DESCRI PTI ON  METHOD FOR PRODUCI NG TUMOR CELLS FROM NORVAL NMAMVARY

EPI THELI AL CELLS 5TECHNI CAL FI ELD The present invention relates to a
met hod for producing tunor cells based on normal mamrary epithelial cells
Wi t hout using TERT, tunor cells produced according to this nethod, and a
met hod for screening antitunor agents using the tunor cells. 10BACKGROUND
ART Breast cancer is characteri ZeBSE@RIRIIONDOr that occurs in manmary

ti ssue, and 10% of wonen in Western countries are known to be afflicted

with br eaStME?“ﬁt%ﬂd gé‘R PROBLRANG TU@MB}*{‘%(?LM ¥EOY %\I@)l?ﬂg'ﬂMRﬂA oxi mat el y

20% of wonen reast cancer e cancer reover,
al though occurring at a |ower rate bout 0. 1@@ breast cancer is 15al so
known to occur in men. Th&ERR AEREILY he occurrence of breast

cancer is still not figured out systematically. Consequently, the current

treatnment of breast cancer is forced to rely on the surgical excision of
cancerous tissue as a general rule, with chenotherapy and radi ot herapy
beigg limted to the rol es of gfg@ﬁgﬁéé%gﬁgggfent. Anong t he types of
bredst cancer, a type known as ive" breast cancer, which is
negative for expression of estrogen receptor, negative for expression of
pr ogest er onEhe pm:m;mt owentieh reddesttd wendtbed ﬁ)rrtpm;hlhmg et ¢edls besedermi prmak al
oncogene honol og 2 (ERBB2) protein, in particular advances rapidly and has
a poor Iﬂaﬁgﬁgs&pﬁtheﬁaf&etwe«'itﬁ&ﬁnﬁn@ﬂr@ﬁ eehbV&IIs bﬁﬁﬁle@dﬂéccmu&m th maRsted.

In recent years, devel opment of in vitro cancer nodel systenms has been
proceedi ng by. genetically manipul ati ng.normal humgn cells. Although
convenﬁmg t@@f(“§Pﬁ@@né§W§HFP§ﬁ%%“%&%ﬁﬁ?ﬁﬁﬂ?o%? $ue contai ned unknown
genetic abnormalities and therefore were not suitable for research on
tunori genesi s induced by gene alterations, several in Intro cancer nodel
5systens as descri bed above are useful for directly determning the effects

of ;gpecific gene BACKGROUND ART

Breast cancer is characterized as a tumor that occurs in mammary tissue, and 10% of
women in Western countries are known to be afflicted with breast cancer at some point in
their lives. In addition, approximately 20% of women with breast cancer end up dying due
to the cancer. Moreover, although occurring at a lower rate (about 0.1%), breast cancer is

15  also known to occur in men.

The mechanism of the occurrence of breast cancer is still not figured out systematically.
Consequently, the current treatment of breast cancer is forced to rely on the surgical excision
of cancerous tissue as a general rule, with chemotherapy and radiotherapy being limited to
the roles of secondary treatment. Among the types of breast cancer, a type known as "triple

20  negative" breast cancer, which is negative for expression of estrogen receptor, negative for
expression of progesterone receptor and negative for erthythroblastic leukemia viral
oncogene homolog 2 (ERBB2) protein, in particular advances rapidly and has a poor

prognosis, and therefore an effective treatment method is needed.



alterations on tunorigenesis. For exanple, Non-Patent Docunent 1 reports
the first successful malignant transformation of mammary epithelial cells
by introduci ng human tel onere reverse transcriptase (hTERT) gene, SV40T
antigen gene and HRASvi 2 gene into nornmal mammary epithelial cells. In

addition, Kendall, S.D. et al. succeeded in producing 10 breast cancer
cel I's by i nhreducidags, adRprganef b3 canveanivdgleyeems yiad beenbtogediag b@dk 4
nmut ant gene and SV|2 gene into normal mamrary epithelial cells

