectal adenocarcindma line H which were plated in chamber slides. At the end of the

plating period the Afcording $psslhforber Erusesifethe desqitedarefemtdcmberinagie-heependent

growth of H}-29.c6lls afielRealiaai men e B ERICERRGE Gﬂ%@!aﬁ@ﬂﬁ&%ﬁ&iﬂg 9, Gells were
incubated for three 25 aﬁ with medium alone (Contr), 30 micro M Phytic acid (PA), 10 micro M 5 FU,

100 micro RPEGFHIE TGS BRI }daempRBRHRAERAINNE) according to
the soft agar protagedording to SR Rshdwilesihehodperitemetensd rgiboditensHhe29 (human colon
carcinoma cells). FIG. 22A dS{?iCtS‘}xl%lng clzgll?epla'taed in 3?{} .vvel(l)Péaée-,c?,EQ §|gun%%1 .depicts untreated
HT-29 cells‘f‘ﬁ ??2%?’33%?&3 B8 CBIS e ate Wity f%lrﬁﬁnéodluma%u rate; an ¥1G 22D depicts
HT-29 cellsdreatettimvitoGiphkt BodibmeBiayrateeT hedirendstyipiti chandjesombmaseofed by means of
dose depeng, gradual color changes from red (malignant) to blue/green (normal). WO 2007/102

46PCIAL200//000281 14 FIGs. 23A-C show the phenotype drug screening result in HT-29
(human colon carchseprdingeiie)stitiGurtiua Fabiess rtbo deswsibst arslerctd SHBAMAS.5 M or 5 mM

Sodium ButygaienyisHil iEe du eiek & RISt snficaidifylGs. 23B-C depict optical density of cells as
was measured in a spectrophotgmeter The ratio,5 between, ahsorbance at 560 am (red) to 630 am
(green) was calcu%&gﬂ?&ng t%f@%?ﬁr 2REW t’ﬁe%?é%ﬁ%#]&qcﬁﬁ%%ﬁ o%ﬂ%f%%nésel $taining. HT-29
cells were phatidye 36seletipldites fbr gremayndeiae diilthie 220 mevecKndds@enistein , air fixed and
stained. FIG. 24A ﬁ%%?&?n%‘%&%{ﬁﬁf&%@?f&%ﬁﬂé@&ﬁﬁé e siBAREIch SR daigls guantfication of |

the staining type and was performed using the ratio (R) of to NF/LG (OD 560 to oD 630). This ratio
correspondSwineR @esen balance in the well. Normal cells were stained green with R less

than 1, malignant celis.weiestaingd g exibiies: Bbigherithankersifigboit.alepis the effect of
Genistein on the number of cells. FIG. Zm%o%gthe effect é){#he cell ment o the tumorgenicity of
X :

HT-29 15 celiEeRRRi Fitds #Remieh EELHpE 8%?88?6‘?35 tha RAEEHice

experimentaijetactigxpiaibd in detail in the materials and experimental procedures section
hereinbelow. FIGs, 26A-E show Butyrate-induced iransient phenotype change of 111-29 cells.
HT-29 cells were tr‘ég e %135 gor%%\%/lag%tyrat c?r?r gg‘i/ls.lt}’étt the end of the 20 treatment period, growth
medium withristitgdatef videnidpinged ovtih GusrdiEdreadintioniusattoro?, Biorea.dys mathetied cells were

stained accoling(0prolocals . 266 dsPlEuIARICALOEl) TiRRaeloEi) 888 depicts HT-29
m B?éjt)y.rate f%r 4 days; FIG. 26C depicts HT-29é:eIIs which at t@e end of the

cells treated b IZ : C
treatment péﬁi@%@?’é Y8 vrEThaBIsr SY5- A S RiBE iRP RS TRye TS BmiaehibiesidHT-29 cells
which at thejensipbiie tpaTentiRefiatoderayawa i tyiateré acarnaiiupefar staays; and FIG. 26E

depicts HT-29 cells which at the end. of the tr ent period were grawn in butyrate-free medium for 4
days. Note tﬁgﬁﬁi{%\%ﬁi" %3%939%?%5' g z%?‘fﬁsg . pleS %‘%‘r’]&ég?ho tai%‘?ﬁ(%%rggﬁaét Atft ﬁf\b the soft agar
results (FIG iyt 385 Gae 27AdBspisshighatihugiyp utsctise bisy @Efle'[ 8)steisings IR 7A depicts
HT-29 cells whigh a\’g{%eﬂ&'e%%é@ ARcAved ﬂg&%@&&ﬁggﬁ'o [Ha: QL £amRRYRgR Sodium

butyrate was used e positive contro media n
cell and a staining intensity above a predetermined threshold with the basic dye is

indicative of an undifferentiated cell.



treatment) served as the negative control. Staining of the cells indicated the visual WO
2007/102146PCT/IL2007/000281 15 difference between positive and negative controls and the
visualization of a positively active compound (Hit); and FIG. 27B depicts dose dependency of active
compounds detected earlier in a screen. Compound activity was measure from a concentration of 30
MM and descending. 5FIG. 28 shows high throughput screening (HTS) results. 1IT-29 cells were
plated in 384 well plates and treated with drug-like chemical library (ChemBridge Corporation) at 30
micro M concentrations. At the end of this process air dried plates were stained using protocol Ill. The
screen gave rise tadbyekngdistisgl dieietypasret lesponbssifdpoifiatic effectifneatkabeblack), change
of phenotype based pon Te Red-to-Green color.chapge,normal phenotype, marked turquoise) and
no obvious‘ﬁé%ﬁ("ee%a‘aﬁ%%% ;‘/Spaé & %?g?ﬁiﬁa"rr%aalg%%q%ﬁl)lf Staining results were registered using
optical density meAstmatingrit (@ BISBRA T DEBOY I Thea B WS B§ddultiwell scanner. Quantification of
the stainind,(ype,yigeeromed using the GiRRLA! NEHA (RRHAARIQORAIAY s ratio

ed to e

correspond el and Green balarice in the well. The group of interest stained green and
exhibited RI&&ksthlirttaicpesn FRiFERRIROBIREPHREFDS IR FRAYZI St B red regardless
cell numberingdRXstained FoltlARS bovesComBtrdEis:draig) MCM \sdamy égtois (wilstigipe Ha-Ras

protein) and PCMV-Ras V12 Vector (active formrg gg&iw%re?%%g&gs%g f{g@cazt%gocr&tech. FIGs.
30A-B shov¥hcRori§ e PERGERt §78WWihIn BoR AGAT. Stable Rasexpresaing Rat2 clones were

established diffarasietidedan @ ihteat lntst soft dyaisacbaididyeie swnprpiobuisiiseoysaterials and
experimental piocedinessedion NoyaIDhRIow I FeRleAal AlIDRSIELol lee ek ncubaton
Roditt :

period, the EoTonIes were counted. FIG. 30A depicts empty vector (Vec) or Wild type of Ras (Ras
Vec) which frdusigssivaticidiodye 116 thedrsie & anviamiog m%@mb%é'eemé@%‘ﬁsﬁwg

transformingjonsageniaifont obRRS dRAS ARhukishvindutachlaise coleniea farseation (L). FIGs.
31A-D show the effect of Ras V12-induced transformatjon on g;e. 30, stajning type. Flgs. 31A-B depict
Rat2 cells piateeFish2exmet B‘f?‘}?fﬁffﬂg’?gpﬁj“fﬁ%‘g sIYﬁ‘g‘(rﬁﬁ’g i %P x50 ’gﬂg%&'& Pespectively): and
FIGs. 31C-RxgiapigtRatadRasy/ keels plaiegand stalzed of tinictodiciypiattautcallpsqmagnified by
x20 and x6Q, WO,2007/102146PCT/11,2007/0002 6 respectively) . At the end of.the plating period
the air-dried’%f)‘@%%%ﬂ & satuafi)'r%&’ %E%%q%%agﬁ%gzgl%o%%%%ﬁ%@ém# st,ﬁ %Sﬁﬁrs%lo%g:he effect of
Ras V12 onegigjesie signaling inhibition on the staining type. FIGs. 32A-B depict Rat2 Ras VI2 cells

incubated without tge 1§ {Eagniiash by x28and B 0nEaspestvRIN 2and FIGs. 32C-D depict Rat2
Ras V12 cells incubated with 50 micro M PD98059 (MAPIC.K inhibitor) for 3 d%/s (mafgnified by x20

and x60, regpetivedyyt At rinipgRBRE SBRFHE TIRARGEt FRESHE S RCR AN BATE A and contact

inhibition resgieratiaRd@soigit-emealiadstaininmiRedio-Gteen atainifghdpBieesy3@A-E show the

Ras/MAPK pathway phenotype dr. creenjng in.Ratl Ras and Raid,cells treated by different '

concentratio*?fé"s“g?zé‘%rﬁexlﬁ’ng3 fh%%%?iﬁﬁ oéﬁﬁ%?&gﬁ '&‘éﬁ%{t‘?‘t %eq%J léln%%}gg%fs ﬂ%aﬁeRas and Ratl

cells untreatefithncubieatdoliow PP 9801, oo 3B dEpicly RaitRes whereRatiheaiswestted by

famesyaton jnbiaiter :1R44): £ Ad(x demicisRa Ras ARLIRaU gl HEales: L MAPK inhibtor
: a

(PD98059); 3D depicts Ratl Ras and Ratl cells treated @/ Genistein (tyrosine phosphorylation
inhibitor); and FIG. Asmrdinsdesstihfurber frivresit s deeaib W@?ﬁ?éﬁaé?%mf*ﬁn@&e inhibitor).

FIGs. 34A-Crshavs fadecrsiRipianicernintallsriferesiiationpinddepit by Gieawpeanbits effect on
staining and hemo%{;ﬁbin production. FIG, 34A d@ﬁicts 20 K562 untreated cells; FIG. 34B depicts

K562 cells tritEd 95 AP EIEEYER A EEH $g to the protocol); and FIG. 34C depicts detection of
hemoglobin producieseidb2tcelil fueter featedsiithte. 2&@iMdprti2oep Mibtement{atteording to the

protocol), hem I%Pi roduction was determine B ng}dﬁ%e e that a gsult of the
differentiatiof, Rex -t:o-%%e?]ogjfg?ﬁ?ﬁé %ﬁglep %ﬁg%g%%xgg Gieen etect%%S%lg%gvec-?ﬁ%a&ced
differentiationeliainshpbimey fynthe Wosthel edditidert linnwaasae. " -

According to a further embodiment, there is provided

a method of determining an anti-cancer treatment regimen in a subject in need thereof,
the method comprising: (a) analyzing a presence or level of malignant or pre-
malignant cells in a biopsy sample of the subject; (b) administering to the subject a
therapeutic effective amount of an anti cancer therapy according to the presence or

level of malignant cells in the biopsy sample of the subject.



hemoglobin production. FIGs. 35A-B show the differentiation induced by different doses of Gleevec
and its effect on staining, cell number and hemoglobin production. FIG. 35A depicts K562 cell number
and hemoglobin production following treatment with 30 0-1 uM Gleevec (according to the protocol);
and FIG. 35B depicts K562 cell phenotype following treatment with 0-0.1 uM Gleevec. Note that the
staining assay exhibits the sensitivity at the low nano molar range, where there is no effect on the
hemoglobin production or cell number. WO 2007/102146PCT/IL2007/000281 17 FIGs. 36A-B show
all-trans-retinoic acid (ATRA)-induced differentiation of HL-60 cells (human acute myeloid leukemia
cell line). FIG. 36Adeptiis uhisaikatcl faheslis tanddstGbabRdepidsitiofithestsarhich were
triggered to di% tigte by 1 riM ATRAafg%r 3d 34{A-C show IFN-garruna-induced
differentiatidh g.ﬁn ge énfl?nnglﬁlgé"?ﬁ% e&?ﬁ?@h@tﬁé?%% éﬁmhoma cell line). FIG. 37A depicts
untreated, malignahtcbtdiag teeiis afiEhg zEpeRiplacscroBPGERd treated for 4 days with 2000 U /ml
recombinant e EN: B3R ALILE G BUC doplisia3 Rl ealed (o lgumyih 10000 U/ mi

recombinant human 1FEN-gamma. to Nitrobluetetrazolium test (NBT) was performed as a biochemical

marker detcRlmgtHRe afife RsHidifomehosfoompaiiiner dte THEIERSGE dpesthin ehesedstoh the
biochemicalmyﬁ;gqggfg:@ﬁﬁ@ﬂ@ﬁb@pe b1 @s. 3B At stiay (HNhgespmaAlyspide Rityrate (NaBu)
induced differentigtion %U%S? cells Fﬁ{/G%SSA-B depict unye ted maliqtg cttliJg?)o?f 15 cells
(magnified BT B2 835&‘??@8 ) EIGS. BEC D déplct RIS RASHNGSF A days with 1 mM
NaBu (magnified dapatlOcine by e speoinliehdnitGsai8EE phepinypoda cells treated for 4 days with

2000 U / ml recombinan .hu%as 1}%??%9&@%@8%\%%%%%%égﬂ§&ﬂ&%ﬂﬁem and FIGs.

38G-H depict U93 cells treated tor 4 days with 10000 U nant human fFN-ganuna
20(magnifiedgsatebOnpresya st cSpweiRag). CamaRx staining was performed. FIG. 39 shows the
potential of the pheolyne, diGAcIERNN MG (lh8-umRlineatMas-Rdarmac MEIPV 16

immortalized human keratinocytes, treated with different inhjbitors as indicated.in the Table. Note that
. AGA494 is a SFEnTREPAEIMCISH STAGERER. HerFEOW) SPIEREe FoRcRRBREEHHERehdent inhibition
of staining byayeaatdRathRasnélaaelthmsitel Mainddinckardingij ladrapdasaipfribtocol V). The
extract dilution was performed in 70 % EtOH. The staining intensity was quantified by an ELISA reader
with 630 run®fit&t. Note the concentration-dependent gradual decrease in inhibition potency of the
extract. 30FIG. 41 slvowsitgeditild Gickiee fratiref Bdbhddexibed paiyordcenbpdifecaierdet fractions on
LG inhibition in Rafg-Rasy Jl2eelliafigie the correlation between staining modulation and the amount
of proanthocyanidins.” WO 2007/102146PCT/11,2007/000281 18 FIG. 42 shows the fluorescence
fingerprint of extracherding (e sl by frausicnihg descriptd PrS-aRgd KRR B G (Bfints of CST
2001 polymeeansaiigiemes factionSr&ir|Ge 4doabovendihiy frfyerprntbfGETidAGMIFG. 45 shows
chemical structure of oligg{,peric form of CST 2001. FIG. 46 shows chemical structure of alternative

oligomeric fOHBIEEE

According to still further features in the deseribed preferred embodiments, the

cell comprises a pluratity of cells.

According to still further features in the described preferred embodiments, the
method is performed using means for high output.

According to still further features in the described preferred embodiments, the
means comprises an automated sampling device, a liquid handling equipment,. an
automated stainer, a dispenser, a robot, or any combination thereof. _

The present invention successfully addresses the shortcomings of the presently
known configurations by providing methods for cell staining which can be used to
distinguish between cells of different differentiation levels.

Unless otherwise defined, all technical and scientific terms used herein havé
the same meaning as commonly understood by one of ordinary skill in the art to which
this invention belongs. Although methods and materials similar or equivalent to those

described herein can be used in the practice or testing of the present invention, suitable



FIGs. 47A-C show the differential interaction of crude plant extract with malignant and normal cells.
FIG. 47A depicts FIT-29 cells which represent malignant tocellular phenotype; FIG. 47B depicts HT-29
cells treated with 4 m.IM sodium butyrate which exhibit normal phenotype; and FIG. 47C depicts
primary colonocytes (CCD33C0) which exhibit normal phenotype. Cells were stained according to
protocol 1X aifl HI&18Edéence detection was performed using an OlympuBGHiErISc6pEEquipped with
the digital image processing work station. Note the difference in the intensity of 15nuclear staining.
Malignant nuclei tend to be less stained compareg to normal cell's nuclei.  FIGs. 48A-F show
SAE%??”EﬁLJ%’;;E?;ﬁTfﬁ;@ﬂ;?ggﬁmo‘?@fﬁ“o‘faéﬁ' ool el e dopict
untreated MCF-7 cells 20 (magnified by x20 ant I)?%?? rg‘%ﬁ é‘@&yﬁﬂ@@@@d’éﬁ%MCFJ treated
cells (with BIR§/BrERRs sailBsirtiocanitnahobtistsotiedrio deritraitiand FIGs. 48E and 48F depict
MCF-7 treated with 2.5 mM of sodium butyrate (magnified by x20 and x60, respectively). Note that
geed.p nt icaII malignant cells while Butyrate-treated MCF-7 cells
represented pher otrheteets-SERBERESfrom the phenotypically normal cells stained
stronger with CSTZ280twdivithie hespe ditveribedlignani;copBiQms only, S (49A:G $how the
differential i j 001 with-human.colon cells. FIG, 49A depicts malignant, human colon
carcinoma (ﬁ?%%?ﬁc%?%’%ﬁrfég ?D’%\;ﬁgtyg cally mangRant EI&. B SEmetdn#rigd Hells treated with

4 mM sodiuth S§8styRatin pertiseais sy sisally nenmat) camd R Gind 96: depigienermal primary
colonocytesifbbvriod ﬂféﬂﬁ@é%@%ﬂ%@ﬁ%@&ﬁ!@E}ﬁﬂ&fﬂ%ﬁ‘t@'bfﬁ?&%&&%%ﬁ&%%%gtgﬁyb%y show
rom the ’

magnifications as inc{iﬁc ted,by the arrows. Note that nucleus
2007/102148PETIT SO0 /BH0T81°1% FrendRpbtny Hdwisrediis dmedweromgilwiiti CST 2001 than
the respectittediinligmémtteatintespiption of thEOAHREMW Gilfesentiakin eraglion gf GRT 2001 with

!
human leukgrmigKp67, ¢all |l . 20A depictg untreated K562 cells (phenotypically malignant);
5and FIG.50B depicts .KSG%%fgl{gréeg?tgaj{;viltﬁr%a\ﬁos %ﬁrﬁ%ﬁf&}?%é%&%ﬁ%%’é‘&?ﬁi%rmal). The

panels pres@rifearsEiail Brois reaersrizdioadiadandivaten doythedissayshe invdnlGs, HiA-B show
differential insesaetiontales ST20R Ll ARA, i, HL160 celline. FIG, 51A depicts untreated
HL-60 I%ellssg\)fgg?%xgr%ca}iléﬁm%i?gnant); and FIG%_ depicts F%If—%%%ee%sn f%a%‘géll%tﬁ%nm sodium
butyrate (phenotypicaly’ 10RAPRTEH O fRp b erbplisdinameidow show magnifications as indicated by
the arrows. Phigh&@mv@ngkiow differential interaction of CST 2001 in a Ratl system. FIG. 52A

depicts Ratl fibrobiagts (he ically ngrmal); FIG. 52B depicts Ras V12- transformed Ratl (Ratl-Ras
V12) cells (phenotypically %ﬁ%%f%aaﬁ% %ﬁ%g)?%eﬁllcﬁé?é‘bi%té’%%‘i?‘-ﬁ%‘édcéﬁéﬂf@aféawth PD98059

(MAPICK sPetiEairbithigmekiny 15uns nfaligheativinsfomihtiondniatedhyRasy 12

(phenotypicalhimernal «fing parelspresentagdbslo ifications as indicated by the arrows.
FIGs. 33A-B shov%{ggeggr;g?s interaction of CST 20%\{'1(%%%\%)%@\%%?%% 6?3"7 leukemia cells. FIG.
e

53A depicts untrea TS REHITPad B phpvd skisions 718612 frdamidswith 1.5 pM
ATRA for 72i¢vetlrsisindaceaptednotyipe 2Qronmmakizaiitiag te 6 s E.200derginateg, fluorescence was
detected bﬁ@i@a‘%%ﬁéh‘}{so%?%%hegyiPIP%%g‘r’itég tg?og}\;g}tal image processing work station.

or visudlization of cells. These

conventional techniques were not differential; and FIG. 2B depicts pleural effusions

e (3
Ci

stained with the novel staining procedure according to the present invention. While
25 the cyloplasm of cells with malignant properties was stained red, the cytoplasm of
noimal epithelial cells, macrophages and leukocytes of all types were stained green.
FIG. 3 shows a smear prepared from a pleural fluid derived from a female
patient diagnosed, by means of histopathology, with carcinoma of the breast, stained
using the staining procedure according to the present invention.
30 FIG. 4 shows a smear prepared from a pleural fluid derived from a male
paticnt diagnosed, by means of histopathology, with carcinoma of unknown origin,

stained using the staining procedure according to the present invention. The inset



FIG. 54 shows a flow chart illustration of different possibilities for the CST-2001 labeling. Cells could
be living or fixed and CST 2001 could be intact or modified. Limited numbers of CST 2001 modification
options are described in the 25figure, FIGs. 55A-B show biotinylated CST 2001 visualization in
1)937 leukemia cells. FIG. 55A depicts an example of native CST 2001 stained U937 cells; and FIG.
55B depictswn seanmspiesof biotinylated CST 2001 stained 1)937 visualizedkmtitnoStiepsavidin Cy3.
30Has. 56A-C show a fluorescent signal of CST 2001 in complex with metals using Naturstoff reagent
(NR) in U937 cells. FIG. 56A depicts fluorescent;signal of 1)937 cells originated from PBS; FIG. 5613

depicts fluordrcant signaliefddl37 wells.prignated fiem Gl 2001 and FIG. 56C depicts fluorescent

signal of 1)937 cells WO 2007/ L sl 5 S RAiBIRR LA e B9 001 in complex
indo this specific

with NR. The results wers defetias by FACS (fluorescence-activated cell sorter). Mean fluorescent

intensity of the mafdEpesksGs shaicatedringthrlgranits halqy %C%fngﬁng situatlcl@- 27 shows a radial

diffusion asgay:gfithe.camplex fopped hetweer T.52001 and BSA which is visualized by
precipitation FIGs. 58A-C show é%ir%%,{)gmo St Wit BrstiRe e sTRudmmigie W ibound avidin.,

BSA- dgsigﬁgfé%cﬂﬁ’tﬂ?é BSh foriieiysBSI Bilwesighiatesobiefi TyatebBSHAickhe-dayer panels show
the cells in e theshplendibs BRASE shopediffRiental flugrescant dsta}%ing&y CST 2001 + Naturstoff

10 reagent {NR) of living MCF-7 adenocarcinoma cells. FIG. b9A depicts GntBAEITICF-7 cells
(malignant, {contrg'ff;%oalﬁg ﬂ%&ﬁ%‘dﬁé\ﬁ&g ﬁﬁ@‘le—"isiad@@lﬁléé’t@@a@\ﬁﬂﬁ%utyrate (normalized). FIGs.

60A-B show differBH¥alGdrebornt sisivingday L&H2H0H 1 MatustaibmagenidNR).gf living Rat2 cells.

FIG. 60A depisfsoareaiad Mesmal . cells; 15and FIG. 60B depicts Rat2 Ras VI2 transformed
cells (malig FIGs. elgcﬁiisr%%%v’%é‘#fé’rré’% %éF%t%‘fﬁ?ﬁ%“ﬂ%/ e dhe JErEntiey etz depicts CST

t), i \-C S
2001 sthini g(%f@giﬁ@e&ﬁ eistishisideniplscionBiddpics @ST 260k siapimgafsar (human

choriocarcinfmaelisidand FiG. @1t dpBigts & MUIS angd Jar,cells stained by a complex of
CST 2001-Nafyrstoff reagent. Ar#ows indicate U937 20 E:ggl%%s%tg’fhgﬁqb?/t&agfﬁﬁﬁﬁuiBNR complex.
|

FIGs. 62A-D show histology serishEEranmmiiresandsalem diabetes type ll-induced animal model.

oo ot oo el e o ot X
i . : . 2d. .
High magnification images Zﬁh)gdv%?ip%ﬁg@s)afbcﬁ?‘gﬁdieﬁﬁ@%W&P@’gﬁdta@@bntuate the green

stainirlg asE&didtedienisiurapists ﬂssuamgu@iz@dabynﬂrhsmlegae@lyfa%ﬁf%ﬁéfﬂ&%{)gF THE
PREFERREI EMBORINMENTR 16 LY, Se t invention is of compgsitions and methods of analyzing
cellular 30 %%Qeglotygfdwhiq 'can be fo!r?tﬁencll%ttgc Tk gf%%ﬂ%@ffearl hznemiashedif®siy, the present
invention can b ﬁsggtgediléfé?wé@@%éerl;mm@imgraatmenhdﬁmeﬂaymﬂgytr@ﬁgmbregimen and
develop nowehtreatment modalities for the disease. WO 2007/102146PCT/1L2007/000281 21 The

principles and oplgfétign of the gresent invention may be better understood with reference to the

drawings and accompaﬁiﬁl%vﬁ 4 g}?ﬁbﬁ{ﬁﬁg‘@d from a female patient diagnosed, by means of

20 histopathology, with Ovary sarcoma, stained using the staining procedure according to
the present invention.

F1Gs. 9A-D show four pairs of histology sections. The right panel of each pair
contains a slide stained with the staining procedure according to the present invention
and the left panel shows a slide stained with the conventional Hematoxylin-Eosin

25  technique. FIG. 9A depicts Cervix Carcinoma; FIGs. 9B and 9D depict Breast
Carcinoma; and FIG. 9C depicts skin melanoma.

FIG. 10 shows a tumor imprint prepared from a sample of breast tissue
containing carcinoma foci, stained using the staining procedure according to the
present invention.

30 FIGs. 11A-H show Pap-smears from a woman diagnosed with High Grade
Squamous Intraepithelial Lesion (HGSIL). FIGs. 11A-D show a slide stained with
the conventional Papanicolaoy stain, while FIGs. 11E-H show a slide from the same

patient stained using the staining procedure according to the present invention.



Before explaining at least one embodiment of the invention in detail, it is to be understood that the
invention is not limited in its application to the details set forth in 5 the following description or
exemplified by the Examples. The invention is capable of other embodiments or of being practiced or
carried out in various ways. Also, it is to be understood that the phraseology and terminology
employed heygisnis/defitlae purpose of description and should not be regagdag-as:lipaiyng. For decades,
oncology research has focused on the search for detectable 10 cancer specific markers, which can be
used to verify the presence or absence of cancerous cells of various gennlines in a tested biological
specimen. Numerolgi%gqgg%s%?}ciﬁc markers,_inl(%udin% proteins, carbohydrates and nucleic acids,
were found and charactefized. FHowever, Folfs Waveshbiht e Berpapniiifighahtclisisrbssed by or
secreted frofigaifisisgdn sRodtd anterscethitydesitighesizihing baitesiissapgaingpfer @diniversal marker
enabling effegtivgioncegaigCtion:. N alignant.cells remarkably different
phenotypes?ghe differencgs igitl%udiezﬁlé? éaﬁgﬁlét)?l ?%é@ﬁ%@%’a%%q %%?épetlg,tgéﬁ y formation in

soft agar, loSYBPESIaCEIRn it orisisemiped ot israssiSiSs a FaBrér drpiabdliowalesdnd expression of
tumor-specifiqumarisrdnitansthelibe obusmosismporanaetn. 29 gisgriganateragiwegnthe normal and

malignant p | simple, metho imited to any particular cell type. One possible
o B TR

approach to distin malignant and n lls is based on differences in their metabolic state
[also known as the"{iradddvyefhort Ay srvarg stiiddétabedism ofifismprscddrdaroMingld Constable,
1930; Semefnz@dpleseMIBIBRYorL SdRovBEdE AasBNHIWAIR 6, Ghiles K., Feldser li, Laughner E., Ravi
R., Simons J., Ta(tghavi P., Zhong H. 2001. j'l_'h% metabolis%]ecﬁ%ﬁlrﬁ%tﬁ)rfgg r?ealg?gilpgf@?. Novartis
Found Symg?;ﬁk? S8 aRTsEAcd o sitive drTrisiar oPp@Rd Naoteevtationelchiagionisfor
canceriassdbteitidal cioniot sialyls.eviiscX. e sialyhibanis A §xaressiondieaiurg effect
revisited. Gheoganiy 0):353-641..30The Warkurg effect describes the high rate of anaerobic
glycolysis that cha[aic]:at%%lgzgé% ﬁg’%ﬁ%?gﬂ%%%ﬁg; %5TF§. %He%‘f?ﬂﬁ‘%‘?‘?ér preeitdon from oxidative
phosphoryliB#esigyB6lySE idenifimndaitertaispobheroypaitansehaiismAlihoWgtMWasburg thought that
cancer is capsedpyiegiRcts N Rsidaliy e oML 0 L0146 12007, 2.phosphorylation in
the mitochongria, it is now knO\;:‘:-/,é;lél that thi% shift 5qcurs e\ﬁe%g?%{ﬁ%sb?ggeﬁggg %%(lndéféée%ﬁ JLu H., Forbes
R. A, and,\fer#n‘é??i.s, W?Wﬁﬁ-mqﬁéﬁ?@msﬁctivaﬂon by Aerobic Glycolysis Implicates the
Warbutg Effect in Biicinageehisy dirairBiob@ham 26426)Rakilad3l kY ghile validity of the 5
hyper-gchoggig&pedigrnl%%onai@eh@p&gg gro in[th%ncers remains [Weinhouse S. Glycolysis, 1972.

I

nosca wi

Respiration and anomalous §ene expression in expenmEMahepatoniad. eeriteMédsearch
:32:2007-2018wald\fismsiedabingthaprésent initickppracticntheprasestinigntors have
uncovered proeadke atestingas$aY kARablg & distinguishing between different 10 metabolic or
differentiation celllplg)en l%}){/ges., by (fifferential staining, without compromising morphological evaluation.
Without being boun %ﬁ Syt g leaertioa: thanasirg dmsduiydsraetndersdifferent
differePtiaticnlstatescer mataholimstateadpralieratandeppaciieshisihaseg,PttheAheye-described
Warburg effggt, T Q%wg&q%g Lg, X gipab!e dof %rciducin a clear tinctorial distinction between cells
15having a differential metabolic State or at A ditfereRf dagrabrimte smiminsstbsnd s can be a useful
tool in earlyleBri¢@idaimgerdétion of N6 i Mustratelinbareinbaldimardcifoine Examples section which
follows, the Bresgnt; I is.b on use of a plant extract (Zetie solution) for
accentuatinlgﬁe |ﬁ%ﬁﬁ%%€%élt§iln%% y amd’ﬁ:e(et%? g’f?gé SafiEFBaRgyde J8%e.g., red). Itis
believed th&tiehelaicaliferomialeehdeiis immat Higherafiditiitguabidit dyethéhasdessidifferentiated
cells (esg., mgm@gﬂ%}imgﬁgﬁg o malignant). Likewise those less differentiated cells exhibit higher
affinity to basic dyes than normally differentiated cells. The present staining technique accentuates
these differences inSrahSg(i80 Ve ket AEs ses4iing) s hé dasulvibadbinemyicnoniogenic response,
with rapid mettabalizisgisats syetpssaaligna man&@-ﬂtﬁtﬁf@iﬁ@é@ﬂ&&@%ﬂ%@iﬂé@ge@ﬁ?/purple, and
normal or hﬁ%gyldiﬁgrerﬁgted cells with a slower metabolism, staining green or bluish green. Most

1S GTHErBRTEIRLRING T Rernaisd wWithsherssisrBimrsiieg the acuity of visualization of the

importantly, ifferen
morphological difféiéncEs\eB ceib subistolmiicre safideteatable singdendhaJRicRscRPEgsing conventional

stainirg mehedse s A4 AR IRl MaRRoIgpisal hased analysis of the stained cells.

depicts staining by Hematoxylin-Eosin.

FiGs. 18A-C show Rat brain model with glioblastoma. FIG. 18A depicts

fumor in full section of the brain staining by Giemsa; FIG. 188 depicts tomor in fuil



The method was successfully validated for oncodetection of a wide variety of malignancies including
carcinomas, sarcomas, and others in both rodents and human WO 2007/102146PCT/IL2007/000281
23 biological samples. The neoplastic sensitivity of the method was confirmed on cytological samples,
histological samples and samples of carcinogen-induced cancer models in animals. Moreover, the
method cleagly distinguighes normal from malignant, as well as differentgiggh Figpnhgdifferentiated
cells, in various in vitro 5systems. . Specifically, using the present methodology, the present
inventors have successfully detected cancer cella from peritoneal, pleural and pericardial aspirates,
and distinctly.differentiat ignan non=mali ?% Using a two-step dying
procedure, é% cyto%?asr?]’ %?r?%){%{r%%ilk crgfll_s staln% 3?2%18 Of ?ggnrglngég} ﬁ?%fé?r%ﬁi%ﬂﬂe the cytoplasm
of cancer ¢ § Staiher rEoths Corr tainirgs oA llB tetickiglaiving apdteigLiref SiheT hissams evident
especially inrdiffidult cases inuhisiythesManEmaldpiemaa (MGG stainiagpraespure could not
differentiatebgg%\évfgaen ng)@lzi[gcril%cr}lt aaﬂ?i Sr;ggnal cells. The present inventors have also shown differential
staining of cervical 15 Smears. These fésults demonstrate differential staining of normal cells in green
tones irfsharp contiést {9 8dhchreels:siainingle tedrapefihiguesdimiliiyudugues13A0).  The
present inv | -also that the staining procedure of the pregent inyention is not limited to
cytological %{%{gg%}é%\r{gﬁgred??%ﬁxnﬁﬂl[}i%&sﬁ,ogat %Lgfr}g “al$0 by Gélbcpliéeg'%t 98 sPE5E%tions (Figure 10)
and to othertigEaiition) Wreassuepipartbaut(bistbiolicalpsvsh Fapaiafbivembegdded tissue
(Figures 6ApR:aieliFigugs Ahukid bhgREesERLINYEOtion S sary distingyishes between normal cells

and malignant cells in the same tissug, such as in colon cancer (Figures 8}&‘%’ T‘—(?gﬁlrlgs 7A-C, Figures

15A-C and |gﬂﬁ?ef§5f8fi{£ﬁ)%ﬁ‘8ﬁ?}m}é{§n&% fenithastinaneBy 9y mbrmditieets 2R tompositions of
the prelQentamﬁedHM(aﬂbm%hhg@fﬁllﬁﬂgﬁI@ﬁa(ﬁﬁ@b&@uﬂéﬁdMﬁﬁlﬂ@!QO.Q@I@aﬁﬂéﬂgg!@ﬁf)tissue after

surgical exaigigs_ghi - well as discriminatin een stages of differentiation, such as

in emdbrgogggggs%%ﬁgsgg% jf?ﬁﬁg a%é%ﬁge%g%@%?gﬁ%éﬁ iﬁ{%ntion there ‘is

provided a Crvilsipt I [rabsyai stfeasirosiegedi()t pateginsing contacting

the at least ene:cefl With 2 siiginaranizal seise askiam (e graup caosisind.of an.gxjract of a Ficus
iain, t

elastica pla%Blé) 404 and a proanthocyan ereby staining or pre-stalrﬁr{gnthe at least one
cell. WO 2007/185FasPCTHESHD FtsBhayar ONhg (ke markinr thevesnAPkEiANg” refers to visually
highlightingfdetidcomdiutyer Rilar Biructergadhe Rt Hhpairiningagant of the present invention is
characterized by gyt forescange which be. detected by appropriate means. Thus, the staining
agent of the present invention emitg\%%{)?ré%r}l::%%%%léu at 2%6‘%%68% ECBREIEETAL 88 am. Basically,
the stainingtéger6f depigsesantahyention stiinscyelis (paBalNetakiolisere gslaliffetentiation state, but
less so (or ppiAbalIRRIS9EMAA ﬂ?egi@%ﬂﬂm%%@ S HH&%&%%%“%%@{& ig? Wé}ﬂ% %%l{%”her described

hereinbelow). Such a differential staining can etected by means designed rescence

detection (G eA0BdvERE hsidrosesise (CLEAS 1B hdheile fhpatetsotprastamingcdfers to preparing
or conglitioning-oollsnitl-SigminthiR: tha PHEP95e 8&@8&%&%&% he.saning. Typically, a pre-stain
procedure ;Ca‘l‘v‘j);ltﬁft}fé ﬁ%ne\#ag bett%ﬁ \t/%u_allzgtitlog]% ﬁitji e stained Structures once exposed to a dye. In
accordanc resERCThVEH drhastashmigqsrodetherenthefitatedatiassificaltion of stained
cells of diffehenirmidtabpbcinedifesertiatian states 15by accentuating their differential affinities to acidic
and basic dyes. E (I;Aaﬁss?lgmhereirhthe terrg ‘cell" refers tg a eukaryotic cell of multicellular
organisms, prefera{) v & haman BERS ERYIE RS HagBatisal fiattorelh@itehe teachings of
the presentitfiglstomn s weltas shamityl chogisnlihu g Thotnadje neotmoiheie Rganeous populations
(c.9. of dfipraniifeienialon ARt af 005 LR SianP b IYPicaly biglpgica) samples (e.g.

S:

biopsies) comprise heterogpneousmulaﬂons of ce SU erogeneous populations may
comprise h&¥ErBYERMUSRPHif@rehitb B rnatySBum aer Famistiel Ns3liehglfommuijisample or section

or isolated @ENS BageottlifU SPRRSION R4 pldfed). For example the population of cells may comprise
malignant 25 or Qyﬁ;m?lig‘r]?nt cells.as well as normal healthy cells. Alternatively, such a population of
[ etaboli

A cgng\?’\&%g\%gﬁ?}yrﬂ%t%gli’é‘é{ﬁ(}“ﬁ%é‘?ﬁé‘& dRIETASa&smamy or alternatively,

cells may comprise m
the populatelymenyabarmprisd fetafldhdon etapiye riTcedis eiss\yedes maenakacte;

30 FIG. 22B depicts untreated HT-29 cells; FIG. 22C depicts HT-29 cells treated
with 2.5 mM Sodium Butyrate; and FIG. 22D depicts HT-29 cells treated with 5

mM Sodium Butyrate. The phenotypic changes were detected by means of dose

depend, gradual color changes from red (malignant) to blue/green (normal).



Cells of the present invention may be cell-lines, primary cultures and cellular 30 samples such as from
biopsies (surgical biopsies, fine needle aspirates and the like). Methods of biopsy retrieval are well
known in the arts and much depend on the kind of cancer or any other medical condition to be
detected. WO 2007/102146PCT/IL20117/000281 25 As mentioned hereinabove, the staining
agent of thewresentinyvantion is isolated from plants and active fractiong¢hateod-ganzee naturally
occurring or synthetic. Preferred plants for extract isolation include, but are not limited to Ficus, Aloe 5
and Lantana plants, preferably from Ficus elastica, Lantana Camara and Aloe arborescens plants.

According to a curﬁ@,bly 5921/&0 Sry{p\ﬂ?ttggefgr‘red efihodiment the extract is from Ficus elastica.
The extract may be prepared from vario SESHIBS BEE BRI U o iy 45T -@Qlidumas for extract
preparation FAfR EGEe B PioyidBE i thedeppesiHEntal ddtailmtosettivaaiiExampls 1 of the

Examples saatoohiehalRien BuYAUUSIRIERRAIR PIRIDERIS, O an piijanobextiact of the present

. . . . . : =M S, .

invention ar%destcrlbed in the experimental details section of the e>%r’n%'|les section which follows. The
extract may B8 5 p‘ffrtfﬁg]d ?’e?(ﬁr%f'élrgv@ﬁié’f?%é’%%ti% BotnfissEsirdamtive ifgeedignts but devoid of
contamihantstere ehsdbplantesarach @s1Q0G 3EhEs(k&ahaacasstic$taining abilities are
maintained. Indeed as shown in Example 15 hereinbelow, an active extract fraction, CST2001,
showed enhanced'd&¥itristAnehartahsitfest tidsigstainonditainismalignancalisifigures 43 and 44

describe thesehappatarizagionqf ﬁ@t&cﬁb\feoﬂ'é‘ﬁgﬁr}r\é’#éﬁh xﬁ%”bﬁ’%?%%% -14404 or proanthocyanidins.

The latter, a oFEno nasa s‘zpecific class of flavinoids is typica Inan o Fdﬁ%érﬁbaf%rm (which may

comprise 2-15° IS sRigede & 24qdprists Aaseréensignichager o liby slpoheiafic 88N,  The

ethanol extrdwgtic thexpigsensirvans CoBMBRNISE S8 S Yhethanel Atk 6035 %‘i}aoqo' extract, 70 %
I

ethano]extraely 80, &4 ethano t 90 % ethanol extract or a hundred % ethanol ‘extract. Preferably
used is a dilutedégg(g%ng-%%?&kﬁj;% r c%%‘éf{ﬁ&gﬂg%@%%@ bl Brd Anddivesrbaitnasiber dilute the
extract, as tHig Ydly Affeetirslbubsequentdsmining (teR Tablthidt belagnant cEhe s@ining agent of the
present inveriaRd(R8 -« @xIash IMAYIREe SURRleMS ith positively charged jons including but not
limited to magnesium and calcium %see Example Fﬁe%gr:g% B(W)F%#Eeézts %acilgi?‘?glséed&nt of the present
invention is YoHIBLEBREIAAY Eells under conditions which allow fluorescent staining or same or

satisfactory pre-stélfings Examplesataushuconditignsieslugeatuhars ARt limiiedrioy fxation
conditigns; WO gpgz@eo :ILAé6P&T/Ié_2(307/0 0281 26 rigse , air drying, paraffin embedding and the
like (see Examples section hereinbelow). " StAnEdesiE o e prssEhiiniifimifay be detected
using fluoreSE¥RPYBaLtiviotvelhcuplainsdhiaredviall kinowhe imthieriait ancifustherigeseribed
hereinbelowr&ckauaacantuatadhggliffgrence between cells of different metabolic or differentiation

states, the cells arE?I 80!‘] ?cted with at least one dye.
s. 26A-E show Butyrate-induced transient phenotype change of HT-29

cells. HT-29 cells were ireated by 5 mM Butyrate for 4 days. At the end of the

20 treatment period, growth medium with butyrate was replaced with butyrate-free
mediam for 2, 3 or 4 days. Air-dried cells were stajned according to protocol I. FIG.
26A. depicts untreated control HT-29 cells; FIG. 26B depicts HT-29 cells treated by 5
mM Butyrate for 4 days; FIG. 26C depicts HT-29 cells which at the end of the
treatment period were grown in butyrate-free medium for 2 days; FIG. 26D depicts

25 HT-29 cells which at the end of the treatment period were grown in butyrate-free
medium for 3 days; and FIG. 26E depicts HT-29 cells which at the end of the
treatment period were grown in butyrate-free medium for 4 days. Note the transient
nature of the staining type change that is in the correlation with the soft agar results
(FIG. 21).

30 FIGs. 27A-B show high throughput screening (HTS) results. FIG. 27A
depicts HT-29 cells which were plated in 384 well plates and treated with different
compounds. Sodium butyrate was used as the positive control and media alone (no

treatment) served as the negative control. Staining of the cells indicated the visual



Exampleé'of such dyes are provided in Table la and further hcreinbelow. According toa preferred
embodiment the acidic dye is Light Green and the basic dye is New Fuchsin or Dghlla. 10 Tablg la 27
Acid red 101 Acid red 103 Acid roseine Acid rubin Acid violet 19 Acid ye!low 1 Acid yeIIpvy 9 Acid
yellow 23 Acid yellow 24 Acid yellow 36 Acid yellow 73 Acid _yell_ow S_ AC|_d yellow T A(_:rldlne orange
Acriflavine Aldanblue: Alcian yellow Alcohol soluble eosin Alizarin Allzgpmy_hmo%wgm qu:_a 2RC _
Alizarin carmine Alizarin cyanin BBS Alizarol cyanin R Alizarin rec_i_S Alizarin purpurin Aluminon Amido
black 10B Amidonaphthol red Amidoschwarz Aniline blue WS Aniline purple Anthracene blue SWR

50085 5009 5 42685 42685 10316 13015 $9140 10315 13065 45350 103 16 19140 46005
46000 7424%‘%%%5 %% 6500 6 749 e ER6DE Hukis visediratisnos seoetvebs10 20470

18050 2047858665 ppdaiiina® Kocdimhiheit’ Acid duph&ialéﬁi@fwh@iaoﬁ?ﬁtﬁl;&h”sin I\éaphthol
ellow S Fagt WaliRdtrazing,Martipg yediow Metanilyellow Fluoresce in Naphthol yellow S

¥artrazine Plé @idé% oigﬁr{ge Acriflavine ,&%{%gi}an qu§ 8EX A cﬁlaeﬁs)%?lé\?vr%?h%néggﬁ?%ﬁzﬁn Alizarin blue

Anthracengn i Kiivxtinged S Alizarin cyanin BBS Chromoxane cyanin R Alizarin red S

Purpuria Chrome yigleb oG, A0 Rlagk 1413 AZ2RIoX g Ao plack | OB Apiine blue WS
plated in 384 well plates and treated with drug-like chemical Jibrary (ChemBridge
Corporation) at 30 micro M concentrations. At the end of this process air dried
plates were stained using protocol III. The screen gave rise to three distinct
archetypes of responses: Toxic/static effect (marked black), change of phenotype

10 (based on the Red-to-Green color change, normal phenotype, marked turquoise)
and no obvious change of phenotype (Red staining, marked red). Staining results
were registered using optical density measurement (OD 560 and OD 630) in each
well by multiwell scanner. Quantification of the staining type was performed
using the ratio (R) of NF/LG (OD 560 to OD 630). This ratio corresponded to the

15 Red and Green balance in the well. The group of interest stained green and exhibited
R less than 1 and cell pumber index higher than 0.2. Malignant cells stained red
regardless cell number index.

FIG. 29 shows constructs design. PCMV-Ras Vector (wild type Ha-Ras
protein) and PCMV-Ras V12 Vector (active form of Ras) were purchased from

20 Clontech.

FIGs. 30A-B show anchorage-independent growth in soft agar. Stable Ras-
expressing Rat2 clones were established characterized and plated into soft agar
according to the protocols (see materials and experimental procedures section
hereinbelow and Table 13). At the end of three week incubation period, the colonies

25 were counted. FIG. 30A depicts empty vector (Vec) or Wild type of Ras (Ras Vec)
which induced small colonies formation (S); and FIG. 30B depicts expression of
transforming/oncogenic form of Ras (Ras V12) which induced large colonies
formation (L).

FIGs. 31A-D show the effect of Ras V12-induced transformation on the

30 staining type. FIGs. 31A-B depict Rat2 cells plated and stained on microscopic cover
slips {magnified by x20 and %60, respectively); and FIGs. 31C-D depict Rat2 Ras V12

cells plated and stained on microscopic cover slips (magnified by x20 and x60,
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according to Protocol IV,
F1Gs. 32A-D show the effect of Ras V12 oncogene signaling inhibition on the
staining type. FIGs. 32A-B depict Rat2 Ras V12 cells incubated without treatment
5  (magnified by x20 and x60, respectively); and FIGs. 32C-D depict Rat2 Ras V12 cells
incubated with 50 micro M PD98059 (MAPKK inhibitor) for 3 days (magnified by
x20 and x60, respectively). Note that the phenotype change was observed (cell
spreading and contact inhibition restoration) as well as cellular staining (Red-to-Green
staining).

10 FIGs. 33A-E show the Ras'MAPK pathway phenotype drug screening in Ratl
Ras and Ratl cells treated by different concentrations of signaling pathway
inhibitors. FIG. 33A depicts the phenotype of Rat] Ras and Ratl cells untreated
and treated by PD98059; FIG. 33B depicts Rat! Ras and Ratl cells treated by
farnesylation inhibitor (HR12); FIG. 33C depicts Ratl Ras and Ratl cells treated

15 by MAPK inhibitor (PD98059); FIG. 33D depicts Ratl Ras and Ratl cells treated
by Genistein (tyrosine phosphorylation inhibitor); and FIG. 33E depicis Ratl Ras and
Ratl cells treated by 1.Y294002 (PI3 kinase inhibitor).

FIGs. 34A-C show K562 erythroleukemic cells differentiation induced by
Gleevec and its effect on staining and hemoglobin production. FIG. 34A depicts

20 K562 untreated cells; FIG. 34B depicts K562 cells treated with 0.25 pM Gleevec
(according to the protocol); and FIG. 34C depicts detection of hemoglobin
production. X562 cells were treated with 0.25 uM or 1.25 1M Gleevec (according to
the protocol), hemoglobin production was determined by Benzidine assay. Note that
as a result of the differentiation, Red-to-Green staining type change has been detected.