Non- Pat [
o1 nor AtrelsaIRe Ry bt nayaic= R, PARRRER sBhv R dReThnls ATRIRRAT! ' o7

di fferent gene conbi nation consisting of hTERT gene, TP53 nutant gene,
HRASV 1 ZFroge henamidsiel da@Ginedutnkne Wy gerstigabeorsilifies gl iberglarp dtess BOtENEHIPat ent
Docunent 3). However, despite the progress being made by these

studi ey fhek &{ﬁnﬁ)wgéﬁéaxsl Mdrad %&geﬁé‘éﬂtdr@tﬂﬁfs,t SevelaBmniihb Bencehodelt i fi ci al
production of breast cancer cell enonstrating a pathol ogically high

deg f I h br LIS i I
par | cabaies phierhe APortar R faree preopkeshd I ARAR AL | on

of triple negative 2 Obreast cancer cells. Al t hough cancer cell Ilines
i sol at edtefations eatoerigpadsise ntFor exanpeNenrPatpntUdeainent & zenoes thedfitst r esear ch
and the devel opnent anticancer agents, there are variations in the status

of gen ot ati AR e%%hﬁ"ﬁﬁﬂf&rnﬁﬁ@n 6€inhmlaE SpiteNsreene 8y intradutinghuflagh patients

derlve cancer c nes ave many unspe0|f|ed genetic danages Thus,

when such cells are used |n rese rch gg{ﬁieC|f|c nnleg I.gna

pat hwayglomerreregsipepmerpiase (hd STy eoub i40d nEgTeC BB M% g‘?ng H% f er ent
cell lines. In addition, since these cell s have unspecified genetic
damagesorhhiahemiasy qﬂmesalicllmhilahdﬂhey, Kamniat; S Be eudedicteeded pepriodesing f or
eval uating the invol venent of 5individual genes in malignant
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DI SCLOSURE OF THE | NVENTION W th t he foregoing in view, there is a need for
t he devs)QpEaND). ofMERBEL! an®delplLel thalignant transformation of normal human .
mammary epithelial cells has been reported in which a different gene combination consisting
of hTERT gene, TP53 mutant gene, HRAS"'? gene and PIK3CA mutant gene were
15  introduced therein (Non-Patent Document 3).
However, despite the progress being made by these studies, there are currently hardly
any reports describing the artificial production of breast cancer cells demonstrating a
pathologically high degree of similarity with breast cancer cells isolated from patients. In
particular, there have been no reports of successful cases of production of triple negative
20  breast cancer cells.
Although cancer cell lines isolated from cancer patients are currently used in cancer

cell research and the development anticancer agents, there are variations in the status of gene

mutation between these cell lines since nearly all of such patients derived cancer cell lines



which the status of gene nutation is defined, and particularly the

devel opnent of cancer 15nopdels cells for triple negative breast cancer.
The inventors of the present invention succeeded in inducing nalignant
transformation in norrmal human mammary epithelial cells by genetically
mani pul ati ng those cells. Since the tunor cells obtained in this manner
under wente ABhY GRpREifitd aashiodamhi@n abs, whauhichetllgaaaesédinmestaphloat i on of
nO{PaI Eel!s,dtge sLatus of gene nutation is defined. Wien these 20t unor
cells obtaine t he .i nvent or - ' j : din
ot ai | PG FlsPled B wk B 8 dhe PR BT R AR ERL LML 1 BBTEANES, | e
breast cancer cells, and particularly those of triple negative breast
cancer difdrent celffisenbduedditisnpinoeyhdse gellohaveanpresticeeneiiretninagss. thagnel v,
the present invention relates to that indicated below [1] A nethod for

pr oducCiROcAstBIwiGEl {hey B¥ndoR b Médddn @iperiniéntd ol komsithgtthe atvoBRiten(off ) and (2)
on nornmal mamrary ep|¥hellal cells: (1) elimnation of p53 function; and

5(2) introduction v-Src gene. [2] The nmethod described in [1], wherein
f oreed 1‘%‘&1&‘%8%18368?{5 IBfm%{lgE‘g’&tIn[far'i‘-S%é%%ﬁ’l%nt ki nase gene is further carried out.
[3] The method described in [2], wherein the cyclin-dggendent ki nase gene

i s Cdk4 gemdon-Patent DgetimeAt el lazhas,d3. eprlodumienPev 2O, bSOy carryi ng out
the following treatnents (1) to (3) 10on normal manmary epithelial cells:

(1) elim nagipa@ft BRAnfdin sk Qa1 ()Dikso, Ehied: 1. 2605ERER meseny: gene; and
9824-98328

Non-Patent Document 3: Zhao, J.J., Proc. Natl. Acad. Sci. USA 2006, 31; 103(44):

10 16296-16300

DISCLOSURE OF THE INVENTION

With the foregoing in view, there is a need for the development of cancer model cells in

which the status of gene mutation is defined, and particularly the development of cancer
15 models cells for triple negative breast cancer.