25 Gleevec-induced differentiation was supported by the dose-dependent increase in
hemoglobin production.

‘ FIGs. 35A-B show the differentiation induced by different doses of
Gleevee and its effect on staining, cell number and hemoglobin production. FIG.
35A depicts K562 cell number and hemoglobin production following treatment with

30 0-1 pM Gleevec (according to the protocol); and FIG. 35B depicts K562 cell
phenotype following treatment with 0-0.1 M Gleevec. Noie that the staining assay
exhibits the sensitivity at the low nano molar range, where there is no effect on the

hemoglobin production or cell number.
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cyanin It CoHges@ashithand FIG. 36B depicts HL-60 cells which were triggered to differentiate
by 1 pM ATRA for 3 days.

5 FIGs. 37A-C show IFN-gamma-induced differentiation of U937 cells
{(monocytic Ieukemia/histiocytic lymphoma cell line). FIG. 37A depicts
untreated, malignant U937 cells; FIG. 37B depicts U937 cells treated for 4 days

~ with 2000 U / ml recombinant human IFN-gamma; and FIG. 37C depicts U937 cells
treated for 4 days with 10000 U / ml recombinant human IFN-gamma.

10 Nitrobluetetrazolium test (NBT) was performed as a biochemical marker detecting the
differentiation of U937 cells. Note the dose-dependent increase in the biochemical
marker of differentiation.

FiGs. 38A-H show IFN-gamma or sodium butyrate (NaBu) induced
differentiation of U937 cells. FiGs. 38A-B depict untreated, malipnant U937

15 cells (magnificd by x10 and x40, respectively); FIGs. 38C-I) depict U937 cells
treated for 4 days with 1 mM NaBu (magnified by x10 and x40, respectively); FIGs.
38E-F depict U937 cells treated for 4 days with 2000 U / ml recombinant human
IFN-gamma (magnified by x10 and x40, tespectively); and FIGs. 38G-H depict U937
cells treated for 4 days with 10000 U / ml recombinant human IFN-gamma

20 (immagnified by x10 and x40, respectively). CamaRx staining was performed,

FIG. 39 shows the potential of the phenotype drug screening method. The
experiment was performed in HPV 16 immortalized human keratinocytes, treated
with different inhibitors as indicated in the Table. Note that AG494 is a chemical
modification of AG555.

25 FIG. 40 shows the concentration-dependent inhibition of staining by extract.
Ratl Ras V12 cells were stained according to LG rapid assay (protocol VIii). The
extract dilution was performed in 70 % FtOH. The staining intensity was quantified
by an ELISA reader with 630 nm filter. Note the concentratlon—dependent gradual
decrease in inhibition potency of the extract.

30 I'TG. 41 shows the biological effect of Sephadex LH-20-purified crude extract
fractions on LG inhibition in Rat2-RasVI2 cells. Note the correlation between

staining modulation and the amount of proanthocyanidins.
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I'1G. 42 shows the fluorescence fingerprint of extract activity (CST 2001) in

. acetic acid.
FIG. 43 shows NMR fingerprints of CST 2001 polymer and oligomer
fractions.

5 FIG. 44 shows NMR fingerprint of CST 2001.
FIG. 45 shows chemical structure of oligomeric form of CST 2001.
FIG. 46 shows chemical structure of alternative oligomeric form of CST 2001.

FIGs. 47A-C show the differential interaction of crude plant extract with

malignant and normal cells. FIG. 47A depicts HT-29 cells which represent malignant

10 cellular phenotype; FIG. 47B depicts HT-29 cells treated with 4 mM sodium butyrate
which exhibit normal phenotype; and FIG. 47C depicts primary colonocytes (CCD-
33CO) which exhibit normal phenotype. Cells were stained according to protocol IX
and fluorescence detection was performed using an Olympus microscope equipped
with the digital image processing work station. Note the difference in the intensity of

15 nuclear staining. Malignant nuclei tend to be less stained compared to normal cell's
nuclei.

FIGs. 48A-F show differential interaction of CST 2001 with human breast
carcinoma (MCF-7) cells. FIG. 48A depicts MCF-7 untreated cells incubated in 70
% ecthanol as solvent control; FIGs. 48B and 48C depict untreated MCF-7 cells

20 (magnified by x20 and x60, respectively); FIG. 48D depicts MCF-7 treated cells (with
Butyrate) incubated in 70 % ethanol as solvent control; and FIGs. 48E and 48F
depict MCF-7 treated with 2.5 mM of sodium butyrate (magnified by x20 and x60,
respectively). Note that MCF-7 untreated cells represented phenotypically malignant
cells while Butyrate-treated MCF-7 cells represented phenotypically normal cells.

25 Nucleus from the phenotypically normal cells stained stronger with CST 2001 than
the respective malignant counterpart.

FIGs. 49A-C show the differential interaction of CST 2001 with humarn colon
cells. FIG. 49A depicts malignant, human colon carcinoma (HT-29) cells (Control,
phenotypically malignant); FIG. 49B depicts HT-29 celis treated with 4 mM sodium

30 butyrate (Butyrate, phenotypically normal); and FIG. 49C depicts normal primary

colonocytes (Normal primary cells, phenotypically normal), The panels presented

below show magnifications as indicated by the arrows. Note that nucleus from the
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phenotypically normal cells stained strolngger with CST 2001 than the respective
malignant counterpart.

FIGs. 50A-B show differential interaction of CST 2001 with human leukemia
K562 cell line. FIG. 50A depicts untreated K562 cells (phenotypically malignant);

5 and FIG.50B depicts K562 cells treated with 1mM sodium butyrate (phenotypically
normal). The panels presented below show magnifications as indicated by the arrows.

FiGs. 51A-B show differential interaction of CST 2001 with human leukemic
HL-60 cell line. FIG. 51A depicis untreated HL-60 cells (phenotypically malignant);
and FIG.51B depicts HL-60 cells treated with 1mM sodium butyrate (phenotypically

10 normal). The panels presented below show magnifications as indicated by the arrows.

FIGs. 52A-C show differential interaction of CST 2001 in a Ratl system.
FIG. 52A depicts Ratl fibroblasts (phenotypically normal); FIG. 52B depicts Ras Vi2-
transformed Ratl (Ratl-Ras V12) cells (phenotypically malignant); and FIG. 52C
depicts Ratl-Ras cells treated with PD98059 (MAPKK specific inhibitor) blocking ]

15 the malignant transformation initiated by Ras V12 (phenotypically normal). The
panels presented below show magnifications as indicated by the arrows.

FIGs. 53A-B show differential interaction of CST 2001 (native) with living
U937 leukemia cells. FIG. 53A depicts untreated 1937 cells (control); and FIG. 53B

~ depicts U937 cells treated with 1.5 uM ATRA for 72 hours to induce phenotype

20 normalization. The CST 2001-originated fluorescence was detected by Olympus
microscope equipped with the digital image processing work station.

FI1G. 54 shows a flow chart illustration of different possibilities for the CST-
2001 labeling. Cells could be living or fixed and CST 2001 could be intact or
modified. Limited numbers of CST 2001 modification options are described in the

25 figore.

FIGs. 55A-B show biotinylated CST 2001 visualization in U937 leukemia
cells. FIG. 55A depicts an example of native CST 2001 stained U937 cel Is; and FIG.
55B depicts an example of biotinylated CST 2001 stained U937 visualized with
Streptavidin Cy3.

30 FIGs. 56A-C show a fluorescent signal of CST 2001 in complex with metals
using Naturstoff reagent (NR) in U937 cells. FIG. 56A depicts fluorescent signal of
U937 cells originated from PBS; FIG. 56B depicts fluorescent signal of U937 cells
originated from CST 2001; and FIG. 56C depicts fluorescent signal of U937 cells
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originated from CST 2001 in complex with NR. The results were detected by FACS

(Fluorescence-activated cell sorter). Mean fluorescent intensity of the major peaks is
indicated in the graphs below each figure.

FIG. 57 shows a radial diffusion assay of the complex formed between CST

5 2001 and BSA which is visualized by precipitation.

FIGs. 58A-C show staining of cells with biotinylated CST using Cy3-bound
avidin. BSA- designates native BSA (control). BSA-Bio designates biotinylated
BSA. The lower panels show the cells in the sample.

FIGs. 59A-B show differential fluorescent staining by CST 2001 + Naturstoff

10 reagent (NR} of living MCF-7 adenocarcinoma cells. FIG. 59A depicts unfreated
MCE-7 cells (malignant, control); and FI1G. 59B depicts MCF-7 cells treated with
Butyrate (normatized).

FIGs. 60A-B show differential fluorescent staining by CST 2001 + Naturstoff

reagent (NR) of living Rat2 cells. FIG. 60A depicts untreated (normal) Rat2 éelis;
15 and FIG. 60B depicts Rat2 Ras VI2 trapsformed cells (malignant). )

FIGs. 61A-C show diffcréntial staining by CST 2001. FIG. 61A depicts CST
2001 staining of U937 cells (leukemic cells); FIG. 61B depicts CST 2001 staining of
Jar (human choriocarcinoma cells); and FIG. 61C depicts a mixture of U937 and Jar
cells stained by a complex of CST 2001-Naturstoff reagent. Arrows indicate U937

26 cells stained by CST 2001 + NR complex.

FIGs. 62A-D show histology sections staining prepared from diabetes type 1I-
induced animal model. FiGs. 62A and 62C depict sections of kidneys from normal
gerbils; and FIGs. 62B and 62D depict sections of kidneys from diabetic gerbils. All
sections were CAMA stained according to protocel X. High magnification images

25 (lower panels) focus on glomerulus structures and accentuate the green staining

agsociated with diabetic tissue, visualized by this protocol.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
 The present invention is of compositions and methods of analyzing cellular
30 phenotype which can be for the detection of cell differentiation. Specifically, the
present invention can be used to diagnose cancer, monitor treatment, determining

treatment regimen and develop novel treatment modalities for the disease.
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The principles and operation of the present invention may be befter understood

with reference to the drawings and accompanying desctiptions.

Before explaining at least one embodiment of the invention in detail, it is to be

understood that the invention is not limited in its application to the details set forth in

5 the following description or exemplified by the Examples. The invention is capable of
other embodiments or of being practiced or carried out in various ways. Also, it is to
‘be understood that the phraseology and terminology employed herein is for the
purpose of description and should not be regarded as limiting.

For decades, oncology research has focused on the search for detectable

10 cancer specific matkers, which can be used to verify the presence or absence of
cancerous cells of various germlines in a tested biological specimen. Numerous
cancer specific markers, including proteins, carbohydrates and nucleic acids, were
found and characterized. However, none were shown to be pan-malignant,
expressed by or secreted from all or even most cancer cell types. Hence, the

15 quest is ongoing for a universal marker enabling effec:cive oncodetection.

Normal and malignant cells bhave remarkably different phenotypes. The
differences include the ability to form tumors in animal models, colony formation in
soft agar, lost of contact inhibition and spreading alterations, a faster metabolic rate
and expression of tumor-speeific markers. It would be of utmost importance to

20 discriminate between the normal and malignant phenotype by a simple method, not
limited to any particular cell type.

One possible approach to distinguish malignant and normal cells is based on
differences in their metabolic state [also known as the "Warburg effect”, Warburg O.
Metabolism of Tumors. London: Amold Constable, 1930; Semenza G.L., Artemov

25 D, Bedi A., Bhujwalla Z., Chiles K., Feldser D., Laughner E., Ravi R., Simons J.,
Taghavi P., Zhong H. 2001. 'The metabolism of tumours": 70 years later. Novartis
Fo}md Symp.;240:251-60; discussion 260-4; Kannagi R. 2004. Molecular mechanism
for cancer-associated induction of sialyl Lewis X and sialyl Lewis A expression-The
Warburg effect revisited. Glycoconj J. 20(5):353-64].

30 The Warburg effect describes the high rate of anaerobic glycolysis that
characterizes rapidly-growing cancer cells. The shift in energy production from
oxidative phosphorylation to glycolysis is a fundamental property of cancer cells.

Although Warburg thought that cancer is caused by defects in oxidative
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phosphorylation in the mitochondria, it is now known that tls shift occurs even in the

presence of oxygen JLu H., Forbes R. A., and Verma A_, 2002. Hypoxia-inducible
Factor 1 Activation by Aerobic Glycolysis Implicates the Warburg Effect in
Carcinogenesis. J. of Biol Chem 277(26), 23111-23115]. Yet the validity of the

5  hyper-glycolytic phenomenon in rapidly growing cancers remains [Weinhouse S.
Glycolysis, 1972. Respiration and anomalous gene expression in experimental
hepatomas. Cancer Research ;32:2007-2016].

While reducing the present invention to practice, the present inventors have
uncevered a novel detection assay, capable of distinguishing between different

10 metabolic or differentiation cell phenotypes, by differential staining, without
compromising morphological evaluation. Without being bound by theory, it is
suggested that the ability to distinguish between different differentiation states or
metabolic states (proliferation capacities) is based on the above-described Warburg
effect. The method is capable of producing a clear tinctorial distinction between ce-Hs

15 having a differential metabolic state or at .a different stage of differentiation, and thus
can be a useful tool in early cancer cell detection.

As is illustrated hereinbelow and in the Examples section which follows, the
present methodology is based on the use of a plant extract (Zetiq™ solution) for
accentuating the differential cell staining by acidic (e.g., green) and/or basic dyes

20 {e.g, red). It is believed that normally differentiated cells have higher affinity to
acidic dyes than less differentiated cells (e.g., metabolically impaired or malignant).
Likewise those less differentiated cells exhibit higher affinity to basic dyes than
normally differentiated cells. The present staining technique accentuates these
differences in staining (i.e., differential staining).

25 The result is a binary chromogenic response, with rapid metabolizing cells
such as malignant or non-differentiated cells, staining red/purple, and normal or
highly differentiated cells with a slower metabolism, staining green or bluish green.
Most importantly, this differential staining is achieved without compromising the
acuity of visualization of the morphological differences of cell substructures

30 detectable under the microscope using conventional staining methods, thus allowing
also traditional morphelogical based analysis of the stained cells.

The method was successfully validated for oneodetection of a wide variety of

malignancies including carcinomas, sarcomas, and others in both rodents and human
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biological samples. The neoplastic sensitivity of the method was confirmed on

cytological samples, histological samples and samples of carcinogen-induced cancer
models in animals. Moreover, the method clearly distinguishes normal from
malignant, as well as differentiated from non-differentiated cells, in various in vitro
5 systems.
Specifically, using the present methodology, the present inventors have
successfully detected cancer cells from peritoneal, pleural and pericardial aspirates,
and distinctly differentiated between malignant and non-malignant cells, Using a
two-step dying procedure, the cytoplasm of normal cells stained green or remained
10 unstained while the cytoplasm of cancer cells stained red in color (Figures 1A, B
thru Figure 4 and Figure 8). This was evident especially in difficult cases in which
the May-Grunwald-Giemsa (MGG) staining procedure could not differentiate between
malignant and normal cells.
The present invcptors have also shown differential staining of cervieal
15 smears. These results demonstrate differential staining of normal cells in green fones
in sharp contrast to cancer cells staining in red tones (Figures 11A-H thru Figuresi3A-
G).
The present inventors have also shown that the staining procedure of the
present invention is not limited to cytological smears prepared-from fluids, but may
20 also be applied to touch preparations (Figure 10) and to other types of cell or tissue
preparations (histological) such as paraffin embedded tissue (Figures 6A-D and
Figures 9A-D). The present invention clearly distinguishes between normal cells and
malignant cells in the same tissue, such as in colon cancer (Figures 6A-D, Figures 7A-
C, Figares 15A-C and Figures 16A-D) and in melanoma (Figures 17A-B).
25 The methods and compositions of the present invention allow the challenging
task of boundary detection of a malignant tissue after surgical excision (Figures 18A-
C) as well as discriminating between stages of differentiation, such as in
embryogenesis {Figures 19A-D).
Thus, according to one aspect of the present invention there is provided a
30 method of staining or pre-staining at least one cell, the method comprising contacting
the at least one cell with a staining agent selected from the group consisting of an
extract of a Ficus elastica plant, a C3H,404 and a proanthocyanidin, thereby staining

or pre-staining the at least one cell.
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As used herein the term "staining" refers to visually highlighting cells or

subcellular structures thereof. The staining agent of the present invention is
characterized by auto-fluorescence which may be detected by appropriate means.
Thus, the staining agent of the present invention emits fluorescence at 430 nm upon

5  excitation at 375 nm. Basically, the staining agent of the present invention stains cells
of normal metabolism or differentiation state, but less so (or not al all) cells of
impaired metabolism or differentiation state (as will be further described
hereinbelow). Such a differential staining can be detected by means designed for
fluorescence detection (e.g., fluorescent microscope).

10 As used herein the term "pre-staining” refers to preparing or conditioning cells
for staining for the purpose of accentuating the staining. Typically, a pre-stain
procedure facilitates achieving better visualization of the stained structures once
exposed to a dye. In accordance with the present invention the pre-staining procedure
facilitates classification of stained cells of different metabolic or differentiation states

15 by accentue;ting their differential affinities to acidic and basic dyes.

As used herein the term "cell" refers to a eukaryotic cell of multicellular
organisms, preferably a human being. Single cells may be used in accordance with
the teachings of the present invention as well as plurality of cells. Thus,
homogeneous or heterogeneous populations (e.g., of different differentiation states) of

20 cells may be stained.  Typically, biological samples (e.g., biopsies) comprise
heterogencous populations of cells.

Such heterogeneous populations may comprise heterogeneously differentiated
cells (such as of a solid tissue (e.g., tumor) sample or section or isolated cells e.g., in
suspension e.g., blood). For example the population of cells may comprise malignant

25 or pre-malignant cells as well as nommal healthy cells. Alternatively, such a
population of cells may comprise metabolically normal and metabolically impaired
cells. Additionally or alternatively, the population may comprise fetal and/or
embryonic cells as well as maternal cells.

Cells of the present invention may be cell-lines, primary cultures and cellular

30 samples such as from biopsies (surgical biopsies, fine needle aspirates and the like}.
Methods of biopsy retrieval are well known in the arts and much depend on the kind

of cancer or any other medical condition to be detected.
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As mentioned hereinabove, the staining agent of the present invention is

isolated from plants and active fractions thereof can be naturally occurting or
synthetic. '

Preferred plants for extract isolation include, but are not limited to Ficus, Aloe

5 and Lantana plants, preferably from Ficus elastica, Lantana Camara and Aloe
arborescens plants. According to a currently known most preferred embodiment the
extract is from Ficus elastica.

The extract may be prepared from various portions of the plant e.g., leaves.
Guidelines for extract preparation from feaves are provided in the experimental details

10 section of Example 1 of the Examples section which follows.

Various preparation protocols of an ethanol extract of the present invention are
described in the experimental details section of the examples section which follows.
The exiract may be a purified plant extract which essentially comprises the active
ingredients but devoid of contaminants, or a crude plant extract, as long as it's

15 characteristic staining abilities are maintained. Indeed as shown in Example 15
hereinbelow, an active extract fraction, CST2001, showed enhanced contrast and
intensity of the signal when staining malignant cells. Figures 43 and 44 describe the
characterization of an active fraction which comprises CpHuO4  or
proanthocyanidins. The latter, also known as a specific class of flavinoids is typically

20 inan oligomeric form (which may comprise 2-10 mers, €.g., CysH3,015 see Figure 45,
and Figure 46) or polymeric form.

The ethanol extract of the present invention comprises a 50 % cthanol extract,
60 % ethanol extract, 70 % ethanol extract, 80 % ethanol extract 90 % ethanol extract
or a hundred % ethanol extract. Preferably used is a diluted or non-diluted extract.

25 Measures should be taken however not to over dilute the extract, as this may affect the
subsequent staining (see Table 14 below).

The staining agent of the present invention (e.g., extract) may be
supplemented with positively charged ions including but not limited to magnesium
and calcium (see Example 15 hereinbelow).

30 The staining agent of the present invention is contacted with the cells under
conditions which allow fluorescent staining or same or satisfactory pre-staining.

Examples of such conditions include, but are not limited to, fixation conditions;



42000 Triarylmethane Malachite green Manchestér brown 21000 Azo Bismarck t_)rown Y Mart_ins
yellow 10315 Nitro Martins yellow Mauve Azin Mauveine Mauveine Azin Mauveine Merbromln
Fluorone Mercurochrome 220 Mercurochrome Flu orone Mercurochrome 220 Metanil yellow
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rinses, air drying, paraffin embedding and the like (see Examples section

hereinbelow).
Stained cells of the present invention may be detected using fluorescent
detection methods which are well known in the art and further described hereinbelow.
5 To accentuate the difference between cells of different metabolic or
differentiation states, the cells are contacted with at least one dye.
Examples of such dyes are provided in Table 1a and further hereinbelow.
According to a preferred embodiment the acidic dye is Light Green and the basic dye

is New Fuchsin or Dahlia.

10
Table 1a

Name CL# Class Conunon name
Acetyl yellow 13013 Nitro Fast yellow
Acid black 1 20470 Azo Amidoe black 108
Acid blue 22 42755 Triarylmethane Water blue |
Acid blue 93 42780 Triarylmethane Methyl blue
Acid fuchsin 42685 Triarylmethane  Acid fuchsin
Acid green 42095 Triarylmethene  Light green SF yellowish
Acid green 1 10020 Nitroso Naphthol green B
Acid green 5 42095 Triarylmethane  Light green SF yellowish
Acid magenta 42685 Triarylmethane Acid fuchsin
Acid orange 10 16230 Azo Orange G
Acid red 4 14716 Azo Azo-eosin
Acid red 26 16150 Axo Kylidine ponceau
Acid red 29 16570 Azo Chromotrope 2R
Acid red 44 16250 Azo Ponceau 6R.
Acid red 51 45430 Fluorone Erythrosin B
Acid red 66 26905 Azo Bisbrich scarlet
Acid red 73 27290 Azo Woedstain scarlet
Acid red 87 45380  Fluorone Eosin'Y ws
Acid red 91 45400 Fluorone Eosin B
Acid red 92 45410  Fluorone Phloxine B
Acid red 94 45440  Fluorone Rose bengal




13065 Azo Metanil yellow Methylene azure A 52005 Thiazin Azure A Methylene azure B_5201O
Thiazin Azure B Methylene azure C 52002 Thiazin Azure C Methylene blue 52015 Thiazin Methylene
blue Methylene green 52020 Thiazine Methylene green Methyl blue 42780 Triarylmethane Methyl blue

Methyl green
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Acid red 101 506085 Quinone-Imine Azocarmine G
Acid red 103 30090 Quinone-Imine  Azocarmine B
Acid roseine 42685 Triarylmethane  Acid fuéhsin
Acid rubin 42685 Triarylmethane  Acid fuchsin
Acid viofet 19 42685 Triarylmethane  Acid fuchsin
Acid yellow 1 10316 Niiro Naphthol yellow S
Acid yellow 9 13015 Nitro Fast yellow
Acid yellow 23 19140 Azo Tartrazine
Acid yellow 24 10315 Niire Martius yellow
Acid yellow 36 13065 Azo Metanil yellow
Acid yellow 73 45330 Fluorone Fluorescein
Acid yellow S 10316 Nitro Naphthol yellow S
Acid yellow T 19140 Azo Tartrazine
Acridine orange 46005  Acridine Acridine orange
Acriflavine 46060 Acridine Acriflavine
Alcian blue 74240 Phthalocyanine  Alcian blue 8GX
Alcian yellow 128406 Azo Alcian yellow
Alcoltol seluble eosin 45386 Fluorone Ethyl eosin
Alizarin 58000 Anthraquinone  Alizarin
Alizarin blae 67410  Anthraquinone  Alizarin blue
Alizarin blue 2RC 58605 Anthraquinone  Anthracene blue SWR
Alizarin carmine 58005 Anthraquinone  Alizarin red 8
Alizarin cyanin BBS 58610 Anthragquinone  Alizarin cyanin BBS
Alizarel cyanin R 43820 Triarylmethane Chromexane cyanin R
Alizarin red § 58005 - Anthraguinone  Alizarinred S
Alizarin purpurin 58205 Anthraquinone  Purpurin
Aluminon 43810 Triarylmethane Chrome violet CG
Amido black 10B 20470 Azo Amido black 10B
Amidonaphthol red 18050 Azo Azophloxine
Amidoschwarz 20470 Azo Amido black 10B
Aniline blue WS - Triarylmethane  Aniline blue WS
Aniline purple - Azin Mauveine
Anthracene blue SWR 58605 Anthraquinone  Antbracene blue SWR




42585 Triarylmethane Methyl green Methyl violet 42535 Triarylmethane Methyl violet 2B Methyl violet
211 42535 Triarylmethane Methyl violet 28 Methyl violet 1011 42555 Triarylmethane Crystal violet
Milling yellow 3G Azo Milling yellow 30 Mordant blue 3 43820 Triarylmethane Clunmoxane cyanin R
Mordant blue 10 51030 Oxazin Gallocyanin Mordant blue 14
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Anthracene blue SWX 58610 Anthraquinone  Alizarin cyanin BBS
Auramine O 41000 Diarylmethane  Auramine O
Azo-eosin 14710 Azo Azo-eosin
Azocarmine B 30090 Quingne-Imine  Azocarmine B
Azocarmine G 38085 Quinone-Imine  Azocarmine B
Azoeosin G 14710 Azo Azo-eosin
Azoic diazo 5 37125 Diazonium salé  Fastred B
Azoic diazo 48 37235 Diazonium salt Fastblue B
Azophloxine 18050 Azo Azophloxine
Azovan blue 23860 Azo Evans blue
Azure A 52005 Thiazin Azmre A
Azure B 52010 Thiazin Azure B
Azure C 52002 Thiazin Azure C
Basic blue 8 42563 Triarylmethane  Victoria biue 4R
Basie blue 9 52015 ‘Thiazin Methylene biue
Basic blue 12 51180 Oxazin Nile blue A
Basic blue 15 44085 Triarylmethane Night blue
Basic blue 17 52040 Thiazin Toluidine blue O
Basic blue 26 42585 Triarylmethane Methyi green
Basic blue 26 44045 Triarylmethane  Victoria blue B
Basic brown 1 21006 Azo Bismarck brown Y
Basic fuchsin - Triarylmethane  Basic fuchsin
Basic green 4 42000 Triarylmethane Malachite green
Basic green 5 5l2()20 Thiazine Methylene green
Basic orange 14 46005 Acridine Acndine orange
Basic red 2 50240 Safranin Safranin O
Basic red 5 50040 Ewrhodin Neatral red
Basic red 9 42500 Triarylmethane Pararosanilin
Basic violet 2 42520 Triarvimethane New fuchsin
Basic violet 3 42555 Triarylmethane  Crystal violet

L Basic violet 4 42600 Triarylmethane  Fihyl violet
Basic violet 10 45170 Rhedamine Rhodamine B




51050 Oxazin Celestine blue B 33 Mordant blue 23 Mordant blue 32 Mordant blue 45 Mordant red 3
Mordant red 11 Mordant violet 25 Mordant violet 39 Anthraquin one Anthraquinone Oxazin
Anthraquinone Anthraquinone Fluorone Triarylmethane Alizarin cyanin BBS Anthracene blue SWR
Gallamine blue Alizarin red S Alizarin Gallein Chrome violet CG  Naphthalene blue black- Naphthol
blue black2G#@@obaphilol green B10020 Naphthol yellow S10316 Naturaiiaieskt/ 230 Natural
red58205 Natural red 375460 Natural red 475470
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Basic violet 14 42510 Triarylmethane Rosanilin
Basic yellow 1 49005 Thiazole Thioflavine T
Basic yellow 2 41000 Diarylmethane  Auramine O
Biehrich scarlet 26905 Azo Biebrich scarlet
Biebrich scarlet R 26105 Azo Sudan IV
Bismarek brown Y 21600 Azo Bismarck brown Y
Brazilein 75280 Natural Brazilein
Brazilin 75280 Natural Brazilin
Brilliant crocein 27290 Azo Woodstain scariet
Brilliant erystal searfet 6R 16250 Azo - Ponceau 6R
Calcium red 60760  Anthraquinone  Nuclear fast red
Carmine 75470 Natural Carmine
Carminic acid 75470 Natural Carmine
Carmoisine 6R 16570 Azo Chromotrope 2R
Celestine blue B 51050 Oxazin Celestine blue B
China blue - - Aniline blue
Chlorantine fast red 5B 28160 Azo Sirius red 48
Cochineal 75470 Natura] Carmine
Coelestine blue 51056 Oxazin Celestine biue B
Chicago biue 4B - #z0 Pontamine sky blue 5B
Chrome violet CG 43810 Triarylmethane Chrome violet CG
Chromotrope IR 16570 Azo Chromotrope 2R
Chromoxane cyanin R 43820 Triarylmethane Chromoxane cyanin R
Congo corinth 22145 Azo Congo corinth
Congo red 22120 Azo Congo red
Cotton blue 42780 Triarylmethane  Methyl blue
Cotton red 22120 Azo Congo red
Croceine scarlet 26905 Azo Biebrich scarlet
Crocein scarlet 38 27290 Azo Woodstain scarlet
Crocein seariet MOO 27290 Azo Woodstain scarlet
Crocin 75100 Natural Saffron
Crystal ponceau 6R 16250 Azo Ponceaus 6R




Natural red 858205 Natural red 1658205 Natural red2475280 Natural red 2575450 Natural red 28
Natural yellow 6 NUT Neutral red50040 New fuchsin42520 Niagara blue 31323850 Night blue44085
Nile blue51180 Nile blue A51180 Nile blue sulphate51180 Nile red Nitro DT Nitro blue tetrazolium Azo
Azo Nitroso Nitro Natural Anthraguinone Natural Natural Anthraquinone Anduaquinone Natural Natural
Natural Tetraapbismisali&urhodin Triarylmethane Azo Triarylmethane Ox@win@xaninsg®xazin Oxa
zone Tetrazolium salt Tetrazolium salt
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Crystal scarlet 16250 Azo Ponceaun 6R
Crystal vielet 42535 Trarylmethane Crystal violet
Dahlia 42530 Triarylmethane Hoffman's vielet
Diamond green B 42000 Triarylmethane Malachite green
Direct blue 14 23850 Azo Trypan blue
Birect blue 58 23860 Azo Evans blue
Direct red 22120 Axo Conge red
Direct red 190 22145 Azo Congo corinth
Direct red 28 22120 Azo Congo red
Direct red 80 35780 Azo Sirius red F3B
Direct red 81 28160 Azo Sirius red 4B
Direct yeHow 7 49010 Thiazole Thioflavine S
PDurazol blue 4R - Azo Durazol blue 4R
Durazol blue 8G - Phthalocyanine  Durazol blue 8G
Eosin B 45400 Fluorone Eosin B
Eosin Bluish 45460 Fluorone Eosin B
Eosin 45380 Fluorone Eosin Y ws
Eosin Y 45380 Fluorone Eosin Y ws
Fosin yelowish 45380 Fluorone Eosin Y ws
Eosinol - Fluorone Eosinol
Erie garnet B 22145 Axo Congo coriath
Eriochrome cyanin R 43820 Triarylmethane Chromoxane cyanin R
Erythrosin B 45430 Flucrone Eryihrosin B
Ethyl eosin 45386 Fluorone Ethyl eosin
Ethyl green 423590 Triarylmethane  Ethyl green
Ethyl violet 42600 Triarylmethane  Ethyl violet
Evans blue 23860 Azo Evans blue
Fast blue B 37235 Diazonivm salt  Fastblue B
Fast green FCF 42053 Triarylmethane  Fast green FCF
Fastred B 37125 Diazonium salt  Fastred B




Naphalene blue black Amido black 10B Naphthol green B Naphthol yellow S Bemateiu Pu_rpurin
Kermes Carmine Purpurin Purpurin Brazilin Laccaic acid Orcein Saffron Nitro blue tetrazolium Neutral
red New fuchsin Trypan blue Night blue Nile blue A Nile blue A Nile blue A Nile red Nitro blue
terrazolium Nitro blue tetrazoliwn 4 Nuclear fast red60760 Anthraquinone Nuclear fast red Oil red
026125 AzaoQ 168/, Q%enge G16230 AzoChange G Orcein-NaturaIOrCﬁm,lﬁ@mmﬁmiimz_SOO .
Triarylmethane Pararosanilin Perkin's violetAzinMauveine Phloxine B45410 FluoronePhloxine B Picric
acid10305 NitroPicric acid Ponceau 2R16150 AzoXylidine ponceau Ponceau 6R16250 AzoPonceau

6R Ponceau B26¢

05-AzeBiebrich scarlet Poncedu de Xylidine16150 AzoXylidine ponceau

Fast yellow 13015 Nitro Fast yellow

Fast yeHow extra 13015 Nitro Fast yellow

Fast yeﬁow G 13615 Nitro Fast yellow

Fat black HE 26150 Azo Sudan black B
Fluorescein 45350 Fluorone Fluorescein
Food green 3 42053 Triarylmethane  Fast green FCF
Gallein 45445 Fluorone Galiein
Gallamine blue 51045 Oxazin Gallamine blue
Gallocyanin 51030 Oxazin Gallocyanin
Gentian violet - Triarylmethane Methyl violet 2B
Haematein 75290  MNatural Hematein
Haematine 75290  Natural Hematein
Haematoxylin 75290 Natural Hematoxylin
Helio fast rubin BBL 60760 Anthraquinone  Nuclear fast red
Helvetia blue 42780 Triarylmethane  Methyl blue
Hematein 75290 Natural Hematein
Hematine 75290 Natural Hematein
Hematoxytin 75290 Natural Hematoxylin
Hoffman's violet 42536 Triarylmethane Hoffiman's violet
Hydrazine yellow 19140 Azo Tartrazine
Inmiperial red 45400 Fluorone Eosin B

Ingrain blue 1 74240 Phthalocyanine  Alcian blue 8GX
Ingrain yellow 1 12840 Azo Alcian yellow
INT o Tetrazolium salt {odonitrotetrazolivm
Kermes 75460 Natural Kermes
Kermesic acid 75460 MNatural Kermes
Kernechtrot 60760 Anthraquinone  Nuclear {ast red
Lac 75450 Natural Laceaic acid




Ponceau S27195 AzoPonceau S Pontamine sky blue 5BazoPontamine sky blue 5B Primula42530
Triarylmethane Hoffman's violet Primuline49000 ThiazolePrimuline urpurin58205 Anthraquinone
Purpurin Pyronin B45010 PyroninPyronin B Pyronin G45005 PyroninPyronin Y Pyronin Y45005
PyroninPyronin Y Rhodamine B45170 RhodamineRhodamine B Rosanilin42510 Triarylmethane
Rosanilin Rese hengalds440 FluoroneRose bengal Saffron75100 NaturedSatieosySabsanin 050240
SafraninSafranin 0 Scarlet R26105 AzoSudan IV Scarlet red26105 AzoSudan IV Scharlach R26105
AzoSudan IV Shellac75450 NaturalLaccaic acid_35 Sirius red F3B35780 Sirius red 4B28160 Sirius

supra blue F3R Selechrome-eyanin-143820-Selable-blue-S

Laccaic acid 75450 Natural Laccaic acid
Lauth's violet 52600 Thiazin Thionin
Light green 42095 Triaryhmethane  Light green SF yellowish
Lissamine fast yellow 18965 Azo Lissamine fast yellow
Lissamine green SE 42095 Triarylmethane  Light green SF yellowish
Luxol fast blue - Phthalocyanine  Luxol fast blue MBS
Magenta 0 42500 Triarylmethane Pararosanilin
Magenta I 42510 Triarylmethane Rosanilin
Magenta II - Triarylmethane Magenta 11
Magenta ¥ 42520 Triarylmethane New fuchsin
Malachite green 42000 Triarylmethane Malachite green
Manchester brown 21000 Azo Bismarck brown Y
Martins yellow 10315 Nitro Martius yellow
Mauve - Azin Mauveine
Mauveine e Azin Matveine
Merbromin - Fluorone Mercurechrome 220
Mercurochrome — Fluorone Mercurochrome 220
Metanil yellow 13065 Azo Metanil yellow
Methylene azure A 52003 Thiazin Azure A
Methylene azure B 52010  ‘'Thiazin Azure B
Methylene azure C 52002 Thiazin Azure C
Methylene blue 52015 Thiazin Methylene blue
Methylene green 52020 Thiazine Methylene green

| Methyl blue 42780 Triarylmethane Methy! blue
Methyl green 42585 'Triarylmethane Methyl green
Methyl violet 42535 'Triarylmethane Methyl violet 2B
Methyt violet 2B 42535 Triarylmethane Methy! violet 2B
Methyl violet 16B 42555 Triarylmethane  Crystal violet
Milling yellow 3G - Azo Milling yellow 3G
Mordant blue 3 43820 Triarylmethane Chromoxane cyanin R
Mordant blue 16 51030 Oxazin Gallocyanin
Mordant blue 14 51050 Oxazin Celestine blue B




Solvent blue 38- Solvent red 2326100 Solvent red 2426105 Solvent red 2726125 Solvent red 4545386
Solvent yellow 9445350 Spirit soluble eosin45386 Sudan 11126100 Sudan V26105 Sudan black
B26150 Sudan red BK26100 Sulfur yellow S10316 Swiss blue52015 AzoSirius red F3B AzoShins red
4B AzoDurazol blue 4R Triarylmethane Chromoxane cyanin R Aniline blue AzoSudan black B
Phthalocyaning gtk fgst blue MBS AzoSudan Il AzoSudan IV AzoOilsegPFivesenrgEthyl eosin
FluoroneFluorescein FluoroneEthyl eosin AzoSudan Il
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Mordant blue 23 58616 Anthraquinone  Alizarin cyanin BBS
Mordant blue 32 58605 Anthraquinone  Anthracene blue SWR
Mordant blue 45 51045 Oxazin Gallamine blue
Mordant red 3 58005 Anthraquinone  Alizarinyed S
Mordant red 11 58000 Anthraguinone  Alizarin
Maordant violet 25 45445  Fluorone Gallein
Mordant violet 39 43810 Triaryimethane Chrome violet CG
Naphthalene bive black - A7 Naphalene blue black
Naphtho!l blue black 20470 Azo Amido black 10B
Naphithol green B 10026  Nitroso Naphthol green B
Naphthol yellow S 10316 Nitro Naphthol yellow S
Natural black I 75290 Natural Hematein
Naturai red 58205 Anthraquinone  Purpurin
Natural red 3 75460 Natural Kermes )
Naturai red 4 75470 Natural Carmine
Natural red 8 58205 Anthraquinone  Purpurin
Natural red 16 58205 Anthraquinone  Purpurin
Natural red 24 75280 Natural Brazilin
Natural red 25 75450 Natural Laccaic acid
Natoral red 28 - Natuoral Oreein
Natural yellow 6 75100 Natural Saffron
NBT - Tetrazolivm salt  Nitro blue tetrazolium
Neutral red 50040 Eurhodin Neutral red
New fuchsin 42520 Triarylmethane New fuchsin
Niagara blue 3B 23850 Azo Trypan blue
Night blae 44085 Trarylmethane Night blue
Nile blue 51180 Oxazin Nile blue A
Nile blue A 51180 Oxazin Nile blue A
Nile blue suiphate 51180 Oxazin Nile blue A
Nile red - Oxazone Nile red
Nitro BT - Tetrazolium salt Nitro blue tetrazolium
Nitro blue tetrazolium - Tetrazolium salt Nitro blue tetrazoliom




AzoSudan IV AzoSudan black B AzoSudan Ill NitroNaphthol yellow S ThiazinMethylene blue
Tartrazine19140 AzoTartrazine Thiollavine S49010 ThiazoleThioflavine S Thioflavine T49005
ThiazoleThioflavine T Thionin52000 ThiazinThionin Toluidine blue52040 ThiazinToluidine blue O
Toluyline red50040 EurhodinNeutral red Tropaeolin G13065 AzoMetanil yellow Trypaflavine46000
AcridineAcriggvine TeyRan blue23850 AzoTrypan blue Uranin45350 Flupranekduosessein Victoria blue
4RA42563 Triarylmethane Victoria blue 4R WO 2007/102146PCT/IL2007/000281 36 Victoria blue B
44045 Triarylmethane Victoria blue B Victoria blue R 44040 Triarylmethane Victoria blue R
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Nuclear fast red 60760 Anthwaquinone  Nuclear fast red
Qil red O 26125 Azo Qilred O
Orange G 16230  Azo Orange G
Orcein - Natural Orcein
Pararosanilin 42500 ‘Triarylmethane Pararosanilin
Perkin's violet - Azin Mauveine
Phioxine B 45410  Fluorone Phloxine B
Picric acid 10305  Nitro Picric acid
Ponceau ZR 16150 Azo Kylidine ponceau
Ponceau 6R 16250 Azo Ponceau 6R.
Ponceau B 26905 Azo Biebrich scarlet
Ponceau de Xylidine 16150 Azo )_(y}idine poncean
Ponceau S 27195 Azo Ponceau S
Poniamine sky blue 5B - azo Pontamine sky blue 5B
Primuia 42530 Triarylmethane  Hoffman's violet
Primuline 490040 Thiazole Primuline
Purpurin 58205 Anthraquinone  Purpurin
Pyronin B 45010 Pyronin Pyronin B
Pyronin G 45005 Pyronin Pyronin Y

| Pyronin Y 45005 Pyronin Pyronin Y
Rhodamine B 45170 Rhodamine Rhodamine B
Rosanilin 42510 Triarylmethane Rosanilin
Rose bengal 45440 Fluorone Rose bengal
Saffron 75100 Natural Saffron
Safranin O 50240 Safranin Safrauin O
Scarfet R 26105 Azo Sudan 1V
Scartet red 26105 Azo Sudan IV
Scharlach R 26105 Azo Sudan IV
Shellac 75450 Natural Laceaic acid




Victoria green B 42000 Triarylmethane Malachite green Water blue | 42755 Triarylmethane Water blue
| Water soluble eosin 45380 Fluorone Bosh Y ws Woodsta in scarlet 27290 Azo Woodstain scarlet
Xylidine ponceau 16150 Azo Xylidine ponceau Yellowish eosin 45380 Fluorone Eosin Y ws Catalog
numbers indicated are from StainsFile (http.//stainsfile.info/StainsFile/jindex.himl). According to
a preferred grgheghinenisthe dye is a basic or an acidic dye, such 5that wiem 2007/000281€ at least one
dye is an acidic dye a staining intensity above a predetennined threshold is indicative of a
differentiated cell; (ii) the at least one dye is a basic dye a staining intensity above a
predetermined threshold is indicative of an undifferentiated cell;

Sirius red F3B 35780 Azo Sirtus red F3B
Sirius red 4B 28160 Azo Sirius red 4B
Sirius supra blue F3R - Azo Durazol blue 4R
Solochrome cyanin R 43820 Triarylmethane Chromoxane cyanin R
Soluble blue — — Aniline blue
Solvent black 3 26150 Azo Sudan black B
Solvent blue 38 - Phthalocyanine  Luxol fast blue MBS
Solvent red 23 26100 Azo Sudan 111

Solvent red 24 26105 Azo Sudan IV

Solvent red 27 26125 Azo Oil red O

Solvent red 45 45386 Fluorone Ethyl eosin
Solvent yellow 94 45350 Fluorone Fluorescein

Spirit solubte eosin 45386 Fluorone Ethy! eosin

Sudan 1 26100 _Azo Sudan ITI

Sudan IV 26105 Azo Sudan IV

Sudanr black B 26150 Azo Sudan black B
Sudan red BK 26100 Azo Sudan 11

Sulfur yellow S 10316 Witro Naphthol yeilow S
Swiss blue 52015 Thiazin Methylene blue
Tartrazine 19140 Azo Tartrazine
Thioflavine S 49010 Thiazole Thioflavine S
Thioflavine T 49005 Thiazole Thioflavine T
Thicnin 52000 Thiazin Thionin
Toluidine bine 52040 Thiazin Toluidine blue O
Totuyline red 50040 Eurhodin Neutral red
Tropaeolin G 13065 Azo Metanil yellow
Trypaflavine 46000 Acridine Acriftavine
Trypan blue 23850 Azo Trypan blue
Uranin 45350 Fluorone Fluorescein
Vicisria bioe 4R 42563 Triarylmethane Victoria blue 4R




0O(iii) the at least one dye comprises the acidic dye and the basic dye a staining intensity above a
predetermined threshold with the acidic dye is indicative of a differentiated cell and a staining intensity
above a predetermined threshold with the basic dye is indicative of an undifferentiated cell. As used
herein the phrase "staining above a predetermined intensity" refers to 15 at least 10%, 20 %, 30 %, 40
%, 50 %, 80962480904k €., two-fold), 3 fold, 5 fold or 10 fold or higher stainingrintensity as compared
to a reference cell. The reference cell can be a normally differentiated cell, preferably of the same
tissue and specimen as the tested cell suspicious of an undifferentiated phenotype. Alternatively, the

' ) s e j i i t/pre- 20malignant
phenotype), when! tHistegiatelee e enotype (preferably of

the same tissue ang:spReimER). 37  TRdetarivaniaye theyisualdifference petween cells of
different differentiation or metabolic states, two different dyes are used in sequence (e.g., an acidic

dye and a basic dy&J & B Pexample, M cMEHET BE firdeethingdith an acidic dye (e.g., green)

differentiated cell Will.he stained green (gy,00t.at m%l&et hile Iq,ﬁ%egém%rlentiated cells will be stained red.

Other dyes are fuither described hereinbelow. Staining detection modalities are further described

states (or a differentiation state of interest) in a cellular sample. 15Thus, according to an additionally
aspect of the presektlidiventiserthere is pléldtled-a method oKidigintifgingma cell df a differentiation state
of interest, the method comprising: staining the cell as described above; and analyzing the staining,
wherein when the|at least one dye is an acidic d}/e, a staining intensity above a;predetermined
threshold is indicatiV&"d7 s aMf8rentiated CaMBthE"Seast one" R Y%A 20 basic dye, a staining intensity
above a predetermined threshold is indicative of an undifferentiated cell; the at least one dye
comprises the atitileedyetsridfratasidoyStaasEiaiimg intefilkinfabowd i/ jirsddtebmined threshold with
the acidic dye is indicative of a differentiated cell and a staining intensity above a predetermined
threshold with theggcs(ifr:dg et(i}s inldige%}ia\?eeof %Hi&gg{'f{gr%ntiatedbgsell. ZSTQ& lcove-de?‘cribed
methodology can

€ Lsed Tn the ciimic Tof iagnosing inthe \E}erylﬁr%ra&a‘sense oftfi€ttrm as will be
further descHiBedtisareinbelow) a variety of medical conditions which are associated with cells of

impaired differentiatiop.states.(ke omticcals goatihutale heanart ohaigihe.sueome of the medical
condition). While the following mastly addresses malignant diseases, the present invention can be

30used to dXEHEE BB daipdistise Al AT RIS €8l conditions as will be further detailed
hereinbelow. Tiushacaoteing daaniythak aspestofdhie presafhinvertionythaw s provided a
method of diagnasing.a SANGEN & SHPIRCL NS CAMRIERT, 2] ooy A USed herein the term
"diagnosing” refers to cﬁlassngylng a pa%ﬁo ogy (e.g., a cancer or a pre-malignant lesion) or a symptom,
determifiing a sevétitytet whépamisloyy (grarnisor btaerédiordontodity pasholbigy stagiession, forecasting
an outcome;pkaRAHRNGEYSRARIREARRE Gt ShEREWRYIRARHRE dReIein G A 353, subject in need

thereof' refers to an animal or human subject who is at risk of having cancegj‘[e.g_., a genetically

predisposed SifaLE st Seiape Ritrrmisdgicaieasity SP eyt chicehold i &Svho has been
exposed to basicidpgarisdieatupafianahdiszsstliasi/sonmental hazard] and/or a subject who exhibits
suspicious clinical signs of cancer [g ...blood in the stool or,melena,,lo unexplained pain, sweating,
unexplained fever,ﬁ Lﬁuesﬁcp{))l{é?ﬁeel tI(]:El)es eh(%év?/elséaﬁ'tugﬁ %Ogﬁgrg%da?tg rg’ﬁlatéénltr? Sg(\’ge’ieﬁ%r%i S (constipation

and/or Hiarraelgpsté Aks S sihke HF Mcobriblcte YeldBaton cfomededd cdrfott, Spletifivally), anemia
and/or generglgakngssl Adiionalsey altespativelys hefHNectdn. nesd. thgtaef cap be a healthy

human subject undergoing a routine well-being check up. . )
can be a normally differentiated cell, preferably of the same tissue and specimen as

the tested cell suspicious of an undifferentiated phenotype. Alternatively, the
reference cell is an undifferentiated cell (of impaired metabolic state or malignant/pre-
20 malignant phenotype), when the tested cell is a cell of a normal terminally

differentiated phenotype (preferably of the same tissue and specimen).



15Analyzing presence of malignant or pre-malignant cells can be effected in-vivo or ex-vivo, whereby
a biological sample (e.g., biopsy) is retrieved. Such biopsy samples comprise cells and may be an
incisional or excisional biopsy. Alternatively the cells may be retrieved from a complete resection.
Biopsy specimens are often taken from part of a lesion when the cause of a 20 disease is uncertain or
its extent onggagi-ghaiacter is in doubt. The margins or boundaries of apbinpsyp®Pecimen are also
carefully examined to see if the' disease may have spread beyond the area biopsy. "Clear
boundaries," or "negative boundaries," means that no disease was found at the edges of the biopsy
specimen. "Positive boundaries” means that dis€ase was found, and additional treatment may be
:needed. 25 The pFesdntimvemprseele ablewd défioatratboiieabiliglef tie grEeent teachings to
detect the boundaries.af & 1Rt REAIR SHBIORS RBIRKAINBISs Bre useViNIG-GEBRIONING. IAR Present

teachings, additional information may be gleaned pertaining to the determination of treatment regimen,
treatment catifie B 1P fisks HdthdPit SrHRISUR AR DI HPai BBl SRS Recording to yet
another aspediefdhe@pesastinventionihanels phbvidedadnethad wefifletedinmninghaheanti-cancer

treatment regimen in a subject in need, thereof Thus, the, methad is well suited for jects who are
diagnossed \ﬁ%ﬁvgf CBY %L‘j?cég?w 8()%5%513%%? %Ighag%%m(f@ﬁtw%gv%ﬁ 5%8%1&0%%%%#2 r{rlw%gt%kod is effected by
analyzing a gPesbiletesr difletaiaid rgamid bpriainsdivgdasitbeldves arpibpdyrdasipiecds the subject
according tq,the teachings of the present invention; and administering to the subject a therapeutic
effective amount of an anti cancer therapy accarding to the J sencge or 5level of malignant cells in the
biopsy sample of g defection potadipt it "F?Fé‘g’gp 'ﬁggﬁgwwegimen" refers to a treatment
plan that spagcifigisibiestipimgnieatiient dosphelogiut duddysndiar Hurdfioredfia trealinient provided to a
subject n need theregl (6., subleat dizgnased with RRIAloGY ) Fheseleiad rggiment regimen
can be an aggressive one which'is expected to'result in the to best clinical outcome (e.g., complete
cure of the pathgiiolygyor a more moderate one which may relieve symptoms of the pathology yet
results in incomplejg cute ot e eathnlogy. fuilkbeapRigciaias thatincagaifcasesthe treatment
regimen may be assoclated with some discomfort to the sub#;f{ect or adverse.side eﬁe{:ts (e.g.,a
damage to HEERIFICAifepmtiaion) sthse (et of EEIHRI LRI ILAB' Y S gik 4 ifteNEntion 15 (e.g.,
removal of lesi@fiediseased cells, tissue, or organ), a cell replacement therapy, an administration of a

horanc arad (il SEERIRL I8 IR S AIAAAY SISO AACR-CHE MARIARNAGERS) I 2 locel o 2

systemi¢ mode, an exposure to fadiation therapy using an external source (e.g., external beam) and/or

an internal sprandefeaympheehyfhiskasifyiaa drorelngtco Hibiprsabn ittt Thinssigschedule and
duration of 2QieRAtEENAHMLYalntePasding.oadhe savasiycolnatheloginane thesalected type of

treatment, and those of skills in the art ar%;apable af ad&‘l{sting‘%h.eé}}/ép?ngn%r. atment \Ellvith the dosage,
schedule ant REEFELSAIST thSatinisatt °0c B3t FBLERI (WSel HRRNEARCE: erapy include, but are
not limited tqyréaetiatidnetheragnldheindithdrapyf edificChDR] Ciliplatin atyopladye Bxaliplatin, 25
azatinopine, merapranylinG, Vilea Akale laRRdR IS RRSidRa pecliRseh dagesaxel, rinotecan.
topotecanamsacririe, etoposide, etopdside phosphate, teniposide and dactinomycin), antibody therapy

[e.g., trastuzeadiffeyetintabe dnatitesshhdoritommies the eoidipitaion Srebrrbfe Bibove. As

mentioned the, sampedeachingswessrinedhareinicambr effeativebidisagdes 3tatermine an-anti

cancer treatment course in a subject in need thereof, the method comprising:.admjinjstering to the
subject an aftiEEREERIRL PSPy S T H AN LY B50é ?Eer%%nﬁlé %g %&%}legs‘émn%éﬁér level of
malignant ortastshalighatitadltsofea hidiifyestimpled!.the subject following administration according to
the aboye- WO 2007/1021468C 112007000281 AP ssered malird hsial pgiRresence o

S

level of Said malignanei or pre-malignant cells is'ihdicative of the treatment course., Preferably, a

number of bitissiersabpidseass obtriewsiichihdpviveg tesstivrhraraheitonihgrssttfent (can be

repeated roufinglyaiSUrRiasAt ARYHISRRENEAYE b N NS ieanercthaifeyehoiinelignant or
pre-malignant cells is compared in the different biglpsi sand a re%tJt§tion [ ttie le\c’l?tig lowing
g

treatment is (dicEtRiecSHErERHENE CURALESH Sha Titin SR REMAGTS ™A Sresantteachings allow
identifying celuias plaenisyes reasily addrisssandiegiatnibssed, fteigentificaioniof gatileancerous

agents \%hlchugggl %obﬁiggsx?o%eagr monitor treatment of numerous medical conditions as will be
further detailed hereinbelow.
Thus, according to another aspect of the present invention there is provided a

method of diagnosing a cancer in a subject in need thereof.



o therapeutic leads. Indeed, the present inventors have employed the teachings of the present
invention for drug screening (Figures 22A-D, Figures 23A-C, Figures 24A-C, Figures 27A-B and Figure
28), establishment of in-vitro cell systems (Figures 20A-C) and target validation (Figures 30A-B,
Figures 3IA-D and Figures 32A-D). As is illustrated hereinbelow in the example section, drugs
affectabilitysgange/isstgd in 15 model systems, such as for Chronic Myetagen@asdogtikemia (CML)
using the staining methods of the present invention (Figures 34A-C and Figures 35A-B). Thus,
according to still another aspect of the present invention there is provided a method of identifying an
agent capable of reversing a pre-malignant or nfélignant phenotype of a cell, the method comprising,
subjecting the cell4e waschbrrpin 1o tarm Shetyoing Aratemdaattspiidnoy pellofltey tel-thereafter
according tQ fhe. preseniieachings: WhaIsnatleasharartinkeanenaion aflphenolpads indicative of an

agent capable of reversing a pre-malignant or malignant phenotype of the cell. As used herein
the phrase HAAfEIAE IS S KiaRh BEniarive Pl TS S F THEb ArS Rt R AL PYITERSion which
causes the tarmatioef tuhorpwifiethePeapability of invasion, also referred to as metastasis. As

used heyein the phase. Pt 90qaL. (eI el etdraRsirmaian hat My, Brbo not atways.

become malignant, cancerous. Also’called precancerous (e.g., pre-malignant lesion). As used
herein the phitaxe svbigstsihg i preishafifaune saraelligrant prratealiyarabsensed ftietbast partially
reversing the pipliferative. adoEvagiuaIshaissieistissofthe Rie whs igRartREfadignant cell. WO
2007/102146PCT/IL2007/000281 41 As used herein, the term "agent" refers to a molecule(s) or a
condition calSafE BPEsYEr STy IBEHI Gy TG I@ﬁgﬁ SRR hezfﬁt@é‘ﬂular phenotype.
Examples oéshitieculepinbichdtmivhie digiiv ed asrage fitzacoloxding twthetoblpresertamyention include,
but are pot limited to, nucleic acids, e. [ leQtides, [i es,.Si tisense molecules
(includllr{}g Wﬁﬁ%{@? flrlr?l ation Fm%aq A?n F{?@%{E)&g& &ggn%%é@g%}t{l%ae %%Igﬁ%%%}g,%g‘lﬁ olynucleotide
analogs ha\ﬁngr@ﬁerehﬁb%kbob@ahh?bif%é@@%iﬂﬁéﬂl’réﬁ%?l‘o‘im’éﬁbﬁw&@wwiégs); proteins,
polypeptides; (&, gnRePleS GG, |F-JANMASEEFigpemsdNC anshiigurRR384eiitup carbohydrates,
lipids and "small molecule” drug candjdates. "Small malecules” be, for example, naturally
occurring coffiBbRsHs (Gt evH St AL RNGEA Bt Fé?ﬁl”é?ﬁ%gc o %?gﬁ?g?l%ﬁ 1% nd the like) or
synthetic organismenbrganataetdlicaoompeundsthindngartotgcular weights of less than about 10,000
daltonsy preferably, esnan.ARout 3ORG RIS 20d MasLVEIR ARk sRiban ARays 1,500 daltons.

15 Examples of condition > for use”as agents according to the present invention include, but
are not limited e5-EiituriksiedrcitibietoziRinsagpie r (& fanhites e ifptHayre; hiwbieBBhospheric

pressure, gag:ARREDHALINS:10r N iIesliancRbiash aWiaseRidadiplipeyexpasisnat(aigh as, gamma

radiation, uv radiation, X-radiation) and then[i')rlesence or absence of other cells in a culture. Another
Q et%rese

condition 20§ itABROPUSE SE AN R Reht U SIISE TS Whe present invention includes an infection by

intracellular invadi@ﬁogéls%g@sgﬁgﬂg%mn BkerPHbROL IS 1034 intiacalulanlagteria:

MyobacteriQm, tuberculosis, Myobacterium leprae, Listeria.monocytogenes, Bruce ha abortus, (i)
intracefiflar g PhEORTBRISHE LarRHowE R drerramarsr ’Pﬁs‘l‘bﬁ%‘%a pStfgEn, Eryptococcus
neoformanspahiatiaseliiaidaragitemdeishaaniashillivdnindatuar itisesedensas simplex virus,
Variola, Megsles vits, Retiovims.,.., Cells that canbe.yfiized bydhis,aspact of e present invention
include, cell-lin€s, primary.cultures, permgr?entrce_, culture,; ofganoty;ﬁ;; cultures or tissues. Examples
of cancer celtsare abvidelismshavExdmplestsbetiotewéHifolliersy 3daeimmmtidned wereinabove,
reversion of phenotype is detacies agcording . eRrasenbiRAGRINIS.HaL xR MElg.dhe cell will no
longer stain red following exposure to the reversing agent. WO 2007/102146PCT/IL20071000281 42
For further cOhimatBATYFRBFONTEI el totyPe it R D PEeReR SEBIBRAIR) examined for
specific charggs: SudhdsiafasOtamplnaphysialagicaBhanges)including apoptosis, foss of junctions,
elongation or rounding, etc. " ’
While employing the present teachings, additional information may be gleaned
pertaining to the determination of treatment regimen, treatment course and/or to the
measurement of the severity of the disease.
30 Thus according to yet another aspect of the present invention there is provided
a method of determining an anti-cancer treatment regimen in a subject in need thereof

Thus the method is well suited for subjects who are diagnosed with cancer, or can be



Although the present invention can, in theory, be practiced with a single cell, 5 such a method is not
efficient nor is it desirable. Preferably, the method of the present invention is used for high throughput
screening of agents using a plurality of cells to simultaneously screen a variety of agents. In such
a large scale throughput screening approach the agent may be part of a library, such as an expression
library incluging,a-pivsality of expression constructs 10 each having (i) aqolypucientsie encoding one
of a plurality of polypeptides which is tested for an ability to reverse an abnormal phenotype (an
agent), and (ii) at least one cis acting regulatory element for directing expression of the polypeptides
from the expression construct. Alternatively, chemical libraries available, for example, from chemical

15 companiggpindueingoMeishy GlakoaNowags, aned BiistoliMeyareckquiy camiglaagbe utilized for
screening. Oftionall , ibregri{es cif natl#_ral corgi‘ppund in lthe form of bactq(rﬂi%h{%ns%%lbglant and animal
extracts, which are gf/ SIS PO RS QSR B A O A for S S RS SEATeR O Bre readily
producible yeneihgds thecsuchinghefdht carseals trbentivitized! by srasem hoentiset 20When
performing lgigesscale sEIREDINGL (e selhrppulation Metisysibisated 1 indiyiduatagents can be

compartmentalized so as to facilitate identification of abnormal phenotype reversal. This may be
effected®by SNgRStRY aResrllsdphatirrmermalgpidesBRiSHt multivell plates at a pre-calibrated
density which allows thedrewth © jpbiea etaaimenclentacpe ratial. i35 nréhenste plah gbaeening a manual
procedure can be follpwed, althqugh automated screening using robots. s Igi mggil\évell attachment
for the DeItai?fzécilgﬁsrn!lcerogggp%?%%%ﬁ)ﬂr%%s%ﬁ?gsﬁaﬁcé% rﬁ%rgg?ggeﬁe{zr%o&e‘%grre%% Once identified,

agents capableidedticasthiatialhed versinl(aa-abidisvatienaisd prigho gaveolrayteddered. If the
agent is a polypucleglidear & pRlvusiantide FORBIRSSIRNBION G seis@merisalairthand propagated

and are used for isolating the polynucleotides agents, by, for example, PCR amplification, as
discusd8d abevelinige) operroEer TPl 6T Afobo Spthaosy) e Wé@@gé%%ﬂf‘f are further
analyzed fordhek exgctmeehanismnef atten@rdpdjusteddatoptinnabalidat asingfbtous
biochemical and cell-biglogy methods. Eventually, distinguishin ich o igQlated is a
potential a Iéjg%%%ﬁ)(po&gn (}:/gﬁ %ggé%ﬁgﬁgﬁénd%%&%%gst e g Vé%‘? %)z}tt%gl g‘g%gngt{%r% ggarmacological
models of Svasivisedisatisemadermifpratatiecidiseaseagrstiresdoribrionsd; edisitie leads for drug
developmen, je,RHENRILHS AN %@Bﬁ@e&@éa%é{%ﬁtiﬁélﬁaﬁrh\’d@?éhﬁl%{@ﬁleﬁ&%ﬁs such as

cancer and metabolic disorders such as, diabetes and obesity. The fqllowing provides additional
description 6Fﬁlerfff@§éh?ft§'élﬂﬁn‘a§‘?aﬁ THHl5s BHRep P SERA IS GRP, %Béeﬁ%pa@und capable of
distinguishingihgtiveaiva sialignegieatid taig-Ralignaapoelbynpreducingditierbntiaistaining of the
malignant and non-malignant cell, or by, having differential fluor i [ t and
non-maligna%g[egtla fh?ﬁ%}gc%ﬁ%néédﬁ& (g?ct le%?e%%%%%%‘r?ﬁ%hal}i ?ﬁ%%ggﬁgp%g{%%g?%%ishing
between a mstapoticatlieisamisained Gedl-ant e tasalicanl/ Aormaleempy prodeclddifferential
staining of themstabalisalidmpaires sethamshthemetabrlisals neumal selneubyhaving differential
fluorescence in the metabolically i%aired ell and the met bolicaflélg?nt%%m%]l cell. The Igtresent invention
further PovilfE&B6R, 5BRiBNs SRandiReBmiBRsIRg #he %ﬂ?@&b‘%ﬁ? 1 RS HEHE OPBSIRG the compound
for a) identifyiagn28tamagent whighiaffedts the pheaptylpcdhdjustaligtantypelhidmamentlignant cell, a

metabollcqll%u@lqﬁ\érgg ceel’l S%preadrrl\gtagqh% Ig nn&rgé%ligglllli b) determining whether the expression of an
oncogene in a non-malgrant cell affects the non-ma ignant phenotype of the cell, c) determining

whether altering th&saprlsssiSrrorinsictisiacorapegmbesmypresdadt: Juhaip BotdiPtifdcte the phenotype
of the cell; d)ﬂ%ﬁ&ﬂn&éﬁgy?éf{a@%@‘@?pf @ malignept egliandlocassilhayingapmetapolic disorder in

a sample; e) diagnosing a condition or disease in a subject, wherein the co ditiongor disease is a
metabolit did6rIAPRSIS, cSHAHBIPRI I ctEmSR I ARG SEREKG AF1ER81%Sn PRSAIR ANt cell: 0
monitoring thgregiessiaofm poditimamsditenstoioada bjestsih pheiplihe, comgitiddeor disease is a
metabolic disorder or a condition,.30,characterized he prese e ignant cell; g)
monitoring a%“dﬁgar"e‘élﬁfé‘ﬁ%lé a %ﬁ%rgg [}gﬁﬁ?ﬁzn%& t}¥a§ L a3 éigr%%%l&ugﬁj i ?ﬂ?&ﬂﬁ%

_ a subject un herapy for a metabolic
disorder or a(BongigirmoR cisddsetichafdete Al B¢ BYotite presence of at least one 44

As mentioned the same teachings described herein can be effectively used to

30 determine an-anti cancer treatment course in a subject in need thereof, the method
comprising: administering to the subject an anti-cancer therapy (such as described
above); and analyzing a presence or level of malignant or pre-malignant cells in a

biopsy sample of the subject following administration according to the above-



malignant cell; h) in-viva imaging for detecting the presence of at least one malignant cell in a subject;
i) identifying an agent which induces neuronal or stem cell differentiation (embryonic and adult stern
cells); and j) identifying an agent which histoprotects against organ/tissue damage The methods of the
present invention 5 may be adapted to and performed using means for high output, thus providing
efficient andywegliabta deqls for drug discovery, target validation, diagnosigcgdvigdtmasapyrmonitoring, and
monitoring of disease progress. As used herein, the term "differential staining" refers to a stain
which can differentiate between the phenotype of two cell populations, for example between the to
phenotype o%a nalignant cell to the phenotype dfa non-malignant cell, or the phenotype of a diseased
versus healt Vcnétl’ﬁcgd?eé BleetRlY She RESRRE SO sHE e sticamyplisnsalred welhatidmunetabolically
normal cell. &duisaddnebia pthectesmmdiifesaptal fluorescence" refers to a fluorescence which can
differentiate betwe henotype of.two cell populations, for example between the phenotype of 15
a malignant cell to%%ét% b&’o%%ﬁ?@%%@ﬂaﬁ?& Rt &8PSFRE SHEN Bty O 4"ar@sRed versus a
healthy cell, ¥t EBlavipie Hsetprshtuypbeotacaedabolioally imbaisest aell asshacsmatehiglically normal
o e LGS et arcRARgRor omerieinG: A RropRYK. P e sl mvention is
ant extract. In

plant extrac%.,iln ?noth r embodiment, the comfgosm,on is a crude 20plant another
embodiment. the CoMBdsITSRTCR Suihfels b ikwiag ireatmen foirdieainp ofitrratmettie compound of
the present {allevitioonignexttacted framira)plant. In another embodiment, the plant is Ficus Elastica. In
yet another embodggment, the £ompoyn is a synthetic ¢ oynd, which may be synthesized by total
or partial synthesis. In%sothgr em%%qﬁn%ﬁtffﬁlgl%n cc?li}rl?? |spliéﬁ%°rt§8%rff§ by%é%aNMR spectra as
detailed in Pi§ubadopsed 4fon sptisriéon bofdimbrentrcos nageundvibifiuorescdat. dsednather
embodimentsthipaaminausd sankafluerpRSERCE: A0 T RISXI RIALAKALS AT n another

embodiment, the compoun ingibits the staining of a malignant céll or a non-m |gnan% cell. In one

embodiment e agamt 19 h BhYNEACHSERE (5 18HEthér At biime thE 30 aen2ddashemical agent.
In another efityoeiRihtitheldientis®), binlobibalagenininiaetieysmkodineart 1haagent is a gene. In
another embpgli , j r.SHPRLessar gene, In another embodiment, the agent is an
oncogene. In anot grigrﬁ%gégcﬁr&iﬁ , %%%enge?g%sr}?f i?l §H§/escc%1%l57?1)aﬁ%%q§tgﬁrﬁ%é2fg§? hget, i wo
2007/102148p8#d bersibeopsin 4B chrmmidal sgbm, divislogfesthbitiniva genesiadumor suppressor

gene orsan enReeDEREms, sHRREMIO0NIBAS! Qﬁﬁgeﬂéuﬁéﬁﬁr?ﬂi‘) YERIRNpIQYIdes a method for
identifying am%(ghrggos'# n comlgrisinga compoun ca%able of inhibiting the 5 staining of a cell, the
e

method compriaing the sps S BEEIN e usite comtikisyg st Bktbne cell, contacting the sample
with the compositidhuin thepdsenoestifladyecansssiete ofingdhgrdnhibitipr:afsstaiming pf the cell by the
dye as a furgti f ' compasition; thereby identifying the composition. In one
e?/nbodimer:i%%%:rﬁle[Ei ﬁeﬁﬁ%ﬁ%ﬁﬁgﬁ%‘%ﬁ@ﬁﬁ%ﬁﬁd ?%gﬁr? fﬁé’%ﬁlen%oa f)%’g?ﬁgﬁnﬁfﬂlgrobtain the
compound. MaligRer lsaetmerelin celbritscnntiomesmeriting thiebisotmacbndelt ommosition, dye or agent
affecting a eell phapeitype, inipEauarddnin.a samnle CAMRIRINI L80! ANG.CEIdR.A test tube, flask,

tissue cultuggElc 15‘1{ j ara éi%laﬁ’ microplati, capillary, or the like, and incubated at a temperature and
time sufficient 16 Parmt e dearal “EIREETVEID 24 BhsratEtHe Bdicalienmi g #rettaining of a cell
with a dye, etnbés siomstangalgrantiphenotypelignannpiemalignambpbanotype, conversion of a

nonmalignant pheRetypa to.a.mafignaniphen .and the like. Methods for,contacting the samples
with the compounds, com ositions,%yes or ag%rtﬁagﬁarg%?n%\?\?r% HoSLERNEY iIFIHE S+ and may be

selected dePERBIRYSh 58 pdibraiginyhistocattesb e Ofematimubstiommstheils ahe also standard
and are knewmnitithesenskilled intheratted 1o adheders obtaining”, as used herein, refers
interchangeably t Q&g\é&?ﬁng,.omai ing, procuring, or supplying a sample or specimen for the purpose
of subjecting a biologica S%Fﬁ%leecélﬁéﬁéﬁetﬂéqjéﬁq%to‘i‘? Cor ke dnséamaions thtthe staining
method of thesphesaiatintgmtion, 253ihe terdigidelestingsuasiseeeiginciaiersothe, act of detecting,
perceiving,][;,11Q_r;.lgxé}{ggq'lggt 1%%‘1’88?”91 visualizing or identifying a cell. The term "sample" as referred to
herein encompasses, but is not limited to, a biological sample, for example any tissue, cell-comprising
tissue, cell line, célf USediitipen s taitwintiraansitigironoondégived flemigpedrganism and

30processestiesfarm kapgarmry LHafle B GaUHaININD and/or invasive characteristics of

the pre-malignant or malignant cell.



As used herein, the term "dye" refers to any substance that imparts color to a biological tissue, animal,
plant, or otherwise, and which is useful for cytological or histological visualization of tissue, cells, or the
parts that comprise them. The dyes WO 2007/102146PCT/112007/000281 46 which have been found
to be of immediate utility for the purpose of implementing the present invention are disclosed herein,
although othep dyesismtderein described may be useful as well for this parpgagen7Thrs) although the
description of the present invention provides dyes which manifest color in the visible range of the
spectrum, it 5 may easily be envisioned that, through the use of appropriate filters, illuminations,
configurations, or means for detection, dyes whié¢h are invisible to direct observation may prove
equivalent to the vitfoRsdy &&aBs i daierasstbr Il iteAtng asaleE sentivpaation. In one
embodimentdneidys ivansagidie gygially avpiazembeadinant: hieilyend@is:A kagigye. In another
embodiment ﬁg}%%gg is a triamrtotriphenylmethane derivative. In another embodiment, the dye is a
diazo derivaﬁve. another embodiment, the dye is any combination of an acidic dye, a basic dye, a
triaminotriphenylmEraamées evivatiesdeadiadocesirativertiizdothegerhbadionding thetdye is Hematoxylin
Gill, Azufe, Ards03ipaliow indRR NN Jolgfl GLERN nhlﬁycFééﬂé,sm%Dﬁﬁyﬁuggo%ﬁeEUChsm’ Methyl
osa

Violet, Gentian Violet, Meth& Viglet 6b, Crystal Violet, Pararosanilin, Rosanilin, Magenta I, Isorubin,
Fuchsin NB MPRRFDEE4 SE] r@‘bﬁ?ﬁ@“@%?ﬁ@ﬁ?%&?%@@%@ﬁdﬁwt@%s Brown Eosine
Conjugate, BismakBrdMARiylaidscpeniiegaide P hoanixtrpunAclesRiRy.ca0Minaian thereof. 20In
one embodiment. the dye is a yed dye. As used herein, the term "red.. refers.not gnly to the color red
but as well t%l%éféitgé"s‘%“ s é{@é f?ﬁ%esssgﬁgﬁuae% Viole E,:fpfn ncl)lrcpln IS ﬁ(baltj Oﬁ%)’o?rﬁfﬁ fish, or magenta.
In one embowityiantideiel¢ed ripdidssNegy FdtasimmpsenEigmbdditmermmdiamiyes 38a diken dye. As used
herein, fhe teimoigiasts, Apidsials Nl anoiectne: crlRr SigriRYt a8 elHR slated shades and hues

such as light green, dark green, emerald, olive and lime. In one embodiment, the green dye is Light

Green dye. °° fFifEA0REtRPLREN HTENE 0TI RIS SdnfitERouRs fAIRALESR 18R the need of the
assay. A suitahletepndentsaiionahg dyeé ihorikthairepahirsdhagaiectionghtema@ntaining of the cell
with the dye, usj of.the detection methods.as describe in. In one embodiment, the
compositiont({:%(i)%rg%%r%%atﬁggcrgrﬁg%ﬁﬁrdvéealglg%I%tscg?%%g’fgﬂiﬁgoﬁens?’[@gﬁ%ﬁg 486 e|rsagl13blant extract. In
another embedifanibere 5 W0 Jubor1 oxt BeFiEeLROORG0IREDAT ESMbdmiton is a crude plant

extract. i another gmbpdimantothricriposiionds Aeudfigdpantediact. 'hanetbgl; embodiment, the

compound which js capable of inhibiting the staining of a cell is extracted from a plant. In another

embodiment™ 84 I B Ers Rt S L RYfHErE AsEHIRREnt the s R PaRES a synthetic 5
compound. lemmothes cmbdditneatriheleoimgesssdris gaaractesizedidnsaahMRsaretra as detailed in

Figures 43-44. In, Qt%él% e%lapgl eqt tg? c ound is fluorescent. In anoaa r empodiment, the
compound emll?[s .fﬁjorescg’nce gtiégo rn urgo%mexcﬁ%iti%?}%% A, Th Ano 1eézte%‘(él?hmé%diment, the
compound hadiglippledithe R5easrs of GpaKaabatheopslididitonrondnsthbodindéinthe present

inventian prevides asyiehistelpgical stainingemethog:iosidanifiiog Avgas i which:aifects the
phenotype of a,mali%%ﬁnt,or a non-malignant cell, the method com risingﬁh%rste s of obtaining a
Eﬁ‘o‘ﬁi d

sample comBrSiTECRISHE daxpr B USIP ABRSHR §USP ks firddwd fraction from the
sample, contacting: the Hedond:faetion wittradest, agehfcboconiacting phe:first factiam and the second

fraction with a comp c of distinguishi en.a malignant cell and a non-malignant cell
by producing giiffé?egt%gl%?étaglﬁ%%&%f ﬁ?égrlr}f%’ﬁ ﬁ)gﬁ?%%?%%rthfgn 6’n-€ﬁ% i‘é}?f’ rb{{l‘ée [E&§escribed
hereinabovel-@esfitactivgienesfirdrivacliomandapelsecondiraeierrwith atddagtastirsidye and a second

dye, deigCtiﬁﬂtxﬂl@lﬁﬂﬁmE&Qa@ﬁé&e}ii{zﬁwﬁ@ﬁﬂogpwi@vw%ﬂ?ﬁ%&ﬁM@r@iﬁ%ﬁﬁ%&%@P&ﬂxﬂb& detecting the
staining of the se&on,d fraction with the first dye and the second dye, and comparing the staining of the
first fraction BREtHE NIRRT SR HEHSREFE8I i¥entifying the agent which affects a malignant or
nonmalignant phemzijpiat raniodheilieedbhydhienteth e hiethoekiatd dapitsh focidentéling a combination
of agents whjgh affact. 8 malgnant oL a0 mafianant cell 22 RSN R  es or tissues.

Examples of cancer cells are provided in the Examples section which follows.

30 As mentioned hereinabove, reversion of phenotype is detected according to the
present teachings. For example, the cell will no longer stain red following exposure to

the reversing agent.



In one embodiment, a cell having a malignant phenotype stains substantially with one dye, and a cell
having a non-malignant phenotype stains substantially with a second dye, which is different from the
first dye. As used herein, the term "stains substantially” means that the cell stains with one particular
dye 30 to a larger extent than staining with the other dye. In one embodiment, a cell having a
malignant phgnatypastains substantially with a red dye. In another emhQdimeantzaosall having a
non-malignant phenotype stains substantially with a green dye. WO
2007/102146PCT/1L2007/000281 48 In another embodiment, a cell having a malignant
phenotype stains substantially with one dye, andZa cell having a hon-malignant phenotype stains
differentially with thersfitbetyenBonetiemplesttvercell plaviog® maligsiant fleendlypaestains
substantialhvibeasifodre oanliRaabhpaa e maRRA PREOIYRR SRR Rigss ntensively with

ion, in another embodiment, the present invention provides a method for

the same dy?% I%%g ) nbod /

identifying ait Teh RN ASIRONS el Sl Sty pe Bt £ 1AnsrbARNE EdiBBrAislignant cells, the method

comprising the ste f inj ample comprising more than one cell, aljquoting at least a first

fraction and a secc{%]ﬁéi%%{(()é ?@ﬁ%}% ?ri?)?r%]n ‘t\’ﬁggsogrﬁp él,ncon%%’ti%%ﬂﬁg% (}’H&lf?a%?%ﬁ With the agent,

contactihg tR&hirathetbadrisane idedoner fiadtidesivitiea dorfpobing tapabikedf afistiaguishing

between a mpakanantasibanchacanr malanaLask Biavina dilferEniah J40iRegR)GS In the malignant
t

and non-malieq ant _cel% detecigl%the fluorescence of the first fraction and the second fraction, and

comparing e 1% HITSHELRRINLE ST HE 3AERd the second fraction, thereby identifying the
agent affecting a rimaligrientognanimatignaptphersiypepiicace tekedimeptsihamathod is repeated
using differ 1HORE ' h nt. In one embodjment, the fluorescent compound is the
synthetic cc%rr%tipounij%géi_t?r%!éo%gﬁ%%(})el%ﬁgeqﬁ?r%gelgcﬁlomgaapﬁglﬁgllé%g?gé{fgﬁszsé‘ﬁ‘ﬁﬁrgﬁnﬁ R spectra as
detailedfin FR§trbevirs 44 2 Gelyaviieptily pordingamtorfridunflnr sl ptipends dbidrised hereinabove.
In another emkadirentye o RROHO LIRS HHPIRSFADRE @h%ﬁ&?ﬁbﬁtpﬁﬁ £x6ifgtign at 375 nm. In

i

another embodirrt1ent, the method is used for identifying a combination of agents which affect a
malignant of'& HOREMSHYRLY SSTISRE [ty s e Fatrss e BothaRty Pand e Bemt tvention provides a
cytohistologisate@stainshrgamethod for identifying an agent which affects the phenotype of a
metabolically impaiied el gy 2 metangisally.noralicel, the method comprising the,steps of obtaining
a sample comprising more than one, aliquoting at least & first fraction and a second fraction from the

samplé? corfiramshdudipgdMestidalain Mesasie rudcBrisietiMg thes firstifrastiolabe the second
fraction with.alicempaureteatheapapip @l distibauishinorhetyeenibsumetabalicaliyinpaired cell and the

metabolically normal.cell by producing differential staining of the metabolically impaired and the
metabolicalk/gﬂg?%lapéneﬁﬁféiﬁ gc d %’S”grg’ftf?ﬁ%&@éfﬁoﬂfﬁépéaé@@ﬁdff%i@ﬁ WitPEeteast one dye,
detecting thBasthithiergtofithefikdy fraction avithe WOIROR6MRR14 6/ GiEAIROGIONO28E 49 the dye;
detecting thgstaining @ﬁﬂﬁz%ﬁ%ﬁefﬁ%&@ With ¢he dye, and comparing the staining of the first

fraction and said second fraction, thereby identifying the agent affecting the phenotype of the
metabdfically impalfBendsBrmne listansnearyasaitaaltsctelb nopitoinarteahbotbinstitd the present

invention providésidualeihadsferidentibinaancaagntyvhichatfeatsithe nhsnatyRsef A metabolically
impaired cellbgr a rrfet%bolically normal ceJl; the method comprising the steps of obtaining a sample

comprising more than one L, ZN§U8ting e 4885 RPsCHEEREn Bhd i eedga hactrth from the
sample, cometizitpthinsetangldrabtitnovithutitectigent: cantapting ibentdd fstifyaglioh and the second
fraction withyg, cRmRUANGEIPARISQf gnga%'?g%ﬂ%p‘%ween the metabolically impaired cell and the

! i I8 \

metabolically normalcell by having differentia rescence in the metabolically impaired cell and the

metabdlically nornfaltBe ISR BE R tABE foreareh cerofetdiranfrbe tloHerd thdtwasbnd fraction, and

comparing theofliese serasm olithe fitsbiastionang ihe secend hefiaction. tharebyidentifying the agent
affecting the f the metabolically impaired cell or the metabolically normal cell. In

henotyp
addition, in Igrp% S((’aorp}ém 5 lalrﬁ%%sn‘“tt?’t?fgaﬁ?gaé'élﬁ’ioﬁf\?@ﬁ{%ﬁ BFSEAERSS a cytobistological staining method for
determining whetligrcthelexpressigrmid aspabicogfenelénsa matiaihiakignasihgelh affastmshe non-malignant
phenot pe g, AR el themelod. qomaisiane Sehs alieiang 8 sample comprising more
than one non-malignant Cell, aliquoting at least wst? ction anéla secdnd action from the sample,
expres¥ing SR ERLOY ST S Setsngolediond cormersing thé fistieiciionsaltinbelsecond fraction

with a compenmddenakle.etdistnorisbinghstvernasnalisnantealland.a aRvgmalignant cell by

producing differential staining



25 of the malignant cell and the non-malignant cell as described hereinabove, contacting the first
fraction and the second fraction with at least a first dye and a second dye, detecting the staining of the
first fraction with the first dye and the second dye, is detecting the staining of the second fraction with
the first dye and the second dye, and comparing the staining of the first fraction and the second
fraction, thegehy39¢ptarmining whether the expression of the oncogeng i ipg,aonmnalignant cell
affects the non-malignant phenotype of the cell. In addition, in another embodiment, the present
invention provides a method for determining whether the expression of an oneogene in a
non-malignant 50 cell affects the non-malignantphenotype of the cell the method comprising the
steps of obtaining Ahsanipte sbrgprising Mmoherthatyenkfoothenaligniantdelhiatigiatiionat least a first
fraction andASRRANIRENAMIATALS AP G BIPIRARING AL QRFCARRR B PRaR5and fraction,

contacting the first fraction and the second Traction with a 5 compound cap IStinguishing
between a rHEfRHakY EifiaRuDingvhichighdin asenttsekusdrs aneiratinla ad regaryed in the malignant
and non-matigiianicetsileding dasdiuarastancs @t thedirst fiastinnanddhessaerngd fraction, and
compar'pg t\kfl&eﬂgugrls%%ggsce!&ogl Sethi%;ft H,ag%tg)n and the second fracgon, theret%/ giée]ﬁrmining whether
the expression of the oncogena in the Non-mangnantieal sHectS e Ao Sgmanghaht phenotype of
the cell.  Puaisaaitisren; the term "oncogene”,, used herein interchangeably with a
"tumor-promoting” gene, has its commonly understood meaning in the art, i.e. is a gene whose
expression correlatSEVHENES T8t Betbptientrarimrm emsuaiRtirlasisd stbgeneisiomotes the
conversion ofiibe nahmibbvidignanieetto ascelhhaingdomalignant phenotype. In another
embodiment, the oncogene is expressed by in the cell by chemically, biologically, virally or bacterially
transfecting the onbexjieletine thevikss. additionatidisoiptivnarichh erembodiriags, the present invention
providag a cytohisiplagicalstaipiemetiRtiabfetprmining whelbepalizsing e fxprgssion or 20

o

function of tumor suppressor gene in a cell affects the phenotype of the cell, the method comprising
the steps of BEARHHT RS RGPS Tbrip g B e Branalizrantuetihgbat IBEsksiRest fraction and a
second fractiififefemmiathetsaingles Ali@Engniigraxpressiononbinetion efia tumey Spprgssor gene in the
second fracglc}%r&%patiaﬁggg sthe% &rsit f{ﬁcﬁloaﬁ‘- ar?a% ha% eggprg a1;1r1,actiop é/é/ﬂh compound dcapable of 25
distinguishing between a macllgnan cell'and®a non-malignan ggﬁ"by pro uc,?incé) kferential staining of
the malignapt Hedimpeehénmertiomiighaiitec sirabld o dittiaeuirbiembdioven somtabutigathe first fraction
and thessecanghiractionith allesstaiysiayaiard 8 3r6enddye rdrigelina g staining of the first

fraction with the first dye and the second dye, detecting the staining of the second fraction with the first
dye 30 and TEEEEHY aifararrd cSilparihoifie Lesthntgade tHoRrl rsstliontad th&"®8cond fraction,
thereby deteliffirindgpiviethercaltering the @xptedsly drfieiioneifl she e aretabpfiraisor gene in the
cell affects Mgerégfyp%ipf th% cell. WO 2007/102146PCT/11.2007/000281 51 In addition, in
another embodiment, the p?e enste}lr%vé%‘{%ﬁ Oﬁlroéfé%gra‘%%\tﬁ({)eé for glé)t%sﬁr%l?rﬁllsn_gd{}v(f)elfﬁ%r altering the
expression 6PHHHEHBY BractintorBdpprdssstiygene frisintethaffertsonns fhepoanftae cell, the
methodcomprising theistensefotaiing 8 samplecampisicgimersthaniphecalialiguoting at least a
5 first fraction and %rﬂ@c,ond fractign from the sample, alterir%ﬂithe expression or function of a tumor
suppressor JSHReIHME SBeaters ﬁ&ﬁ,%‘ﬁ?&&‘ﬁﬁ‘g PR RIS EraRE SSEhd Wection with a
compound capaiskivof dfstinguishingdatveenca-malignant el affeka nha-maligndghesall by having
differential f gh%ﬁﬁg%e[ﬁg hg. a}{'!gg% and nop-majignant.cell, detecting the fluorescence of the first
fraction 10 %\d th seconc§ fréggon|, anthucgrrvrggr{}]lr% th#gr wfottr%esg}é %es%?rfhgé ﬁfg% r%%t(%cn and the
second fracdHMeTepRr efstaraTieNg wisetheliente Hisgphirotisret Sierv gl fdindateriing the tumor
suppregsor grRi:é Hrecalliafiestsinepenatyne fARE £9letabolib ASRENGIIG g term "tumor

suppressor %g(ﬁe" has its commonly understood meaning in the art, i.e. a gene whose expression and

normal functoti*EEeS e At UPP OB at st sty diiBrrein thy 6RRASRBSYIMIEs S he cell is a
malignant céllaimamnbiitier &mbddinrent;alieting dheexpressignior pradiyng Hhéahemant or abnormal
function of thefyRr SUPRIGRSRLARNC LOMBIRSS SPANANG e xPaRssianiunglian.of the tumor
suppressor gene in the rmadlignant cefl‘Ih Ahéther embodimen , enhancing the™ 20 éxp‘ression of the
tumor suppreBgisingehe conthtieesuhalisteatly ibielogidaltyliviralisooidsacteriallpdnditédecting the tumor
suppregsor gengctedhecs)liia prother smRediment ARpAliangthe)fHRGERRAF they iymor suppressor

gene comprises chemically, biologically, virally or bacterially expressing the normal function of tumor
suppressor e HEhE BfFRY aFiiite b SUFHBISE! SHKISFRIMS thsramprikstoRebRiitnalizing the 25
function of thisduderonisuppretison ganeigemotasitaicanersieneédhesnafignaniscelhto a cell having a
non-malignant phenotype. The term "aberrant” as used herein refers to a function that is abnormal,
unusual, deviant, irregular or atypical. In one embodiment, the cell is a non-malignant cell. In
another embodiment, altering the expression/function of the tumor suppressor gene comprises



30 functional silencing of the tumor suppressor gene in the non-malignant cell. In another embodiment,
functional silencing of the tumor suppressor gene promotes the conversion of the non-malignant cell to
a cell having a malignant phenotype. WO 2007/102146PCT/1L2007/000281 52 In addition, in
another embodiment, the present invention provides a cytohistological staining method for detecting
the presencgyef Agnaligpant cell in a sample, the method comprising the:gtepsefRRIAININg a sample
comprising at least one cell, contacting the sample with a compound capable of distinguishing 5
between a malignant cell and a non-malignant cell by producing differential staining of the malignant
cell and the non-malignant cell as described hereinabove, contacting the sample with at least a first
dye and a secdigalyecirid tietéetingaiesstaidineg ohihResanplecvthihditsiandsasend dye, thereby
detecting the gyegence gl amalignant cell In te.sample, 1ginaddition, iy another empodiment, the
present invention provides a d or%leatec?ﬁwg the presence of & MANgrant &8 ifF sample, the
method confiffsiatfigiient@pdaisinanhadals amplecompribingdentifastome aeiht odiitacting the sample
with a comppuRgheaRableahdisipavishing betweemamalanantaehand.a.non:malignant cell by

having differential fluorescence in the malignant and non- 15malignant cell, and detecting the
fluorescBncd™8¥ 178 f& {RerBy PRSI TEEER deTohs maiigRa e PIRHE8ample.
Furthermoresfifcnotinet ertitdddiment, fhredpugsdntinugntionarovidrsamméthadsior drtecting the
presence of g.m Qlically 'n&g@' qlgglu | 8 Q%Qé 3h method comprising the steps of obtaining a
sample comprisig%qgt least %’ne cgrﬁ? 20 élgn%c%ng. t%(ra g_’ge%sple with a compound a compound capable
of distinguishing béiviin iaeivetisdhealVdidiprsntal cttining trefarsciabolsiallyriohaah.cell by

producing differeaiiahstninivenahithsmmetaRolically sipaisa.ans ths m@mp@mgﬁqﬂ@w cell,
contactjng th?t%%gﬁle \?/ith at Jeast one d{‘g, and detecting the staining of the sample with the dye,
C

thereby Yetddli Predehd S etAHBRIRATNBa Rl dro BRI RIERE L aF AT theFurthermore, in
another emhbdimenk the priseneihventioniprittidas i, niathadfondeteciingntheperesence of a
metabolically,] ' ' I h amprising,the_steps of obtaining a sample
comprising 3 e L e D P kburshing
between the BYsfatidolbutipirspesieddematnl a ueatrskaatly vbivhakee|l iy differential

fluorescencedtnha metpkalisabonpaised el R emetabalicalynarmal gslhand.detecting the
quores%ence of ;[l[;e samipilglytggﬁb detecting the presence of the metabolically impaired cell in the

sample:” W3 18> 1550981 BR300 H3h OfntBh SirrEPERfbBEHIfnent, the present
invention prdvicissdavensthe ddaitidiagitobing:angdnditighamotiseabe incalsl kit impdredn the condition
or disease i%&hﬁ@ﬁ%@é@@lﬁ%ﬂ?%%&ﬁ&?ﬁ of at least one malignant cell, the method comprising the
step of detecting at least one malignant cell in a sample obtained 5 from the subject using any of the
methods described™h&rsirfapbRE Fsitetbetirnprspiassnersriamiigsampestdnad shenple, wherein

the presencerefeat ipasionasmalignanisall in dharsaeupedaindicativeraidhesubigetaaving the
conditign or jg%?%l}%&é%w U]%ne edpbodigngnt, tfge{ condition or disease %fl ancer or a pre-cancerous
condition or e ssa 10 GHAGTMBIE (HIBHE SRS EAEHE S SHEE HAR S8 5 brovides a method for

diagnosing a metalsoticothso riehdidimsubjbetcdmponet gdtioo mpsising: thetste s afdetesting at least one

cell naving -1 gl OIS &.SANNIS-ADIEDSMOIM 6, SHAIRELY SO, Qe methods

: . . cr .
described hereinabove for detecting the presence of a cell having a meta sor!&err in a sample,

wherein the $REedRd o freayorgd e 2evatichavimpauwbrrbinic mrsobasyittaseehple is indicative
of the subjecithiaipgrthesnetaliolt disardesmbodmatdiivssipanathessmhadisentthe present

inventign proyides a method far monitoring the pragressjon of a condition or disease in a subject,
Wherei%gthe condﬁ?gﬁﬁgraai%%[g%% éﬁ“érgﬁeﬁﬂ)zgé%% e e amRedimsent fhs SoBmEdinant 20 cell,
the method ﬁcmmmsimgithersﬁbps @ﬁb@immntg &eﬁmmpﬂeeﬁﬁm ﬂuersmj&ﬁ,adem:nmiﬂing the_ presence
anaior numiget BIIANANCSYS ha ISl SADRIG HRINAAMA! Uspaltgds deserihed hereinabove

for detecting the presence of a malignant cell in a sample, obtaining & Second samp & from the subject

after a periodtne RS etdienan 65l presercaaisarst silimber of malignant cells in the second sample

using 25 the methad deseribai-hercinahove fondaianingdhe. presercs ahaJnalignant cell in a sample,
and comparing the presence and/or number of malignant cells in the first sample and the second
O erany idriisi e ol hed

sample, thef& STRE & BYo 1ot FitBh Beatde adaak 3 Aa5c®In one
embodimenti,nmb_ecmnuﬁtidhmndisbfasgdstascargeae.oin_aapnﬁagaaﬁmml_jﬁw@md]i&:oag@;itctsaase.
30Furthermﬂ{§mmS%BBI:Q%%@EQQQI neg;iot&l%rpggl%%%ﬁé/ﬁ%?ttlgg égr\{g(jigsa% oncogene. In

another embodiment, the agent is any combination of a physical agent, a



method for monitoring the progression of a metabolic disorder in a subject, the method comprising the
steps of obtaining a first sample from the subject, determining the presence and/or number of cells
having the metabolic disorder in said first 54 sample using any of the methods described hereinabove
for detecting the presence of a cell having a metabolic disorder in a sample, obtaining a second
sample fromyhesuRigslafter a period of time, detecting the presence aggion mmarksqf cells having
the metabolic disorder in the second sample using any of the methods 5 described hereinabove for
detecting the presence of a cell having a metabolic disorder in a sample, and comparing the presence
and/or number of cells having the metabolic disorgler in the first sample and the second sample,
thereby morsberingathegprogredsiiogéthageataholiecorditondsr diggasedp thasuhies!. In addition, in
another emlgggggm', the present invention provides a to method for monitoring a therapy regimen for
a subject undergoing therapy for condition or disease characterized by the presence of at least one
malignant cell, thelhedHbieom prasierghedinacspshsf wbsaiminyeativst saribie dromitte fsubject prior to
initiation of dedresinpent cegipisihEetminiagdhe PLESRNGER ag?/ﬁﬂglgpq_%ﬂﬂgli%am cells in the
1 .