The inventors of the present invention succeeded in inducing malignant transformation
in normal human mammary epithelial cells by genetically manipulating those cells. ~Since
the tumor cells obtained in this manner underwent malignant transformation as a result of
genetic manipulation of normal cells, the status of gene mutation is defined. When these

20  tumor cells obtained by the inventors of the present invention were observed in detail, they
were revealed to exhibit histological characteristics of human breast cancer cells, and
particularly those of triple negative breast cancer cells. The above discovery led to the

present invention.



(3) introduction of c-M/c gene. [ 5] The method described in any one of
[1] to [4], wherein the tunor cells are negative for 15expression of
estrogen receptor, negative for expression of progesterone receptor, and
negative for expression of ERBB2. [6] The nethod described in any one of
[1] to [5], wherein the normal mammary epithelial cells are mamali an,

primate or NASENtthE phebént idvehti@Otelted B]thakundicate@bdlswpr oduced according to
the method desciibed in any one of [1] to [6]. A nethod for screening
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inhibitory effects on the tunmor cells. A cancer-bearing aninal nodel
t r anspl(2ntrecbrwial matimeary epitheliskdells: described in [7]. [10] A nethod for
screening anti-tunor agents, this method conprising: (a) contacting

t he cancer-@?@hhﬁgn&@b 31g9g§ﬁlgﬁ§cr|bed in [9] wth a candidate
subst ance; (b) detecting growth inhibitory effects on tunor

cells. 5Si
nge tu celgnwgggduced according to the nethod of the present

i nvention dryEigau uction'v-

[2] The method described in [1], wherein forced expression of a cyclin-dependent kinase
gene is further carried out.
[3] The method described in [2], wherein the cyclin-dependent kinase gene is Cdk4 gene.
[4] A method for producing tumor cells by carrying out the following treatments (1) to (3)
10  onnormal mammary epithelial cells:
(1) elimination of p53 function;
(2) introduction of EGFR mutant gene; and
(3) introduction of c-Myc gene.
[5] The method described in any one of [1] to [4], wherein the tumor cells are negative for
15  expression of estrogen receptor, negative for expression of progesterone receptor, and
negative for expression of ERBB2.
[6] The method described in any one of [1] to [5], wherein the normal mammary epithelial
cells are mammalian, primate or rodent cells.
[7] Tumor cells produced according to the method described in any one of [1] to [6].
20 [8] A method for screening anti-tumor agents, this method comprising:
(a) contacting the tumor cells described in [7] with a candidate substance; and
(b) detecting growth inhibitory effects on the tumor cells.

[9] A cancer-bearing animal model transplanted with the tumor cells described in [7].



mal i gnant transformati on by genetically mani pulating normal cells, the gene
mut ati on status thereof is defined. Thus, according to the present

i nvention, a nodel system can be provided that is extremely useful for

eval uating the invol venment of individual genes in the devel opnment of breast
cancer. In addition, since tunor cells produced according to the 10 net hod
of t he [pilesefetoavBNidr@RindamBinsoabeentd) ehiphetodypmpeisingr i pl e negative
breast cancer, they have the potential to be extrenely useful in the

d I f hod dith ' : ' [
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DESCRI PTI ON OF THE DRAW NGS FIG 1 is a drawing indicating the
anat omisgladtareej gidn of norrmal human mamary epithelial cells in an enbodi ment
of the presentinvention; FIG 2 is a drawing indicating a nethod for

produci ng t(Uf@éte&ﬁ%'g?»ova{hqmﬁﬂ%ﬂgﬁéffeeﬁm&ﬁmomns.heI ial cells according to an
enbodi nent 'of the present invention; 20FIG 3 is a draw ng indicating the

results of confirm ng expression and function o enes . i.ntroduced into

e cel | SO T prlsgutcRR g foa e Bl & o RS VR SR 52

indicating the results for expression of Src gene, FIG 3B indicating the

r esul t sndlighasxpmebsmatiordy gmdticpdiyenarapdatifigBor3@l ¢elld) thagemygmutation sgtist s f or