first sample ysing any of {he, methy da}describ_ed hereinabove 15 for detecting the presence of a
malignant cell in & sampfe: iﬁﬁ%g&?ﬁ%‘} COTRBISEY g s8R o6 BRINRRE & sampldcempitogrom the subject
after a per!cﬁi bkstmes d@iwnﬂhmgxghhmsghoeim&mﬁmm&@mfdméigm@eﬂsaiaﬁge seco_nd
sample using.aty e metiariAsearbadABIGRARCYS for detecling he presence of & malignant cel

in a sample, and comparing the presence and/or number of malignant cells i the” &ﬁrst sample and
the second SSRAPIE2HE &by heoRRBIAL HAB: tHbobY ridgiribhnipritive eubjosttitn.olie embodiment, the
condition oreglisediseeis, alﬁ&ﬂ@moarf&m&-%ﬁﬁﬁey%S%@t@bBﬁm%-comﬂé‘sﬁ'ﬁgﬁr@me’ in one
embodfgnent EQ][% H{gggnqt (i)gl\rigntion provides a method for monitoring a therapy regimen for a subject
undergoing?ﬁerapy for & metabolic 25 disorder, said method comprises the steps of obtaining a first
sample from the sdisjdefipriohtinitiativnaing fertreatnienthe gisngrudefeoninisigdhedqeesence and/or
number of cgll ' . ic. disorder i irst.sample using any of the methods described
hereinabovc(\ﬁ‘(ﬁ%{g{%%%%r%e%é}zggggﬁc%%qéeﬁtﬁ%ﬁ%ﬁ5 %e%;%agf%ed%sog? i g‘%ﬁ%ple, initiating the
therapy regfReRe'bBtaitiMg W edlskdtisans sl o. tregublee: miwrplgperiodititime, determining the
presence are/dikeymidetrofinalis havingdbemetaholiGAiserassinihg secrRMRamBIeHSing any of the
methogss de the presence of a cell having a metabolic disorder in a

ribed hereinabove for detectin |
sample; the‘?ﬁegﬁitg’rﬁ%cgﬁfgrfﬁ%‘%’ﬁé %ﬁ%?grfyl?%%q&%%rsfﬁ’é@%ﬁﬁ%ﬁeiwlﬁéy?iw&%ﬂlL2007/000281
55 In_oﬁé émﬁéﬁmngmtmmd& ebmonligning iitethermpyceginen furthenspmprise the step
of regulating, g dharpRASHNGN RialRAHIR 1S AHnSa0A AR AR Aasage seedile, o a

combination thereof of the apy regimen. In oné em ent, t erapy reglmergcomprises

radiotherap} i ERUTH ST RS ERRRICSHE PRRMSEY Fe GlYRe RTcaEAmRgas hemothahassy. In another

embodimenisithe thetapytraginen sompeises mgeﬂumgtb@r@@yy%e anathsr smbodipent, the therapy
regimep comprises,vical therapy. In another embodiment, the therapy regimen comprises any
comb%%tiorg] gfk?la% |g%h%?a%§/tﬁlc emo S&%B?f%ﬁ%n%rﬁﬂlg}%w Qﬁg%ﬁﬁkiﬂﬁgbﬁmﬁr&nother
embodiment, the thetapyrréghaén adhrprisesl theatimenféo iitbrehahgentdgl iogmpeding, a natural
compound. iR ik amBOHN GBI AN B L ARTRIGHL, ANEORIAIEIN 2 Iid. &

carbohydrate, .a fatty acid, a nucleic acid, an antibody, a virus, a prion, a combina onal library of
synthetic c@ﬁ?ﬁ’éﬁﬁf&@,%‘@@ﬁ&?ﬂ@%@?@‘ﬁ&%l@?@ SERCK whehodisngnbeiriheasisiotedn, a protein
library, a natuthd @xtrthetp@splantexiiaal, an animal extract, or a mixture thereof 15In one embodiment,
the step of detectii;ﬁle?f stajclgi used in ethods_described hereinabove comprises determining

th
the ratio of staining Wwith the ?%tu%e’ 5 Sg%s%églﬁidra%siﬁot frs P hAdaginaREFRtRE%Second fraction. In
another enfBisgifeiers; ¢hpostep visddieoton alestiiingresd in the methods described hereinabove

further comprises iR : Il; sample by.detecting the staining of
the sample with tﬁ%ﬂy%ﬁﬁcﬁ%ﬁ%ﬁnﬁf@f%@s %rﬁ% & v%vlljmsiﬁlgé]é%léﬁ% {83/%, and summing
the stainind5reBEdaiABicyifart i Arel y@aiiEte sdbsampEne tissneanothdnemisidiment, the step
of detectiorwhsiginingitsed %mmﬁnﬁm,edﬂﬁﬁlf@%ﬂ%ﬁ&?ﬁ&?@W%Vgrg%ﬁb%isﬁﬁ detecting the
absor%ion orfogégsgﬁt gc}/l%l ZSS or tqle Secgr%i (iﬁe. IILanother embodiment, the step of detection staining
comprises Hetecting the teraity of color bf tRESsT AV 8nd the second dye. In another embodiment,

the step of detectithustdirsing tbormprisaly deteltting the pabtesncoficalonpfihedisstslye and the second
dye. In anogharembadinaentithe iR obdstacian.of.lalhing comprises detecting fhe distribution of

3

color of the first dye and the second 30 dye. In andther embodiment, the step gaetg%tion of staining
comprises HStECERF NS R &fi SiiE comds.optites frattd frelaprimprise sbond Byedymsanother
embodiment, the step of detection of staining comprises any combination of the detection methods
described hereinabove. 56



In one embodiment, the methods of the present invention further comprise the step of fixing the cells.
In another embodiment, the methods further comprise the step of air-fixing the cells. In one
embodiment, the methods are repeated using different concentrations of 5the agent, the oncogene,
the tumor suppressor gene and the like. In one embodiment, the methods of the present invention
are adapted @, ahg,ars ferformed using means for high output. In anothgr.emphgdimess, the means
comprises an automated sampling device, a liquid handling equipment, an automated stainer, a
dispenser, a robot, or any combination thereof. toln addition, in another embodiment, the present
invention provides a kit for detecting the presencg; of a malignant cell in a sample, the kit comprising a

compound capihle0b distinBuishingeratmastiaalionant a8llRRtha ReMprlignant egll by producing
differential staining.of the maILg ar]t cell.and the nonmali naéwg cell, or by having djiferential

fluorescence in the MANgRARLca Ca?ﬂ‘qﬁdl]%‘?ﬁeénhgh[j RIERE S8 29 et RS iBove, and a
member for boldintlassarwgblefor thidrpagaition insanditegkmizodineptidche prbsertiamention provides
a kit for detegijpgie Rieeeocs &l e tAbolEa b nAIEs calhin Asarple, thedihgoprising a

compound capable of distinguishing between a metabolically impairéd 20 celland a metabolically
normal ell BYPHeRRiIRING anTavanthiishithiry ek dhe nretabsaneanyimspiliaa dBimmatipns-metabolically
normal cell, esifiy-lnaving, diffekantigbflaqcesesnesinvibeimetabalialdnpaiemtcelhand the
metabolically normal cell as described hereinahove, and a mber for holding a sample. In one
embodimen%?l Refmemb ?l?éa%él?e%: e%‘ rgﬁﬁEe &%Sugeégﬁ%?ézﬁgeé? 85148y %8?5@08}% slides, arrays
of wells, micPoiistt plagatssay trays, transparent vessels, coverslips, filters, membranes, tubes, or a

combination theregf; oy c|RLRARLBES %hc?g enthg @Jufﬁhﬂoﬁ%mﬂﬁ&ﬁ&%atﬁka%ﬁ stdye and a

second dye. The dye may be any of the yes described hereinabove, for example ariacidic dye, a
basic dife, atfidmStighEnynatatise qeiodiments dia-dvaciivatldapraitnky hdation thereof In
another emhkiedivagnd, the kilofticthembompeEpgs bt Iepst aone dxadivesin-anether amaegdiment, the kit
further comprises,a buffer, a chelating agent, a preservative, or.any,combination thereof. 57 In
addition, in %%%Dt??éﬁng_rrlrtfbo iment, It%ea(%lp‘?eggn’bilr%‘\gtéﬂ?io(ﬁ%%vi?fé%l% Besthéd %ffs’faeéﬁ?yiﬁig the optimal
working contémtiatiomlsivilssthpositonatomprsingdeibomipound capable of distinguishing between a
malignant cell and g mm@%meﬁﬁsu,%p%wwfgn%%ﬁ%@li,stﬁ%@,g&féﬁsmaém@nt cell and the
e me

non- 5 malignant cell as described hereinabove, the method comprisifng the steps of dbtaining a

sampleltompHeriBentdedihir snd e R wiving e diasiet PriskriandethalidlietesCentisast a first fraction
and a secordiflagtiofefiom Whesasmpl € reantastipgthesacandifactieanyith, anagant which promotes
the conversion of the mali t pe to a,nan-malignant phenot contacting the first fraction
and 10 the s%%rgﬁglf(?glg%ﬁ Wi P(c)}r?\gr?)ﬁ%ﬂ()gl%?k%ﬁt%ﬁﬁlgtigﬁ%fl{) OefHPﬁggé‘ﬁfB?{ t&ting the first
fraction and Yh&3seuuhdhaetidivsith(Ganiegstea BistheskeBmoda Bdosind dyengatedtingrtize staining of the

first fraction gad the srcapddragtianwiiihg first dye and the second dye, measuring the ratio R1
denoting staining with the first dye to the second dye the first fraction at each concentration of the

compo&ition; 15 nfBLEGSHPeHEI I TR iotiFg Sesiniguimherriniibe dyanradd sdeisnd dye in the
second fractioncateacthcosice pillationoi e campasiiianeand Gatcuialing thekatigRBR2 for each
concentratior%ncl){tIS e c%%)osition .\é\ﬁherein the %pt}mal Wor%ré%.conce[%trati n_of the composition is the
concentration at which RI/R2 18 Bt 3 AxirEn. T ond erABeiHsht: (e Maid¥am d&istains
substantiallyFwithisihe first dye and the 20non-malignant cell stains substantially with the second dye.

In another embodiyiele UiRURRER! INYRNNGR PiRARA NetafphIdenbgg, hg gpfimal working

concentration of a composition comprising a compound capable of distinguishing between a malignant

cell and’a nEHREERGhARY I cpledtemPHIms aRtldP sehaif gloren and dngh articat el the non- 25

malignant celleas, deskripechherainabovevdhampthodcomprising the stans efehtaining a sample
comprising more I?r%glogeecell having a non-malignant phenotype, aliquoting at least a first fraction
and a second fraction from the sample, contacting the second fraction with an agent which promotes
the conversion of thieemonenaligirant fthe dpsypiitoealcratignanéphiciaalynescoptagingdhe first fraction
and the 30 ciqQn;wit €. Qr.more concentratio f the,co sjtign, cantacting the first
fraction and%ﬁgl?s%qgggd‘&fggé%g# v((\')/lt sz:antt east gct?ﬁs%y 83556 Oa{lr?:}ﬁél?seengglﬁ @%&%%%é%‘ﬁ}%} fe staining of the
first frattionsinpitReoEdby selkraitiohanitrethisifiestay o bl thdesbonmdetyds medssnitgdhe ratio RI
denoting stajgigig. with the first dye to WO 2007/102146PCT/IL2007/000281 58 the second dye in the
second fraction atIeach concentration of the composition, measuring the ratio R2 denoting staining
with the first dye t0 tHE'SSEOME &t be RFEP Pt FuRRAERe B cerraieN sraablesiposition; and
calculating tibibatine Ritt 22-iaingach sontenirationef efoMposiian:Whessinibsg optémal working
concentration



5 of the composition is the concentration at which RI/R2 is at a maximum. In one embodiment, the
malignant cell stains substantially with the first dye and the nonmalignant cell stains substantially with
the second dye. In addition, in another embodiment, the present invention provides an invivo
imaging method for detecting the presence of at least one malignant cell in a 10 subject, the method
comprising ¥y stepsefsgdministering to the subject a composition comprgsing:ac@mpaund is capable
of distinguishing between a cell and a non-malignant cell by producing differential staining of the
malignant cell and the non-malignant cell, administering to the subject at least a first dye and a second
dye, and detecting the presence of the first and g€cond dye in the subject, thereby 15 detecting the
presence of IPASH e frialigitnpleal txtthet sibjastilier endedhhediment dhesmalignant cell stains

substantially.wiififiee firskiesheseinAriesingdhenr kstglye in the sybject is
indicative of.%%%gurftgeﬂt hayil,ngEi a malignant celﬁ. Maligﬁﬁ%%%@c%&gé:& g‘éc&s){%g%%a R‘?eré#?, the term

"cancer" is U8 R AFHREEIh Ak e eatiRrtcrh Sigmamigntnlalmier smhedipkasintband refers to a
disease of celsichaFaoteriestiby. dn pbnaronedoraitiliefaellsiwhishtendita prolfgraie.in an
uncontrglled, ng, i ses, to metastasize. A "cancer cell" qr a "malignant cell" as used
herein, is a cmﬁ%%#%s% ?lzgé%%%??gﬁe%ns% ?r%emc?fgpr%‘é %c?(-—:'lr%l %f%%ﬁrgﬁﬂt@,% td€knaracterized by
an abnormal Rt data esh dedtgusprotifdrala innathem comtrditechiyaleanaipsami cases, to

metastasizefliidene R MRAOHBIR dhsdeHBntalosaRb&all WiGES dRRcallhaving.g malignant
phenotype. I'Il'h%%?{grfitgon OI gﬁaég&nant cell includes a neoplastic cell, a pre-malignant cell, a
metastatic call. & Fahynantcel? o eiersPindygeticiie romepanddipg/rrneleanieer genotype, a
cell of maligivamupheifanlpeda cell with a malignant genotype, an oncogene transfected cell, a virus
transfogmed cell, g ce tch expresses a,marker for.an oncogene, a cell which expresses a marker
for cani@r, or a Q(?rxr? bi%%ﬁ%%%hégag%%ncﬁlgg 1{3%[5 éﬁe"ﬁn?t}ig%eqé?rei%‘é‘fflfﬁ?é‘s BEYIRS frdm any of WO
2007/1021485logio? sobima mehpd S idansifiion dimigery whivnplésisfimalignaypeells/cell lines
suitable for o@emm@ﬁame,sa%ﬂm@%i%zigmﬂoa@&mfahgmgﬁg 8&“&&%}%& 129) cell line; a
ne, a

human breasatn(l: gcinoma MCF-?I) C%ill line, a human leukemia K562 cell'line, a human leukemic FIL-60
cell line, a Ras V 1 SR BI R AR rRaY) atfwiteg atHRas & fiesly Fistiomatd937) cell line, or a
combinatiorseb@rddfactioAll pontimaligndntoelicdsd srtbemin:sefRis 4R aerspabegll, a normal cell
line, a mali t induced to ex s _a phenotype of anon-malignant cell, an
immortalizeg(? %gﬁ%i%ge%@pﬁﬁz%%ggﬁ %%ﬁu?& g?('grr% %%ar%%%aﬁ%% Sreet’ ?Hclﬁa%acﬁﬁ fis definition are
cell lines defAPHERPENY Y the st Belienmtorrl! endnbaeimetiithies terth Bpopratadignant cell” refers
to & cell haiiBa mialignank pheradypebian: eeitiatesrmplesof A maianaqcaligieel lines stitable

foruseint . Rres %r‘l}tein%en&g_ are: g hthnan primary colonocytes (CCD-33C0), a ratft fibroblasts an
MCF-7 cell line treated With somumy BT FRER grbbesicmd racier With ddamsing Hutirate, a Ratl Ras
cell line trestetianits PRIBOYSe alkE6Rnpahdineibbireatetits: Sadition butyratemedige gleevce, a 0937
cell linggtreatedmdth allirans-#elingis acid (AT RAMQr & compination thereo A "normal cell”, as
used herein, refers to a cell which dges no&% lr]'l1a\£7eo§1 rr?ésl?écﬁnag]n r%%%é)ﬁ}o‘{vf/pet, 3#87%%&%’5” which does not
have a metd5oliteaRSo ST, ARdacRoRIERENitHZERBR Bfndatdint theciresent itheeptionda malignant 20

cell or a carieetin]l imerpdanecargingme.calican adkenaheiand Wmpncall,an,amelpblastoma cell, an

anaplastic cell. anaplastic carcinoma of the thyroid cell, an angiofibroma cell, an angioma cell, an
angiosarcoma:l lé%“ﬁ,“%npsélﬁﬁ%%%ea c@ll,?ﬁ%ﬁe% %ﬁﬁﬁﬁ‘?&%e‘h%ﬁ”ﬁﬁ?@néﬁlé@ﬁmﬁ‘é cHIF, an ascites

tumor cell, E¢ibitietaronboliion dstgoitastonhatiol; amasiracytomaskehaaatdatelangiectasia
cell, ansatrighegatpyxoma cell, a basal cell carcinoma cell, a benign tumor cell, a bone cancer cell, a
bone tumor cell, a brainstem glioma cell, a brain tumor cell, a breast cancer cell, a Burkitt's lymphoma
cell, a cancerous ¥l ®BecaitiRBkRal; atcarethohsaisll = cerbbmiier adkooytomatedll a cervical
cancer cellsebahstigylangiomeeallya @h@Iangégt:ﬁaeiﬂg@%ﬁ%@ifg‘ﬂ%'}&i&%%&e'lsta%n%hondmb'asmma
cell, a 30 cblagg}g)'rgal cell, a chondrosarcoma c%l a charioblastoma cell, a choriocarcinoma cell, a
colon cancer cell. & commah saute i sHBBtdst ﬁgﬁ?éﬁﬁ?glééﬂ,fa%%oﬁha?%éﬁim cell, a
cystocarcirttigrse|statystofistomaltel reaysthmaleele i ayiamaigebne pagialeargiroma in situ cell, a
ductalzpapi I {%923; RCT/1L2007/000281 60 dysgerminoma cell, an
encephalor!#; cel 1@;3%%1\3{/%%%%71! carcwi\‘tgrtrﬁ% & %,rég)ﬁeén%g e%@ﬂ%‘%@ﬁ’&ﬁ"éb@?ﬂ%ma cell, an
epitheliomd EE AR SRRAPSYSGIEH S welistantiaiuingithsared i cbil apotiestkandedahlymphoma cell, a

feline sarcarodldel, & filbienadenama ﬁg&h@%@@éﬂggﬁg@&gﬁlﬁﬂligglr%gncgpeqer of the thyroid cell, a



5 ganglioglioma cell, a gastrinoma cell, aglioblastoma multiform cell, a glioma cell, a gonadoblastoma
cell, an haemangioblastomacell, an haemangioendothelioblastoma cell, an haemangioendothelioma
cell, an haemangiopericytoma cell, an haematolymphangioma cell, an haemocytoblastoma cell, an
haemocytoma cell, a hairy cell leukemia cell, a hamartoma cell, an hepatocarcinoma cell, an lo
hepatocellulgp caseinema cell, an hepatoma cell, an histoma cell , a Hoggkimissisease; cell, an
hypemephrorna cell, an infiltrating cancer cell, an infiltrating ductal cell carcinoma cell, an insulinoma
cell, a juvenile angioforoma cell, a Kaposi sarcoma cell, a kidney tumor cell, a large cell lymphoma
cell, a leukemia cell, a chronic leukemia cell, an#cute leukemia cell, a lipoma cell, a liver cancer cell, a
liver 15 metastase¥! ceRoh¢iucrebediviima cell d4yimghadentimacelhriymphangiama cell, a
lymphocyticsiensamiaigellit WrepRecwie lyreahe %_&,Qﬁﬂ}g{?g@ﬁpnﬁ% cell %)g lymphoedema cell, a
lymphoma Ccﬁ#fe?;'; Ing caqﬁethcell, a malclgnant mesothelioma cell; a mg |gnar¥ teratoma cell, a
mastocytoma call: & medllobiaBRA%e-ceft S iminBinsekehaving enmaljior peehaimresothelioma cell,
a metastaticieslh, wizGntiethstagisooeltiye, metasteilibaprgachoainaMeropiz fryromasell, a multiple
myeloma cqgsﬁmggggmgmge%g%ead%yeloid leukemia cell, a myelolipoma cell, a myeloma cell, a
myoblastoma cell, a rggxpma cell, a nasopharyngeal carcinoma cell, a neoplastic cell, a

nephroblastoma cBl24HimdB) 2atdmncsaindnmel dfororacaiieativeurnfitiematosisdell, a

neurogliomabeeidcanfguoma sihtanas Hedalding-2pmnhen cellA1.aligodandroglioma cell, an
optic inomamca%I an ostqpch ndroma cell, an osteogenic sarcoma cell, an osteosarcoma cell, an

ovarian cancer cail'a &eagsét'glaisrélgt odt tRERIRE cEIF S5RRcOAsPRASPEel, SaFrereatic cancer
cell, a phacoUhrsiHiDeyoIma ibeh, enphelehiomatyiomacasd| s plagraacytonma aelbdaprimary brain
tumor ¢ell, FpEagRnama call afralactinan: cgll, a renal cell carcinoma cell, a retinoblastoma cell,
a rhabdomyosarcoma cell, a rhabgos’arcom%ﬁ?:1 l, aéscﬁfg%ﬂmof%@ﬂnsa% &Eeﬂg%fléecondary tumor
cell, a setnifigHEEen et dprtinrcand shsmraped fegtsinomth ectyasaudmaudzelifcarcinoma cell, a

strawberry Hﬁﬁmﬁ@&@-awga{&cmbimom call a IQRAMRNANP celt by Havin _
2007/1021%%&%&%@%&20%?1 61t ell, a testicular cancer cell, a thythoma cgﬂ, a t%ophoblastlc
tumor cell, a tumorigenic calle A furiof IhifRHER 0 Rad iR Pstisgrss sish: cdttestivestisular schwannoma
cell, a Wilmispaesrsneeliofotle cnsbifratiom thede ofie Nedsedaliat®iemeellDifferaniation 5Furthermore,
in accasdange,with aRohek eiRbadimant.of ihe present invention, there is. provided a cytohistological
staining metﬁgd_for identifying an agent WhiChSin Ll%ee%aﬁ%%%%gégly éfl’glﬁéﬁégﬂgotl e‘?‘%‘?ﬁ?ation, the method

comprising HEUREATH BBRRhM G e saniprerd ohmprising riorenthamirkmemndifferentitiet! neuronal or

stem cell cédl afiquatinging |aastadirsbiagtianAba ARCanGTaGIONTAM thgn 1R, SHmPle, contacting
the second fgia})cf;tion with the agent cont%ting the first fraction and the second fraction with a

compound capabie of dietigis ﬁ?ﬁ BEtERH SrRAERTLPa fha cumRrEndifstsstied dioreuronal or stem
cell by produelngt.ditferentiitsidining NMiespadifferentiates and diffetentiated npsvanal or stem cell,
contagiing fheficskirastion.and fhe gegqnd fraction, with at least a fir§t dye and a second dye, 15

44

detecting the staining of the first fractfon With the St VS AndFE RS dffe, HtiShing the staining of
the second“fFRABRHHhR M Ad shdtusecontedys 4Achoomparingithdstainiig of the first
fraction andihdsasond:feasiotiaiberahy emitying,og A9eaLIRihINCHaER Rsyang! or stem cel

differentiation. Itn a otg;er_ embodiment, the method is adapted for identifying a combination of agents
which 20ind828 hEUFShaSFent deiraimara ARaTBAL enantkhelssskenen another embodiment, the
present inventionlpravides amteifiad:fo; ke piifying iﬁﬂeﬁﬁ@ﬂtpﬁ/@%mg@%g@é{@@glor stem cell
differentiati ising.the steps of obtaining_ a sample comprising more than one
undiffeej%ent%}égngerl%%{ﬁg)ipoﬁﬂ%{eggﬁl%qﬁ%ti%erétt I‘éVaEPs agF%tcfPaé nPERRPY R c¥ind 25 fraction from
the samplePEBReAcaERY itnpairsd oull drartistebviioaliieragent cobniactingdde fitgirfsaction and the second
fraction withscomaanngheapahis,of distingyishing.betwesn e?réﬁ%gé}ggée&tilae%esg and differentiated
[

neuronal Of stem ceH by having differential fluorescence in the undifferéntiated and'tfifferentiated
neuronal or' Stem é8 ,EH8?8%‘?%%@%?&%g@nﬁ’é”@ﬁh@ﬂ%@f%c’di@rﬁ@@ddﬁe&@mmdtﬁraction; and 30
comparingtticeaflontesnandinpfitine first ﬂ‘fa&@t&@na@,ﬂdﬁb@&Qﬁﬁng}ggaggov%ﬂhgrg@{ﬂg%{gifying the agent
whichgindu urgnal- or stem.cell differentigtion In angther embodiment, the method is adapted for
identi?yﬁsng g&():s‘jogr]ngbiﬁqz;%ﬁq {)r%gbsrgﬁ}% w%n%c e?ﬁdl?&ee ﬁ%eﬁ?%%%?aﬁystéﬂ%@ﬁdi%eﬁ%ti&? \We
2007/102126esfrrlly Ourrogogel B2 produkingséidirentinl, shéntepms "ndifiaseptiated” and
“differentiziagiineuianater sEMARINETRLAGHY e complsiehaundfferentialad peuronal or stem
cell versus a neuronal or stem cell that is complet_ély differentiatedf I.e. has completed the process of
differe ntiat?g%qnéjéfﬁ%}?%‘gg BL RSt Qe B das g Sisarteining of deti$ir® Sndifereithstages in
development and differentiation. For example, the compound of the present invention may produce
differential staining in two neuronal or stem cells at different stages of differentiation. In another
embodiment, the compound of the present invention may have differential fluorescence in two
neuronal or stem cells at different stages of differentiation. 10The potential connection between

differentiation induction and the notinalization of the diseased phenotype is established in the literature
(1 indecell P 2001 Maoraenver the cciantific foirindation on the noccihilitys 10 11ce the diffarantiatinn



25 differentiation and inhibits the growth of PC12 cells, also improves cell survival during ischemia. In
addition, a combination of NGF and retinoic acid was more effective than either agent alone. It is likely
that these two agents confer protection by independent pathways (Boniece et al, 1995), but these
signals are differentiation-connected. 30As contemplated herein, this invention provides a useful
screening systemyiasstect differentiation inducing agents.Base on the rgspis.gesfrngd hereinbelow,
showing the detection of NGF (not shown), Retinoic acid (Figures 36A-B) and sodium butyrate
(Figures 22A-D and Figures 23A-C), the present WO 2007/102146PCT/1L200 7/000281 63 invention
further provides a method of neuroprotection agaist neuronal or stem cell damage, the method
comprising 1 $tepdstectnedbastriaing witthe serostefnaaihwitth an: algerinahishindyegs neuronal or
stem cell diffeeMiatiomamiereindg, aggntis i ifi ording, to any .af the methods described
hereinabovedf;,l(\}qeg;%oliﬁaDisorders gAr}Isa ige%gg%gr%g%%fh%e{g% "ar%etfgéﬁ%%ctg] yaﬁ%gaired cell" refers
to a cell having an‘ab&rartctenathesrsithdinal imenitse reimptisrmetibalalipsuinoithe an abnormal
metabolic actillity. As defined herein, the term "metabolically normal cell" refers to a cell having a
normal metabolic fncti activity. 10 As contemplated herein, a non-limiting list of metabolic
disorderg] which argl\’}vi%lli%ﬁtl%g%/c&c%gé of the presBit Ty ERtET eI BERY 5P GhyRr e m&tabolism
disorders, digertibigpraaasiThistpicnihe ohpeuitive s ueamiselty bapsrdisendars of amino acid

metabolism neisbd R ddRR e QR IR0 B ROQIEMI AR Aleorders, Jisprders of lipid metabolism,

disorders of metal metabolisy, transport disorders, disorders of 15$ysosc;%lg1g§nszy es and

heme/porphynia metabotiarn disbrdigrsell AlignghaadesnfefirstHeamismbotcadisoradr is selected
from the grdigséonbistinbechade betydiaenteiahalsrdiseidenhanRisoatefiSiereid Metabolism, a

Connegjive fgigsug Risordarqad isorder.of Amino Acid Metabolism, a Disorder of
Purine/Pyrimidine.cMetaboIiém,.Ié'z/:lélél_é?f‘(;)l(_f;(@I}()?‘%%mrd\glrg1 a Disorder %fﬁf‘ﬁﬁ%%@f/lg’[ﬁﬁlﬁlwnﬁ Disorder of
Metal Metalb6heRTaths dnsisbalvubrdemairpiserdemds thesosvabaliErymespancks Heme/Porphyrin

MetabolismiRisagdetiffererfapnairiembodiment. themeiehglicdisords” L%ge'a% eg,from the group
consisting 01[1;0L Q&%Qﬁég% Fructose !St lerance, Glycogen Storage Disease, Adrenal Hyperplasia,
v ERISrS et sgsi}ﬁﬂfagn% B ABeafirst Prtigiketshtida, Albinism,

Muscular Dystrop ers-
Goiter GoutsacesdHinigtiran Syhdromein eiedrimacencRigme masaabige mephilia, L34 halassemia,

Sickle gell Angmia, HYRSH E)llgeq{g ig, Wilson's Disegse (cqpper excretion), Cystic Fibrosis,
Rickets, Gaucher's Diseas%], Ta ngiggs] %}iﬁs:eff g?éo?pgﬁ%g,g antr NBESERIESi i bislSse. 30Additional
objects, advAARRILSaURdmRiEdestlredhsriniabedisely mvsmiareivill become apparent to one

ordinarily skilled iniihadariisiomexamiatianuabiedolaing A pleshid) graaoLintended to be

limiting. Adggj[gl%gill é%@zﬁh Szf_the varigus embodiments and aspects of the present invention as

delineated hereinabove an ALINg BESKYY P AAEBEEL 36 P08 s P eacsrtmed iAtthe claims
section bel6\WefiggReerperinvertedl smpportdl tigtodlavingexantipies:t phenotype of the

20 cell, the method comprising the steps of obtaining a sample comprising more than
one non-malignant cell, aliquoting at least a first fraction and a second fraction from
the sample, expressing an oncogene in the second fraction, contacting the first
fraction and the second fraction with a compound capable of distinguishing
between a malignant cell and a non-malignant cell by producing differential staining

25 of the malignant cell and the non-malignant cell 2s described hereinabove, contacting
the first fraction and the second fraction with at least a firsi dye and a second dye,
detecting the staining of the first fraction with the first dye and the second dye, is
detecting the staining of the second fraction with the first dye and the second
dye, and comparing the staining of the first fraction and the second {raction, thereby

30 determining whether the expression of the oncogene in the non-malignant cell affects
the non-malignant phenotype of the cell,

In addition, in another embodiment, the present invention provides a

method for determining whether the expression of an oncogene in a non-malignant



EXAMPLES 5Reference is now made to the following examples, which together with the above
descriptions, illustrate the invention in a non limiting fashion. Generally, the nomenclature used
herein and the laboratory procedures utilized in the present invention include molecular, biochemical,
microbiological and recombinant DNA techniques. Such techniques are thoroughly explained in the 10

literature. Seg; ap-exanmple, "Molecular Cloning: A laboratory Manual" Samkreal elas: (1989);
"Current Protocols in Molecular Biology" Volumes I-11l Ausubel, R. M., ed. (1994); Ausubel et al.,

"Current Protocols in Molecular Biology", John Wiley and Sons, Baltimore, Maryland (1989); Perbal, "A
Practical Guide to Molecular Cloning", John Wileéy & Sons, New York (1988); Watson et al.,
"Recombinasd Dikfcts SeiemtifiodivanaicantBoaishdlenll WeorkgeBiotbroatpalsiteda} Eemome Analysis: A
aboratory MeghaimELaSsaBIS: didy I SpH0guRRY haParianaiess; N Ik (1998):
methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202;4,801,5 1, 5.192,659 and
5,272,057; "t PR Gy A AR SRt SFeaah EBENe By tha semnlr-CoRssngar 8gceg994); "Current
Protocols inimhsuretegyfMeltmesdubiGeligamik Rkfonethd 1204 Siites.at@l-ads), "Basic and
Clinical Immunology’ (8th Edition), Appleton & Lange, Narwalk, CT (1994); Mishell and Shiigi (eds),
Seloctet VETEASS CRIUTa A ARRERe GoRPT L DR b g brhe (e, avaani
immunoassayl de kntegsiiiravetribedineine patthet matllcveignadit literatalignsaesdtr example, U.S.

Pat Nos. 3,7f1e83% BS3Tudaert 8 oDl frsp AR SdRPR R4 18050 GhaThhipiritfe 262
3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074; 4,098,876; 4,879,219; 5,011,771 and

5.281.521; "BfidiRsessaeshiniusidrsion mdtheseconsshyciquelbreehridasyBHnization” Hames, B.
D., and HiggingBerthedspldRah) o irnariipties antk iansatignatdamesiBtDmanshHiggins S. J.,
Eds. (1?084); "Agnim %Ho uléu({ &155% hney, R. I., ed. (1986); "Immobilized Cells and Enzymes" 30
IRL Press, (TSS1 gﬁlan PBTACHEAIGUIdE s Molecular Cloning" Perbal, B., (1984) and "Methods in
Enzymology" Vol. £38dNeademibePiass ! sRPORePgOtoselshdeBuideTbanstidd svithch Applications”,

Academic PreasioSpi RIREQ- Gl S90)Marshiakis i Siiaiediendal Brelein Pyifiation and
Characterization - A Laboratory Course WO 2007/1(12146PCT/IL2007/000281 65 Manual" CSHL

Press (1996%; SR OPRATEIF SR Tkor sorsials by Hbrbtmne dsisieraIgPSet forth herein. Other general
references are prokidestterabghaidnthigdetument Fhmpteceskiresmthemin arakeligved to be well

known in the arf and are provided.for.the convenience of the reader, All the information contained
therein i|r5; inélcl)?% I}aa%aeghggrgiﬁ%{;hraevél ?15%%1][%%& E)tfp Bi&%ﬁf@%‘fﬁ%ﬁﬁ%ﬁlgg mé}f:gnant and
non-malignacestireds aerrasesdibalbibpsidsbyo MATERIAlGoai & XPHR v ENEALIPROCEDURES

The followingmatesialsiansh&ReEmental fipcedures section relates to Examples | through Example 5
detailed hereinbelgw. 15Staining procedures . Table |b below E)rpvide_s step-by-step procedures for

general staining adBofdiNg 8-t pReLhst FRRediBie b LS PHERIhAMHEIAR BFYVIESS Breferably
effected in agcohtiariogivuithtiheieackingsiaf doepibsaniihy@atiohedmp myiagptheidifferential effect of

e ot AP U AR SBBS E 1
method comprising the steps of obtaining a sample comprising more than one
cell, aliquoting at least a first fraction and a second fraction from the sample; altering
the expression or function of a tumor suppressor gene in the second fraction;
contacting the first fraction and the second fraction with a compound capable of

25 distinguishing between a malignant cell and a non-malignant cell by producing
differential staining of the malignant cell and the non-malignant cell as described
hereinabove, contacting the first fraction and the second fraction with at least a first
dye and a second dye, detecting the staining of the first fraction with the first dye
and the second dye, detecting the staining of the second fraction with the first dye

30 and the second dye; and comparing the staining of the first fraction and the second
fraction, thereby determining whether altering the expression or function of the tumeor

suppressor gene in the cell affects the phenotype of the cell.



66 18. Dye-8 for 4 min. 19. Clean in distilled water for 10 seconds (sec) 20. Dehydration in 70 % - 96
% - 100 % ethanol 21. Clear in Xylene 22. Mount in Eukitt 16. Mount in Eukitt I- Protocol for.
histological section/paraffin- embedded tissue 1. Paraffin-embedded tissue ona slide (4 micron) 2.
Deparaffination in two Xylene baths, 1 minute each 3. Clean in two consecutive ethar_lol baths, 1
minute eachy 4. b3 min. 5. Wash in de-ionized water for 1 mmut@ﬁﬂm}@@d@;jn Dye-3 for 15
min. 7. Wash in running water for 1 min. 8. Incubate in Ext-2 for 3 min.

51

In addition, in another embodiment, the present invention provides a
method for determining whether altering the expression or function of a tumor
suppressor gene in a cell affects the phenotype of the cell, the method comprising the
steps of obtaining a sample comprising more than one cell, aliquoting at least a

5  first fraction and a second fraction from the sample, altering the expression or
function of a tumor suppressor gene in the second fraction, contacting the first
fraction and the second fraction with a compound capable of distinguishing between a
malignant cell and a non-malignant cell by having differential fluorescence in the
malignant and non-malignant cell, detecting the fluorescence of the first fraction

10 and the second fraction, and comparing the fluorescence of the first fraction and
the second fraction, thereby determining whether altering the expression or
function of the tumor suppressor gene in the cell affects the phenotype of the cell.

As used herein, the term “tumor suppressor gene” has its commonly
understood meaning in the art, i.e. a gene whose expression and normal function

15 correlates with tumor suppressor activity.

In one embodiment, the cell is a malignant cell. In another embodiment,
altering the expression or modifying the aberrant or abnormal function of the
tumor suppressor gene comprises enhancing the expression/function of the tumor
suppressor gene in the malignant cell. In another embodiment, enhancing the

20 expression of the tumor suppressor gene comprises chemically, biologically, virally or
bacterially transfecting the tumor suppressor gene in the cell. In another embodiment,
normalizing the function of the tumor suppressor gene comprises chemically,
biologically, virally or bacterially expressing the normal function of tumor suppressor
gene in the cell. In another embodiment, enhancing the expression or normalizing the

25 function of the tumor suppressor gene promotes the conversion of the malignant cell
to a cell having a non-malignant phenotype. The term “aberrant” as used herein refers
to a function that is abnormal, unusual, deviant, irregular or atypical.

In one embodiment, the cell is a non-malignant cell. In another
embodiment, altering the expression/function of the tumor SUPPressor gene comprises

30 functional silencing of the tumor suppressor gene in the non-malignant cell. In
another embodiment, functional silencing of the tumor suppressor gene promotes

the conversion of the non-malignant cell to a cell having a malignant phenotype.



9. Wash in de-ionized water for 15 sec. 10. Incubate in Dye-22 for 3.5 min. 11. Wash in de-ionized
water for 15 see. 12. Incubate in Dye-26 for 10 sec.-Rinse in distilled water 13. Incubate in Dye-27
for | minute 15 sec.-Rinse in distilled water 14. Incubate in Dye-25 for 30 sec. 15. Wash in de-ionized
water for 15 sec. 16. Dehydration in 70 %-70 % - 70 % ethanol. 17. Clear in 9 consecutive baths of

absolute ethgpahomigagsends in each. 18. Clear in Xylene 19. Mount inpEtikitooReageants:

Hoechst

N 33342, Sigma; 10 mg/ml in PBS; Dahlia Michrome 105, Color Index (Cl) 42535, Edward Gun LTD;
New Fuchsin, SIGMA, Lot 37H3463, CI
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In addition, in another embodiment, the present invention provides a

cytohistological staining method for detecting the presence of a malignant cell in a
sample, the method comprising the steps of obtaining a sample comprising at
least one cell, contacting the sample with a compound capable of distinguishing
between a malignant cell and a non-malignant cell by producing differential staining
of the malignant cell and the non-malignant cell as described hereinabove,
contacting the sample with at least a first dye and a second dye, and detecting the
staining of the sample with the first and second dye, thereby detecting the presence
of a malignant cell in the sample.

In addition, in anothér embodiment, the present invention provides a
method for detecting the presence of a malignant cell in a sample, the method
comprising the steps of obtaining a sample comprising at least one cell, contaciing the
sample with a compound capable of distinguishing between a malignant cell and a
non-malignant cell by having differential fluorescence in the malignant and non-
malignant cell, and detecting the fluorescence of the sample, thereby detecting the
presence of a malignant cell in the sample.

Furthermore, in another embodiment, the present invention provides a method
for detecting the presence of a metabolically impaired cell in a sample, the
method comprising the steps of obtaining a sample comprising at least one cell,
contacting the sample with a compound a compound capable of distinguishing
between the metabolically impaired cell and the metabolically normal cell by
producing differential staining of the metabolically impaired and the metabolicaily
normal cell, contacting the sample with at least one dye, and detecting the staining of
the sample with the dye, thereby detecting the presence of the metabolically impaired
cell in the sample.

Furthermore, in another embodiment, the present invention provides a
method for detecting the presence of a metabolically impaired cell in a sample, the
method comprising the steps of obtaining a sample comprising at least one cell,
contacting the sample with a compound capable of distinguishing between the
metabolically impaired cell and a metabolically normal cell having differential
fluorescence in the metabolically impaired cell and the metabolically normal cell, and
detecting the fluorescence of the sample, thereby detecting the presence of the

metabolically impaired cell in the sample.



5 42520; Pararosanilin acetate, Allied chemical, Cl 42500; Rosaniline hydrochloride, BDH, Prod.

30024, Cl 42510; Methyl Violet, Fluka, 69710, Cl 42535L; Light Green, SF Yellowish, Lot 055H4405,
Cl 42095; Fast Green FCF, BDH, CI 42053; Eosin Yellow Shade, BDH Product No 34027, Cl 45380;
Bismark Brown R, SIGMA, Lot 111H3470, CI 21010; Toluidine Blue, Fluka, Cl 52040; Methyl Green,

MERCK, CI ﬁ , P;cric Acid, Pyronin Y, Fluka, Cl 45005; May-Grum?{? in ? GMA, Cat. No.
M6901; Harﬁvs%s% 2&%%3‘)1(ylin, Pioneer Research Chemicals; Hematoxylin So &t%ﬁb%gﬁ 0. 3, Sigma

GHS-3-32; New Futhsin, C.I. 42520, Sigma N-0638; Phloxine, CI. 778, Hartman Leddon Co.; Azure A,
Allied Chemical Cat. No, 442; Methyl Violet; Basig Fuchsin; PBS Tablets, SIGMA, P4417;

trichloroacetic acidi6 addGéy), methatel: gadialiaselic addiedn); inrmaliehydsiether;
Carboxymet k%%ﬁu%grs .resé,rgJf CM52 é%%%%”faé}s Screenin bAss?% for Histomodulator
§Paedhy WL GhVERSHaY RRFIALM BT screening

Compound-Containing I’%%tl(?rr]%?é“?ﬁe screening assay wa
purified fraciéisastorsadtivasientrs dusthy isrehsnigneliaolest ess wistithentacktctiennstbapable of

simulating the Agtiviygaha Gursreiasherveuied sxiasdapeled YS) Afiastionis deemed active if it
is capable o%%ig‘niggantly inhibiting the first (green or red) Staining of malignant ceﬁs, alternatively the
a

histomodulatt VIR SRR AR Qi St B leseaibrdhamsinsbeariet deteci@gtital leaves for the

process are resaeenci:analiZngraces and theinlengihdispreferahly-48:3% GeNntimeisl.as measured
from the basg of %éec%gu tithe edge.. 15 L.eaves that were below these specifications tend to have a
red pigment e}% tend to %—?‘ cl)e\t/lgr%fc‘:‘ﬁ%% From 1th%‘?rﬁ1?t§§6ensﬁlgfﬁ?%o ‘\Wé%,%@ﬁi%rl‘ Y8 Hat are above
these criteridisfasendracrgizatbpdivent.sthengogriinmigméistamadisendetmehons veryrhittle activity. 600
grams of leaygs Wake &Hldrionls2Bpieces. The cut leaves were 20 mixed with 1.5 liter of 70 %
ethanoIISEtOH) and_kept for 10 days (room temperature) in a sealed container. Thereafter, the liquid

was separated from tHaEBMEE dhAnESPrSr AR IR B R FBLIRY et PARYE cEB mEsslipdal purification
yields, the liuidinassilgweadctebatie disthécantaingfeior @t laasictOdaysiang e teprg month at room
temperature; 25.... . AltELNAtive Prepatation of Plant (Ficus Elastica) Extract for Use in the Staining
Procedure of the %gvgntlt%io?ﬁﬁ%ﬁ%{%‘gﬁ%ﬁ E‘ggﬁbﬁi}é égrli?éolr%veésmsfé éﬁé&’ 3@8‘8&@&6@’& téﬁove in terms of

leaf length a&ISBWeh R IeE thatveliPdssiasatibedde@pimaleEtragtctiiOthe presence of

2007/102146RET He-AQ0 1 ROARL SRisord GAYES WRIREULINRA-SEP-RISRES oF e GHlpieces were
dried in an ovenﬁt 663}% far 24 hours (Firs). At the beginning, wet content was 80 %, while at the end it
0.

should Rave’B&é FTHES R AP dhiarlss dnhs & gt voofithersmicthe powder was
5 used in extractipthiniactaifhiic systetar: 1 hour (hr) per extraction, solvent: 70 % ethanol, 40 'C. Three

sequential extractigns, yefe perfor each time th wder was re-extracted. Quantity of 70 %
ethanol in each extraction:1 Irst - 1: (?tglgléoer%ﬁm? gl:ﬂl;eﬁ?irggel%?sleﬁe fﬁ‘rfgléir%%lﬁﬁ%‘él trécts were mixed,

filtered in vaegthRf e menipsior reapomsesivieln fiudisgrestrdistasasevaybiratedindnrotor evaporator
under 10vach!obadiB0:Cotintilcasstaachaweightanas AtaiRaInce OFQQJE%%%WQ%E%\G%{ (final humidity

was 3 % ) wg}é':.ublt rédn%gﬂfurther ina, %%der. The powder extract was reconstituted for use as a staining
regent. q‘he Bowasr WAL KSR IRE 705 SR A UPHBS 4 T 5RPIR HFony thsalbiffé of powdered
extract: huniidityringsg afte psiseme nthiéoaieoimrtefnpaighune élls in the first sample using

any of the methods described hereinabove for detecting the presence of a malignant
cell in a sample, obtaining a second sample from the subject afier a period of time,
detecting the presence and/or number of malignant cells in the second sample using

25 the method described hereinabove for detecting the presence of a malignant cell
in a sample, and comparing the presence and/or number of malignant cells in the
first sample and the second sample, thereby monitoring the progression of the
condition or disease in the subject. In one embodiment, the condition or disease is
a cancer or a pre-cancerous condition or disease.

30 Furthermore, in another embodiment, the present invention provides a
method for monitoring the progression of a metabolic disorder in a subject, the
method comprising the steps of obtaining a first sample from the subject, determining

the presence and/or number of cells having the metabolic disorder in said first



15transparent glass - activity was equivalent to the initial level. Staining Solutions and Fixatives:
Fixative No. 1 (Fix-1): Fixative No. 1 contained 0.3 % trichloracetic acid (TCA), 20 % ethanol, 2.5 %
methanol, 2.5 % glacial acetic acid (GAA), 2.5 % 20 formaldehyde, 43 % ether and 29.2 % double
distilled water. Ether was added ex tempera. Fixative No. 2 (Fix- 2): Fixative No. 2 contained 1.2 %

trichloracetiqagig ol fA)s 20 % ethanol, 1.2 % methanol, 2.5 % glacial aggligagis (GAA), 0.5 %
formaldehyde, 40 % ether and 34.6 % double distilled water. Ether was added ex 25tempera.

Fixative No. 213 (Fix- 2B): Fixative No. 2B contained 6.6 % trichloracetic acid (TCA), 6.6 % glacial
acetic acid (GAA), 3.3 % methanol, 3.3 % formalia, 80.2 % ether. Fixative No. 3 (Fix-3): Fixative

No. 3 contairgdflshSind e eroreatithaaidida:beaAkrdizifovnashanetiabiie 26020
formaldehydae,cgﬁ.cﬁ % dogble _ggsglllegi\é\éa%r. . 1g159 lsiixat've l\g,?..4.él:ix-4 : Fi>éative lo..4 contained 1.2 %
trichloroacetic aci ﬁ‘@ﬁ), 7 met anolr, b CAR T 6 formal %ﬁiyS 601620 05%7!'3 distilled water.
Fixative No. hezBigcixafiop - BpeHdipidiNe. 102cBngoiaipedess wdfichiorabetiefacti(TCA), 7.5 %
glacial acetic,afigh (G6AB5 6 MRURI0L 51 %eaiarmalinpdisiied wates AtdiipnalBlant Extracts:

Aloe arborescens miller extract éEXt-l): 600 Ié%rams cut leaves were mixed  with | liter of 96 % ethanol
and keptfor 18GRyE HEBRbaNTIar AT DeBsITRIGhtathkey R arRsiEr I EiRYHf was separated
from the solitlsaamrchpla e porigrafitiithe pegdncecatidempdiatof el tiisi sfabtcaseatiant (Ext-2):
Described ala(i)ve but br{gg)’ﬁ?&o grr%%s gﬂL}J{é leaves were mixed vgﬁ@ %HS Iit%r é%f 0 %ﬂ%hanol and kept

sord ~
for 10 days (rogrih =t tuelmperatureﬁ In‘a sea (g:or%tz;({fﬁner.S‘Fﬁnepr(-%after,I 2 If%]u? %glsgseparated from the

15solids andpipssckapr fortamisésbobe sandibon tadisensetirdhe subigpiana Camara extract (Ext-3): 300

grams cut Iegves V\Iﬁr%dﬂlﬁ%ﬁ,wﬁh p%&@ﬁéroérﬁgo%ﬁﬁﬂﬁ”%@’}ﬂéﬁgﬁl ff%é&i%YEr(f%% tgm perature) i_n a
sealed container. Thereatfter, the liquid was separated from the solids and was kept for further use in

room tetfiperGithad f@rD‘ﬁ?ngfmmﬁ HloHFERDyEERS A HEr o fHBIGH UBHRERAIS Vi a¥e {PYor staining
paraffin-embeddiidotisstigisdhne dyeravasipediar ek pyrasdnirgol & gransnef Rbligxna wath 200 ml of

double distiligd watgr. and 20, miof aiangl 2385 Rys B A1he BRLAY S )RS RIeRRsEd by dissolving 2

grams of Bismar
prior to mitiation of the treatment regimen, determining the presence and/or number

of malignant cells in the first sample using any of the methods described hereinabove

15 for detecting the presence of a malignant cell in a sample, initiating the therapy

regimen, obtaining a second sample from the subject after a period of time,

determining the presence and/or number of malipnant cells in the second sample using

any of the methods described hereinabove for detecting the presence of a malignant

cell in a sample, and comparing the presence and/or number of malignant cells in the

20 first sample and the second sample, thereby monitoring the therapy regimen for the

subject. In one embodiment, the condition or disease is a cancer or a pre-
cancerous condition or disease.

Furthermore, in one embodiment, the present invention provides a method

for monitoring a therapy regimen for a subject undergoing therapy for a metabolic

25  disorder, said method comprises the steps of obtaining a first sample from the subject

prior to initiation of the treatment regimen, determining the presence and/or

number of cells having the metabolic disorder in the first sample using any of the

methods described hereinabove for detecting the presence of a cell having a metabolic

. disorder in a sample, initiating the therapy regimen, obtaining a second sample from

30 the subject after a period of time, determining the presence and/or number of cells

having the metabolic disorder in the second sample using any of the methods

described hereinabove for detecting the presence of a cell having a metabolic

disorder in a sample, thereby monitoring the therapy regimen for the subject.



Brown R in 50 ml of ethanol and 200 ml of double distilled water. Eosine (Dye-C): Yellow was
prepared by dissolving 0.26 grams of Eosine Yellow shade in 15 ml of 100 % ethanol and 35 ml of
double distilled water. Harris Hematoxylin dye (Dye-1):Commercially available Harris 30 Hematoxylin
dye, ready for use.  Light Green (Dye-2): The aniline dye Light Green served as a general stain in

the staining R’?Sﬁ’q%‘%ghe a_mi_line dye was prepared by mixing 4 grams.of LightGrgen with 50 _mI 7_0
% ethanol and 50 ml double distilled water. W() 2007/102146PCT/IL2007/000281 70 Hematoxylin Gill

(Dye-3): A ready for use solution of Hematoxylin Gill No. 3. Bismark Brown Phloxine Conjugate
(Dye-4): Dye-A and Dye-B were mixed, boiled foys20 min and cooled to room temperature. The dye

was filtered Sthroulh anfiltempapineandi?dQrviheiiabsplkienahians| mere adgedegimbight Green 50 %

(Dye-5): Theanilipe, ight Green 50 % was. used as a general.stain in some of the protocols. The
aniline dye was prepg%ggi%y mixi§8p4%r§e u%?lﬂf’g%%fé?}é%rn RNitFeaBETH oPedsaRBIi%d%50 mi of double

distilled watéPSRESIRAEHs R dT59ee6Fhedniss aoluionineioprileethbitssBagthangmao Azure (Dye-7):

The aniline @y%ﬁau&ﬁl&mﬁ:@aﬂ@fh@@wn&@ﬁr@}ﬁi@aﬂr{ms&d%Qdfﬁﬁa%pih?na@ﬁ%}ﬁe&iye was
prepareg by mijxiny O.ZS%QJ%nS of Azure A with 50 ml of 100 % ethanol and 50 ml of double distilled
uf

water. SSPRte PR BRSPS Hemathizmeh ipaehasybmeaercially available

PBS tabletstt@ridaabjletrpein@0 mhgoisbie wisiilies weipy Whs 1bused tondoligwea warking solution.

Dahlia dye (Ryg:R): [ d.as a stain for.non-cervical ars. The Dahlia dye was

prepared by mi.xfgg); @%%%r%ﬁgifgf% i(‘? a. rtlillmcﬂ)a}p‘}fo % & oé%%l ea[r?g@gnﬁ?f%f Su'tﬁg%glgtilled water. -

Dahlia 9% (FS{&E8) Co5apiieco gavsas binasin né tddiethewnginctivennshisar 20 prowddusgifor non-cervical

smears. Daltia 994 was R enasasiy W&eﬁtg{ﬁéﬂﬁ&iwxﬁ&?%ﬂ}%&&r FuRidethyl Violet, 0.5
of

gram o ONew F}%LJchc in witkﬂ 100 ml of ethanolland 20 400 nil louble distilled water. Light Green
20 % (Dye-24)" PEARITHES ARV ivh SRRl 59795 WaE dsaaiiets Gemeranrdiaimprameh rotocol for
frozen sectipplyreeagnilipie,dys was @biprepiarell Dyarhotindrtegatis abldghtitteenanith 20 nil of

ethanol and 80, mhpfdouhle. distilled water. - v: Bismark Brown Eosinc: Bismark Brown Eosine was
prepared by digso!ving’S g Bis’maﬁq%rfoévn?lgl%f%gg? %I@%ﬁ%ﬁ%ﬁﬁl eghcdcfgl DR 81100 % Ethanol,
and set asidOPEMiRBs RiRiNasd. 2 uslsicmsidibvenonwrsiaite wastdirddived im 30 150 ml

distilled watestand &@50i, afplOR Sbrethanalnmng set-aside.fal L08R Bath were mixed and boiled for 5
min, cogled to roo?w-temp%r?&lre andtﬂltered t%rgugh paper filter. Filter was allowed to dry and was
ute

washed'in 300 mi & SBESHIRY SRS Bb Pt AeP CRitBE bR i methods

described hereinabove comprises determining the ratio of staining with the first

dye to the second dye in the first fraction and in the second fraction. In another

embodiment, the step of detection of staining used in the methods described

hereinabove further comprises determining the total number of cells in the

20 sample by detecting the staining of the sample with the first dye, detecting the

staining of the sample with the second dye, and summing the staining of the
sample with the first dye and the second dye.

In another embodiment, the step of detection of staining used in any of

the methods described hereinabove comprises detecting the absorption of the first dye

25 or the second dye. In another embodiment, the step of detection staining comprises

detecting the intensity of color of the first dye and the second dye. In another

embodiment, the step of detection of staining comprises detecting the pattern of

color of the first dye and the second dye. In another embodiment, the étep of detection

of staining comprises detecting the distribution of color of the first dye and the second

30 dye. In another embodiment, the step of detection of staining comprises detecting the

concentration of color of the first dye and the second dye. In another embodiment, the

step of detection of staining comprises any combination of the detection methods

described hereinabove,



71 May-Grunwald Stain: 0.25 % May-Grunwald dye in methanol, diluted into Sorenson's Buffer, pH
6.8. Giemsa Stain: 10% of Giemsa stain diluted in Sorenson's Buffer, pH 6.8. 5SHematoxylin/Eosin
Staining Protocol: Paraffin-embedded 4 micron thick tissues on slides were deparaffinized in two
Xylene baths, 3 min each, and washed in two consecutive ethanol baths, 3 min each, followed by two
consecutive9g %ethang! baths, 3 min each, and a distilled water bath, fg§3 R GaMewWIng

- deparaffinization, the slides were dipped in hematoxylin to stain (Dye-I) for 1. mm and washed in tap
water (running in the container) until the water was clear. Then, slides were immersed in Eosin stain
(Dye-C) for 1-2 mm, and washed in tap water asaescribed above. The slides were then dehydrated in
ascending alcohol Eobstiamstainient/ hdmBhods, A5 RreiQ MvuPpadctlearedpnithiiylene (3-4
times). The d%h)()qr%[(%%sf ig%glysxelrne a%%%@tgrgb\gggrg&n%_ nt.or dls%agther suitable organic mounting

. S Cr Compris e 8t
medium. May Erunwa Iemsa staining protocol: lides were fixed In methanol for 15 mm, and

then stainedohaidyiag il Stain for 5 mm. The slides were rinsed with water and stained in

Giemsa Stain for 1f} SQ QiboAHEmStaIRNeHIRR ﬂ&%ﬁeﬂé@ﬂ%iﬂ?%@ﬁ&é@E%H&Qﬁr'ﬁti&ﬂ&fgf at pH 6.8 and
rinsed again jn 50/50 v/v buffer/acetone. Following rinse, th?ff ides were dehydrated in two acetone

washes and P& NSHISIET ARy TS SHYRESHE A B0H B ¥ Permount or another suitable
organic mounting rhediuner@biRApanicdiacuneshaiding protpesknt ifSmerns averelisisied and the following
staining and | [ s | % 0 inutes and then
twice with ta%@%%ﬁ%n%%%%#lvﬁtgg) ?%E%Sﬁlé%?\%vﬂé%%\%ﬁgﬁ%ﬁg%ﬁg %%gr%%gtg%ﬁn %3;;% minutes and
rinsed with SeBPEFatErfsPD kY nadredeniiqiddrediassirspoeninnauiamtetn 30 with 95 %
ethanol for lsmiuste.idasyaraibe s siangthusing Ompag. G for 2 minutes, and washed twice with
95 % ethanol for ls@ngée each. Slides were then stained for 10 minutes with Eosin A (Eosin Azure),
which ig% countersthiff ‘f?gofﬂp?’@ﬁﬁro? RlmoRls EERE NG BYRBPER V&N SWith, and Bismarck
brown Y. Slidqs&vexeiﬂgemwgslsaahémdﬁawiﬂiigﬁa% ethdanok femgie rﬁie}um eamphrasng teeated twice with
xylene for 5 BB%BB%%&@&&@'Q%%&I‘?@{&M}@%WH 08I INGIPUAES, WE RS- a1GERed under the

microscope. 5 Cells Lines: line cultures: The cell lines used herein are listed in Table 4 below.

Cell lines wei@llcditundiedi trgheedersntiddifadmagrt sthseialieran ¢eiusdetier®MEM)

supplementagawithahi % 4iUta iR a PR alife A Udm) e steaptomain (kg denmnglg) aad 10 %
heat-inactiva%ed (57_C,13O min) thal cglf segugp FCS Bio-LabaJerusaI m,flsr%epi.Cells were serially
passagésd (V\f Ek’l’%n aha &Nted h”fo S aiametér ]l{}ﬁn?ﬁi%sfl tiesu&Ete Bfa S Cf\l/ﬁnzfplast, Israel).
The culturessampdemaintained at 37 C in a humid incubator with an air mixture containing 5 % CO2.

Cell line smears: Cgll syspensions:afill WRESYRLR CRRIHIES, thaRRIRTABWAS terguspended in a
small volume of fresh DMEM-FCS medium. Small drops of the suFil‘f)ension Weree&giﬁ%g on glass
inbelow.

slides, smeaf®¥id dgiFsdned i ageasaretidimstesiselimsnisd repthdp derameel s,
Primary cell sygpaiBsioasoBeRaNamie cglls swese; ohbainedvbynl avagetelitemuissngdibia of mice,

placed on glasg slides, smeared, air dried and used in 20staining experiments as further detailed
oreibalow Bk BRI LS OTTET o R A A A CURTA h ARt were
developed usilﬁgtbdjhMI}ca{n@sirp@stﬁﬂemdjfbanmetahe@%ike cthabi@‘éll,smehvsi,hwﬁm were routinely
25 received finm.and.¢lassified.by. a,cyiplogicalJnberRian.1e eIesaacsLnalignan cells was

validated by standard cytological examination and in most cases by histopathological diagnosis.
About 3,000 pamdrediepissrabeddistciraborasphtadechbre s BeldiaAs BRI opment efforts of the
staining procedure I kg StaiingRracedivre.walseAppkerbled3fda altedeiedcyinldgieal smears of the

type ap%icabsl?dgg,r %%Eh%%ohgg giﬁéls{navg%gfdsc;cir?r&s S,Str%i{?:irggter plate assay trays, transparent
vessels, coverslips, filters, membranes, tubes, or a combination thereof.

In another embodiment, the kit further comprises at least a first dye and a
second dye. The dye may be any of the dyes described hereinabove, for example
anacidic dye, a basic dye, atriaminotriphenyhnethane derivative, a diazo derivative, or

30 2y combination thereof. In another embodiment, the kit further comprises at least
oone fixative. In another embodiment, the kit further comprises a buffer, a chelating

agent, a preservative, or any combination thereof.



73 The first step was specially designed fixation procedure involving the use of complex fixative
reagents (Fix-1 and Fix-2) optimized for best subsequent staining results. These complex fixation
reagents were, in most cases, essential for the effectiveness of the staining procedure. In addition to
enabling effective staining, the 5 fixation procedure described herein also provided superior

morphologicgkpsgsamation, in particular of the nuclear features and detais a5 6@mfased to
conventional fixation procedures. The second step included counterstaining with Harris-Hematoxylin

which was introduced for better contrasting of nuclear details. The third step included treatment with
plant extracts (Aloe arborescens miller, Ficus 10 glastica and Lantana camara plant extracts), which

was believed to chamngéditienbindingteanasiigsmahtheeplssiar dyeamppiieditsulsaguent steps. The
fourth step c rises.a sequential staining using biolagical dyes, first.g short exposure to an acidic
e, 0.0, Lk S R s L S YRy R RO of D, - 150n
smears subjéeterptidheaistive efe éstbeziistdirdngoprocedarerttézoytoptasimaofinarmal-cells, namely
mesothelial g gpihelal el nasi AN RIHACLHETAULNBHRNS MMANARY 5, Lured areen

toned or remained unstained. In sharp contrast, the cytoplasm of cancer cells became red in color

(Figures L A-BRiSE2RIg6rls BadSIoRY cRIFHIRIEY bemBehnd. iomepHEng rdsuIssptheHarris- 20
HematoxylincbidoricechbythécRahlizistainnibigube)ntncprhofitheatimessalsibie fad foning of the
cytoplasm o t ith distinct red toning of the nuclei (Figures 1A-B and Figure 2B).
GranuIocytegﬁrl%g@%g%ggﬁ%mgoﬁrl% %t C%@ s@tfé%ngdsﬁﬁ%?el, W clé %éw&e@}eafém@l Srly
distinguishalsRfpsHehieegeepb Plaginnotithriverasetl sV uresime B b2 §Thestainiigherotocol

deseribed inthis e pienisaplisale.inmiaisavolngioshsmepno bibedung applicable for routine
May-Grunwaé\d? Giemsaeﬁstaining. In a double blind test for the staining procedure, 128 samples

were teSted BY tAFEQ G ATar R Htn Sfsyishs BISIofRe GaEaRiog Idorat8ositiohospital in Israel.
Two slides vwergzptapatied fromfeathspatihe reclrbfuaseoniniaealiys 3@ staireghavith
May-Grunwald-Gi , t r was stained using the staining.procedure according
to the present i(r%grg%%’?\d%ggé %Js]%?@e% Egtr%lﬁlear t\c,)}‘\r/?fac.tll‘:n%lg ecgff%sé:%fge as‘fa‘?ﬁ‘e‘%i%i%“gs was assessed
by one of twtsidyeoourihosrest e aerise ks 124 Batoidgiststzinatheidlite Stained according

to the methagyefithgprasert idventionky thedhird: eachTanE@ﬁ‘Hg@@ﬂVM@“&%H@mgﬁized in Table 2

hereinbelow, Were‘striltgfgg%1 0Of 40 ﬂ;%leural fluid samples tested, three were found positive and one

suspectad of 5L LA dREsAHNS Sty frskAstioehh SR 818 Britoneal fluid
samples, thresondradgimdapesitivecanchtrtsusH éetedopintivaingdalignanicells aydhe MOO
staining methog, r [ f 0 .such cells using the staining. procedure
according tobfge 2%5@%#%?& é%%w%%{% go Lg:glé ch%g*)l\%/%g@rf’lav\\;g%rglgn%eb rﬂ%ﬁ?r?téagva?rlrig E)l%s, four were
found positiv@RTa iR Hiilpseterpaitivitindingorochietipnaattdank ByRhé M Oasiaining method,

whereas all $even sugiiiaiend tﬁbiﬂﬁlugﬁﬁusém@itﬁmsg%ﬁrfwﬂmgw eradukeRaGQLding to the
presentzinvention. f three pericardial quidﬁﬁ?Hr}zgéi%one was found suspected of including malignant

cells by'the MOGSIERMG MARLE SWREFL: SEERHSvas found to include such cells using
the staining procedoremaaberdmgtodine pre sentrrmsentidny &iidA By RieCydolagitad regults  Positive

for maligna%ﬁ%ﬂgi% &ﬁimgﬂi%&ﬂggsp&%iéﬁgﬁion of a composition comprising a
compound capable of distinguishing between a malignant cell and a non-
malignant cell by producing differential staining of the malignant cell and the non-

25 malignant cell as described hereinabove, the method comprising the steps of obtaining
a sample comprising more than one cell having a non-malignant phenotype,
aliquoting at least a first fraction and a second fraction from the sample, contacting
the second fraction with an agent which promotes the conversion of the non-
malignant phenotype to a malignant phenotype, contacting the first fraction and the

30 second fraction with one or more concentrations of the composition, contacting the
first fraction and the second fraction with at least a first dye and a second dye,
detecting the staining of the first fraction and the second fraction with the first dye

and the sccond dye, measuring the ratio Ry denoting staining with the first dye to



No. of cases MGG present invention MGG - present in Pleural fluid 40 3 3 1 i Peritoneal fluid 10 3 5 2
Bronchoalveolar lavage and Brushings 75 4 7 3 Pericardial fluid 3 -
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the second dye in the second fraction at each concentration of the composition,

measuring the ratio Ry denoting staining with the first dye to the second dye in the

first fraction at each concentration of the composition; and calculating the ratio Ri/Rz

for each conceniration of the composition; wherein the optimal working concentration

5  of the composition is the concentration at which Ry/R, is at a maximum. In one

embodiment, the malignant cell stains substantially with the first dye and the non-
malignant cell stains substantially with the second dye.

In addition, in another embodiment, the present invention provides an in-

vive imaging method for detecting the presence of at least one malignant cell in a

10 subject, the method comprising the steps of administering to the subject a
composition comprising a compound is capable of distinguishing between a cell
and a non-malignant cell by producing differential staining of the malignant cell and
the non-malignant cell, administering to the subject at least a first dye and a second
dye, and detecting the presence of the first and second dye in the subject, thereby

15 detecting the presence of at least ome malignant cell in the subject. In one
embodiment, the malignant cell stains substantially with the first dye, wherein
detecting the presence of the first dye in the subject is indicative of the subject having
a malignant cell.

Malignant Disorders:

20 As used herein, the term “cancer” is used interchangeably with the terms
malignancy, malignant or neoplasm, and refers to a disease of cells characterized by
ant abnormal growth of cells which tend to proliferate in an uncontrolled way and, in
some cases, to metastasize.

A “cancer cell” or a “malignant cell” as used herein, is a cell which has

25 been released from normal cell division control, is thus characterized by an abnormal
growth and a tendency to proliferate in an uncontrolled way and, in some cases, 1o
metastasize. In one embodiment, the term “malignant cell” refers to a cell having a
malignant phenotype. The definition of a malignant cell includes a neoplastic cell, a
pre-malignant cell, a metastatic cell, a malignant cell, a tumor cell, an oncogenic cell,

36 acell with a cancer genotype, a cell of malignant phenotype, a cell with a malignant
genotype, an oncogene transfected cell, a virus transformed cell, a cell which
expresses a marker for an oncogene, a cell which expresses a marker for cancer, Of a

combination thereof. Included in this definition are cell lines derived from any of



| 1 - These results clearly showed that the staining procedure according to the 20_ present invention
performed better than the MOO staining procedure, especially in diagnosis of malignancies |n.d|ff|cult
cases. However, further efforts were aimed at improving the performances in terms of enhancing the
color differentiation, contrast, and specificity of the staining procedure according to the present

invention. Ths »ip-A@other attempt, the staining procedure of the preseniipyenfion.gavas revalidated
in a clinical pilot study. The results are summarized in Table 3 hereinbelow. This study was designed

as a split-sample double-blind study in which the only data made available for the operator pf the
procedure was a coded reference and the type afoclinical sample (.6'.9" pleural effusion, peritoneal WO
2007/102148peTveiip0dmobioddie i efiukionfetaliguisingdhe shiting prosewreofdhe present

, : o e i . d1
invention regyl feid ation L3, esaseseh.qancer. 45 ne%ﬁ.&l cases of cancer an
suspicious asweﬁ‘g'léhesggﬁeﬁgﬁ_lts wé%e ié%%?%él %oﬁfze resatgiltsogﬁg%%i‘ cégbéﬁﬁlé?ﬁg’l %ytologl_cal _

assessment 1PERobitHeairisrmai AMCHA trelstimiry roee dovkeBriacEsieings o ihe present invention

gave strongistainiiig:veicwies oy ﬂﬁgwlsmii%tterﬁ@mﬁﬁﬁfggﬁﬁgqﬁﬁnﬁa@gnﬂgg l(\chi)g-;ure 4).
-SrﬁeBtlz_lignl_g%% %%?%%%%%ﬁ%?@%@%@g%@?%e 851%?7@]?‘5?4’6?3?@5\/%@ rcinoma Positive Positive
| A “non-malignant cell”, as used herein, refers to a normal cell, a normal cell
line, 2 malignant cell that has been induced to express a phenotype of anon-malignant
cell, an immortalized cell line, a primary celf culture, or any combination thereof,
Included in this definition are cell lines derived from any of these cells. In one
10 embodiment, the term “non-malignant cell” refers to a cell having a malignant
phenotype. Non-limiting examples of non-malignant cells/cell lines suitable for
use in the present invention are: a human primary colonocytes (CCD-33C0), a ratl
fibroblasts an MCF-7 cell line treated with sodium butyrate, a HT29 cell line treated
with sodium butyrate, a Ratl Ras cell line treated with PD98058, a K562 cell line
15 treated with sodium butyrate and/or gleevec, a U937 cell linf; treated with all-trans-
retinoic acid (ATRA), or a combination thereof.
A “normal cell”, as used herein, refers to a cell which does not have a
malignant phenotype, and/or or cell which does not have a metabolic disorder.
In accordance with embodiments of the present invention, a malignant
20 cell or a cancer cell is an adenocarcinoma cell, an adrenal gland tumor cell, an
ameloblastoma cell, an anaplastic cell, anaplastic carcinoma of the thyroid cell,
an angiofibroma cell, an angioma cell, an angiosarcoma cell, an apudoma cell, an
argentaffmoma cell, an arrhenoblastoma cell, an ascites tumor cell, an ascitic tumor
cell, an asiroblastoma cell, an astrocytoma cell, an ataxia-telangiectasia cell, an atrial
25 myxoma cell, a basal cell carcinoma cell, a benign tumor cell, a bone cancer cell, a
bone tumor cell, a brainstem glioma cell, a brain tumor cell, a breast cancer cell,
a Burkitt’s Iymphoma cell, a cancerous cell, a carcinoid cell, a carcinoma cell, a
cerebellar astrocytoma cell, a cervical cancer cell, a cherry angioma cell, a
cholangiocarcinoma cell, a cholangioma cell, a chondroblastoma cell, a
30 chondroma cell, a chondrosarcoma cell, a chorioblastoma cell, a choriocarcinoma
cell, a colon cancer cell, a common acute lymphoblastic leukemia cell, a
craniopharyngioma cell, a cystocarcinoma cell, a cystofbroma cell, a cystoma cell,

a cytoma cell, a ductal carcinoma in situ cell, a ductal papilloma cell, a
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dysgerminoma cell, an encephaloma cell, an endometrial carcinoma cell, an

endothelioma cell, an ependymoma cell, an epithelioma cell, an erythroleukemia cell,

an Ewing’s sarcoma cell, an extra nodal lymphoma cell, a feline sarcoma cell, a fibro
adenoma cell, a fibro sarcoma”céil, a follicular cancer of the thyroid cell, a

5  ganglioglioma cell, a gastrinoma cell, aglioblastoma multiform cell, a glioma cell, a
gonadoblastoma cell, an haemangioblastomacell, an haemangioendothelioblastoma

cell, an haemangioendothelioma cell, an haemangiopericytoma cell, an
haematolymphangioma cell, an haemocytoblastoma cell, an haemocytoma cell, a
hairy cell leukemia cell, a hamartoma cell, an hepatocarcinoma cell, an

10 hepatocellular carcinoma cell, an hepatoma cell, an histoma cell , a Hodgkin’s
disease cell, an hypemephroma cell, an infiltrating cancer cell, an infiltrating ductal

cell carcinoma cell, an insulinoma cell, a juvenile angioforoma cell, a Kaposi sarcoma

cell, a kidney tumor cell, a large celi lymphoma cell, a leukernia cell, a chronic
leukemia cell, an acute leukemia cell, a lipoma cell, a liver cancer cell, a liver

15 metastases cell, a Lucke carcinoma cell, a lymphadenoma cell, a iymphangioma
cell, a lymphocytic leukemia cell, a Iymphocytic lymphoma cell, a lymphoeytoma

cell, a lymphoedema cell, a lymphoma cell, a lung cancer cell, a malignant
mesothelioma cell, a malignant teratoma cell, a mastocytoma cell, a medulloblastome.

cell, a melanoma cell, a meningioma cell, a mesothelioma cell, a metastatic cell, a

20 metastasis cell, a metastatic spread cell, a Morton’s neuroma cell, a multiple myeloma
cell, a myeloblastoma cell, a myeloid leukemia cell, a myelolipoma cell, a myeloma

cell, a myoblastoma cell, a myxoma cell, a nasopharyngeal carcinoma cell, a
neoplastic cell, a nephroblastoma cell, a neuroblastoma cell, a neurofibroma cell, a
neurofibromatosis cell, a neuroglioma cell, a neuroma cell, a non-Hodgkin’s

25 lymphoma cell, an oligodendroglioma cell, an optic glioma cell, an
osteochondroma cell, an osteogenic sarcoma cell, an osteosarcoma cell, an ovarian
cancer cell, a Paget’s disease of the nipple cell, a pancoast tumor cell, a pancreatic
cancer cell, a phaeochromocytoma cell, a pheochromocytoma cell, a
plasmacytoma cell, & primary brain tumor cell, a progonoma cell, a prolactinoma

30 cell, a renal cell carcinoma cell, a retinoblastoma cell, a rhabdomyosarcoma cell, a
rhabdosarcoma cell, a solid tumor cell, sarcoma cell, a secondary tumor cell, a
seminoma cell, a skin cancer cell, a small cell carcinoma cell, a squamous cell

carcinoma cell, a strawberry haemangioma cell, a T-cell Iymphoma cell, a teratoma
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cell, a testicular cancer cell, a thymoma cell, a trophoblastic tumor cell, a tumorigenic

cell, a tumor initiation cell, a tumor progression cell, a vestibular schwannoma cell, a
Wilm’s tumor cell, or a combination thereof.
Neuronal or Stem cell Differentiation
5 Furthermore, in accordance with another embodiment of the present
invention, there is provided a cytohistological staining method for identifying an
agent which induces neuronal or stem cell differentiation, the method comprising the
steps of obtaining a sample comprising more than one undifferentiated neuronal
or stem cell cell, aliquoting at least a first fraction and a second fraction from the
10 sample, contacting the second fraction with the agent, contacting the first fraction and
the second fraction with a compound capable of distinguishing between an
undifferentiated and differentiated neuropal or stem cell by producing differential
staining of the undifferentiated and differentiated neuronal or stem cell, contacting the
first fraction and the second fraction with at least a first dye and a second dye,
15 detecting the staining of the i:u'st fraction with the first dye and the second dye,
detecting the staining of the second fraction with the first dye and the second dye; and
comparing the staining of the first fraction and the second fraction, thereby
identifying the agent which induces neuronal or stem cell differentiation. In another
embodiment, the method is adapted for identifying a combination of agents which
20  induce neuronal or stem cell differentiation.

Furthermore, in another embodiment, the present invemtion provides a
method for identifying an agent which induces neuronal or stem cell differentiation,
the method comprising the steps of obtaining a sample comprising more than one
undifferentiated neuronal or stem cell, aliquoting at least a first fraction and a second

25 fraction from the sample, contacting the second fraction with the agent, contacting the
first fraction and the second fraction with a compound capable of distinguishing
between an undifferentiated and differentiated neuronal or stem cell by having
differential fluorescence in the undifferentiated and differentiated neuronal or stem
cell, detecting the fluorescence of the first fraction and the second fraction; and

30 comparing the fluorescence of the first fraction and the second fraction, thereby
identifying the agent which induces neuronal or stem cell differentiation. In another
embodiment, the method is adapted for identifying a combination of agents which

induce neuronal or stem cell differentiation.



Total toVarious malignant cell lines of different origin, benign lines, primary cultures. of normal tissues
and suspensions prepared from adult and embryonic tissues were thereafter used to further validate
the efficacy of differentiation of the staining procedure of the present invention (Fable 4). This
approach allowed the inquiry of separate cell components usually present in clinical smears. The

results are 15symmaiged in Table 4 hereinbelow and presented in FighggaShstand ABLE 4 Cells
Origin Present invention Figure Malignant and transformed lines  3LL Lewis lung carcinoma Human

Positive Figure 5a(1) CaCo2 Colon Adenocarcinoma Human Positive Fao Hepatoma Rat Positive
Pc-12 Pheochromocytoma Mouse 62
As used herein, the terms “undifferentiated” and “differentiated” neuronal

or stem cell refer not only to a completely undifferentiated neuronal or stem cell
versus a neuronal or stem cell that is completely differentiated, i.e. has completed the
process of differentiation. Rather, these terms also include neuronal or stem cells

5 at different stages in development and differentiation. For example, the
compound of the present invention may produce differential staining in two
neuronal ot stem cells at different stages of differentiation. In another embodiment,
the compound of the present invention may have differential fluorescence in two
newronal or stem cells at different stages of differentiation.

10 The potential connection between differentiation induction and the
normalization of the diseased phenotype is established in the literature (Lindsell P,
2001).  Moreover, the scientific foundation on the possibility to use the
differentiation triggering agents as histoprotectors could be demonstrated by
neuroprotectors in the case of the neuronal or stem cell damage and is well

15  established (Che;mlg et al, 2000). Ganoderma extract (iraditional Chinese medicine)
induced the neuronal or stem cell differentiation of PC12 cells. The presence of
neuroactive compounds that mediate the neuronal or stem cell differentiation and
neuroprotection of the PC12 cells was documented (Cheung et al, 2000). Nerve
growth factor (NGF), which has been shown to act as a morphological” and

20 neurochemical differentiating factor in PC12 cells, also protects PC12 cells from the
toxicity of serum withdrawal and ischemia (Boniece et al, 1995). The neuroprotective
effect of NGF requires some of the same signal transduction steps used by NGF
to promote differentiation and neurite formation (Boniece et al, 1995). Furthermore, it
was found that exposure of PCI2 cells to retinoic acid, which promotes the

25 differentiation and inhibits the growth of PC12 cells, also improves cell survival
during ischemia. In addition, a combination of NGF and retinoic acid was more
effective than either agent alone. It is likely that these two agents confer protection by
independent pathways (Boniece et al, 1995), but these signals are

differentiation-connected.

30 As contemplated herein, this invention provides a useful screening system
to detect differentiation inducing agents. Base on the resulis described
hereinbelow, showing the detection of NGF (not shown), Retinoic acid (Figures

36A-B) and sodium butyrate (Figures 22A-D and Figures 23A-C), the present



Positive Figure 5b(1) Friend Erythroleulcemia Mouse Positive Figure 5d(1) Neuroblastoma SK-N-SH
Human Positive Melanoma Human Positive Positive Figure 5¢(1) Breast Carcinoma MDA435
Human NIH3T3* Mouse Positive Nes alive Figure 5e(1) Figure 33A Ratl Rat WO
2007/102146PCT/IL2007/000281

WO 2007/102146 PCT/AL2087/00:281

63
invention further provides a method of neuroprotection against neuronal or stem

cell damage, the method comprising the step of contacting a neuronal or stem cell
with an agent which induces neuronal or stem cell differentiation, wherein the agent is
identificd according to any of the methods described hereinabove.

5 Metabolic Disorders

- As defined herein, the term “metabolically impaired cell” refers to a cell
having an aberrant, deficient or abnormal metabolic impairment as a result of the
an abnormal metabolic activity. As defined herein, the term “metabolically
normal cell” refers to a cell having a normal metabolic function and/or activity.

10 As contemplated herein, a non-limiting list of metabolic disorder which are
within the scope of the present invention include carbohydrate metabolism disorders,
disorders of steroid metabolism, connective tissue, muscle, bone, disorders of amino
acid metabolism, disorders of purine/pyrimid. metabolism, blood disorders, disorders
of lipid metabolism, disorders of metal metabolism, transport disorders, disorders of

15 i‘ysasomai enzymes and heme/porphyria metabolism disorders.

In one embodiment, the metabolic disorder is selected from the group
consisting of a Carbohydrate Metabolism Disorder, a Disorder of Steroid Metabolism,
a Connective Tissue Disorder, A Muscle Disorder of Amino Acid Metabolism, a
Disorder of Purine/Pyrimidine. Metabolism, a Blood Disorder, a Disorder of Lipid

20 Metabolism, a Disorder of Metal Metabolism, a Transport Disorder, a Disorder of
Lysosomal Enzymes, and a Heme/Porphyrin Metabolism Disorder.

In another embodiment, the metabolic disorder is selected from the group
consisting of Diabetes, Fructose Intolerance, Glycogen Storage Discase, Adrenal
Hyperplasia, Muscular Dystrophy, Ehlers-Danlos syndromes Hypophosphatasia

25 Phenylketonuria, Albinism, Goiter Gout, Lesch-Nyhan Syndrome, Xeroderma

Pigmentosum, Hemophilia, p-Thalassemia, Sickle cell Anemis,
Hypercholesterolemia, Wilson’s Disease (copper excretion), Cystic Fibrosis,
Rickets, Gaucher’s Disease, Tay-Sachs Disease, Porphyria, and Niemann-Pick
disease.

30 Additional objects, advantages, and novel features of the present invention will
become apparent to one ordinarily skilled in the art upon examination of the following
examples, which are not intended to be limiting. Additionally, each of the various

embodiments and aspects of the present invention as delineated hereinabave and as



76 Ratl-Ras V12 Rat Positive FigUre 33A Figure 39 Human Positive Other_lines and primary cultures
Bone marrow and stromal fibroblasts Mouse Negative Fibroblasts from benign k_)reast cyst Human
Negative Cell suspensions Peritoneal inflammatory cells Rat Negative Negative
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claimed i the claims section below finds experimental support in the following

examples.

EXAMPLES
5 Reference is now made to the following examples, which together with the
above descriptions, illustrate the invention in a non limiting fashion.

Generally, the nomenclature used herein and the laboratory procedures ufilized
in the present invention include molecular, biochemical, microbiological and
recombinant DNA techniques. Such techniques are thoroughly explained in the

10 literature. See, for example, "Molecular Cloning: A Iaboratory Manual" Sambrook et
al., (1989); "Current Protocols in Molecular Biology" Volumes I-III Ausubel, R. M.,
ed. (1994); Ausubel et al., "Current Protocols in Molecular Biology", John Wiley and
Sons, Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning",
John Wiley & Sons, New York (1988); Watson et al., "Recombinant DNA", Scientific

15 American Books, New York; Birren et al. (eds) "Genome Analysis: A Laboratory
Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New York (1998);
methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202, 4,801,531;
5,192,659 and 5,272,057; "Cell Biology: A Laboratory Handbook", Volumes I-III
Cellis, 1. E., ed. (1994); "Current Protocols in Immunology" Volumes I-11¥ Coligan J.

20 E, ed. (1994); Stites et al. (eds), "Basic and Clinical Immunology" (8th Edition),
Appleton & Lange, Norwalk, CT (1994); Mishell and Shiigi (eds), "Selected Methods
in Cellular Immunology”, W. H. Freeman and Co., New York (1980); available
immunoassays are extensively described in the patent and scientific literature, see, for
example, U.S. Pat. Nos. 3,791,932; 3,839,153; 3,850,752; 3,850,578, 3,853,987

25 3,867,517 3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074:
4,098,876; 4,879,219; 5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait, M.
J., ed. (1984); “Nucleic Acid Hybridization™ Hames, B. D., and Higgins S. J., eds.
(1985); "Transcription and Translation" Hames, B. D., and Higgins S. J., Eds. (1984);
"Animal Cell Culture" Freshney, R. L, ed. (1986); “Immobilized Cells and Enzymes"

30 IRL Press, (1986); "A Practical Guide to Molecular Cloning" Perbal, B., (1984) and
"Methods in Enzymology” Vol. 1-317, Academic Press; "PCR Protocols: A Guide To
Methods And Applications”, Academic Press, San Diego, CA (1990); Marshak et al.,

"Strategies for Protein Purification and Characterization - A Laboratory Course



Figure 51(1) Normal hepatocytes Rat This N1H3T3 done was spontaneously transformed All of
the malignant cell lines tested were stained red, while all the nonmalignant cell lines and primary
cultures tested were stained green. In order to improve the understanding of the procedure of the
present 5 invention, a set of experiments were performed in which certain components of the process

were omitted,($66 7 Allg:S)- This procedure was tested employing both gei-linasand:elinical
specimens for which eytopathological validation of the results was obtained prior to staining (Table 6

and Figures 5A-G). toTABLE 5 Procedure 11.0. Extract Light Green + Dahlia + 2 - 3_ 4
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Manual" CSHL Press (1996); all of which are incorporated by reference as if fully set

forth herein. Other general references are provided throughout this document. The
procedures therein are believed to be well known in the art and are provided for the
convenience of the reader. All the information contained therein is incorporated

5  herein by reference.

EXAMPLE 1

Differential staining of malignant and non-malignant cells of non-cervical
biopsies
10
MATERIALS AND EXPERIMENTAL PROCEDURES
The following materials and experimental procedures section relates fto

Examples 1 through Example 5 detailed hereinbelow.

15 Staining procedures
Table 1b below provides step-by-step procedures for general staining
according to the present invention. Please note that the air drying is preferably
effected in accordance with the teachings of the present invention, improving the
differential effect of the protocols. Multiwell plates could be stained following the

20 drying: minimum 3 hours (hrs) with an optimum of 24 hours following staining.

TABLE ib
A - Protocol for nen-cervical air-dried smears B - Revised protocol for air-dried
non-cervical smears
1. Air-dry slide or print
2. Fixation: 2 minutes in Fix-1 L. Air-dry stide or print
3. Clean in running distilled water 2. Fixation: 12 min. in Fix-3
4. 1 minute in Fix-2 3. Clean in running de-ionized water
5. Clean in running distilled water 4. 2 min. in Fix-4
6. 1 minute in Dye-1 5. Clean in nunning distitled water
7. Clean in running distiled water 6. 2 min. in Dye-3
8. Ext-2 for | minute (min) 7. Clean in running tap water
9. Clean vigorously 5-7 seconds in distilled water | 8. Ext-2 for 2 min.
10. 15 seconds in BExt-1 9.  Wash in de-ionized water for 1 min.
11. Clean vigorously 5-7 seconds in distilled water | 10. 10 sec. in Dye-3
12, 20 seconds in Ext-3 }1. Wash in distilled water
13, Clean vigorously 30 seconds in distilled water 12, Incubate in Dye-23 for 5 min.
14. PBS for 15 seconds 13. Clean in distilled water for 10 sec.
15. Clean in distiHed water for 10 seconds 14. Dohydration in 70 % — 96 % — 100 %
16. Dye-2 for 6 seconds ethapol
17. Clean in distilled water for 10 seconds 15. Clear in Xylene
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18. Dye-8 for 4 min. 16. Mount in Bukitt
19. Clean in distifled water for 10 seconds (sec)
20. Dehydration in 78 % — 96 % — 100 % ethanol
21. Clear in Xylene
22, Mount in Bukait

I — Protocol for histological section/parafiin-
embedded tissue

1. Paraffin-embedded tissue on a slide (4 micron)
2. Deparaffination in two Xylene baths, 1 minute
each

3. Clean in two consecutive ethanol baths, 1
minute each

Fix-5 for 3 min.

Wash in de-ionized water for | minute
Incubate in Dye-3 for 15 min.

Wash in running water for 1 min.

Incubate in Ext-2 for 3 min,

. Wash in de-ionized water for 15 sec.

10. Incubate in Dye-22 for 3.5 min.

il. Wash in de-ionized water for 13 sec.

12. Incubate in Dye-26 for 10 sec~Rinse in distilled
water

13. Incubate in Dye-27 for I minute 15 sec.—Rinse
in distilled water

14. Incubate in Dye-25 for 30 sec.

15. Wash in de-ionized water for 15 sec.

i6. Dehydration in 76 %70 % — 70 % ethanol.
F7. Clear in 9 consecutive baths of absojute ethanol,
5 seconds in each.

18. Clear in Xylene

19. Mount in Bukitt

© oA

Reagents:

Hoechst N 33342, Sigma; 10 mg/ml in PBS; Dahlia Michrome 105, Color

Index (CI) 42535, Edward Gurr LTD; New Fuchsin, SIGMA, Lot 37H3463, (1

5 42520; Pararosanilin acetate, Allied chemical, Cl 42500; Rosaniline hydrochloride,
BDH, Prod. 30024, Cl 42510; Methy! Violet, Fluka, 69710, C1 A2535L; Light Green,

SF Yellowish, Lot 055H4405, Cl 42095; Fast Green FCF, BDH, Cl 42053; Eosin
Yellow Shade, BDH Product No 34027, Cl 45380; Bismark Brown R, SIGMA, Lot
111H3470, CI 21010; Toluidine Blue, Fluka, Ci 52040; Methyl Green, MERCK, CI

10 42590; Picric Acid, Pyronin Y, Fluka, Cl 45005; May-Grunwald Stain, SIGMA, Cat.
No. M6901: Harris’s Hematoxylin, Pioneer Research Chemicals; Hematoxylin
Solution Gill No. 3, Sigma GHS-3-32; New Fuchsin, C.L 42520, Sigma N-0638;
Phloxine, C.I. 778, Hartman Leddon Co.; Azure A, Allied Chemical Cat. No. 442;
Methyl Violet; Basic Fuchsin; PBS Tablets, SIGMA, P4417; trichloroacetic acid
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(TCA), methanol, glacial acetic acid (GAA);, formaldehyde; ether;

Carboxymethylcellulose resin, CM52, Whatman.

Screening Assay for Histomodulator Compound-Containing Fractions:

5 The screening assay was developed with the aim of screening purified
fractions for activity. The assay is designed to assess whether a fraction is capable of
simulating the activity of a crude extract or verified extract (labeled GS). A fraction
is deemed active if it is capable of significantly inhibiting the first (green or red)
staining of malignant cells, alternatively the histomodulatory activity was

10 verified in histological staining.

Plant Extract:
Optirmal leaves for the process are between 15 and 25 grams and their length is
preferably 18-30 centimeter as measured from the base of the leaf until the edge.
15 Leaves that were below these specifications tend to have a red pigment and tend
to be over-active from the inhibition point of view, while leaves that are above
these crileria are characterized by very strong green pigment and tend to show
very little activity.
600 grams of leaves were cut into 1-2 cm pieces. The cut leaves were
20 mixed with 1.5 liter of 70 % ethanol (EtOH) and kept for 10 days (room
temperature) in a sealed container. Thereafter, the liquid was separated from the
solids and kept for further use in room temperature. For optimal purification vields,
the liquid was allowed to age in the container for at least 10 days and up to one

month at room temperature.

25
Alternative Preparation of Plant (Ficus Elastica) Extract for Use in the
Staining Procedure of the Invention:
Input Material:
Leaf material was selected as described above in terms of leaf length and
36 weight.

Alternative Preparation of Optimal Extract:
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Leaves were cut into 1-2 em pieces. The cut pieces were dried in an oven at 65

°C for 24 hours (hrs). At the beginning, wet content was 80 %, while at the end it
should have been 4 %.

The material was blended into a powder (700-1000 micron). The powder was

5 used in extraction in a reflux system: 1 hour (hr) per extraction, solvent: 70 % ethanol,
40 °C. Three sequential extractions were performed, each time the powder was re-
extracted. Quantity of 70 % ethanol in each extraction: first - 1:5; second - 1:4;
third - 1:3. The three resulting extracts were mixed, filtered in vacuum filter, paper
No. 40. The mixed, filtered extract was evaporated in a rotor evaporator under

10 vacuum at 60 °C until a steady weight was obtained.

The resulting powder (final humidity was 3 %) was blended further in a
grinder. The powder extract was reconstituted for use as a staining regent. The
powder was taken up in 70 % ethanol at TDS 1.3 % wrv, pH 7.4, Shelf life of
powdered extract: humidity 1 %, after six months at room temperature in

15 transparent glass - activity was equivalent to the initial level.

Staining Solutions and Fixatives:

Fixative No. 1 (Fix-1): Fixative No. 1 contained 0.3 % trichloracetic acid

(TCA), 20 % ethanol, 2.5 % methanol, 2.5 % glacial acetic acid (GAA), 2.5 %
20 formaldehyde, 43 % ether and 29.2 % double distilled water. Fther was added ex
tempera.

Fixative No. 2 (Fix- 2): Fixative No. 2 contained 1.2 % trichloracetic acid
(TCA), 20 % ethanol, 1.2 % methanol, 2.5 % glacial acetic acid (GAA), 0.5 %
formaldehyde, 40 % ether and 34.6 % double distilled water. Ether was added ex

25  tempera.

Fixative No, 2B (Fix- 2B): Fixative No. 2B contained 6.6 % trichloracetic
acid (TCA), 6.6 % glacial acetic acid (GAA), 3.3 % methanol, 3.3 % formalin, 80.2 %
ether.

Fixative No. 3 (Fix-3}: Fixative No. 3 contained 0.4 % trichloroacetic acid

30 (TCA), 1.2 % methanol, 2.5 % GAA, 2.5 % formaldehyde, 93.4 % double distilled

water.
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Fixative No. 4 (Fix-4): Fixative No. 4 contained 1.2 % trichloroacetic acid

(TCA), 7 % methanol, 9 % GAA, 7 % formaldehyde, 76.4 % double distilled water.
Fixative No, 102-B (Fix-102-B): Fixative No. 102-B contained 6.6 %
trichloracetic acid (TCA), 7.5 % glacial acetic acid (GAA), 5.8 % methanol, 5.8 %

-5 formalin, distilied water.

Additional Plant Extracts:

Alee arborescens miller extract (Ext-1): 600 grams cut leaves were mixed
with 1 liter of 96 % ethanol and kept for 10 days (room temperature) in a sealed

10 container. Thereafter, the liquid was separated from the solids and was kept for
further use in room temperature.

Ficus elastics extraet (Ext-2): Described above, but briefly: 600 grams cut
leaves were mixed with 1.5 liter of 70 % ecthanol and kept for 10 days (room
temperature) in a sealed container. Thereafier, the liquid was separated from the

15 solids and was kept for further use in room temperature. _

Lantana Camara extract (Ext-3): 300 grams cut leaves were mixed with 1
liter of 70 % ethanol and kept for 10 days (room temperature) in a sealed container.
Thereafter, the liquid was separated from the solids and was kept for further use in

room temperature.

20
Dyes:
Phloxine (Dye-A): The aniline dye Phloxine was used for staining paraffin-
embedded tissue. The dye was prepared by mixing 1.5 grams of Phloxine with 200 ml
of double distilled water and 50 ml of ethanol.
25 BBr (Dye-B): The BBr dye was prepared by dissolving 2 grams of Bismark

Brown R in 50 ml of ethanol and 200 ml of double distilled water.

Eosine (Dye-C): Yellow was prepared by dissolving 0.26 grams of Hosine
Yelow shade in 15 ml of 100 % ethanol and 35 ml of double distilled water.

Harris Hematoxylin dye (Dye-1): Commercially available Harris

30  Hematoxylin dye, ready for use.

Light Green (Dye-2): The aniline dye Light Green served as a general stain
in the staining procedures. The aniline dye was prepared by mixing 4 grams of Light
Green with 50 ml 70 % ethanol and 50 ml double distilled water.
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Hematoxylin Gill (Dye-3): A ready for use solution of Hematoxylin Gill No.