phosphoryl ation of tyrosine by introduced Src gene; FIG 4A is a graph

i ndi catj - r o4 ' | b EWioRf 2 HHeaBrsveell an®k t he present
tthé}gof\tkglgf%ﬁég}) T‘hﬂ%%g@orﬁﬂ W@%ﬁg{?eéﬁd b dHioR a | sy n

i nvention, G epl cts ographs show ng tunor tissue forned by
transplanting tunor cells of the presenF | nv ntionignéo.nude niceh SFIG 5
is a daewises thads exremely vaefubier ytleriingdhe pwavepert ¢idpdividugkeengs i ihe i ss e
formed by transplanting tunor cells of the present invention (HVE/ 53/v-Src
cel | s) denélopmeste et catds B addlitiorg siavé tgndrrdilcabitngdtaieorgaghiotiegi cal

characteristics of tunor tissue formed by transplanting tunor cells of the
br ?8 € ntmétﬂcy (?tt the Bre%eHnl\{%\%%{igg Eé%gﬁsﬁraﬁ: thé bheﬁ*)ot%to? tt%ig ‘ﬁegative breast cancer,
they have the potential to be extremely useful in the development of treatment methods and

therapeutic drugs for triple negative breast cancer, which has conventionally been difficult to

treat.

15 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing indicating the anatomical origin of normal human mammary
epithelial cells in an embodiment of the present invention;
FIG. 2 is a drawing indicating a method for producing tumor cells from normal
mammary epithelial cells according to an embodiment of the present invention;
20 FIG. 3 is a drawing indicating the results of confirming expression and function of
genes introduced into tumor cells of the present invention by Western blotting, with FIG. 3A
indicating the results for expression of Src gene, FIG. 3B indicating the results for expression

of p53 gene, and FIG. 3C indicating the results for phosphorylation of tyrosine by introduced



mce; 10FIG 7 indicates the results of having fornmed a tunor mass by
transplanting tunmor cells of the present invention produced without

i ntroducing TERT gene into nude mce; and FIG 8 is a draw ng

i ndi cating the pathol ogical characteristics of tunor tissue formed by
transpl anting tunor cells of the present invention

( HVE/ 53%:& 1790. 1. 858R/c-Myc cells) into nude mce. 15 BEST MODE FOR
C%ARJI[?;]{I NG ;I'HE | NVENTI ON  The followi ng provides a detail ed expl anation
o] e pre nvent.i be
oxerl ary 10 ¢iidt Bar St B Wittt EHORRMIRORRI PP it A C 7o not
intended to limt the present invention thereto The ?resent i hvention 2
Ocan beresntinechtiont white HF.idRdepicss RRotpETaRhSTaWVINESY IS LHYE TBEdde from t he
gi st thereof Furthernore, all references, |aid-open patent publications,

exam neghnRah e (BBl LARIIfeRSpragt ﬁivbﬁliorﬂﬁtcﬁrmdedﬁmwrent s cited in the
present description are incorporated in the present description by

Gashr | bod (1Ot A nitebte Rt AR Dea e Sh S hREe S ERRN ANk ned. o

No. 2010-154744 that serves as the ba5|s for clal m ng |or|ty of the
pr esentbyarymsplaatingmnendelisas the presend invgutign HMEFBO-Ss1celp) iRonuds mirgioduci ng
Tunmor Cel l's In a first aspect, the present invention provides a

met hod for jyeodyeh \Jﬂﬁgﬁfd GEhb ShePatiRASiddl REaradteridthRe of Alrka?Wisag forad ment s
(1) and (2) on norrr% rrmary éeplettpr?ellal celalls rI{Ioteot hat trslfél%e are no

partl Cublyatlrranlsg)lg'nttn?gt tlu(r)nrcl)i cel?s gﬁﬁe grrege%tc ﬁvgn‘[\{\g]ﬂ ﬁh\dh/ﬁ%(ﬁ&% StScelld 1n{0 nu ut:
mice;
10 FIG. 7 indicates the results of having formed a tumor mass by transplanting tumor cells
of the present invention produced without introducing TERT gene into nude mice; and
FIG. 8 is a drawing indicating the pathological characteristics of tumor tissue formed
by transplanting tumor cells of the present invention (HME/ 53/EGFR™?0M838R/c_Myc cells)
into nude mice.