Bismark Brown Phloxine Conjugate (Dye-4): Dye-A and Dye-B were
mixed, boiled for 20 min and cooled to room temperature, The dye was filtered

5 through a filter paper, and 250 ml of absolute ethanol were added.

‘ Light Green 50 % (Dye-5): The aniline dye Light Green 50 % was used as a
general stain in some of the protocols. The aniline dye was prepared by mixing 4
grams of Light Green with 50 ml of ethanol and 50 ml of double distilled water.

New Fuchsin (Dye-6): 0.4 % solution was prepared in 33 % ethanol.
10 Azure (Dye-7): The aniline dye Azure A was used for staining paraffin-
. embedded tissue. The aniline dye was prepared by mixing 0.25 grams of Azure A
with 50 ml of 100 % ethanol and 50 ml of double distilled water.
Phesphate Buffer Saline (PBS): PBS, pH 7.4, was prepared using
commercially available PBS tablets. Ope tablet per 200 mi double distilied water was

15 used to achieve a working solution.

Dahlia dye (Dye-8): Dahlia dye served ash a stain for non-cervical smears.
The Dahlia dye was prepared by mixing 0.5 grams Dahlia in 20 ml of 70 % ethanol
and 80 ml of double distilled water.

Dahlia 99a (Dye-23): Dahlia 99A was an aniline dye used in the revised

20 procedure for non-cervical smears. Dahlia 99A was prepared by mixing 1.5 grams of
Basic Fuchsin, 1 gram of Methyl Violet, 0.5 gram of New Fuchsin with 100 ml of
ethanol and 20 400 m! of double distilled water.

Light Green 20 % (Dye-24): The aniline dye Light Green 20 % was
used as a general stain in the protocol for frozen sections. The aniline dye was

25 prepared by mixing 4 grams of Light Green with 20 ml of ethanol and 80 m! of
double distilled water.

Bismark Brown Eosine: Bismark Brown Eosine was prepared by dissolving
5 g Bismark Brown-R in 200 mi distilled water and 25 75 ml of 100 % Ethanol, and
set aside for 5 minutes (min). Next, 2.5 g of Eosine Yellow shade was dissolved in

30 150 ml distilled water and 50 ml of 100 % ethanol, and set aside for 10 min. Both
were mixed and boiled for 5 min, cooled to room-temperature and filtered through

paper filter. Filter was allowed to dry and was washed in 300 m! of absolute ethanol.
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May-Grenwald Stain: 0.25 % May-Grunwald dye in methanol, diluted into

Sorenson's Buffer, pH 6.8.

Gienisa Stain: 10 % of Giemsa stain diluted in Sorenson's Buffer, pH 6.8.

5 Hematoxylin/Eosin Staining Protocol:
Paraffin-embedded 4 micron thick tissues on slides were deparaffinized in two
Xylene baths, 3 min each, and washed in two consecutive ethanol baths, 3 min each,
followed by two consecutive 95 % ethanol baths, 3 min each, and a distilled water
bath, for 3 min. Following deparaffinization, the slides were dipped in hematoxylin
10 stain (Dye-1) for 1 min and washed in tap water (running in the container) until the
water was clear. Then, slides were immersed in Eosin stain (Dye-C) for 1-2 min, and
washed in tap water as described above. The slides were then dehydrated in
ascending alcohol solutions (50 %, 70 %, 80 %, 95 % x 2, 100 % x 2) and cleared
with xylene (3-4 times). The dehydrated slides were mounted with Permount or

15 another suitable organic mounting medium.

May Grunwald Giemsa stainting protocol:
Slides were fixed in methanol for 15 min, and then stained in May-Grunwald
Stain for 5 min. Th;: slides were rinsed with water and stained in Giemsa Stain for 10
20 min. After staining, the slides were rinsed in Sorenson's buffer at pH 6.8 and rinsed
again in 50/50 v/v buffer/acetone. Following rinse, the slides were dehydrated in two
acetone washes and cleared in xylene. Finally, the slides were mounted with

Permount or another suitable organic mounting medium.

25 Papanicolaou staining protocol:
Smears were dried and the following staining and washing steps were taken:
Slides were washed with 70 % ethanol for 2 minutes and then twice with tap water for
I minute each. Slides were stained with Gill’s hematoxylin for 4 minutes and rinsed
with Scott’s water for 2 minutes, washed with 70 % ethano! for 1 minute, and then
30 with 95 % ethanol for 1 minute. Slides were then stained using Orange G for 2
minutes, and washed twice with 95 % ethanol for 1 minute each. Slides were then

stained for 10 minutes with Eosin A (Eosin Azure), which is a counterstain,
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comprising of three dyes Eosin Y, Light Green SF yellowish, and Bismarck brown Y.

Slides were then washed twice with 95 % ethanol for one minute each and treated
twice with xylene for 5 minutes each. Slides were mounted and once dry, the slides

were screened under the microscope.

Cells Lines:

Cell line cultures: The cell lines used herein are listed in Table 4 below.
Cell lines were cultured in Dulbecco’s modified Eagle’s medium (4.5 g glucose/liter,
DMEM) supplemented with 1 % glutamine, penicillin (100 U/ml), streptomycin (100
10 mg/g) and 10 % heat-inactivated (57 °C, 30 min) fetal calf sernm, FCS (Bio-Lab,
Jerusalem, Israel). Cells were serially passaged (weekly) and cultured in 10 cm
diameter Miniplast tissue culture plates (Miniplast, Israel). The cultures were
maintained at 37 °C in a humid incubator with an air mixture containing 5 % COx.
Cell line smears: Cell suspensions of all types wefe centrifuged, the pellet
15  was re-suspended in a small volume of fresh DMEM-FCS medium. Small drops of
the suspension were placed on glass slides, smeared, air-dried and used in staining
experiments as further detailed hereinbelow.
Primary cell suspensions:- Bone marmrow cells were obtained by lavage of
femurs and tibia of mice, placed on glass slides, smeared, air dried and used in

20 staining experiments as further detailed hereinbelow.

EXPERIMENTAL RESULTS

The staining procedures presented herein were developed using clinical

cancer-positive and cancer-negative cytological smears, which were routinely

25 received from and classified by a cytological laboratory. The presence of malignant

cells was validﬁted by standard cytological examination and in most cases by
histopathological diagnosis.

About 3,000 peritoneal, pleural, pericardial aspirates were used for the

development efforts of the staining procedure. The staining procedure was applicable

30 to air-dried cytological smears of the type applicable for routine May-Grunwald-

Giemsa staining,.



Greenish tone of cells Erythrocytes Very weak yellowish tone Very weak yellowish tone Unstained to
greenish or rose tone Unstained to dirty reddish Unstained to very weak Yellowish week greenish to
greenish Debris and diffuse background Unstained Unstained Greenish and reddish Red Slight green
Prominent green Staining Situation (See Table 5) The results from these experiments were
indicativg of 32584?1{31;}?‘9 various components of the s_ta_ining procedur]ec}/}{ml %‘J%!Il procedure
resulted in red staining of malignant cells and green staining, or non-staining, of noimal cells, 5
omitting the Dahlia step demonstrated that there could be significant differences in the affinity of
various tumors to Light Green, with hepatoma’dé?nonstrating low affinity (not shown), while
astrocytoma (Figurd'® s g5paves sareinbniesierdréstisoeyariea ooplvasihomse @fot shown)

demonstratiggdyigh atfinity. @ixdhe othen haadiirlbiuspens studigd.exhibiiedsirorgd:affipity to Dahlia, as
is emphasized %%( on}jttltineg éhe tPLigfht g;reen stainin\g step (Figures SA-G procedures 2 and 4

described inl Table 5 hereinabova). e RAiiEERShy Rornial TRk Q5 grserialoitfe HBrmal cells failed
to become sigedfivarty gf densitaing drobhikiis. tihe ahlgoridp exabliptesflocthepatadytesithat showed very

weak greenrsiaining JuallgasesceuaRIheRp e ifarkand et SDANACYG wgre omitied (ot

shown). Some leukocytes stained green, as well as macropggges and strorn he granules of
mast cells pPESEHEHPPat PeRESHRLM Staithearredeanitrinbcte cidiqissads the pragsedntention (Figure
SF). In the akseaatoilDbliRgl. Brocedures. The second step included counterstaining with

Harris-Hematoxylin which was introduced for better contrasting of nuclear details.
The third step included treatment with plaot extracts (dloe arborescens miller, Ficus

10 elastica and Lantana camara plant extracts), which was believed to change the
binding capacities of the cells for dyes applied in subsequent steps. The fourth step
comprises a sequential staining using biological dyes, {irst a short exposure to an
acidic dye, e.g., Light Green and then a longer exposure fo a basic dye, e.g., New
Fuchsin or Dahlia. .

15 In smears subjected to the above described staining procedure the
cytoplasm of normal cells, namely mesothelial and epithelial cells, macrophages,
granulocytes and various lymphocytes, turned green toned or remained unstained. In
sharp contrast, the cytoplasm of cancer cells became red in color (Figures 1A-B
and Figures 2A-B). The cell nuclei became blue-violet as a result of the Harris-

20 Hematoxylin enforced by the Dahlia stain (Figure 3). In part of the tumor cells,
the red toning of the eytoplasm occurred together with distinct red toning of the nuclei
(Figures 1A-B and Figure 2B). Granulocytes may occasionally occur with red stained

- nuclei, which however, are clearly distinguishable from the red cytoplasm of cancer
cells (Figures 1A-B).

25 The staining protocol described in this invention is applicable to air-dried
cytological smears of the type applicable for routine May-Grunwald-Giemsa staining.

In a double blind test for the staining procedure, 128 samples were tested by
three well-trained pathologists employed in a cytology laboratory of a hospital in
Israel. Two slides were prepared from each specimen. One was conventionally

30 stained with May-Grunwald-Giemsa (MGG), whereas the other was stained using the

staining procedure according to the present invention and as described

herecinabove. Each of the MGG stained slides was assessed by one of two



procedures number 5 and 6 described in Table 5 hereinabove) there is no evidence of 20green
staining of these granules (Figure 5F). Omitting the extracts from the procedure of the present
invention changed the overall outcome. When staining only with Light Green one obtained a rather
blurred and dirty background comprised mainly of non-specific binding of stain to erythrocytes and
debris (procgdu r 6 described in Table 5 hereinabove and 25Fi - When staining
with Light Ggéqéé&é tgﬁggatment with the extract 79 this background sta?#{;l%ié@zgég%ssed (procedure
number 5 described in 5 hereinabove and Figures 5A5-05). Thus, the extract has a clearing effect.
Despite this clearing effect, the green staining ofpther normal elements or the green staining of some

tumor populpiigamas ael preVERed:tid IRBRERL WesSRUMbEs Aidescibadln Table 5
hereinabovq) ﬁ{hﬁ{edthe Dabhlia staining is omitted. When staining only with Dahlia (procedures
number 4 degcn%edrlr'\ Table 5 hereinabove and Figures 5A4-G4) one observed blurred and dirty
background and strbagesetissteimhgrefssomerirednialeblis faraxbehple shapaticyie pfPretreatment
wih plant exgpis.suAReeSes s salnghoth liem i hagkereund and o nen- gomalignant cels

(procedures number 2 described in Table 5 hereinabove and Figures e full staining

procedute yiBfekrsgaigras el ky fothsobinasrs tiode sawlsyadsify Ahyeoiteneap8ridl protocols. The
results of theafubl @rabedurerinGiusegoviRe highmabiktyetdifferentialing Rehvgen aormal and malignant
cells 15 (Figtﬁgeﬁééls{g& . Ign%t&(l)tﬂdw e ngteﬂ %I)Zat the ?tengtiﬁ/,of red-stainlng in the complete
procedure, has SOMe Varations betwear ditteranttirhorend it merdrsprasribdsagiesults within the
same groupstinaspmegéserertaidingig hasrottdined fdohe pdtdiriacanhbtirecoitdasader neuroblastoma

(not shown)ug brulRiAICSEIBENaNES.BE GiaRHYBNRSS AL AENIBAKCsAis gecording (o the 20

. . A 1 . .
present invention in clinical specimens, eight representative cases were chosen as indicated in Table

7. TABLE 7PHimArsalsnd M QP rireise sutbodidieas Bhermrocrdieaddininstidsion Metastatic
Carcinoma biah éei80Riguisl efusionpidaasitionab@pll GABNEMRRIBIAIRRN Of three

pericardial fluid samples, one was found suspected of including malignant cells by the
MGG staining method, whereas the same sample was found to include such cells

using the staining procedure according to the present invention.

15
TABLE 2
Cytological results
Pasitive for malignancy Suspicious for malignancy
Specimen No, of cuses MGG present MGG - present
invention invention

Pleural fluid 40 3 3 1 1
Peritoneal fluid 10 3 3 2 -
Bronchoalveolar lavage 75 4 7 3

and Brushings

Pericardial fluid 3 - 1 i -

These results clearly showed that the staining procedure according to the
20 present invention performed better than the MGG staining procedure, especially in
diagnosis of malignancies in difficult cases. However, further efforts were ajmed at
improving the performances in terms of enhancing the color differentiation, contrast,

and specificity of the staining procedure according to the present invention.
Thus, in another attempt, the staining procedure of the present invention
25  was revalidated in a clinical pilot study. The results are summarized in Table 3
hereinbelow. This study was designed as a split-sample double-blind study in which
the only data made available for the operator of the procedure was a coded

reference and the type of clinical sample (c.g., pleural effusion, peritoneal



Slu M-65 Pleural Effusion Breast Carcinoma yin -7 Ascites Carcinoma E z F-50 Pleural effusion
Carcinoma Pet F-40 Pleural Effusion Carcinoma of ovary, differentiation stage 4 Zip F-54 Imprint of
tumor Sarcoma of Ovary Zwe F-7 Pleural effusion Carcinoma WO 2007/102146PCT/IL2007/000281
80 and clustered, on the slides. It should be stressed that in the case of Zwe large
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-effusion, etc.). Using the staining procedure of the present invention resulted in

identification of 3 positive cases of cancer, 45 negative cases of cancer and 1
suspicious case. These results were identical to the results obtained by conventional
cytological assessment. It should be emphasized that the staining procedure
5 according to the present invention gave strong staining even when only a few

scattered cancer cells were present on the slide (Figure 4).

TABLE 3

Present Clinieal

Histological validetion invention pathologist’s Specimen type
diggnosis diagnosis Ne.

Breast Adenocarcinoma Positive Positive i Plenral

Ovary Carcinoma Positive Positive 1 Pleural

Carcinoma : Positive Positive 1 Pleural

Sp. Hematological Malignancy Sp. Positive | Sp. Positive 1 Pleural
Negative Negative 25 Pleural
Negative Negative 3 Stomach Effusion

- Negative Negative 2 { Retroperitoneurn washing
Negative Negative 3 Peritoneal washing
Negative Negative 5 Ascites
Negative Negative 9 Peritoneal Fluids
49 Total
10 Various malignant cell lines of different origin, benign lines, primary cultures,

of normal tissues and suspensions prepared from adult and embryonic tissues were
thereafter used to further validate the efficacy of differentiation of the staining
procedure of the present invention (Table 4). This approach allowed the inquiry of
separate cell components usually present in clinical smears. The results are

15 summarized in Table 4 hereinbelow and presented in Figures SA-G.

TABLE 4

Cells Origin Present invention _ Figure
Malignant and transformed lines
3LL Lewis lung carcinoma Human Positive Figure 5a(1)
CaCo2 Colon Adenocarcinoma Human Positive
Fao Hepatoma Rat Positive
Pc-12 Pheochromocytoma Mouse Positive Figure 5b(1)
Friend Erythrolenkemia Mouse Positive Figure 5d(1)
Neuroblastoma SK-N-SH Human Positive
Melanoma Human Positive Figure 5¢(1)
Breast Carcinoma MDA4335 Human Positive
NIH3T3* Mouse Positive Figure 5e(1)
Ratl Rat Negative Figure 33A




quantities of reactive tnesothelium were present on the slide, but these were easily distinguished from
the tumor cells. The cells of Zip are presented in Figure 8. The above-described results serve to
support some important conclusions 5 regarding the results obtained when implementing the staining
procedure according to the present invention on various cell types. These conclusions are sur/nbrlnarized
in Table 8, here TABLE 8 Nuclei Cytoplasm Malignant cells Ma)j d/pink/blue
Red/Purple érﬁ%%%wn‘ignt Cells Lymphocytes Blue Blue/green Monocﬁgﬂg%he&@kﬁégrf Granulocytes
Blue/green Green/Grey Erythrocytes From colorless to greenish Macrophage Blue/violet

Green/Colorless Stromal Cells 76
Ratl-Ras Vi2 Rat Positive Figure 33A
HF-1 Human Positive Figure 39
Qther lines and primary cnltures
Bone marrow and stromal fibroblasts Mouse Negative
Fibroblasts from benign breast cyst Human ' Negative
Cell suspensions
Peritoneal inflammatory cells Rat Negative Figure 5§(1)
Normal hepatocytes Rat Negative

* This N1H3T3 clone was spontaneously transformed

All of the malignant cell lines tested were stained red, while all the non-
malignant cell lines and primary cultures tested were stained green.
In order to improve the understanding of the procedure of the present
5 invention, a set of experiments were performed in which certain components of
the process were omitted (see Table 5). This procedure was tested employing both
cell lines and clinical specimens for which cytopathological validation of the results

was obtained prior to staining (Table 6 and Figures 5A-G).

10 TABLES
Procedure no. Extract Light Green Dablia
1 o + +
2 + — +
3 _ + T .
4 - - +
5 + +
6 - + -
(+) present; () absent
TABLE 6
Mulignant and (ransformed cell lines:
i 2 3 4 5 6
3LL Lewis lung Red Red Red Strong Green Strong
carcinoma Red Red green
background
Effect
CaCo2 Colon Red Strong RedRed Strong Green Strong
Adenocarcinoma Red blurred Red green
background
Fao Hepatoma Strong Red | Strong Strong  Red, | Strong No No
Red Red Red marked marked
background stain stain
effect
PC-12 Red Red Red Strong Green Green
Pheochromocytoma background Red
effect




Blue Green Reactive Mesothelium Violet/green Green/Colorless Mast Cells Red Granulocytes
Erythrocytes From colorless to greenish Degenerating Cells Degenerating Cells Pink/blue/violet
10As shown in Figures 6A-D, Figures 9B-D and Figure 10, the staining procedure of the present
invention is not limited to cytological smears prepared from fluids, but may also be applied to touch
preparationsy&iglrgsh@isand to other types of cell or tissue preparationsgyahas pasaffin embedded
tissue (Figures 6A-D and Figures 9B-D). 15The staining effect of the staining procedure of the present
invention is sensitive to pH during all steps, including the fixative reagents, stains, extracts, and rinsing
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results. A solution of 0.6 % Basic Fuchsin and 0.3 fgéan Methyl violet in 20 % gthanol
(I 4. oY) +.
(8GR ERIE TEPRYE, Witho Stong | Red,  groen | Strong Green Green
MDAA435 Red shades in part { red
of cells
NIH3T3 Red Strong Red, green | Stroag Green Green
red shades in part | red
of cells

Staining Situation (See Table 5)

Now-malignant cell lines and primary cultures:

Bone marrow stromal | Green Unstaine | Green Ditty red | Greenish | Green

fibroblasts d

Fibroblast from Green Reddish | Violet Red Green Strong

benign breast cyst green

Staining Situation (See Table 5)

Cell suspensions

Suspension of No stain No stain | Slightly dirty | Dirty Red | Greenish | Green

embryonic cells Vielet

%’eritoma[ Only mast | Only Only mast Only mast | Greenish | Green

inflammatory cells celis mast cells stained | cells

stainedred | cells red stained
stained red
red

Normal liver No stain No stain | No stain Red No stain | No stain

hepatocyles

Staining Situation {See Table 5)

Peritonenl fluid from female patient with carcinoma of ovary:

Malignant Cells Red Red Red Strong Greenish  { Green

(Predominantly Red

aggregated)

Lymphocytes Most of Unstained | Most of Reddish Part of More cells
cells ‘ cells cyto- cells with
unstamed, unstained, plasmic unstained, | greenish
some with some with color in part with | tone, the
slight slight most cells | slight tone is
greeptone greentone green fone | deeper

Monocytes and Largely Unstained | Some of Various Unstained, | More

Macrophages unstained cells slight degrees of | some green
cyeoplasmic reddish reddish greenish stained
stain color cells



10further changes in the staining procedure. According to Curt [Gurr, "Encyclopedia of Microscopic
Stains" London: Leonard Hill (Books) Limited (1960)], the addition of further methyl (or ethyl) groups
converts basic fuchsin and its components to violet dyes, which include Dahlia, Gentian Violet, Methyl
violet 6b, Crystal Violet, etc. Consequently, the staining 15procedure could be performed with all these
derivatives Qf§agjs, fghsins, with slight changes in performance. Sigiafivethgeeiigct of Fast
Green as an alternative to the acidic stain Light Green was studied and the results were similar, albeit
Light Green is superior. Other acidic stains could also be considered. 20The order of the staining steps
of the staining procedure of the present inventions provided hereinabove (Table Ib) was found to yield
optimal resultesttiivithelisour seofstainingsusiag [thesstaning pracedufefoLRanteeivical dytological
smears, thejorder of staining with the basic and aelaie staing waistreversed (e.g; tabtlia hefore Light
Green) the heterochromaticieffect belo becamg [@8s"8 roffdiitlded,  The pWR¥step flxation
process desgiihed abovetayid be reptaged-by-arone=-step-water-based-procedure—The-water-based
fixative corri[c)%lilgeﬁg cﬁ%lutionﬁﬁﬁfiﬁra né?ﬁichloggﬁtﬁg}f%&d (:f@f%ﬁ?‘h “ﬁ%’ffbl areligasid (GAA), 3 ml
formalin, 2 ml methanol, topped with doukilewdisti|ledewater to 206HMI. Aliaeugh the:duwda-step
30procedure suggested abgve was supdtidr to this fixative ih terms of $telimitry results, it was
problematicifer+eutine-clinidal-practicelbecause it was etherthased. | Time wias of essence in this
procedure, ARG Ijgf[f@%f@f@??d OB hosHEEAsdId @%ﬁ’g advetsd resuﬂt%‘.iglfhe tinfeeésggested
ag‘ ;e 13 gl %

. ar . . . SEIL .
hereinabovegTaRls DL ErE, P s5fected-as-optimal-formaximal differéHt) The most time
sensitive step was thé exposure 1o Light Green;asinmmany cases-tight-Green-weottid-predominate

over the basic stai, even.in tumog cells, if Light Green.exposure was too long. 5 EXAMPLE 2
Differential staining%f rr%SéIﬁSr{%aon éiﬁeéen%*rﬁ?ﬁ f’élﬁsa‘ﬁ%eeﬂﬁfoa%?\ﬁg &holard S50 et cancer smears
10The procéeiiessais ceniisabsineer pwerdudevelhide therdsi qnsectmsutzaiiinat staining results of
alcohol fixed;smiaars PyNeRMPRGe! f%(dng{&%ers\%g?ln mears, These smears mciud both

gynecological cervical pap-smears and non-cervica cohol Tixed breast cARERF shiesirs. These

staining’ pro®diifestis dlalin derslgeren ks thatribersropddiessigrificeunjifffatesesfiBisenark-Brown with
Pieric Acid, andiBismatk sauaoh EQHnGRRaling e allge s ghharla) gxyaslsgescribed in the
i rotoco

protocol for op-%ervi al smears and the same fixation process. The pr s for cervical smears
resulted in dferERtAY st e BPROPRAIEEIE S Breth ﬁﬁe%ﬁﬁn&é@‘%@l@iﬁ‘%%nes (Flame red).

In addition, Betlvihesc stainiftgtriooeduden seernad dagehleaidewesting saestiahad0athe cellular
changes, bepign, malignantand Pigmalignant, prevalent in cervical.smears. These changes included:
atypical squamojs cells of yndetermfﬁg:a §f§§fff§a§%§lfA§SC%§fﬂ%%%era & gﬁ’ﬁ%%ﬁ’f intraepithelial
lesion {?.GSH§hhRaeRyHarEgesspudimoms infde pithedibirtssionnd | & 8tkyribsivie I Tasladoplasia as
defended bjidhRmBeihgsda System (Figures 12A-G). 25In order to evaluate the advantages of the
protocol for cervic%mears accord'ﬁng to the present invention, Pap-smears from a woman diagnosed

with High Grade SQUathBUaYAtEPEBItReRs FIaiBrF RGeS tareabrsiard stht &esBE with either the
conventionatafemitolaneeststinng@@igiies 1A asewithr theasipining plegadire-acsarding to the

present invertiopu(Figuirgs. | It L cells .shown.in. 30 Figures and 11D, especially 11D, are
non-altj}l/jgical cells stgsi’%led recljg%y tf;se con%érrllt?ongﬁs Sépegﬁflc&lgeolb%s gil]r},ﬁfu%)t( RS ﬂ%lé? & pical cells shown

in Figures 12 d¥e1eermamissiHadt skiehticiont depieaitee isimdpecilyain weases where they

macrophages and stromal cells.

The granules of mast cells present in rat peritoneum stained red, with the
technique of the present invention (Figure 5F). In the absence of Dahlia (i.e.,
procedures munber 5 and 6 described in Table 5 hereinabove) there is no evidence of

20 green staining of these granules (Figure 5F).

Omitting the extracts from the procedure of the present invention changed the
overall ouicome. When staining only with Light Green one obtained a rather blurred
and dirty background comprised mainly of non-specific binding of stain to
erythrocytes and debris' (procedure number 6 described in Table 5 hereinabove and

25 Figures 5A6-G6). When staining with Light Green afier treatment with the extract



WO 2007/102146PCT/11,2007/000281 83 are low in number and "hiding" among red stained normal
cells, very difficult. In sharp distinction, as clearly evident from Figures 11E-H, only atypical cells
stained red using the staining procedure according to the present invention. In a clinical trial
encompassing 183 Pap-smear specimens the following results 5were obtained (Table 9): TABLE 9
No. of casesygamventipnral diagnosis included Total 183 Normal by bothdherpiotesiase of the present
invention and by conventional diagnosis 150 Normal,inflammatory,bloodysmear, trichomonas and
coccobacilli Cell changes detected by both the procedure of the present invention and by conventional
diagnosis 25 Squamous metaplasia, atypical squamous cells of undetermined significance (ASCUS),
low grade sdianbacissintiakpithielial |asiom{GSHL Yphigtdgradeustsanosdattaadpithelal lesion
(HGSIL) In%@ﬁr&@a '[(I) 0 acglrdri;cfr{préasl %L@anﬁﬁ f%nd @g\(!yh% thc?e m%o%%gtre of the present invention 8
The eight cases o0 dlscrepar%cy were re |'eweds;’in a?f(cases, the conventionally 10 stained slides
contained atypia tA¥shidel ibsateeiegtdiddhe ssontbingetebestinrmlictetmaisrocddure according to

the present jnuentiamaiaiogdpesitiveWhilsicerRyenienabdiagnesisiviacytapaihelagical interpretation
of slides stained with Pap_anic;olami si in%zielded ne%%tive results are presented in Figures 13A-G. 151t
should Be e i dSsERbema SeRiRi %6[5 BAYF: HOSET dRfgHBR R LEHE RIOHHon does not grade

the degree of atyplgresention dhiy slitke [Rathefprthvedtanmgsbrocedeseiledsed dibighlight the
presence Of}l%%ﬂfﬁ)g@etggdsﬁ%es 5A4-G4) one observed blurred and dii‘ty background and
strong red-staining of some normal cells (for example, hepatocytes). Pretreatment
with plant extracts suppresses this staining both from the background and from non-
10 malignant cells (procedures number 2 described in Table 5 hereinabove and Figures
5A2-G2).

The full staining procedure yielded results that could not have been
obtained by using any of the partial protocols. The results of the full procedure
included very high ability of differentiating between normal and malignant cells

15 (Figures 5A1-Gl). It should be noted that the intensity of red-staining in the
complete procedure, has some variations between different tumors, but always
provided best results within the same group. The strongest red staining was obtained
for hepatoma and the mildest for neuroblastoma (not shown).

In order to analyze the effectiveness of the staining procedure according to the

20 present invention in clinical specimens, eight representative cases were chosen as

indicated in Table 7.
TABLE 7
Patient | Sex and age Source of cells Diagnosis
Bar M-70 Pericardial effusion Metastatic Carcinoma
Man F-90 Pleural effusion Transitional Cell Carcinoma of Bladder
Shu M-65 Pleural Effusion Breast Carcinoma
Vin F-71 Ascites Carcinoma
Eiz F-50 Pleural effusion Carcinoma
Pel F-40 Pleural Effusion ‘Carcinoma of ovary, differentiation stage 4
Zip F-54 Imprint of tumor Sarcoma of Ovary
Zwe F-7 Pleural effusion Carcinoma
25 In all tested tumor cases, the staining procedure according to the present

invention provided red labeling of all morphologically apparent tumor cells, single



In order to demonstrate the differences between the staining protocol for non-cervical smears, the
staining protocol for cervical smears, and the May- 20 Grunwald-Giemsa staining proc_edures, air-dried
cytospin smears prepared from pleural fluid of a 65 year old male patient diagnosed with bllrelast
cancer, were stained (Figures 14A-C) according to these procedures. While the overall staining
produced bysshagsing meotocols for cervical and non-cervical smears weiﬁgmtgﬁdmﬂ@r,_apart from
apparent color differences, the protocol for cervical smears seemed 25to possess superior properties
in single cells. WO 2007/102146PCT/IL2007/000281 84 Table 10 below descrll:l)escstalnllng results
using the proto o rV|ca mears and non-c&tvical smears. TABLE 10 Nuclei ytoplasm
MallgnantpMaqugna rs°é‘| dk%el'—"i]a\flﬁﬁ’]g ﬁﬁé}éomgrpﬁﬂﬁtﬁﬁﬁﬁiltt@élfg o Gft€avBligesreen/Grey
onocytes BIlﬂ]@a@me&n@n@yoﬁvamn&smytemﬁluer@;&emi@myﬂﬁtyﬁa@%egl@yeme casily

distinguished from the tumor cells. The cells of Zip are presented in Figure 8.
The above-described results serve to support some important conclusions
5  regarding the results obtained when implementing the staining procedure according to
the present invention on various cell types. These conclusions are summarized in

Table 8, hereinbelow.

TABLE 8

‘ Nuclei { Cytoplasm
Malignant cells
Malignant cells I Red/pink/blue ‘ Red/Purple
Nen-Mulignant Cells
Lymphocytes Blue Blue/green
Monocytes Bhe Green
Granulocyies Blue/green Green/Grey
Erythroeytes | e From colorless to greenish
Macrophage Blue/vielet ' Green/Colorless
Stromal Cells Blue Green
Reactive Mesothelium Violet/green Green/Colorless
Mast Cells Red Granulocytes
Erythrocytes e From colorless to grecnish
Degenerating Cells
Degenerating Cells I ! Pink/blue/violet

10 As shown in Figures 6A-D, Figures 9B-D and Figure 10, the staining

procedure of the present invention is not limited to cytological smears prepared from
fluids, but may also be applied to touch preparations (Figure 10 and to other types of
cell or tissue preparations such as paraffin embedded tissue (Figures 6A-D and
Figures 9B-D).

15 The staining effect of the staining procedure of the present invention is
sensitive to pH during all steps, including the fixative reagents, stains, exiracts, and
rinsing water.

The fixation procedure is preferably performed under low pH environment.
The pH of fixative 1 and of fixative 2, as measured before addition of the ether, is 1.7

20 and 1.4, respectively. The pH of the plant extracts was found to be slightly acidic

ranging from 5.5-6.0. In the staining procedure of the present invention, the

optimum pH for the Light Green stain is within the range 3.5-5.0 and for the Dahlia



Green/Grey Macrophage Blue Green/Grey Sternal Cells Blue Green/Grey Reactive_MesotheIium I_3Iue
Green/Grey Mast Cells Blue Green/Grey Erythrocytes Blue From colc_)rl_ess to grgenlsh Degenerating
Cells Degenerating Cells Grey/Green 5 EXAMPLE 3 Differential staining of.mallgnant and
non-malignant cells in paraffin-embedded histology sections and frozen_ sections t_oThe results
obtained witkvbisiotagicad sections are consistent with those obtained wmu:wxglmgmmlz:ﬂmears. _
However, it should be emphasized that while cytological smears usually contain a very small variety of
cells and tissue types, a histology section represents the entire scope of tissue. and cell types and
distinguishing malignant from normal structures giesent a more difficult task. Figures 9A-D show

15s0me comrPatiil &digts3-4- §iﬁﬁﬂ%ﬂ§?§qﬂ’ﬁgb?é§®m2hméié9$cﬂfﬁ%ﬁ®eﬁgéﬂ§w¢}acent to normal
tissue were stgceafBihs differeajiatggivy@irleananddistinatiye yad.eyiRPlasmicclaL,as opposed to a

clear and disfingiys gresh YAPRIARTIS Y fndisating normal cells.

The staining procedure of the present invention is not limited to the use of

5 Dahlia, as many otber basic stains with satisfactory contrast to green may also be
considered, Most changes of the basic stain will require optimization of exposure
times and concentrations. For example mixtures of Basic Fuchsin and Methyl
Violet provided satisfactory results. A solution of 0.6 % Basic Fuchsin and 0.3
% ol Methyl violet in 20 % ethanal provided quite comparable results, without

10 further changes in the staining procedure.

According to Gurr [Gurr, “Encyclopedia of Microscopic Stains” London:
Leonard Hill (Books) Limited (1960)], the addition of further methyl (or ethyl) groups
converts basic fuchsin and its components to violet dyes, which include Dahlia,
Gentian Violet, Methyl violet 6b, Crystal Violet, efc. Consequently, the staining

15 procedure could be performed with all these derivatives of basic fuchsins, with slight
changes in performance.

Similarly, the effect of Fast Green as an alternative to the acidic stain Light
Green was studied and the results were similar, albeit Light Green is superior. Other
acidic stains could also be considered.

20 The order of the staining steps of the staining procedure of the present
invention provided hereinabove (Table 1b) was found to yield optimal results. If in
the course of staining, using the staining procedure for non-cervical cytological
smears, the order of staining with the basic and acidic stains was reversed (e.g.,
Dahlia before Light Green) the heterochromatic effect below became less

25  pronounced.

The two-step fixation process described above could be replaced by a one-step
water based procedure. The water-based fixative comprised a solution of 1.2 grams
trichloracetic acid (TCA), 4 ml glacial acetic acid (GAA), 3 ml formalin, 2 ml
methanol, topped with double distilled water to 100 ml.  Although the two-step

30 procedure suggested above was superior to this fixative in terms of staining resuits, it
was problematic for routine clinical practice because it was ether-based.

Time was of essence in this procedure, and under- and over-exposures

could cause adverse results. The times suggested hereinabove (Table 1b) were



The staining protocol for histological sections yielded red staining of 20malignant neoplastic cells as
well as some neoplasia. Hyperplasia, as well as dysplasia stained distinctly from normal cells (see
Figures 7A-C). Figures 6A-D and 85 Figure 7A demonstrated that colonic glands with normal
morphology stained green, while colonic glands in the microscopic field of view stained red and pink
(Figures 6A-R) imilarys in Figures 15A-C and Figures 16A-D the colonggncafseisadjacent to
normal tissue were successfully differentiated by a clear and distinctive 5red cytoplasmic color as
opposed to a clear and distinctive green cytoplasmic color indicating normal cells. Erythrocytes
present on histological sections stained red due £ the eosin component in Azure A. Other elements of
the sectionsS¥aeRdGEs BRI, Batotkllffventshstideies.alderat Ghacnstivi samponents

stained greeaasiso depiRoRMal enithetigbsguameyspissuesropndinaihenegplagia.  In
another examélg%, a tissue section taken from a melanoma patient was stained by using conventional

HematoxylinP BSOS T Ao A6 et &Vt pRb Gty of thighhGERERS*BRfEFes 17A-B clearly

demonstratesahatcaltngugh both methods enable visualization of the cells, cellular components and

cell morphology, 15 only the novel staining protocol was capable of differentiating between malignant

and normal cells, staining the normal cells bluish-green and the malignant cells in distinctive red.

At present it is evident that sufficient differentidisiA M@tideéén normal and malignant cells can be

obtained by the reVisZ)g{f)rotocagl for non-cervical smears and 2Qthe protocol for histological sections in
u

which only one plant &84 SEA BR HLRISEHER) “EAURIBISESI BB SRESI 884 Hon of malignant

tissues 25 The challenging task of freemdan//detectiomof amealignant tissue after surgical excision is of
paramount importance to verify the complete removal of the tumor. It is preferable to conduct such
diagnosis during the surgical procedure, particularly in cases of solid tumors including prostate and
colon cHhcers, melBMorHRESHIES dos micsbsusaa R Eo At reeadsy rjerasedpielvieriimzhtion of a frozen

section, therg-fmiagrealirest iRdmpravedheeifiicieneyoptbehoupannhdetodipnnigeess. The staining
protocol of t 'E invention Car}usdégpg%hand speﬁd.ba(iunda.r fetection, sincg the results obtained can be

<ars (4] ié? Sfeﬁll ﬁ e{glﬁ:gﬂ_c&l‘s8@1 non-cervical

analyzed without the need for a specialfstisat
alcohol fixed breast cancer smears.

These staining procedures took advantage of the staining properties of

15 conjugates of Bismark-Brown with Picric Acid, and Bismark Brown with Fosin,
applying the effects of the plant extracts described in the protocol for non-cervical
smears and the same fixation process. The protocols for cervical smears resulted in
differential staining of normal cells in green tones and cancer cells in red tones (Flame
red). In addition, both these staining procedures seemed capable of detecting most of

20 the cellular changes, benign, malignant and pre-malignant, prevalent in cervical
sinears.  These changes included: atypical squamous cells of undetermined
significance (ASCUS), low grade squamous intraepithelial lesion (LGSIL), and high
grade squamous intraepithelial lesion (HGSIL), as well as neoplasia as defended by
the Bethesda System (Figures 12A-G).

25 In order to evaluate the advantages of the protocol for cervical smears
according to the present invention, Pap-smears from a woman diagnosed with
High Grade Squamous Inierepithelial Lesion (HGSIL) were prepared and stained
with either the conventional Papanicolaou stain (Figures 11A-D) or with the staining
procedure according to the present invention (Figures 11E-H). The cells shown in

30 Figures 11B and 11D, especially 11D, are non-atypical cells stained red by the
conventional Papanicolaou stain, just like the atypical cells shown in Figures 11A

and 11C, making the identification of atypical cells, especially in cases where they



demonstrates the ease of detection of a glioblastoma tumor in a rat brain using the methods of the
present invention (Figure I8C), compared to its visualization both with Gimsa stain (Figure 18A) or with
Hematoxylin Eosin (Figure 18B) conventional methods. 5 EXAMPLE 5 Discriminating between stages
of differentiation Embryonic cells were selected as an example of tissue with rapid proliferation 10
capacity asspgiaigg: itk the normal developmental progression from thepf-gifiaigptiated to the
terminally differentiated phenotypical stage. Figures 19A-D show chick embryo retinal sections at
different stages of differentiation and demonstrates that the staining using the novel protocol is
associated WithIthe. eneral mgeéatél_‘oll'c status of (,Séél\? The, metabolic status is.much higher in the 15
non-differen?fgte(aNclealguélF]ae SR |s#fﬁ%ti\?§?)9r%%5? FalsAs i eals oiarshfiatelt cBlis stain
distinctively shapnlijtiisttleany dbolynethdtmdrodiffegertiatiditelistexhybita etlstainiay pattern and as
the cells progress hrpuah; diffesenilalion.andRecems l6ssRrelieratye. they stain green. 20EXAMPLE
6 Use of the teachings of the preset it invention to distinguish between cells in in-vitro cell systems
MATERIALS AND!E % piieatisinl Pt pROEED BRiz R Yucer srrsiowns drmialbrrakre apiréperimental
procedwes sesliohd@iatesanddsample 6 through Example 12 detailed hereinbelow. Staining
procedures: Table 11 below provides procedures for general staining according to the
30present invention: TABLE 11 87 | - Protocol for histological section/paraffin- Il - Protocol for staining
normal colonocytes embedded tissue and [ITRABA.Ehmber slides Paraffm-embedded tissue on a slide
(4 micron) Deparaffination i two Xylengdgised MeHERa fdEathgFonsecutive ethanol
baths, 1 minute ®agh. Incubate in Fix-2B fon&0 mini. Tncubate in FIx-T02T3Tor 5 min. Wiash in
de-ionized |viatapifor tintha prevedityatte in| Dye-B%or 1.5¥pinal\VaisRaimmaimmingblvater foredrmin. Incubate in
Ext-2 for 3|iifE AR gR26zed water for 15 seg ik T £5585248r 2 min. Washin de-ionized
SHGHCUNRE n ‘

water for 3DSACHREHRAE: Ot fOF515 SeL s IR R Y Sisp il SJaikG: WSt in de-ionized
water for 1bmseedure of the present invention of undetermined significance {ASCUS), low
and by conventional diagnosis grade squamous intraepithelial lesion (LGSIL),
high grade squamous intracpithelial lesion
(HGSIL)
Cell changes found only by the 8 Inflammation or normal

procedure of the present invention

The eight cases of discrepancy were reviewed; in all cases, the conventionally

10 stained slides contained atypia that had been overlooked.

Some of the cases in which the procedure according to the present
invention stained positive, while conventional diagnosis via cytopathological
interpreta;tion of slides stained with Papanicolaou stain yielded negative results are
presented in Figures 13A-G.

15 It should be emphasized that the staining procedure according io the present
invention does not grade the degree of atypia present on the slide. Rather, the staining
procedure is used to highlight the presence of atypia on the slide.

In order to demonstrate the differences between the staining protocol for
non-cervical smears, the staining protocol for cervical smears, and the May-

20 Grunwald-Glemsa staining procedures, air-dried cytospin smears prepared from
pleural fluid of a 65 year old male patient diagnosed with breast cancer, were
stained (Figures 14A-C) according to these procedures. While the overall staining
produced by using the protocols for cervical and non-cervical smears were quite
similar, apart from apparent color differences, the protocol for cervical smears seemed

25 to possess superior properties in single cells.



Incubate three times in 70 % and three times 100 % ethanol back and forth for total of 40 sec. Rinse in
distilled water Incubate in Dye-4 for 10 min. Wash in de-ionized water for 15 sec. Incubate three times
in 70 % and three times 100 % ethanol back and forth for total of 30 sec. Rinse in distilled water.
Incubate in Dye-5 for 5 sec. Wash in de-ionized water for 15 sec. Dehydration in three times 70 %
ethanol, 10 gecanedseagh Clear in 9 consecutive baths of absolute ethawol,ib.sevonds in each Clear
three times in Xylene, | minute each Mount in Eukitt Plating to get confluent culture Incubate with
Extract 30 sec. Wash in de-ionized water 30 sec. Dye-6- 1 mm. Wash in running water 50 % EtOH -3
dips (short) Wash in running water Dye -7 1mM.#0 sec. Il - Basic protocol for [IT29 staining in IV -
Protocol for Rat2-Q&El‘été%%ﬂ%uﬂﬁ%fpﬁaﬁé@ﬁ% YT IS | e Baio sk HE xeesviceko 96,
bath-optimizea:as sebasibes-ieldpyadtssec. - Wash in running water 3 times for 5 sec. - Dye-9 - 7 min.
- Wash in running water 3 times - Dip in 50 % EtOH - Wash in running water to repeat the cycle 3-5
times -Extract (50 %, bath-optimized as described below) 30 sec. - Wash in de-ionized water - Dye-8

-7 min. -Wash in de-ionized water TABLE 10

l Nuclei ] Cytoplasm
Malignant
Malignant cells f Blue l Flaming Red
Non-Mulisnan Cells
Lymphocytes Blue Green/Grey
Monocytes Blue Green/Grey
Granujocytes Blue Green/Grey
Erythrocytes Blue Green/Grey
Macrophage Blue Green/Grey
Stromal Cells Blue Green/Grey
Reactive Mesothelivm Blue Green/Grey
Mast Cells Blue Green/Grey
Erythrocytes Blue From colorless to greenish
Degenerating Cells
Degenerating Cells Grey/Green

5
EXAMPLE 3
Differential staining of malignant and non-malignant cells in paraffin-
embedded histology sections and frozen sections
10 The results obtained with histological sections are consisteni with those

obtained with cytological smears. However, it should be emphasized that while

cytological smears usually contain a very small variety of cells and tissue types, a

histology section represents the entire scope of tissue and cell types and distinguishing

malignant from normal structures present a more difficult task. Figures 9A-D show
15  some comparative results.

Similarly, in Figures 6A-D, the colon cancer cells adjacent to normal tissue
were successfully differentiated by a clear and distinctive red cytoplasmiec color as
opposed to a clear and distinctive green cytoplasmic color indicating normal cells.

The staining protocol for histological sections yielded red staining of

20  malignant neoplastic cells as well as some neoplasia. Hyperplasia, as well as

dysplasia stained distinctly from normal cells (see Figures 7A-C). Figures 6A-D and



Differentiation in 50% EtOH + 1mM HO - soak 1 min. - Wash in de-ionized water - Dye-7 - 9 min -
Wash in de-ionized water twice V - Basic protocol for IC562 cell staining VI - Basic protocol for I-IL-60
cell staining - Cells were prepared and plated according to the protocol - Extract - 1 min. - Wash in
water, 4 times - Staining with Dye-9 -4 min. - Differentiation, once in 50 % ethanol - Wash in water, 4

times - Dye+{ gGdinozY¥ash in water, 3 times - Cytospins were preparegl-aiglansiyi§0 000 cells/ring
-Incubate with extract (50 %; bath-optimized as described below) 30 sec. -Wash in de-ionized 10 sec. -

Dye-9 -6 min. - Wash in running water 10 sec. - 50% EtOH -20 dips - Wash in water 10 sec, - Dye-7 - 6
min - Briefly wash in running water WO 2QO7/1C¥Q.14§P CT/IL200 7/000 28 | 88 Soft agar protocol:
20 % serumt Bt (vAeMRaRFEd shaBcclpithes s sy eamshaiesebmeeyritaieahgesar 2 min, allowed

to cool at RTvole 131631 gesiphaced Midd<eobid 2RId of view stained red and pink (Figures

~ 6A-D). Similarly, in Figures 15A-C and Figures 16A-D the colon cancer cells

adjacent to normal tissue were successfully differentiated by a clear and distinctive

5  red cytoplasmic color as opposed to a clear and distinctive green cytoplasmic color
indicating normat cells.

Erythrocytes present on histological sections stained red due to the eosin
component in Azure A. Other elements of the sections, such as fibroblasts,
endothelial cells, muscle, and extracellular matrix components stained green, as so do

10 normal epithelial, squamous, tissue surrounding the neoplasia.

In another example, a tissue section taken from a melanoma patient was
stained by using conventional Hematoxylin-Eosin stain in comparison to the staining
protocol of this invention. Figures 17A-B clearly demonstrates that although both
methods enable visualization of the cells, cellular components and cell morphology,

i5  only the novel Stai;ling protocol was capable of differentie;.ting between malignant and
normal cells, staining the pormal cells bluish-green and the malignant cells in
distinctive red.

At present it is evident that sufficient differentiation between normal and
malignant cells can be obtained by the revised protocol for non-cervical smears and

20 the protocol for histological sections in which only one plant extract is used (Ficus
Elastica).

EXAMPLE 4
Boundary detection of malignant tissues
25
'The challenging task of boundary detection of a malignant tissue after surgical
excision is of paramount importance to verify the complete removal of the tumor. It
is preferable to conduct such diagnosis during the surgical procedure, particularly in
cases of solid tumors including prostate and colon cancers, melanomas and the like.
30 Usually conducted by microscopic visualization of a frozen section, there is a great
need to improve the efficiency of the boundary detection process. The staining
protocol of this invention can simplify and speed boundary detection, since the results

obtained can be analyzed without the need for a specialist pathologist. Figures 18A-C



5 bath. 1:5 agar dilution was prepared in pre-warmed media for a final concentration of 1 % agar. 1.5
ml of agar was poured into 35 x IOmm plates (Greiner, cat no. 627102) and plates were left to solidify
at RT for 10 min. Plates were placed in an incubator (37 C, 5 % CO2) to adjust to the proper pH. Agar
dilutions were prepared in prewarrned media for a final concentration of 0.3 %. Treated cells were
trypsinized iPgnrghiasespended to a concentration of 10,000 cells/SO - 20@/alMlaiantselt viability was
verified with Trypan Blue. Cell suspensions were quickly added to the agar, WO 2007/102146PC
T/1L2007/000281 89 gently inverted 2-3 times (in order to suspend the cells evenly) and then poured
(2.5 ml of agar + cell suspension) on top of eachgﬁ)reviously poured | % agar plate. Plates were cooled
to RT for appfBymianay ‘.’gﬁ Sitie ﬁé@é@%ﬂaﬂfiﬁc@%ﬁ@’ﬂ@?ﬁ%’@@% B 1510 % serum
media was afkeirelitodheheglissene iyvdmliays(gedes Micerapesinental wrakticalion bdd 29 cells were

incubated for three days with..100 migro M istein, 10 micro V.5 FU, 5 nM Butyrate, 30 micro M
N-methylforrvr‘?a&%nl g?ﬁ?\?l%%@rﬁ?r% X W)%ﬁ%ﬁ& %ﬁﬁg ium-’ 6%%%66%%0%3%%08%, the cells were
harvested aht$#fidéed to a 10 final concentration of 5 x 106 cells in 0.2 ml PBS. Immediately following
the dilution, HT29 cells from each test group were subcutaneously injected into the dorsal side of 10
nude mice (0.2 ml of 5 x 106 cells per mouse). During the assay period tumor size and mice body
weight were recorded twice a week. Tumor volReMPhIRF was estimated according to the foimula:
Length (mm) x [Width (mm)]2 x,0.5..15 HTS screening proc : Day 1 - Cell were Plated: Media
prepared, cells were trypsinize ,tégﬂiﬁfga "2 ‘%ﬁﬁﬁ’ gﬁgggsﬁ'@%gi&ﬁ%%ﬁng concentration was 5000
cells per well. Day 2 - Addition of library. Compound was diluted to a final working concentration: 20

from DMSO stock {q:30y iR eliolah{r@ament-cancemiadion dasthegiowha padinmidlay 2 medium®.

Day 3 - Cell medija refreshmgnt..The medium was replaced by "Day 2 medium”: Day 4 - Cell media
refreshentCPRE thSTTaREHSs YEPI AR A BPab A S ioRmanint a8 &3 efklisaRe révaSRad with medium
and air driedifefstabiedransiectioniofiRadiffat2iceddipkaiotypicatkeglls difaé2 opllg(different clones
of the same line) were plated 250 000 cells/well, (6.well plate) on th before the transfection. On
the day of trsalillﬁos\?)eé’t%cﬁ(, t%nétgcriséonsﬁ%}ng t eésl{f:ouq uft %ﬁg&g{ 34851 o%%ﬁe Fye ethylenimine
(PEI) transfelstiomstmsepetiorited sl mtackmspibionowdspreparet: inswatared Ovitivié.5 mg/10 ml) pH
7.4. Solution | - micrg l.of PELINS0 micrg L OMES%QM Clwas ixed. and incubated in room
temperaturegf;l'-%%?l}f)r g ?pin.l Solu'E%n 11 -25'micro g DNAO|}|Iin%SSO&m‘ill‘;(S:rig’| Ir_ng?iigbgrfhel{/l ‘NaC1 was prepared,
mixed WO 2007326 T/ kB0 7#0d0281m00dsithicielategdor Fminaat RGvSailiions | and 1l were

mixed and ingrbateskion 20 minalR i HAANBRHQRAXIUL) i QM ofRixiuiRWaR Adjusted to 1 ml

with transfectign medium (antibiotic and serum-free medium). Rat cells were washed with transfection
medium, traﬂﬁ%ﬁ?f&ﬁ%&tﬁ@%&?ﬁhﬂeﬂ f54reiRiRe rarH i8I stssihe &RblsoPIRETRSEUbation period,
the mediumtivasge mdtadniitti chercbbepleie Irawtolitediive, IKbH2isysterapreparation: 1(562 cells
were seeded in 75 ml flask with 20 ml complete RPMI 1640

20 EXAMPLE 6

Use of the teachings of the present invention to distinguish between cells in

in-vitro cell systems

MATERIALS AND EXPERIMENTAL PROCEDURES
25 The following materials and experimental procedures seciion relates to

- Example 6 through Example 12 detailed hereinbelow.
Staining procedures:

Table 11 below provides procedures for general staining according to the

30 present invention:

TABLE 11



10 medium at a concentration of 50000 cells/m1 for 4 days in an incubator. Cell medium was replaced
after 48 hrs. After 96 his of incubation, K562 cells were centrifuged and resuspended in serum free
medium at a concentration of 106 cells/ml. 100 micro Liters cells were plated in 96-well plates,
preliminary coated with 0.01 % poly-L-lysine, and incubated for 2 his until the cells attached to the
bottom of the,d204/ell814gulture medium was aspirated and plates were aglriedopened for at least 12
hrs. Hemoglobin assay was accomplished with 105 cells washed in PBS, lysed in water by freezing
and thawing 3 times. 100 mlcro L cell lysate was
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Wash in de-fonized water for 15 sec.

Incubate three times in 70 % and three times 100
% ethanol back and forth for total of 30 sec. Rinse
in distilled water.

Incubate in Dye-5 for 5 sec.

Wash in de-fonized water for 15 sec.

Dehydration in three times 70 % sthanol, 10
seconds each

Clear in 9 consecutive baths of absclute ethanol, 5
seconds in each

Clear three times in Xylene, I minute each

Mount in Fukitt
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IIX - Basic protocol for HT29 staining in

mulitwell plates apd YITS robot
—Extract (50 %, bath-optimized as described

below) 30 sec.

— Wash in de-fonized water

- Pye-§ — 7 min.

Wash in de-ionized water
Differentiation in 50 % FtOH + imM HCI -

soak 1 min.

— Wash in de-ionized water

— Dye-7-- 9 min

— Wash in de-lonized water twice

IV - Protocol for Rat2-Ras staining
— Incubate with Extract (40 %, bath-optimized as

described below) 30 sec. -~ Wash in running water

3 times for 5 sec.

- Dye-9— 7 min.

— Wash in running water 3 times

— Dip in 50 % EtOH — Wash in running water to
repeat the cycle 3-5 times

Y - Basic protocol for K562 cell staining
- Cells were prepared and plated according to

the protocol

~ Extract — 1 min.

Wash in water, 4 tirmes

Staining with Dye-9 .- 4 min.
Differentiation, once in 50 % ethano!
Wash in water, 4 times

Dye-7 — 6 min.

Wash tn water, 3 times

VI - Basic protocol for 1160 cell staining

— Cytospins were prepared at density 100 000
cells/ring

— Incubate with extract {30 % bath-optimized as
described below) 30 sec,

— Wash in de-ionized 10 sec.

Dye-2 — 6 min.

Wash in running water 10 sec.

50% EtOH — 20 dips

Wash in water 10 sec,

Dye-7— 6 min

Briefly wash in running water




20 450 ml MEM Eagle medium, Biological Industries (Bl cat. no. 01-040-1A), 5 ml PSA/PS, 5 ml
L-Glutarnine, 5 ml Na-Pyruvate, 50 ml FCS. HT-29 human colorectal adenocarcinoma, Mmloy's
medium, 1.5 inM glutamine, 450 ml Mmloy's 5a medium, 5 ml PSA/PS, 50 ml FCS.  Rat2, DMEM
medium: 450 ml DMEM HG medium (Bl cat. n0.01-055-1A), 5 ml 25 20 PSA/PS, 5 ml L-Glutamine, 50
ml FCS. K562 etrpnigisayelogenous leukemia (CML), RPMI 1640 medipanyé2mbipMI 1640
medium (Bl cat. n0.01-104-IA), 5 ml PSA/PS, 5 ml L-Glutamine, 50 ml FCS. I-IL-60, acute
promyelocytic leukemia cells were maintained in Iscove's 30 modified Dulbecco's medium (400m1
Isocove's medified-Dul E&?&fﬁ?ﬁ% m-(Bl cat. 5.0 -058- 1A\ 5.ml PSA/PS 4 mM glutamine, 100 ml

”B ~ i m ! H A 0
FCS (20 %) =% ;Q%ﬁfe‘ Ul tionyss %‘iﬁ%wer e Ligited - riieationdnplemented with 10
mM HEPE pellsfﬂMISﬁdlum pyruvate 2 mM L-glu asnma,,téuﬁ,,g/L gluco ?e ana 50 % fetal bovine serum.
MCF-7, aden dtargleantni@ell line hva@amanhtmmwmrﬁﬁﬁdﬁlm@madl m. Staining
Solutions and fixat; dbeﬁmf)ﬁgzg -8 % trichloroac 17 % tglaaal acetic acid (GAA), 4 %
formaldeh deD@e%—Meﬁhanol 30 % Ethanol and 5 3%~ 8 % trichlofoacetic acid

(TCA), 7 % mé%mulw@%\@mo #& formaldehy Hﬂﬁlﬁ&%r@@%ﬁlﬁ distilled water. Dyes:
Hematoxylin Qﬁgﬂgﬁﬁ@ i Wa[eq for use solutio offi’gé'ﬁ% FitinGillopbac@rdi wwre (Dye-2) - the
aniline dye|Azug-A was prepare g%y mixing 0.29 GrAME o AV IIHED m of ethanol|and 50 ml of
double distjlieduvtterns Bmaﬁlglﬂmwn Eosme Conjugate (Dye 3) was prepared by mixing Dye-B and
Dye-C. Mixt | 1 h efiatutien/Mixtxe as filtered

terre g F Y g o
through filt 3%@% A e) dg an ZQ ! %{%F@%“Nﬂ%'% 0.ml absolute ethanol. Filter was
removed a’l!ﬂdﬁﬁp&[;ﬂ@ﬁﬂ\é&aﬁcﬁlﬁgﬂ@ ,&Iém i : wﬂﬁﬁﬁﬁgﬁéﬁd AR DS AT Ris| prepared by
mixing Dye -mfhwddiyyeusowm(tmend\ﬁa&dmﬂed zfiar D@imnta c2Rd allowed to cool to' room teémperature

Mixture Wasdf?@ered thro an%g)']%ﬁer Filter wasléi%%l@lfi}r@an@msmmmaﬂm ml gbsolute ethanol.

Filter was fempygd gﬁtg@pag@i@@i\yas used. 25" iﬁmﬁ 4.9 8r je-5) - the aniling dye Light
Green 4 %) wakruseekastaoyenaraistaingptae pro mlsﬁ(a{ Isgggpns The aniline dye was

prepared by~ ng:@ t“@:’f‘éﬁhﬁ@!ﬂ‘)@r@@#wﬁwtm mt eitham@lnamzmrmkﬁiouble distilled water. Phloxine
(Dye-A) - the & fle ing. Ve Rhloxine was ysed for <ta|g ﬁu‘% %}:gﬁe%f’i‘ﬂ?féﬁﬁé%lsmsue The aniline dye

was prepa edhymxmgeln @g@p@@&@l@p@@f withj 20 J1 ﬁ@@}qqny}{ater and 50 ml of ethanol.
BBr (Dye-BfRFREBBr dye was prepared by disgolvingi2igrains efisrarkirown R in 50 ml ethanol

and 200 mj double distilled water. 93 Eosine Ye|low¥ f@“ onigedBatyr &b Fosine Yellpw shade were
mixed with 15 ml 100 % ethanol and 35 ml double dj ﬁ ?f‘i\l(%erff ychsin (Dye-6) - 0.4 %

ot wal

solution was prepared in 33 % EtOH Light Green{ 4 %c@&yﬁﬂ&ené}a%ﬁ@ Wtighuwasipiepdred in 20 %
EtOH 5 New Fuchsin (Dye-8) - 0.4 % solution wast{ftéztrad! <8 8ngGort0d: Lotal of 1 min.
- Rinse in distitled water

~ Incubate in Pye-10 for 2.5 min.

— Wash in de-fonized water for 15 sec.

— Dehydration in three times 70 % ethanol, 5
seconds each

— Clear in 9 consecutive baths of absolute
ethanol, 5 seconds in each

— Clear three times in Xyvlene, 1 minute each.
~_ Mount in Bukitt

Soft agar protocol:
20 % serum media was warmed in 48 °C bath. 5 % agar was melted in a
microwave for 2 min, allowed to cool at RT for 10 min. and placed in 48 °C H,0Q
5  bath. 1:5 agar dilution was prepared in pre-warmed media for a final concentration of
1 % agar. 1.5 ml of agar was poured into 35 x 10mm plates (Greiner, cat no. 627102)
and plates were left to solidify at RT for 10 min. Plates were placed in an incubator
(37 °C, 5 % CO,) to adjust to the proper pH. Agar dilutions were prepared in
prewarmed media for a final concentration of 0.3 %. Treated cells were trypsinized
10 and resuspended to a concentration of 10,000 cells/50 - 100 pl/plate. Cell viability

was verified with Trypan Blue. Cell suspensions were quickly added to the agar,



New Euehsin (Dye-9) - 0.5 % solution was prepared in 20 % EtOI1. PH was adjusted to 5.7. Light
Green 4 % (Dye-10) - the aniline dye Light Green 4 % was used as a general stain in the protocol for
histological sections. The aniline dye was prepared to by mixing 4 gram Light Green with 100 m|
double distilled water. EXPERIMENTAL RESULTS This approach has been amended to support in
vitro experirightgoi/hgadssingle fixed cells, rather than tissue samples wef& izoNeezal model system
15 representing normal versus malignant tissue was constructed using primary normal colonocytes
(CCD-33C0) and human colorectal adenocarcinoma (HT-29). In order to obtain the differential staining
in this model system, certain amendments of thé®$taining protocol used for histological samples were

required (Pré&tSES) My byt andrid (etarad BoAst evenhy andchemmatseitidtiveen normal
(Green, 20 Figuis28A) @lidumighanbiRes oFiguierRtc) e ibdlacdnenaisesad nymier of

phenotype-reglated tasts,h en performed ta verify the normal and abnormal phenotypes of these
cells. Saturation dgnsityt%?ir‘]%#%rgaa[p e glrv{&aatgﬁ%a%ﬁnfg\’/\fgfra ‘fﬁgﬁt{haé‘ RSHEHSRhEEENRS: prdbably due to the

contact inhilsigun (Figules 20%-Bramdmaotis howaklshrehdinglobnasmalagells was more prominent
compared to the malignant 25counterpart (Figures 20A-13) and in addition to this, the HT-29
possessed profound foci formation capabilities in soft agar (Figure 21). EXAMPLE 7 Use of
the methods and cOFf§duisamesede Byetaeofiresent invention for 30drug discovery 94  Having

developed a staining prolSakeanale Al HTGIRIALA ARG AGTIAIRIMEANSIpIEY Phenotypes.
o detect phenotypic

the present K)Ivf %?rr? %%r%onstrated herein the abihtxf#rn use, this staining metho |

changes of ma ig ant B8R K HEmB AP ST oM hRsi e HRipt e WME)rSforistriMiRbYierature to cause
5 normalizaioh of welliar ghven ot eharfourdplagetiatisies difer entweslid anachiitigssnechanisms were
choseny, Exgmples,of icals are sodium.Buty [Newmark et al, Cancer Lett (1994) 78:
1-5] an(IJI Genistein [Bé?r%@,%%mr 13%35?6 SI?S%UE)H;;I): S- © sl%g%zlﬂ%‘%‘ﬂﬁy%ﬁe induces
differentiatiofiaiernBrrharshiifararash aliatayolaestubotecbylinnibiietinctikitydofHistone

deacetylasesjRasterochale, Iéi&iqthﬁnbflﬁﬁﬁbQ@éﬁ@gé%@egl Vﬁul%gﬁ{y%k%ﬁ} IS@pptent tyrosine
kinase inhib%tor Barnes, J Nugé 935) 25 (3 Suppl):77S-783S Is]. As demonstrated herein, native
I

HT-29 cells StARH REY T CHSRy iR sk c dvpeurlusedmet) Green/blue but
remained viaislectimoughectotiine xp drinfrentulusirg frgioapk|1%idéh wyfer ¢a facilitate quantification of
the exteqt of color change, and since it is evident that cells contain a mixture of the Red and the Green
dye, a measurement representing the ratio of optical density measured at the spectrum of the Red dye
(ODRed) and the dpfitafigemagrrseeduisd at the spectrum of the Green dye (ODoreen) was
developed. Dais ratisideneterk: provpd-tephed simpleruiashlipolk 20Malionaninals exhibit R values
above or eqllfllz&l) toe%iaijlﬁ niogmal cells te‘xhibit I;%@I es below 1. Figures 22A-D and Figures 23A-C
show the phenolﬁlpe drueg £erde f;r?é‘ FRLHYTS B ? GRASREotsH carcinoma cells) treated with
increasing ddaeéntéadibiencif Sibdipm Butyratedterandileedhe atalidrenkioglldifferaatiation. Butyrate
treatmept 25 1 in reduction in cell number and morphological changes associated with
differegg]atio%f)fnd pﬁensé%%g) c%%%qégg T Q%htgﬁé%&cc% %ﬁtgr%%%‘vé’%et 3&503?3% B M@ans of gradual,
concentratiok’@hd #seuBiEpendent color changes from red (malignant) to blue/green (normal). A

similar colomange JYas ahiRhesAlie! tf‘ﬁé&ﬁb%ﬂkﬂ"%‘&éﬁ%i‘i%&ﬁigg Fighyes, 24A), Three types of results
|

were presented in 30_Figures 24A-C: staining type (Figure 24A); quantification of the staining results
(Figure 24B}ahd th&LmEdiagrirshraindhe Bisdhencer rentised trigons 2acyivedemonstrated in
figures 24 AlByyas-addbuliced tarhistemiiigaimanindherevas an evident dose-dependent shift in cellular
stainingtype: from Red-staining to 95 Green/Blue-staining, which could not be explained by the cell
number reduction (Figure 24C). EXAMPLE 8 5Validation Using Functional Assays Biochemical
validations of cellutarbyhieantigsanr e/MighiResdualilénools, albeit often they suffer from a lack of

breadth across diffesanaely ReseifmAaRACIRS BRIk TRIPALARA R Y5 While Alkaline
oshp a%% 1SIZSW%H (6 well plate}) on the day before the transfection. On the day of

transfection, the density of the culture was 80 — 90 9% of confluency.
30 Polyethylenimine (PEI) transfection was performed. PEI stock solution was prepared
in water: 10 mM (4.5 mg/10 ml) pH 7.4. Solution X - micro L of PEI in 50 micro L
of 150 mM NaCl was mixed and incubated in room temperature (RT) for 5 min.

Solution I — 2 micro g DNA in 50 micro L of 150 mM NaCl was prepared, mixed



10 reasonable marker for Brush Border differentiation of colon cells [Matsumoto et al.,
Gastroenterology (1990) 98(5 Pt 1):1199-207], it has little value in other cell systems as well as in
other differentiation pathways. Similarly, Hemoglobin production, which is a clear characteristic of
normal hematopoietic cells [Clarke et al., Blood (1982) 60:346-351; Constantinou and Huberman, Proc

7%%?&) 208 15 (1):109-15] is highly inhibited in malignanily Jensiorped
Is.

Soc Exp Bi%ylﬁ?
hematopoietic ce s valuable as this marker is in hematopoietic systems, it has no value as a

marker in most other cell systems. Thus, while there is a lack of broad-scoped biochemical markers
there are a number of classical approaches thateallow for functional - assessment of the transformed

phenotype. A @rgshitiefasicommaniyusadid elassic@ppreachesinakeal seftxagar, validating
the anchorage in dent. growth of maligpant cells, and animal models, assaying,the tumor
%gh ﬁg?{g}f 11! S%t’%{l 11 nﬁn({ure %ﬂlme 0% mlxttér?n%ag gﬁg E(E (‘fl,r%;l Cﬁét

formation po alignant cells in ihmunosuppresse lar Biology of
the Cell. 3rdtedsipetinn Yisdivn (ridhidon xed( 490 frehecgresenRinvetors rasedittibséticlassical

approachesig\alidpie theiesults faeosisA AR TeRaBaYiomn 29 Agar rauEigyre 21) and nude
mice (Figure 25) was established by .stud%:;g the function of cells ﬁ)}re-treated with different

compounds B o6 drryba et uieds s dnsdasndive tertrest abihdpergeristag oiferent responses
in the staining:diasay presented above. One group possessed the ability to affect a color change from
Red to Green, while the other group did not possess this ability to change the type of staining from

Red to 30 Green. It was speculated that some compounds may affect a transient rather than a stable
change of phenotypEanwitmaptabeiytond influence the results obtained in soft agar and in nude mice

experiments. The grageptjiguaiiotsdasied hese campawdsabilituinaliechamiapigsustainable
change of phenotype by treaéttgéf the cells and 96 observing the cells after retraction of the sodium

butyratd tre RHTEHE Gt EPREEDER ) ofn tHEOSeLls/BY &5 didhsin it Mrrhaost b 6B Was present for a
long time aftessreipheitdraétde bompokmdidnm tfdealatng Kishehrviarappargugydcontributed to

the normal phnolyos.erserved oot agatyfiguie, 2 200 TGS HPAGRAIG ffe the nude mice
and even up to 0 _gys no tumors were ( etected In these animals (Figure % y contrast, sodium
butyrate caugkdcatFmsiepHcoieaheaddn Sbarddrletass cechirninem ofthé Risk 8t&inihg within four

days (Figures26AnRnASRXARHERdhe oz reatedwitbi Rosimcautyiatevaabavesdn a manner

consistent wit transI:ormed henotype both in soft agar and.in the animal model (Fi?ures 21 and 25,
torespéitivelf) T He LU FeRtSoBHy Bt feRialtS et Airiin TRt dBiet S Hklow. TABLE 12
Treatment SitainiHgmasgayi®estggans calenipt)HadndrydoiitglGomshtNagaide (Retlin Tumors PA

Phytic acid N§@§H¥eﬁg§£gé a'hlg E&%&% qggeg)_F lIJOE (Pnsli 1':\{/3914(%5?%)% was submitted fo the

Benzidine assay.

20 Nitrobiuetetrazolium test (NBT):

1 x 10% cells in 1 ml of cel growth medium were incubated at 37 “C for 30
min in the presence of 0.1 % nitroblue tetrazolium chloride {(Merck) and 100 ng
of phorbol myristate acetate (PMA, Sigma). After incubation, the cells were
cytospinned and the slides stained with May—Grunwald-Giemsa stain (Sigma).

25 Cells were scored for the presence of blue-black formazan granules.

Reagents:
Genistein, Sigma Cat.no. G-6649, Phytic acid, Sigma Cat. no. P-3168, SFU, Sigma

Cat. no. F-6627, Butyric Acid, Sigma Cat. no. B-5887, NMF, Aldrich Cat. no.
30 473936, PD 98059, Calbiochem Cat. no. 513000

ChemBridge Corporation - http://www.chembridge.com '

DNA constructs - Clontech Cat. no. K 6013-1(Ras dominant negative vector set)

Polyethylenimine (PEL) Aldrich Cat. no. 40872-7,



- Partial inhibition Genistein Positive (Green, long duration - No inhibition Sodium Butyrate Positive
(Green, short duration/transient) No inhibition NMV N-methylformamide Negative (Red) No inhibition
In summary, as demonstrated herein, while the staining results indicate that 15 the phenotype has
been affected, this change may be either transient or terminal. If the change is transient, the

functionality,of,the-glsin soft agar or in nude mice, may be somewhat pagapssedsdasieventually the
behavior will simulate that of the transformed phenotype. 20EXAMPLE 9 Use of the methods and

compounds described by the present invention in High Throughput Screening 97 industrial testing of
large quantitjes, of cor%pounds for desired biologitial activity. The staining method suggested above
r )

allows for thé-detettibH8FEERBHANRE 5t patitiendartdtintadi$ known as cancer regulating

agents. Thesddypasoieatipbunds leadNovanialioration of the malignant/transformed cellular
phenotype. gﬁ[{}%@%ﬁ%&l gg}glggﬁ%fgé??mcg&li 0 twas completed using 384-well plates and a

liquid handling system in the screenin arge chemical collections. In order to deal with the
possibility thBeeemdnsnth ssa s niidurigsevul dsadeytddsdiyatrinthuSteehderitioma@8urement of ratio

(R) unreliablgiéhegpasentinyrnions deyalansda measw asenl Ak thadages ffrytepxicity of the

compound. to The use of two dyes within the staining protocol gave a distinct absorbance profile
which madeN!fd4&ffd 1l aeP il estrerent wavelengths and use both output results for evaluation.
The absorbdfies:abthborsd ey NeNoUBhSingbt) Gasdtead $4660 inn and the absorbance of the

green dye LLQQ{HGPE &vﬁ‘z as rea[q_gi,ﬁ)SO run Both were read simultaneously in a
spectrophotomet%r plate red or Thé'raw ~_15data output was automatically transformed and
analyzed. Bismark Brown R, SIGMA Cat. no. B-7758

10 Eosin Yellow certified SIGMA Cat. no. £43 87
Phioxine, Phloxin-B Sigma P403 0
Light Green, SF Yellowish, Merck 1.15941
New Fuchsin (CI 42520, Basic Violet 2), Sigma N-0638
Lab-Tek Chamber slide system-Lab-Tek, Nalge Nunc International, 177402
I5
Cell lines:
All cell lines were purchased from ATCC and treated according to the ATCC
instructions.
CCD-33C0O, normal primary colonocytes, MEM Eagle medium:
20 450 ml MEM Eagle medium, Biological Industries (BI cat. no. 01-040-1A), 5 ml
PSA/PS, 5 ml L-Glutamine, 5 mi Na-Pyruvate, 50 m1 FCS.
HT-29 human colorectal adenocarcinoma, Mmloy’s medium,1.5 mM glutamine,
450 m1 Mmloy’s 5a medium, 5 ml PSA/PS, 50 m1 FCS.
Rat2, DMEM medium: 450 m1 DMEM HG medium (BI cat. n0.01-055-1A), 5 mi
25 20 PSA/PS, 5 ml L-Glutamine, 50 m1 FCS.
K562, chronic myelogenous leukemia (CML), RPMI 1640 medium: 450 mi
RPMI 1640 medium (BI cat. no.01-104-1A), 5 ml PSA/PS, 5 ml L-Glutamine, 50
ml FCS.
H1-60, acute promyelocytic leukemia cells were maintained in Iscove’s
30 modified Dulbecco’s medium (400m1 Isocove’s modified Dulbecco’s medium
(BI cat. no. 01-058-1A), 5 ml PSA/PS, 4 mM glutamine, 100 ml FCS (20 %).



Since both the green and the red dyes contributed to the phenotypic color differentiation, an index of
malignancy was created using the ratio of NF/LG. The quotient of | was used as the cutoff to
distinguish between the malignant phenotype and the normal phenotype. Malignant cells stained red
and therefore had an index of 20malignancy higher than 1. Normal cells or differentiated cells stained
green and tReggefare, hagea malignancy index of less than 1 (see Figure 23X 2007/ddd8 number of cells
in each well also had significance in the evaluation of the results. In order to eliminate false
interpretation, when very low number of cells give background read values, which can be
misinterpreted when calculated as the 25 ma|i ﬁ%n Y irlugp X, an estimate of the cell number was
necessary. THarefBrAGEIS HPBRIPA S (ﬂ%lf}%ﬁéélﬂl + %ﬁg&%i%ﬁ@lﬂg‘g&%@% Wstimate for cell
number in amidlIFERRESo Mmal zedithisp yisiaieub irgdtédetantndle, This ylaglasedad theact that cells
stained eith(?{3 t&qqhgg.%es pu%]nd the sum of both reflected the overall presence of cells in the well.
Experiments in w |cf1 cells in different densities were plated showed 30linearity of the sum of the dyes
at the relevaMtGEngerfantarieanawnpmmans gégd. a SeHalingosurentrignsdarlibidsMChemBridge
Corporation)wassscreened at 30 micro molar initial concentration of the compounds. HT-29 cells were
98 plated, treated over 4 days with different compounds and at the end of the process were stained
using protocol (I1). An automatic formatted Excel-based analysis tool analyzes the results. A
phenotype changeStitiwiag Brormumoed Wketivescompound gave a ratio of NF/LG of 5 less than 1 but
had a value pihgsumgof N o |G ghesnap 8.2, Ag%og%kgih&xvﬁsa@r@wu&(g%wﬁen the sum of

NF + LG was less than 0.2. The hits could be visualized even with a naked eye (Figure 27A). The

screening offfiaddbiriBritigeMpiagoloB 8 a1 anbindrtg HkBtheslecules, resulted with 248 (0.45 %)

hit at they primpgy gRBEn sToMNR3LNESA9dQP6 49) Were Activadn thepaneamalay,concentrations
on the HT-29 cell line (Figure 28). 6 of those compounds were chosen to be further validated. Although

this library h&¥Badab, Ferb Bl dintitied Bettie, these compounds were never detected as

anti-cancer leads in other assays. Hits activity was validated by a repeated assay. All hits were
positive for the secqnd time. The activity range was tested using a dose 15response curve using the

same colorimetric asvs%y (Fig 2713). The results of this screening are plotted in Figure 28. As the
results showHimeasexebn Gl @nsd Yo aredydistivetsatehenyddenfatesponsas ior 3. given level of

compourd capgentpien) Taxic/sialic effech-ARAR0G L pRERQL/RS Gﬁa&sﬁ enshe.Redie-Green color
Su

change) and no obvious change of phen%%/pe (Red stalninﬁ). The 20 population of compounds

capable of aftétEny i adrly ctaprbeet Lny fitnubleifttitig i ighly toxic response as measured
by cell numbBisiadble Wellwis Bbgiieatinigugatasippiehtialwiugpoqneidaiespsince e Breen-staining
nas been shown garrelated i urorosaely of cels, Gormpeungls shatying greg! Sigcfoxic effect

should be re“checked at lower concentration in order to detemilne whether there is a
25lowerconcentratidirat WhidhrehwasHaEsedpbrughdrifs PaptbwaEieysissoeBytodicit EXAMPLE 10

Use of the mgibads.anthsompasigaofithedpreseat investiondortasaphvabdation?ad.  The results
above demonstrate the abililt#rof this staining method to determine cbhan es omg%uotype that have

occurred in nSTRERBERTE RRIQHME SioniEE S Hhy & 4TS o thh T ve d%as utility in
determining plresihtypitxi8&: chanbeaieih faorrahoelisidaatiighy desirable featureripethimfield of target
validation. Thie SYSISTLTS,CRTSIUSISH o e basin o RAILA A2 Gels.Glanem iy expressing
empty expression vector (VEc), wild® ype oPRES ( as-vec? and oncogenic form of Ras (Ras-V12)
(Figure 29) werebaariteedthancl chtercies raddyyd and preparation was used.

25 Light Green 4 % (Dye-5) - the aniline dye Light Green 4 % was used as a
general stain in the protocol for histological sections. The aniline dye was prepared
by mixing 4 gram Light Green with 70 ml ethanol and 30 m] double distilled water.
Phloxine (Dye-A) - the aniline dye Phloxine was used for staining paraffin-embedded
tissue. The aniline dye was prepared by mixing 1.5 grams Phloxine with 200 ml

30 double distilled water and 50 ml of ethanol.

BBr (Dye-B) - The BBr dye was prepared by dissolving 2 grams of Bismark Brown R
in 50 ml ethanol and 200 ml double distilled water.



5 western blotting (not shown), cytoskeletal organization (not shown) and the behavior in soft agar
(according to Table 13 and Figures 30A-B). SVT2 cells were used as a positive control for the
anchorage-independent growth [Simcha et al., J Cell Biol (1996) 133(1):199-209]. Thus, the previously
reported ability of Ras-V12 to transform cells and induce colony formation in soft agar [Egozi et al., Int.

J. 10Cancer{99) 8991 1-9181 was confirmed. TABLE 13 Rat2-basedsggliiinaMesias Vec Ras
V12 SVT2 Cell number at plating 250 1000 250 -1000 250 1600 250 1000 Numberof colonies 1 1 17
32 25 72 219 -800 Sizeof
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Losine Yellow (Dye-C) - 0.26 grams Eosine Yellow shade were mixed with 15 mi

100 % ethanol and 35 ml double distilled water.
New Fuchsin (Dye-6) - 0.4 % solution was prepared in 33 % EtOH
Light Green 4 % (Dye-7) — 4 % solution was prepared in 20 % EtOH
5  New Fuchsin (Dye-8) - 0.4 % solution was prepared in 33 % EtOH
New Fuchsin (Dye-9) - 0.5 % solution was prepared in 20 % EtOH. PH was adjusted
to 5.7.
Light Green 4 % (Dye-10) - the aniline dye Light Green 4 % was used as a
general stain in the protocol for histological sections. The aniline dye was prepared

10 by mixing 4 gram Light Green with 100 m! double distilled water.

EXPERIMENTAL RESULTS

This approach has been amended to support in vitro experiments where single

fixed cells, rather than tissue samples were involved. A model system

15  representing normal versus malignant tissue was constructed using primary normal
colonoeytes (CCD-33C0) and human colorectal adenocarcinoma (HT-29). In order to
obtain the differential staining in this model system, certain amendments of the
staining protocol used for histological samples were required (Protocol 1I).  The
resulting staining (Figures 20A-C) clearly discriminated between normal (Green,

20  Fipure 20A) and malignant (Red, Figure 20C) cellular phenotypes. A number of
phenotype-related tests have been performed to verify the normal and abnormal
phenotypes of these cells. Saturation density of normal cells was much lower than

the malignant cells, probably due to the contact inhibition (Figures 20A-B and not
shown), spreading of normal cells was more prominent compared to the malignant

25 counterpart (Figures 20A-B) and in addition to tixis, the HT-29 possessed profound

foci formation capabilities in soft agar (Figure 21).

EXAMPLE 7

Use of the methods and compounds described by the present invention for

30 drug discovery



colonies Small (S) Small (5) Large (L) The ability of the crude extract to stain Ratl Ras cells was
summarized in 15Table 14, where staining capacity is directly correlated with the concentration of the
extract. TABLE 14 70 % EMIL 100 % Ext 50 % Ext 25 % E 12 % Ext 6 % Ext 0.876 0.914 0.117 0.126
0.141 0.135 0.285 0.248 0.395 0.402 0.637

W 2087/102146 POCT/IL2007/0600281
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Having developed a staining protocol capable of differentially staining normmal

and transformed phenotypes, the present inventors demonstrated herein the ability to
use this staining method to detect phenotypic changes of malignant cells. A
number of chemical compounds were reported in the literature to cause

5 normalization of cellular phenotype and representative different cellular
activities/mechanisms were chosen. Examples of these chemicals are Sodium
Butyrate [Newmark et al, Cancer Lett (1994) 78: 1-5] and Genistein [Barnes, J Nuir
(1995) 125 (3 Suppl):778-7838 1s].

Sodium Butyrate induces differentiation and normalization of the cellular

10 phenotype by inhibiting activity of histone deacetylase [Parker et al., J Biol Chem
(1986) 261: 2786-2790] while Genistein is a potent tyrosine kinase inhibitor [Barnes,
J Nutr (1995) 125 (3 Suppl):77S-783S 1s]. As demonstrated hercin, native HT-29
cells stained Red, while cells effectively treated with these compounds stained
Green/blue but remained viable throughout the experiment (using Protocol II).

15 In order to facilitate quantification of the extent of color change, and
since it is evident that cells contain a mixture of the Red and the Green dye, a
measurement representing the ratio of optical density measured at the spectrum of the
Red dye (ODgey) and tﬁe optical density measured at the spectrum of the Green dye
(ODGreen) was developed. This ratio, denoted R, proved to be a simple, useful tool:

20  Malignant cells exhibit R values above or equal to 1, while normal cells exhibit R
values below 1.

Figures 22A-D and Figures 23A-C show the phenotype drug screening result
in HT29 (human colon carcinoma cells) treated with increasing concentrations of
Sodium Butyrate to induce the malignant cell differentiation. Butyrate treatment

25  resulted in reduction in cell number and morphological changes associated with
differentiation and phenotype change. The phenotypic changes were detected by
means of gradual, concentration and time-dependent color. changes from red
(malignant) to blue/green (normal). A similar color-change was obtained afier
treatment with Genistein (Figures 24A). Three types of results were presented in

36 Figures 24A-C: staining type (Figure 24A), quantification of the staining results
(Figure 24B) and the effect of the treatment on the cell number (Figure 24C). As
demonstrated in figures 24A-C, as a result of Genistein freatment, there was an

evident dose-dependent shift in cellular staining type: from Red-staining to
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Green/Blue-staining, which could not be explained by the cell number reduction
(Figure 24C).
EXAMPLE 8
5 Validation Using Functional Assays

Biochemical validations of cellular phenotype are highly valuable tools,
albeit often they suffer from a lack of breadth across different cellular systems and
across different differentiation pathways. While Alkaline Phoshphatase is a

10 reasonable marker for Brush Border differentiation of colon cells [Matsumoto et al.,
Gastroenterology (1990) 98(5 Pt 1):1199-207], it has little value in other cell systems
as well as in other differentiation pathways. Similarly, Hemoglobin production,
which is a clear characteristic of normal hematopoietic cells [Clarke et al., Blood
(1982) 60:346-351; Constantinou and Huberman, Proc Soc Exp Biol Med (1995) 208

15 (1):109-15] is highly inhibited in malignantly transformed hematopoietic cells. As
valuable as this marker is in hematopoietic systems, it has no value as a marker in
most other cell systems. Thus, while there is a lack of broad-scoped biochemical
markers there are a number of classical approaches that allow for functional

" assessment of the transformed phenotype. Amongst the most commonly used

20 classical approaches include soft agar, validating the anchorage independent growth
of malignant cells, and animal models, assaying the tumor formation potential of
malignant cells in immunosuppressed mice {Alberts et al, Molecular Biology of the
Cell. 3rd ed. New York and London, ¢ (1994)]. The present inventors used these
classical approaches to validate the resulis reported above. The behavior in soft agar

25 (Figure 21) and nude mice (Figure 25) was established by studying the function of
cells pre-treated with different compounds. The compounds were classified according
to their ability to generate different responses in the staining assay presented above.
One group possessed the ability to affect a color change from Red to Green, while the
other group did not possess this ability to change the type of staining from Red to

36 Green. It was speculated that some compounds may affect a transient rather than a
stable change of phenotype and that this would influence the results obtained in soft
agar and in nude mice experiments. The present inventors tested these compounds

ability to affect a stable sustainable change of phenotype by treating the cells and
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observing the cells afler retraction of the sodium butyrate treatment (Figures 26A-E).

In the case of Genistein the normal staining type was present for a long time afier
retraction of the compound from the cells and this behavior apparently contributed to
the normal phenotype observed in soft agar (Figure 21) and minimal tumorgenicity in
5 the nude mice and even up to 30 days no tumors were detected in these animals
(Figare 25). By contrast, sodium butyrate caused a transient color-change-retraction
caused a return of the Red staining within four days (Figures 26A-E). As expected,
the cells treated with sodium butyrate behaved in a manner consistent with
transformed phenotype both in soft agar and in the animal model (Figures 21 and 25,

10 respectively). The correlation between these results is summarized in Table 12 below.

TABLE 12
Treatment Staining assay Soft agar (colonies) Tumorgenicity
Control Negative (Red) + Tumors

PA Phytic acid Negative (Red) + Not determined
SFU Positive (Green) ) - Pattial inhibition

(Genistein Positive {Green, long - No inhibition

duration
Sodium Butyrate Positive (Green, short + No inhibition
duration/transient}
NMVY Negative (Red) ) + No inhibition
N-methylformamide

In summary, as demonstrated herein, while the staining results indicate that

15  the phenotype has been affected, this change may be either transient or terminal, If
the change is transient, the functionality of the cells in soft agar or in nude mice, may

be somewhat hampered, but eventually the behavior will simulate that of the

transformed phenotype.

20 EXAMPLE 9

Use of the methods and compounds described by the present invention in

High Throughput Screening

Based on the previous reports, the present inventors generated the

25  conceptual possibility to use this approach as architecture for drug discovery; the
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industrial testing of large quantities of compounds for desired biological activity. The

staining method suggested above allows for the detection of non-cytotoxic
compounds, also commonly known as cancer regulating agents. These types of
compounds lead to amelioration of the malignant/transformed cellular phenotype.

5 The practical implementation of this concept was completed using 384-well
plates and a liquid handling system in the screening of large chemical collections. In
order to deal with the possibility that some of these compounds could be cytotoxic
and thus render the measurement of ratic (R) unreliable, the present inventors
developed a measurement of the degree of cytotoxicity of the compound.

10 The use of two dyes within the staining protocol gave a distinct absorbance
profile which made it feasible to read at two different wavelengths and use both
output results for evaluation. The absorbance of the red dye New Fuchsin (NF) was
read at 560 nm and the absorbance of the green dye Light Green (LG) was read at 630
nm. Both were read simultaneously in a spectrophotometer plate reader. The raw -

15 data output was automatically transformed and analyzed.

Since both the green and the red dyes contributed to the phenotypic color
differentiation, an index of malignancy was created using the ratio of NF/LG. The
quotient of 1 was used as the cutoff to distinguish between the malignant phenotype
and the normal phenotype. Malignant cells stained red and therefore had an index of

20 malignancy higher than 1. Normal cells or differentiated cells stained green and
therefore had a malignancy index of less than 1 (see Figure 23C).

The number of cells in each well also had significance in the evaluation of the
results. In order to eliminate false interpretation, when very low number of cells give
background read values, which can be misinterpreted when calculated as the

25 malignancy index, an estimate of the cell number was necessary. Therefore the sum
of NF + LG (i.e., ODRed + ODgreen) was used as an estimate for cell number in a well
and normalized this, using untreated control. This was based on the fact that cells
stained cither red or green and the sum of both reflected the overall presence of cells
in the well. Experiments in which cells in different densities were plated showed

30 linearity of the sum of the dyes at the refevant range (data not shawn).

Briefly, a small molecule chemical library (ChemBridge Corporation) was

screened at 30 micro molar initial concentration of the compounds. HT-29 cells were
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plated, treated over 4 days with different compounds and at the end of the process

were stained using prétocol (1.

An automatic formatied Excel-based analysis tool analyzes the results, A
phenotype change hit was pronounced when a compound gave a ratio of NF/LG of
less than 1 but had a value of the sum of NF + LG higher than 0.2. A cytotoxic hit
was pronounced when the sum of NF + LG was less than 0.2. The hits could be
visualized even with a naked eye (Figure 27A).

The screening of the ChemBridge library, of 55,120 small drug-like
molecules, resulted with 248 (0.45 %) hit af the primary screen, fiom which 32 hits
{0.06 %) were active in the nano-molar concentrations on the HT-29 cell line (Figure
28). 6 of those compounds were chosen to be further validated. Although this library
has been screened numerous times before, these compounds were never detected as
anti-cancer leads in other assays. Hits activity was validated by a repeated assay. All
hits were positive for the second time. The activity range was tested using a dose
response curve using the same colorimetric assay (Fig 27B).

The results of this screening are plotted in Figure 28. As the results show,
the screen gave rise to three distinct archetypes of responses for a given level of
compound concentration: Toxic/static effect, change of phenotype (based on the Red-
to-Green color change) and no obvious change of phenotype (Red staining). The
subpopulation of compounds capable of affecting a change of color of cells, without
inducing a highly toxic response as measured by cell number in the well, is of great
interest as potential drug candidates, since the Green-staining has been shown
correlated with tumorgenicity of cells. Compounds showing great static/toxic effect
should be re-checked at lower concentration in order to determine whether there is a

lower concentration at which the phenotype is changed at lower levels of cytotoxicity.

EXAMPLE 10

Use of the methods and compounds of the present invention for Target

Validation

The results above demonstrate the ability of this staining method to
determine changes of phenotype that have occurred in malignant cells. In addition,

the results have also shown that this method has utility in determining phenotypic
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changes in normal cells; a highly desirable feature in the field of target

validation. This system was constructed on the basis of Ratl or Rat2 cells. Clones,
stably expressing empty expression vector (Vec), wild type of Ras (Ras-vec) and
oncogenic form of Ras (Ras-V12) (Figure 29) were derived and characterized by
western blotting (not shown), cytoskeletal organization (not shown) and the behavior
in soft agar (according to Table 13 and Figures 30A-B). SVT2 cells were used as a
positive conirol for the anchorage-independent growth [Simcha et al., J Cell Biol
(1996) 133(1):199-209]. Thus, the previously reported ability of Ras-V12 to
transform cells and induce colony formation in soft agar [Egozi et al., Int. 1.

Cancer (1999) 80:911-918] was confirmed.

TABLE 13
Rat2-based | Vec Ras Vee Ras V12 SVT2
celf fline
Cell number | 250 1000 250 100G 250 1000 250 1000
af plating
Number of | 1 1 17 32 25 72 219 ~800
¢colonies
Size of | Small (S) Small (S) Large (L)
colonies

The ability of the crude extract to stain Ratl Ras cells was summarized in

Table 14, where staining capacity is directly correlated with the concentration of the

extract.
TARLE 14
T8 % EtOH | 100 % Ext 50 % Ext 25 % Ext 12 % Ext 6 % Ext

0.876 | 0.6i4 | 0.117 ] 0.126 | 6.141 [ 0.135 | ©.285 1 0.248 | 0.395 | 0.402 0.637

0861 1 1.0t7 10114 | 0.133 [ 0,180 | 0.185 | 0365 | 0.286 | 0517 | 0479 | 0.671

0.867 1 1.090 | 0.135 | 0.181 | 0.193 | 6.158 | 0309 | 0.340 | 0.555 | 0335 | 0.742

0848 | LOB1 | 0.126 | ¢.i40 | 0.155 | 0.159 | 0282 | 0272 | 0514 | 0.589 | 0.681

0,853 | 1.075 | 0.148 ] 0.136 | 0.185 | 0.167 | 0319 {0298 0505 | 0526 | 0.764

0870 | L.075 | 0.141 [ 0,177 | 0.182 | 0.188 | 0296 | 0333 | 0.556 | 0478 | 0.754

0879 | 0.975 | 0.142 | 0.140 | 0.177 | 0.164 | 0310 | 0350 | 0467 | 0.510 | 0.722

0840 | 0.852 | 0.130 | 0.142 | 0.141 | 0.125 | 0.247 | 0.291 {0372 ;0412 | 0510
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EXAMPLE: 11

Use of the methods and compounds described by the present invention in

development of full pathway drug discovery systems

The present inventors used the set of clones created to validate staining using
protocol (IV). Expectedly, phenotypically normal cells appeared to be green
(Figures 31A-B, Rat2) and phenotypically malignant/transformed cells appeared
to be red (Figures 31C-D, Rat2 Ras-V12).

One of the best-elucidated signal transduction pathways is the one initiated by
Ras, in which MAPKK plays a focal role. It has been reported [Duesbery et al,
PNAS (2001) 98(7):4089-4094] possible to stop Ras-induced transformation by
preventing MAPKXK activity. PD98059 is a potent chemical inhibitor possessing this
activity. It was expected, based on previous reports [Duesbery et al.,, PNAS (2001)
98(7):4089-4094], that incubation of Ras-V12 cells with PD98059 would change the
malignant phenotype to a normal cell phenotype. As shown in Figures 32A-D, the red
staining of malignant/transformed cells (Figures 32A-B) was replaced by green
staining in normalized cells (Figures 32C-D).

Other signaling pathways may involve Ras, therefore, signal transduction
pathway sensitivity of phenotype drug screening was evaluated in Rati-Ras system.
Chemical interventions into the signaling pathway by faresylation inhibitor (HR12,
Figure 33B) or by MAPK inhibitor (PD98059, Figures 33A and 33C) resulted in
gradual dose-dependent changes of the phenotype from malignant to normal. A
unique feature of the present invention is that no prior knowledge about the ONCOREDIC
target signaling is required for the drug screening, opposed to the standard practice.
The inability of Genistein (tyrosine phosphorylation inhibitor, Figure 33D) or
1,Y294002 (PI3 kinase inhibitor, Figure 33E) to change the type of siaining clearly
support this.