15

BEST MODE FOR CARRYING OUT THE INVENTION

The following provides a detailed explanation of the present invention. The following
embodiments are intended to be exemplary for the purpose of explaining the present
invention, and are not intended to limit the present invention thereto. The present invention

20  can be carried out in various forms provided they do not deviate from the gist thereof.

Furthermore, all references, laid-open patent publications, examined patent

publications and other patent documents cited in the present description are incorporated in

the present description by reference. In addition, the present description includes contents



(1) elimnation of p53 U nalon; and 10(2) introduction v-Src gene. I'n
t he above-nenti oned aspect, the nethod of the present invention may

al soi nclude: forcibly expressing a cyclin-dependent k nase gene as a third
treatment (3) in addition to the treatnments descri bed above. In a second
aspect thereof, the present invention provides a nethod for producing 15
tumor  GRkdribelYn GRrdeydripgionuhd thevihgd dfoapangsd Paaitrgplisat{odn)Ne.22016)156Mhor nal
manmary epithelial cells. Note that there are no particular limtations on

the order, in whigch,tr.eatnent.js ¢ ' o AR 1R ' f

functi gﬁ?t SE%“ Fhr cl)) %gﬁrﬁalo%ﬂg@é@%faﬁg yégfg%tea,})%gﬁiéiogg? gya?%tléao(gﬁct I Z)’n of
c- Myc gene. The nmethod of the present invention is characterized by
i nduci #§10al i gnant transformation of normal manmmary epithelial cells

wi t hout introducing TERT gene (see FIG 2). There have previously been no
reports of exanples of successfully producing tunor cells w thout

i ntroduci ng TERT gene in a nethod for producing tunor cells from normal
cells by e ssion of an exoge s gene. In the present invention, there
are5noqparﬁﬁéﬁpaﬁﬁEW%W%ﬂg@W@g%ﬁgﬁhe "normal manmary 5epithelial cells'’
provided they are normal cells derived frommammary epithelium Manmary
gl ands ar e lorofiwst aspediethd puestpgedentinn peoviddss reetbed &3 pradvaing tumphia@d dyand
mce. In the present invention, "normal manmary epithelial cells" are

pref er afl Yo Ble fféﬁédvlﬁlg%éaﬂhé?@é i179nd () PRHoRh BRaARARPE N heliardIEepiNdge! i um

or mammary duct epithelrum nore preferably normal cells originating in
primate or_ rodent ma ry.gland epitheliumaqr 10 mammary duct epithelium
and evédhatiiBire aps g @%@7 lHpitations Eg thecorges 1 i“a’é‘fki RO ﬁqﬁeiﬁ%ﬁr y duct
epi thel ium or mammary duct epithelium The normal cells are still nore
pref erabl y foeliminadeh b8p3® fugttiat;iandg i n myoepitheliumthat forns the outer
| ayer of the manmary duct (nyoepithelial cells) (see FIG 1). "Nornal

cehbs" refqgépgﬁﬁgagﬁl&gr Jgalthy state, or in other words, are in a state

fréee of det a | seases or abnormalities, while

In the above-mentioned aspect, the method of the present invention may also include:
forcibly expressing a cyclin-dependent kinase gene as a third treatment (3) in addition to the
treatments described above.

In a second aspect thereof, the present invention provides a method for producing

15  tumor cells by carrying out the following treatments (1) to (3) on normal mammary epithelial
cells. Note that there are no particular limitations on the order in which treatment is carried
out:

(1) elimination of p53 function;

(2) introduction of EGFR mutant gene; and

20 (3) introduction of c-Myc gene.

The method of the present invention is characterized by inducing malignant

transformation of normal mammary epithelial cells without introducing TERT gene (see FIG.

2). There have previously been no reports of examples of successfully producing tumor



15" normal human manmmary epithelial cells" refers to human mamrary
epithelial cells in a state free of detectable diseases or abnormalities in
t he manner of human mammary epithelial cells from healthy subject, for
exanple. In the follow ng descriptions, "human manmmary epithelial cells”
are referred to as "human nyoepithelial cells (HVE cells)". HVE
cel | s helyeshea ihtrednchigBERE ghjedataanethyd foe puskdinganmoneaiis fiminahdrynahvelis abl e
2 Ocells nmay be used (such as cells available fromLonza Inc.