Using this model system, the present inventors have shown that an engineered

cell-line, created by the malignant transformation of normal cells by transfection with



EXAMPLE 11 Use of the methods and compounds described by the present invention in development
offull pathway drug discovery systems 5 The present inventors used the set of clones created to
validate staining using protocol (V). Expectedly, phenotypically normal cells appeared to be green
(Figures 31A-B, Rat2) and phenotypically malignant/transformed cells appeared to be red (Figures
31C-D, RatZ3yRaso¥1d)4d 00ne of the best-elucidated signal transductiopdaaithmaymdssine one initiated
by Ras, in which MAPKK plays a focal role. It has been reported [Duesbery et al., PNA.S (2001)
98(7):4089-4094] possible to stop Ras-induced transformation by preventing MAPKK activity.
PD98059 is a potent chemical inhibitor possessjgg this activity. It was expected, based on previous
reports [Dugshennetal nRMASIRAN: 118860 AP8:A A that incuhmlion el Rasiyi 2 cells with
PD98059 would change the malignant phenotype to a normal cell phenotype. As shown in Figures
32A-D, the rEAFEEATHIFP R HRARIAARETESYmed cells (Figures 32A-B) was replaced by green staining
in normalized cells (Figures 32C-D). Other signaling pathways may involve Ras, therefore, signal
transduction 20 pathway sensitivity of phenotype drug scgzening was evaluated in Ratl-Ras system.
Chemical interventions into the signaling patrﬁ&‘}w ylation inhibitor (1-11212, Figure 33B) or
by MAPK inhibitor (RRP8PA% it @smaiom)d dat HESS WaLhnBEasbRldnserigRandent changes of
the phenotype from malignant to ngrmal. A unique feature of the present invention is that no prior
knowledge about the oncogenic det‘éﬁl@%'f’g@ﬂg vt &4 or the drug screening, opposed to the
standard practice. The inability of Genistein (tyrosine phosphorylation inhibitor, Figure 33D) or

| ¥294002 (P13 Kinpse IOk IS AHE)JP FOARAARENRS Blripliing elearysypport this.

Using this model system, the present inventors have shown that an engineered 30celi-line, created by
the malignastisangfermsationl ofoipavaieeniibyeerisfelbilibisiith affect cancer regulatory

10 responses were tested. For validation purposes, cell systems for which biochemical

markers or differentiation were available were used.

The present inventors established a model system for Chronic Myelogenous
Leukemia (CML) based on K562 erythroleukemic cells. The advantage of this
system is ‘that Erythroid cell differentiation can be confirmed relatively easily by

15  measuring the levels of hemoglobin synthesis (Benzidine staining method). As was
previously described [Suthertand et al,, J Biological Response Modifiers (1986) 5,
250-262], erythroid differentiation of K562 cells was induced by sodium butyrate (not
shown), DMSO (not shown) and Gleevec™ (Figures 34A-C and Figures 35A-B). All
of these differentiation inducers caused an evident change of staiming phenotype,

-20 from Red to Blue/Green as was shown by Gleevee™ (Figures 34A-B and Figure
35B).

STI571 (Gleevec™, imatinib mesylate) is an example of a successful drug
indicated for the treatment of CML. In the case of CML, disease progression is
caused by accumulation of molecular abnormalities, which lead to a progressive loss

25 of the capacity for terminal differentiation of the leukemic clone. Gleevec™ targets
the kinase activity of Ber-Abl and thus triggers terminal differentiation in CML and
induces strong hematological and cytogenetic response in the clinic [Drucker, Trends
in Molecular Medicine (2002) Vol. 8, No. 4 (Suppl.), S 14-818],

Correlative studies on Gleevec™ effect on cell number and hemoglobin

30 production were performed (Figures 34C and 35A). The detection level of K562
cell staining was found to be very sensitive and was able to detect the desired

Gleevee activity at 30 nM concentration (Figure 35B). At this concentration



101 an oncogene, may be used as a platform for drug discovery, since the transformation is reversible
by a chemical compound. EXAMPLE 12 5Use of the methods and compounds described by the
present invention in development of additional systems In order to assess the utility of the drug
discovery approach reported above, existing drugs and compounds with known abilities to affect
cancer reguwatonwOrasponses were tested. For validation purposes, caitsystamsdagvhich
biochemical markers or differentiation were available were used. The present inventors established
a model system for Chronic Myelogenous Leukemia (CML) based on K562 erythroleukemie cells. The
advantage ofegrt?%%rs]\ée muiﬁﬁéParE I;thluoiq th}” dll?]z(-;c-{eniiati?tn can he c:onfégmeg> @Latively easily by 15
measuring e 1evels ofnhemoglo%ln §ymr1(iﬁé)sf§1(gré)ngfc§}ﬂ% S ﬁg &thd ‘fCJfE\ a u|frJ€F'evioust
described [Sdthirland et al., J Biological Response Modifiers (1986) 5, 250-262], erythroid
differentiation of K$G2 celigvas iRduGaHh by Serium oL t4alR el ShR . AR fpgkshown) and

GleevecTM (Figures 34A-C and Figures 35A-B). All of these differentiation inducers caused an evident

change of sEIEpHEREHRR, 56M ol Redtd BIMEIGrLBHPASWES slidliiy Bisee8iam (Figures
34A-B and FiguskodbBiell [1f)]5 THI(Gleevike Ehiliratisitb ngeRylatie)iscan examplamta successful
drug indicategd for reatment of .40 the.case of CML., di progression.is caused by
accumulatio%qlé?gzr r%%%&@ %ban%rg)rﬂgf?tﬁlgéﬂ,%ﬁ%ﬁa ead 8“5 %%3)5 r%‘i@ﬁ/%’ I%gg[ iy So¥%¥é°(1:%pacity for

terminal diffeeehlidtioprotitak. [Ebk&irnectiDaadi@ke Watttmnabietineherdoin 38 Acthinytaf Ber-Abl and

thus triggersteraninaldiffarentiatianipr-¢Miuasd induces stronghempaiological and gytogenetic
response in the clinic [Ducker, Trends in Molecular Medicine (2002) Vol. 8, No. 4 (Suppl.), S 14-S181.
Correlative StHHES of éé’\'iélzﬁll\ﬁ@ﬁ@@tt&}ﬁ“@@ﬂ%%@?"éﬂﬂq{gﬁB@%ﬁ@é‘bﬁﬁfbﬁ'ﬁﬁfﬁn were
performed (BijuEBs 3G ehe: 3BAnzbhend etdatitoml MBI Tf (b 62acalkaiaminghivabeialead to be very
sensitive and able to detect the desir Jeevec activity.at 30 ncentration (Figure 35B). At
this con(:entll}}:\at\/]\Ellg@':r;:f ’ é c?lge‘f%hgr g%% %éd%sbg%dﬁgr%e rgrrlﬁ%té gb?r%t 61?85 ug‘tl‘llg‘%%% uf/%st gé‘k‘eh%%iffected (Figure
35A).  Twecaditoral dorestin syatapsstimsiens sthBlidhedmiiz-gestthigrhan asutessiyeloid leukemia

cell line) angh49R¢ (NOReEYHEAUKBINRINSHALY ihicn YMRBAPR GeiRA) with-BQigR!l exhibited strong
Red-to-Green color changaeﬁgFigures 36A-B) as a result of differentiation induced by ATRA,

all-trans-retitiGiARi P TARIS e dhe Pl At Bt iontis Shwmb cieeh (BMarss ¢ 4ol 19002) Chapter 89,
"Differastiatitipifdset apy). USBTaaltsulierectteabednadthvshdistiviubyratad Kitgues 38€-D) or IFN-
gamma to induce differentiation (Figures 37B-C and Figures Jo 38E-11). Nitroblue Tetrazolium
reduction (NBT) test was used as a biochemical marker indicative of the status of differentiation of

these cells (Figure8HCyyTRaatant Sithlitbrdasthgrein ddnyrttionsret ided abnmanresulted in

increased nusMiIgicefbiochemically Hositive aalswRichEsibiahiy saelatedomith,ashift in the color of
cells from t ma}%gn Red g) the L\Iorna}al Green (Figures 38A-B and isFigures 38E-11). Similar

results were SBiZited With Sodithir BlRgraE¥iElgtred 38R: DY 18ureA R iRt J7ad established
whereiaoHPWitGrimrostalized 4 whpickeratindaytesrwenes tegpatesthy differeqicihibiters (originated from

the works ot ARt JiaENLDAIRRIY PRI, S Ge il R WA e lead 20

optimization potential of phenotype drug screening approach. This experime fas shown the effect of

different chetaficar&tinss BycdhasgainsPeardine phanoiypatignc o shotshiaif2é dioss tieé staining

procedure of#his inuesvionniNetethal ARIERARRS FTOWOLk BEWEEr ;Em&@mi?@mpdification of the
AG555 motif resulted ir(]; 4Pgazlrtial activity in AG494. 25The present inventors have laid the foundations for

a highly reli5Bi8 5 A

25 The present inventors have laid the foundations for a highly reliable and
effective way of measmiﬁg the phenotype of cells. This method has been reduced to
practice to applications such as drug discovery, target validation and diagnostics.
Various systems have been developed covering both carcinomas and other
tumors, and the results have been validated using various accepted methods and

30 markers. The drug discovery platform has generic properties as it works not only
with chemical compounds, but also with proteins ligands. The present inventors have
shown that the system is readily used for target validation of oncogenes and have also

been able to use it to for the screening of sense and anti-sense constructs (not



effective way of measuring the phenotype of cells. This method has been reduced to practice to
applications such as drug discovery, target validation and diagnostics. Various systems have been
developed covering both carcinomas and other tumors, and the results have been validated using
various accepted methods and 30 markers. The drug discovery platform has generic properties as it
works not owlg withyehesmical compounds, but also with proteins ligandsedhE.pregentsnventors have
shown that the system is readily used for target validation of oneogenes and have also been able to
use it to for the screening of sense and anti-sense constructs (not 103 shown). Testing of tumor
suppressor genes has been trivial, simply startimg the system with malignant cells and transfecting
them with astiraa). suppreasef geme(apsieewn jgchbe metred stigge stecphegtareszatipuick adjustment

o different coll SYSIGHS, 10 PAIGHIALILAIR LINE.8Y IR ASRUAIR OId dggebtain optimal

results. 5 Tﬁ%sgenerlc nature of the method Is partly connected with the fact that the staining is
performed shewteatirenethodererntoheconiesd ek adipaenbiotiffaarb st ef®inistered to the

cells is of impaHaneai-EXAMRPLE 1% RUfEatiopceha iew&aioingsRnpawal 6&E. 2001)from plant
crude extract capable of distinguishing hetween malignant and non-mali t cells.MATERIALS AND
EXPERIMEREACISEORELS M?th*@ﬁ%@é’&ﬁ%&fﬁ&%ﬁf‘sﬁ fé"g}ﬁl{#\%@%%é%greagents,
staining solutipasdimadd flixatives éot, BtemfilesiGdiivughnExdmplety? erthatrddmetibed in the

mat_e_rialg ar%% eﬁ%@@ﬂk@&&%ﬂﬁ&ﬁ&%@%f” Examples 6 through Example 12 hereinabove.
Purification of CS1-2001 201.Crude Ethanol Extract (50 ml) was prepared strongly basic (pH 12.0)

with IN NaOH, mixed and kepi for 1 hr at 4 C. 2. Centrifuged at 4000 rpm for 15 mm. 3. Washed once
with 10 ml 70% ethanol, pH 12. 4. Pellet was gentiifgggsat 4000 rpm for 15 min. 255.Pellet was
suspended in 20 ml distilled water. 6. Pellet wascentrifuged at 4000 rpm for 15 min. 7. Pellet was
suspended in 10 m| distti@ditivatef ad1dM @ Eng asrapeied (GETMAB fehed @) erdsuspension was

kept for 1 hrat 4 C. 309 Pglle xe | ' ' O ihmdanAsmm. 10. Pellet was
dissolved in 10%%%8‘%’%‘%@3%?%l@l—?@fﬁ%ﬁﬁiﬁ?&%@%ﬁ%ﬁéoﬁ 164 12. Highly enriched

extract was stored at room temperature in a dark bottle.

MATERIALS AND EXPERIMENTAL PROCEDURES
All of the procedures, protocols, cell lines, assays, reagents, staining solutions
15 and fixatives for Examples 13 through Example 17 are as described in the materials
and cxperimental procedures section for Fxamples 6 through Example 12

hereinabove.

Purification of CST-2001
200 1. Crude Bthanol Extract (50 ml) was prepared strongly basic (pH 12.0) with
IN NaOH, mixed and kept for 1 hr at 4 °C.
Centrifuged at 4000 rpm for 15 min.
Washed once with 10 ml 70 % ethanol, pH 12.
Pellet was centrifuged at 4000 rpm. for 15 min.
25 Pellet was suspended in 20 ml distilled water.
Pellet was centrifuped at 4000 rpm for 15 min.

Pellet was suspended in 10 ml distilled water.

SIPCINE- NI N EI

IN HCI was added until pH reached 2.0 and suspension was kept for 1 hrat 4
°C.
30 9. Pellet was collected by centrifugation at 4000 rpm for 15 min.

10.  Pellet was dissolved in 10 m! 70 % ethanol.

11.  pH was adjusted to 6.2 with IN NaOH.



13. 10 ml of highly enriched extract was added to 5 ml of Chelating Sepharose Fast Flow (Pharrnacia
Biotech) and mixed. 14. Chelating Scpharose gel was sedimented by centrifugation at 500 x g for 10
min. 15. Supernatant were carefully decanted (contained the active material). 16. Steps 1-3 were
repeated two more times. 17. The supernatant (denoted as CST 2001) was used for analysis, e.g.,
fluorescence;gpectrazNMR and MS. 10EXPERIMENTAL RESULTS Plantraxa@e®ei281The staining
methods presented above involve the use of a plant extract, which empirically has been shown
important for the phenotype-specific color discrimination of malignant versus non-malignant cells. The

. . . 04 L. . Lo
present inventors have 153ug]%$ssfully identified a coonr}Posmon which %narakb‘!)%%ltg]e same activity as the

crude extrad-The S HOIT FFHHIS BASEINE S th B R XAt hreparation. 1. Crude Extract:
20Leaves (Figus Elgstich othat yhéye coptiinal fexthetproressidadstthaveweighCslE8i8% grams and their
length must have Qeen 18 ta.30 centimeter, as measyied.fremdie base of the leaf until the edge. 600
grams of leaves w&f& tii fﬁ?ga t-g cm pieces. The cut leaves were mixed with 1.5 liter 70 % EtOH and
kept for 10 ddys (a€hebtingepnphransraylivassedisgeehbrrenitigrasnat M8 K wds 25 separated
from the;solids ang kgpt for further use at room temperature Each batch required batch-optimization to

determine the optimal working concentratign. Tpﬁéb%tcih-g t'{g\i%gg\gg 2 C%%Qure used pairs of cells
(normal versiis maligPRAt R e e SR e PRSI SRR Cafie R arMAl Versus oncogene transfected
cells, malignent versys tumeesupprasdowgenecttansfected cells, etc.). The aim of the procedure was

to 30maximize the tatio of -1? mali /Rn Si dilutio r i¢ the; concentration of
the working gzutioﬁ%y %“&’Sfﬁ%m}lg gg@%élgtog%ﬂg?u&@tra%g \%%1 ﬁé?iﬁc%%m%muoowooozsl
105 Alternativeﬂ}mm@@m%f@sﬁﬁ\fé{B@@Mﬁrepared by the following protocol: Leaves (100 g)
were extracted for 6 days at room temperature with 200 ml 90 % (v/v) agueous acetonitrile. Then
acetonitrile was removed by rotary evaporation. After filtering (0.4 mm S&S) the aqueous fraction was
reduceddn volume in a rotary 5 eva&%i‘%ﬁ&%‘?@%@@n%@ d pressure. The remaining aqueous
fraction - 10 ml, Wa;!fr;?rcti ’[}%s_ed with size exclusion chromatography using Sephadex LH-20
(Pharmacia, Swedenf. 1Plfification and properties of the active fraction CST-2001: 10A multi-step
purification protocoirwast siesigneetio gepapeattivetvactionahyat g hibite Sirilaraeniityito that of the

crude extract In order toc@}ﬁrkeh%@eb%é?f@ﬁm 35VING &35ighe A MRRHR ERRIsFRASEBMAL G rapid assay,

protocol VI 3G IR the materials and experimental procedures section) was developed. The
rapid assay tdistsithieasmadtsalignapto sHE SeTsTANERTHY . (il RSB 4RSS BYRer 15dyes (not

shown). The extentiafiinhibitos acivityovan MeaRN ef:uxs GO BA3Qwiiviof LEIFigurs 40).
CST-2001 was purified from the crude extract in accordance with the purification scheme as detailed
in the materi&f4fit experimental procedures section. The presence of 2.5 micro mol lvig2+ and/or

Ca2' was found to bg,griticahfopdh® in this process is the crude extract preparation.

1L Crude Extract:

20 Leaves (Ficus Elastica) that were optimal for the process must have
weight 15 to 25 grams and their length must have been 18 to 30 centimeter, as
measured from the base of the leaf until the edge. 600 grams of leaves were cut into
1-2 em pieces. The cut leaves were mixed with 1.5 liter 70 % EtOH and kept for
10 days (at room temperature) in a sealed container. T hereafter, the liquid was

25 separated from the solids and kept for further use at room. temperature. Each batch
required batch-optimization to determine the optimal working concentration. The
batch-optimization procedure used pairs of cells (normal versus malignant cells, non-
treated versus treated cells, normal versus oncogene transfected cells, malignant
versus tumor suppressor gene transfected cells, etc.). The aim of the procedure was to

30 maximize the ratio of Rumalignant/Raomal using a dilution curve changing the

concentration of the working solution by adding 70 % EtOH to the crude extract.



20functional activity of CST-2001 in the one-dye rapid assay (protocol VIII). CST-2001 was
submitted to intensive chemical and functional validations, including fluorescence fingerprinting,
elementary analysis and chemical structure information was collected in the process of structure
elucidation. 25Sephadex LH-20 chromatography: Crude Extract (2 ml in water) was applied to a
1.5 x 8 cm celyrmnahoephadex LH-20 previously equilibrated with watepcThemeansaautive elution
with 2 x 4 ml of 20 %, 30 %, 40%, 50 %, 60 %, 70 % and 80 % (v/v) methanol:water and then with 2 x
4 ml of 20 %, 40 %, 60 % and 80 % (v/v) acetone:water was performed. The 30 resulting fractions

were checked for their ability to inhibit LG and of’the content of proanthocyanidins (Figure 41). For
these purposes, 200 iPa EheH e s Byafseaeucared Luitsodaireondiicet 70% ethanol.

WO 2007/102:k46PGT0 1206¢/0008 81 30 Asid humnetassanier praanthasyenrdings) 50 ul of the
sample (chromatogra hic.]ér ctiop in 70 % etlalan% 300 g;{?fbacid buta_nol lgutan conc.HC1 95:5,
v/v) and 10 638??}‘1 nargté)ﬁéﬁ e(O. FREER S, ?S i)ﬁe?ﬁo 1_}’66*%&%‘7%1?8{ d°Bnhd‘Mclibated at 95 C
for 50 min, aflerzaolihg phm%b%br@a@mmm%wm@mthém (Jélgmte i{hla. Ofigpnteric and
polymeric proapthagyapiging: QlGOMAHEAR-RAY MRS HIRAR DidiAsdEIgureyd ), were pooled,

solvents evaporated in a rotary evaporator and the aqueous solution freeze-dried. The to yield of the
proanthocyahRfin§444e8d nigotignisrluging sSrEuPerBRimaritserSabrgsst bt baves.
Fluorescencerpaeaitm 08 «e3ddn001: Fluorescence spectra investigation of CST 2001 was performed
on a Perkin- 15 Elmer Fluorometer LS50b. The spectra showed one peak, upon excitation at 375 nm
and emission at 430 rim in acetic acid (Figure 42). Upon testing, this fluorescent fingerprint was
present in the diffelédtstifigeppi@siraediepafificatidive 7ordPeCCSIGRGBMeric proanthocyaniditts:

Oligomegic proantRayanicigs WeIR.SERRIARSLAVHE LEIRINRM ARSUIDANCE: Shef i ere recorded

for all peaks. Lichrosorb Si-6 0-4 (Merck) column was used. 25 Solvent system: A -
dichlorometth s siapilsr sefivita i bat el doe srdeierEetmBuresI 1@ BedPs6955380E0us acetic acid,
All solvents wets il Essigragenéaadientid&minEl eupid. sy mirActol Xa0Bae:tRildDd minFlow: 0.8
mi/minA %: ZI(I) %h(go :l’rlga(%ériZB.QS%%Fé%\évél‘%l%n%yrgligé%éegQSEC%%H?QFV&S developed. The rapid
assay tests the extract's ability to reduce staining by LG (Figure 40) and many other
15 dyes (not shown). The extent of inhibitory activity was measured using OD 630 nm
of LG (Figure 40).
CST-2001 was purified from the crude extract in accordance with the
purification scheme as detailed in the materials and experimental procedures section.
The presence of 2.5 micro mol Mg®" and/or Ca™" was found to be ecritical for the
20 functional activity of CST-2001 in the one-dye rapid assay (protoco! Vill).
CST-2001 was submitted to intensive chemical and functional validations,

including fluorescence fingerprinting, elementary analysis and chemical sfructure

information was collected in the process of structure elucidation.

25 Sephadex LH-20 chromatography:
Crude Extract (2 ml in water) was applied to a 1.5 x 8 c¢m column of Sephadex
LH-20 previously equilibrated with water. Then consecutive elution with 2 x 4 ml of
20 %, 30 %, 40 %, 50 %, 60 %, 70 % and 80 % (v/v) methancl:water and then with 2
x 4 ml of 20 %, 40 %, 60 % and 80 % (v/v) acetone:water was performed. The
30 resulting fractions were checked for their ability to inhibit LG and on the content of
proanthocyanidins (Figure 41). For these purposes, 200 ml of each fraction was

evaporated and re-dissolved in 100 ml of 70 % ethanol.



25 minFlow: 0.3 tnl/minA %; 14B %: 86, 107 30 min Flow: 0.8 ml/min A %: 70 B %: 0, 34.8 min
Flow: 0.8 ml/min A %: 70 B %: 0, 34.9 min Flow: 0.1 ml/rnin A %: 70 B %: 0. Detection:

WO 2007/102146 PCT/TL2007/0060281

106
Acid butanol assay for proanthocyanidins:

50 pl of the sample (chromatographic fraction in 70 % ethanol), 300 pl of acid
butanol (butanol:conc.HC 95:5, v/v) and 10 yl of iron reagent (0.04 M FeNH4(S504)2
in 2N HCD were mixed and incubated at 95 °C for 50 min, afier cooling the

5 absorbance at 540 nm was determined (Figure 41).

Oligomeric and polymeric proanthocyanidins:
Oligomeric and polymeric proanthocyanidins (Figure 41) were pooled,
solvents evaporated in a rotary evaporator and the aqueous solution freeze-dried. The
10 yield of the proanthocyanidins was 130 mg “Oligomer” and 83 mg of “Polymer” per
100 g of ficus leaves.

Fluorescence spectra of CST 2001:
Fluorescence spectra investigation of CST 2001 was performed on a Perkin-
15  Fimer Fluorometer LS50b. The spectra showed one peak, upon excitation at 375 nm
and emission at 430 nm in acetic acid (Figure 42). Upon testing, this fluorescent

fingerprint was present in the different stages of CST 2001 purification.

20 HPLC of oligomeric proanthocyanidins:
Oligomeric proanthocyanidins were separated by HPLC method. Absorbance
spectra were recorded for all peaks. Lichrosorb Si-60 250-4 (Merck) column was

used.

25  Solvent system:
A - dichloromethane + 4 % of 50 %-aqueous acetic acid,
B - methanol + 4 % of 50 Y%-aqueous acetic acid,

All solvents were HPLC grade.

Gradient:

30 Omin Flow: 0.8 mi/min A %: 100 B%: 0,
10 min Flow: 0.8 ml/min A%: 70 B%: 30,
20 min Flow: 0.8 ml/min A %: 50 B %: 50,

25 min Flow: 0.8 ml/min A%: 14 B %: 86,



5 Diode array 220-600 nm; 800 ms; 6 rim. NAIR and CST-200I Structure Elucidation: Additional
information, describing the chemical properties and fingerprint of the CST 2001 was obtained by NMR
(Figure 43) and by NMR-11-1 (Figure 44). 10 Purified proanthocyanidins were characterized by UV
spectra (| m%i(%é}/qorﬂgg and 13C NMR spectra. 13C NMR spectra confirmed that oligomeric and
polymeric compounds were comprised of proanthocyanidins (condensegqgﬁhfﬁ‘%yﬁqm oligomeric
forms are presented (Figure 45 and Figure 46). According to the NMR spectra analysis, CST 2001
was a derivative of the stearic acid, MW 384. Thal5 results of the NMR spectra analysis showed:
CH3 - 0.91 pi¥rmimlpha-Ciiow2 (88 ppminbetaLH2 701.65 gpin; (OH2)14 -- 1.32 ppm; CH2 - dqg, 3.75
ppm; CH - my408.0pm; apd, S H5CH - 44.ppi Theyprapased chemical formula of CST 2001
was C23E14404. 20EXAMPLE 14 Differential interaction of crude plant extract with malignant and
normalized 4t Fife preddtitelol Biittescehé® sinal ilFd6T-9001 as well as in the crude 25 extract,
enabled the detegan of this signal in cells that had been treated with the extract or with CST-2001 for
traits of gjiffefﬁnéialainatrzi%lnlégﬁr di_sg{btbutiqn Observing post-incubational fluorescence, the present
inventors found that thé crude %n exlfr[dcq téfids to interact differently with phenotypically normal or
malignant cells. To ensure that the detected signal in fact originated in the extract and did not arise
from 30 any other involved component of the experiment, levels of background fluorescence of naive
non-treated cells wenlRewed.SAeexpsipleidlaniggsemnt:signal which originated from crude extract is
shown in Figures 47A-C (according to Protoco] IX). 108 In this experiment human colorectal
adenocarcinoma c&ifiierab 8 prgation Aessiare the N samervchanstdeermsidictfo induce
differentiatiothaits Phaoatype notaiadi Ao DY (Fexd:éB)3 A alditippatiyimrimarigeatonpcytes
(CCD-33C0),were tested.as a narmal cont Olﬁ%:%” 47C).. A striking differepgce in.the intensity of 5
nucleaﬁ%tair)ﬁ%fﬁgg ol g%?\?%%?%ﬁﬁé%‘éhsaf ZﬁﬁP YE%1 Sﬁﬁéa’rggﬂléalxl\ﬁfeir%g)c% &5t enriched
CST-2001 witAtnhigRastaste- noFmbIMEd pelital @onfirmedildhth cobbemetierspedifimeistribution of
fluorescence im gHICRaLCARPHINEN WA B GRRRE (Sohidd0deprighad with Mg’ 2 or Ca+2

(enriched CST2001) and for the crude extract, the contrast and the intensity of the signal as well as
the signal-to HALRGHSUREIRAER ETe i Bieeaty intproligt ey thecniisrda BsIMB 2001 rather
than the crudgexiraeilsing3revioushtdeskiikadprotanel {b4}idheipregant=ngantqis.again observed
that the, huclei of th nﬁ%ﬁned r malignant cells were considerably less flyorescent than their
respec%lve norsr’rgjatt% gerfﬁ%ate bt %%fgr%l}a\ar%ésflfns%?a”g@/tvt)&%drclaas'%sqtﬁg%ieaﬁﬁ g#%;e gf?’e@nomenon, a

large numbe?rat:cetta6 Hodd|$ usirrg:s€islaf malighanreelSHaordal téfispand 6&lls that had been

normalized usiisgsadivmm bmymﬁgtﬁt%z?ﬂfﬁaﬁ%gﬁx@&%i&:@@@ﬁﬂ%ﬁf%ﬁﬁﬂﬁﬁ%ﬁ@'sf hese models
included: H%’%p‘ breast carcinoma MCF-7 (Figures 48A-F), human colon carcinoma IT-29 (Figures
_ 49A-B), nor l‘fﬁ?aﬁzégl‘é%cytes (Figure 47C and Figure 49C), human leukemia K562 (Figures
50A-B), human leukemic 25 HL-60 cell line (Figures 51A-B), human leukemic U937 cell-line (not

shown), and the oncogene target-driven experimental sagstem based on Ratl fibroblasts and Ha-Ras

V12-trair?sformed Ratl (Ratl-Ras) cells (Figure : e later system, the present inventors also

tested the effect of treatingrihe.Rat-Rae-asH N2 PR3P S s MAR it ARRGIfgRhIbItor, blocking the

malignant transformation 30initiated by Ras VI2 (Figure 52C). In all cases, the air-fixed cells were
incubated with either enriched CST-2001 8789658851 as a solvent control (Protocol 1X).
Following the treatment with enriched CST-2001, the CST-2001-originated fluorescence has been

partitioned in differ?ﬂé prr%gesn\c’\éitg.fnat%g%gggxllgg @g%g iﬂ”@éeﬁﬁom as well as in the crude
25 extract, enabled the detection of this signal in cells that had been treated with the

extract or with CST-2001 for traits of differential intracellular distribution. Observing
post-incubational flucrescence, the present inventors found that the crude plant extract

tends to interact differently with phenotypically normal or malignant cells, To-

ensure that the detected signal in fact originated in the exiract and did not arise from

30 any other involved component of the experiment, levels of background fluorescence

of naive non-treated cells were tested. An example of fluorescent signal which

originated from crude extract is shown in Figures 47A-C (according to Protocol IX).



WO 2007/102146PCT/IL2007/000281 109 of the cell. Localization of the fluorescent signal in
malignant cells essentially differed from normal or reversion agent treated cells. In all studied
phenotypically malignant cells the fluorescence was very weak in the nucleus (-), in comparison with
phenotypically normal cells in which strong fluorescence of nucleus was observed 5(+). The results are
summarizeayiy Lahig.1q; below. TABLE 15 Tissue Cell Line Treatment Rhenotype@3iT-2001 in the

nucleus Breast MCF No treatment Malignant - Breast MCF Butyrate Normal + Colon Primary
CCD33Co No treatment Normal + Colon

108
In this experiment human colorectal adenocarcinoma cells (HT-29, Figure 47A) were

treated with sodium butyrate in order to induce differentiation and phenotype
normalization (Figure 47B). Additionally, primary colonocytes (CCD-33C0) were
tested as a normal control (Figure 47C). A striking difference in the intensity of

5  nuclear staining was observed (arrowheads).

EXAMPLE 15

Differential interactions of enriched CST-2001 with malignant and
normalized cells
10
While the phenotype-specific distribution of fluorescence in the nuclear
compartment was the same for CST-2001 enriched with Mg or Ca™ (enriched CST-
2001) and for the crude extract, the contrast and the infensity of the signal as well as
the signal-to-background ratio were dramatically improved using the enriched CST-
5 2001 rather than the crude extract. Using previously described protocol (IX), the
present inventors again observed that the nuclei of the transformed or malignant cells
were considerably less fluorescent than their respective normal or treated
- counterparts.
Tn order to address the breadth of the phenomenon, a large number of cell
20 models using sets of malignant cells, normal cells and cells that had been normalized
using sodium butyrate or ATRA (all-trans-retinoic acid) were established. These
models included: Human breast carcinoma MCF-7 (Figures 48A-F), human
colon carcinoma HT-29 (Figures 49A-B), normal human colonocytes (Figure
47C and Figure 49C), human leukemia K562 (Figures 50A-B), human leukemic
25 HL-60 cell line (Figures 51A-B), human leukemic U937 cell-line (not shown), and the
oncogene target-driven experimental system based on Ratl fibroblasts and Ha-Ras
V12-transformed Ratl (Ratl-Ras) cells (Figures 52A-B). In the later system, the
present inventors also tested the effect of treating the Ratl-Ras celis with
PDY8059, a MAPKK. specific inhibitor, blocking the malignant transformation
30 initiated by Ras V12 (Figure 52C). In all cases, the air-fixed cells were incubated
with either enriched CST-2001 or 70 % ethanol as a solvent control (Protocol IX).
Following the treatment with enriched CST-2001, the CST-2001-originated

fluorescence has been partitioned in different ways within the cytoplasm and nucleus



1-IT 29 No treatment Malignant Colon IiT 29 Butyrate Normal Fibroblast Rat | No treatment Normal
Fibroblast Ratl Ras No treatment Malignant Fibroblast Rail Ras PD98058 Normal -I - Blood K562 No
treatment Malignant

WO 2007/102146 PCT/IL206GT/000281

109
of the cell. Localization of the fluorescent signal in malignant cells essentially

differed from normal or reversion agent treated cells. In all studied phenotypically
‘maiignant cells the fluorescence was very weak in the nucleus (~), in comparison with

phenotypically normal cells in which strong fluorescence of nucleus was observed

5 (*). The results are summarized in Table 15 below.
TABLE 15
‘Fissue Cell Line Treatment Phenotype C8T-2001
in the nucleus
Breast MCF No treatment Malignant -
Breast MCF Butyrate Normal
Colon Primary No treatment Nommal +
CCD33Co
Colon HT 29 No treatment Malignant
Colon HT 29 Butyrate Normal -
Fibroblast Rat ] No treatment Normal +
Fibroblast Ratl Ras No treatment Malignant i
Fibroblast Ratl Ras PDY8(O58 Normal +
Blood K562 No treatment Malignant
Blood K562 Butyrate Normal +
Blood HL60 No treatment Malignant
Blood HIL60 Butyrate Nornal +
Blood U937 No treatment Malignant ~
Blood U937 Butyrate Normal +
Blood U937 ATRA Normal +
EXAMPLE 16
10 Differential interaction of CST-2001 with living cells
To demonstrate an ability of CST 2001 to discriminate between two
phenotypes, U937 leukemia cells were incubated with 1.5 pM of ATRA for 72h to
induce phenotype normalization. At the end of the treatment, CST 2001 was added
15 into the medium and incubated with ATRA-treated and solvent-treated U937 cells for

2 hours. The CST 2001-originated fluorescence was detected and the intensity level
differentiated between the two phenotypes (by two folds, Figures 53A-B).
The autofluorescence of native CST 2001 was very weak, therefore a number

of attempts were made to increase it by different modulations as described in the flow
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chart in Figure 54: biotinylation [as described by Wilchek et al., Biochem. Biophys.

Res. Comm. (1986) 138:872-879] and complex formation f{as described by
Karabournioftis et al., American Journal of Botany (1998) 85(7):1007). Biotinylation
resulted in 10 folds increase in the specific signal detected by streptavidin-Cy3.

5  Vigures 55A-B illusirates the difference in signal intensity between native and
biotinylated CST 2001.

Complex formation with diphenylboric acid-ethanolamine, Naturstoff reagent
based on the work of Karabourniotis [Karabourniotis et al., Amer J of Bot (1998)
85(7):1007-1012] resulted in a strong fluorescence increase (26 folds) as was

10 measured by FACS (Figares 56A-C).

CST 2001 was capable of forming complexes with proteins. Such
complexation induced protein precipitation which was detected by radial diffusion
assay.  Briefly, BSA-containing agarose gel was loaded with decreasing
concentrations of extract. BSA precipitated rings were visible (Figure 57) indicating

15  the dose-dependent precipitation process. This CST 2001 abilit); was successfully
exploited for U937 cell visualization with biotinylated BSA (Figures 58A-C).

Three non-limiting examples of CST 2001-based staining of living cells were
presented: MCF-7 untreated and treated cells (Figures 59A-B), Rat2 normal cells
versus Rat? Ras V12 malignant cells (Figures 60A-B) and placenta-originated cells

20 (choriocarcinoma, Figures 61A-C).

EXAMPLE 17

Differential interactions of CST-2001 with diabetic versus normal gerbil
kidneys
25
The Diabetes model has been established at the Diabetes Research Unit
Hadassah University Hospital, Jerusalem, Isracl (Kalman et af).
Figures 62A-D show histology section staining prepared from a diabetes type
l-induced animal model. Sections of kidneys from normal (Figures 62A and 62C}
36 and diabetic (Figures 62B and 62D) gerbils following CAMA staining are shown.
High magnification images (lower panels) focus on glomerulus structures, and

accentuate the green staining associated with diabetic tissue, visualized by this
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non-limiting examples of CST
2001-hgsedstinineafilidneceifkaers presentedonv Gt Tathwéhiadhmeptriared kierd (Figures
59A-B), Rat2 normal cells ver us Rat2 Ras V12 malignant cells (Figures 60A-B) and
placenta-or%gg{%é%ﬁgpfﬁ%ﬁgr%rgg'rcinoma, Figures 61A-C). EXAMPLE 17 Differential interactions
of CST-2001 with Hizbapimamstadstharasabie ferwrsneh hodnventgne WhHghts 558 s been

established gt the Riaheigs ResearchiUnipiiagassabdiniversitiiospitabepusaled, ilsrael (Kalman et
a)). Figures 62A-D show histology section staining prepared.from a diab t -induced animal
model. Sect8RYBRIRINEYS FHOHF r?B‘rhﬁ’gll“(’ﬁfﬁurgg%gﬁegﬁd@éﬁsrgaagﬁg (ﬁé%%t?gg\ge:+éll%s 62B and 62D)

gerbils follovyingrGAdVidstaining aseshalin. the context of a single embodiment, may also be
provided separately or in any suitable subcombination.

Although the invention has been described in comjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all

20 such alternatives, modifications and variations that fall within the spirit and broad
scope of the appended claims. All publications, patents and patent applications and
GenBank Accession numbers mentioned in this specification are herein incorporated
in their entirety by reference into the specification, to the same extent as if each
individual publication, patent or patent application or GenBank Accession number was

25  specifically and individually indicated to be incorporated herein by reference. In
addition, citation or identification of any reference in this application shall not be

construed as an admission that such reference is available as prior art to the present

invention.



High magnification images (lower panels) focus on glomerulus structures, and accentuate the green
staining associated with diabetic tissue, visualizegiby this WO 2007/102146PCT/1L2007/000281 111
protocol. The experiment shows differential staining of normal and diabetic tissue with CST-2001.

It will be appreciated by a person skilled in the art that the present invention is 5not limited by what has
been particiatshowh ARddedéribed hereinabove. Rather, the scope of the invention is defined by
the claims section which follows. Although the invention has been described in conjunction with
specific embodiments thereof, it is evident that many alternatives, modifications and variations will be
apparent to those bkilled #n thetlard. AEctztimglyott psarsteindog & deatirace awlloticmatiematives,
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invention has beeR-descHbBtEiRoEaHsinag tithiashersitcnthe MABASCHRPESHE is evident that many
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reference into the specificatio’n,,to the same extent as if each individual publication, patent or patent
application or Gen@nk Aesiastiag srifpersiviedselsssrbamitid irrilinsaiFindicated to be
incorporated herein by reference. In addition, citation or identification of any reference in this
application shall not be construed as an admission that such reference is available as prior art to the

present invention. 3112 Wita meghed afivlem 501 a e sl 6rpreILCaRIRGSSE Rast one cell,

the method&&g@g&%&%gﬁ&gb%m&@émﬂh a staining agent consisting of an extract of
a Ficus elastica plant, thereby staining or pre-staining the at least one cell. 2.A method of staining at

least one cell, the method comprising: (a) contacting the at least one cell with a staining agent

consisting of an exfract ofrghicupRIasicaRIaNsa a8 ieighiakna pre-sleinadealoagells; and (b)
contacting said pre-stained cell or cells with at least one dye. 3.The method of claim 1 or 2, wherein

said at least one cell comprises a heterogeneously differentiated population of cells.
5. The method of claim 2, wherein said at least one dye is selected from

the group consisting of a basic dye and an acidic dye.

6. The method of claim 2, wherein when:

(1) said at least one dye is an acidic dye a staining intensity above a
predetermined threshold is indicative of a differentiated cell;

(i1) said at least one dye is a basic dye a staining intensity above a
predetermined threshold is indicative of an undifferentiated cell;

(iii) said at least one dye comprises said acidic dye and said basic dye a
staining intensity above a predetermined threshold with said acidic dye is indicative of
a differentiated cell and a staining intensity above a predetermined threshold with said

basic dye is indicative of an undifferentiated cell.

7. The method of claim 3, wherein said heterogeneously differentiated

population of cells comprises a solid tissue section.



4.The method of claim 2, wherein said at least one dye is a single dye. 5.The method of claim 2,
wherein said at least one dye is selected from the group consisting of a basic dye and an acidic dye.
6.The method of claim 2, wherein when: (i) said at least one dye is an acidic dye a staining
intensity above a predetelmined threshold is indicative of a differentiated cell; (i) said at least one
dye is a basic dye a staining intensit abovela-predetermined threshold is ingicative of

B ] n
undifferentiatecdbcell; 1 e(medand & ISkTbAe BhSTESIHR dCSERESRGaRS oy & ﬁ’iﬂ’%fasic dye a

staining mﬂg{y}gﬁgpgg@ mingddhrgrhold with said acidic dye is indicative of a differentiated
cell and a staining intensity above a predeteimined threshold with said basic dye is indicative of an

undifferentiated cell. 7.The method of claim 3, wherein said heterogeneously differentiated population

of cells comprisgs a safid tigsupgestionint B3 wheid BEdgthodehekim 3dwbrigineaid

heterogeneously differentiated population of cell comprises isolated cells: 9. The method of claim
3, wherdiBaRi PR R 6RlkROTIBRAESFarE SRR Qs oAl &t &S -comprises malignant or
pre-malignant cells. 10. The method of claim 3, wherein said heterogeneously differentiated _
population of cells corggjrises fetal cells. 11. The method of claim 3, wherein said heterogeneously

differentiated pdBulatidhdreeheddthsirias Aetdissitaiyithisisregesnesly diffsreptiatithinod of claim 1

or 2, wherein said extast efibisiselapticaipant comprises a leaf extract. 13. The method of claim
1 or 2, wherein said extract of Ficus elastica plant comprises an ethanol extract. 14. The method

of claim 13 wherein said ethanol extract comprises a 70 % - ethanol extract. 15. The method of

claim 1 or 2, wharein spid exirach QffFisuseRsitRBIANLEO MRS Aeblule ABRIAKRL.  16. The

method of claim 1 or 2, wherein said extract of Ficus elastica plant comprises a purified plant extract.
17. The poptadas i srHsicomprissransireligaliisparadicgiselastica plant comprises a diluted extract.
18. The method of claim 1 or 2, wherein said extract of Ficus elastica plant comprises NMR spectra as
detailed in Figures 43-44. 114 20. The method of claim 19, wherein said sta_ihin? agent emits
fluorescence atl430 nrhhngpBateodivhtdnmt ysniwbereipsaid gatmenbisr TR a0 20 wherein said

staining agep;isbioliay gk

13, The method of claim 1 or 2, wherein said extract of Ficus elastica plant

comprises an ethanol extract.

14, The method of claim 13 wherein said ethanol extract comprises a 70 %

ethanol extract.

15. The method of claim 1 or 2, wherein said extract of Ficus elastica plant

comprises a crude plant extract.

16.  The method of claim 1 or 2, wherein said extract of Ficus elastica plant

comprises a purified p'lant extract.

17.  The method of claim 1 or 2, wherein said extract of Ficus elastica plant

comprises a diluted extract.

18.  The method of claim 1 or 2, wherein said extract of Ficus elastica plant

comprises NMR spectra as detailed in Figures 43-44.

19. The method of claim 1 or 2, wherein said staining agent is fluorescent.



22. The method of claim 1 or 2, wherein said ethanol extract of Ficus elastica plant is supplemented
with positively charged ions. 23. The method gfsclaim 22, wherein said positively charged ions are
selected from the group consisting of magnesium and calcium. 24. The method of claim 2, wherein
said at least one dye comprises two dyes. 25. The method of claim 2, wherein said at least one
dye is selected fropdthe Jhouproethsidting oflaitmasi® dyeharemcidiadyetaamning magmiphanitinethane
derivative, %g(i)arlzo deriv%tji\%% and a combi.na%tiona?g%rge. 26. The method of claim 24, wherein said

GSCG(I:}CG 4 r{m uﬁgon excitation Dil. . . -
two dyes comprise dyes selected from the group consisting of a basic dye, an acidic dye, a
triamnotriphenylmethane derivative, a diazo derivative and a combination of same. 27. The method

of claim 24 wherein,stainipg with, said two.dyes is,effected sequentially. 28. The method of claim 5,
25 or 26, wherein Shic balt d18 R EIeLR | oot oo i serg R IBEREE 2 S o
29.The method of claim 5 or 28, wherein said acidic dye is Light Green. 30.The method of claim 6,
wherein said differgntiated. cell is,a normal health Il and said undifferentiated cellis.a malignant or
pre-malignant cell. 1.Aenfléfhgl S%llp %é)r?':la]%néag c(}eéllczgf%%ﬁ%rrle?ﬁllgti%%a&%}te@é%aﬁ?e?gs%%se method
comprising:efajttapliony theapplbacooedingtiopoktimely; enotgl) mmalyzing said staining, wherein when:
(1)said at least one dye is an acidic dye, a staining intensity above a predetermined threshold is
indicative of a differentiated cell; (ii) said at least one dye is a basic dye, a staining intensity above a
predetermined thré&shold Bindicsitivd of amimdifferehtated wed; pidisadyatleagtdnendyaecomprises
said acidic g;gl% %&9 f%z)ag zé\sic gg%,o %Ssgginir(}?ril%eggé% naltté%\éecal gﬁ?determined threshold with said
acidic dye is indicative of & differentiated cell anda s aining in?ens&jy above a predetetmined threshold
with said basic dye is indicative of an undifferentiated cell. 32.The method of claim 31, wherein said
undifferentiated cel,is a raliqnant or grermaanaRLosll k1 13,4 Wthog ghidentiying an agent
capable of reversing ‘a pre-malignant or mannént phenotype of a cell, the' met comprising:
analyzing adpedignant phenotype of the cell that was subjected to the agent and optionally analyzing a
malignant phenotype of the cell prior to being subjected to the agent, according to the method of claim
32, wherein a reversion of phenotype is indicative of an agent capable of reversing a pre-malignant or

malignant phenotyp® of altelmetho@4f Thematvdd otk 33lcattensdrdsaits agenteddmprises a test
composition,, . group consisting of a basic dye, an acidic dye, a triamnotriphenylmethane

derivative, a diazo derivative and a combination of same.

26.  The method of claim 24, wherein said two dyes comprise dyes selected
from the group consisting of a basic dye, an acidic dye, a triamnotriphenylmethane

derivative, a diazo derivative and a combination of same.

27.  The method of claim 24 wherein staining with said two dyes is effected

sequentially.

28. The method of claim 3, 25 or 26, wherein said basic dye is selected

from the group consisting of Dahlia and new Fuchsin.



35. The method of claim 33, wherein said test composition is selected from the group consisting of a
polynucleotide a polypeptide, a small molecule chggnical, a carbohydrate, a lipid and a combination of
same. 36. The method of claim 33, wherein said agent comprises a test condition. 37. The
method of claim 36, wherein said test condition is selected from the group consisting of a growth
condition and a radfation Bonaitiord of claB8 ST &bkt ofidlaiie8ysukidighh @heewell comprises a
plurality of cells. 117 39. The method of claim 38 is performed using means for high output.

40. The method of claim 39, wherein said means comprises an automated samplingpgq(‘evice, a liquid

handling equipment: an atRomatsd Shrr & dbseis st RAigarrtgtedmy L ohibh s of.

cell and said undifferentiated cell is a malignant or pre-malignant cell.

31. A method of identifying a cell of a differentiation state of interest, the method
comprising:

(a) staining the cell according to claim 2; and

(b analyzing said staining, wherein when:

(i) said at Jeast one dye is an acidic dye, a staining intensity above a

predetermined threshold is indicative of a differentiated cell;

(i) said at least one dye is a basic dye, a staining intensity above a predetermined
threshold is indicative of an undifferentiated cell;

(ili)  said at least one dye comprises said acidic dye and said basic dye, a staining
intensity above a predetermined threshold with said acidic dye is indicative of
a differentiated cell and a staining intensity above a predetermined threshold

with said basic dye is indicative of an undifferentiated cell.

32. The method of claim 31, wherein said undifferentiated cell is a malignant or

pre-malignant cell.
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33, A method of identifying an agent capable of reversing a pre-malignant or
malignant phenotype of a cell, the method comprising:

analyzing a malignant phenotype of the cell that‘was subjected to the agent and
optionally analyzing a malignant phenotype of the cell prior to being sﬁbj ected to the agent,
according to the method of claim 32, wherein a reversion of phenotype is indicative of an

agent capable of reversing a pre-malignant or malignant phenotype of a cell.

34, The method of claim 33, wherein said agent comprises a test composition.

35. The method of claim 33, wherein said test composition is selected from the
group consisting of a polynucleotide a polypeptide, a small molecule chemical, a
carbohydrate, a lipid and a combination of same.

36. The method of claim 33, wherein said agent comprises a test condition.

37. The method of claim 36, wherein said test condition is selected from the

group consisting of a growth condition and a radiation condition.

38. The method of claim 33, wherein the cell comprises a plurality of cells.
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39. The method of claim 38 is performed using means for high output.
40. The method of claim 39, wherein said means comprises an automated

sampling device, a liquid handling equipment, an automated stainer, a dispenser, a robot, or

any combination thereof.