(Wal kensgvi . *El[m nation of p53 function" refers to p53
proteiggﬁg#kﬁgeﬁﬁgmyégk%ﬁﬂggghglbiological function. p53 protein is encoded
by TP53 gene, and TP53 gene is a gene that encodes p53 protein involved in
activation of DNA repair protein, control of the cell cycle and induction
of apoptosis, and functional abnornalities thereof are known to be rel ated
to the onséh th piesdrit GHBnGE) EIRr S afelidnartidaldr. linfil#829 oiNeHeU'h&rned Sandbard/6) .
Various nethods can be applied to elimnate p53 function, and although
there ar 0.5panticular.limtatiagns;there Vi i.f..elimnates p53
ungti SRR ARG S eI oy ReoRsbE It MRS Tl AGEy hury e -
neutralizing anti body, cellular introduction of a gene that encodes that
ant i bodylaminatcglends asé keowetrebe developed bowempBS sychashyminsompakeysfasdred to as
"TP53 gene"), knockdown of TP53 gene by RNA interference (see Sato, M et

al . (Capegr Rafe pRRent (rARABIN 2hdfnad heBinhary@pahdIRI 661" @XPreRedbP néinagion nant

negative TP53 gehe. 10l ntroduction of dof nant negative 1P53 gene (al so

referred, to.as "p53CT gene") is preferabl. sed in the esent j.nvention to
el i m naels Judhailan oy HRrabt £ ges CulsERE e SR R SHibgl iy e TP5a

gene can be ascertained by referring to the reference of Shaulian, E. et
al . ( Myhore edftrabBimirmal dodls origi@8tng bnrirsA8 o) rodehtemdREAryydaed epitheB@mpmrot ei n
used when elimnating the function of p53 protein is preferably a gene or

pr ogei g@m{g j WeIWo't Qb Biikdanof primate
or?gi n,qné;%g ven“: @gﬁ%@ﬁ%&ﬁ%?%@gﬁ%ﬁ%& q%k%%lgﬁegggﬁglhutnugn ori ginn.

caspasERSIa Gt BB o PR EuE] SRR Bd T RoReHR! BTIRGFF AAERTTg | he
function of p53. In this case as well, protein function can be elim nated
usi ng a@ratnblyatornet dedld ogigiriatiag irempd epytdcliwh elmt ddrimyi thadutaglayer of the
mammary duct (myoepithelial cells) (see FIG. 1). '"Normal cells" refer to cells in a healthy
state, or in other words, are in a state free of detectable diseases or abnormalities, while
15  "normal human mammary epithelial cells" refers to human mammary epithelial cells in a
state free of detectable diseases or abnormalities in the manner of human mammary epithelial
cells from healthy subject, for example. In the following descriptions, "human mammary
epithelial cells" are referred to as "human myoepithelial cells (HME cells)".
HME cells harvested from human subjects may be used, or commercially available
20  cells may be used (such as cells available from Lonza Inc. (Walkersville, MD, USA)).
"Elimination of p53 function" refers to p53 protein not having its inherent biological

function.

p53 protein is encoded by TP53 gene, and TP53 gene is a gene that encodes p53



20t he function of p53. "v-Src gene" was discovered as a

cancer-rel ated gene originating in Rous sarcoma virus, which is a type of
retrovirus, and the sequence thereof is described in Mayer, B.J. et al. (J.
Virol. 1986 Dec.; 60(3): 858-67). "Cycl n-dependent kinase (Cdk)
gene" is a gene that encodes protein involved in progression of the cell
cycl e, pasnteintifveolf:ahinl agtiodtiontif@N A tregasr paoteenbentrdl of tempisgde ahd @dlabtioro Cdk13.
Al t hough the Cdk gene introduced into nornmal manunary epithelial cells in

h . che k13
the pr %Sf%ﬂ%pr']déég% gg& El%glt(lg&%i 8§Eo aﬂﬁ@?th%ﬂ:@? E%Qﬁlggﬁsto BBYe1Rkbd fHHk oh&et GEK13, a

gene t hat gene) can preferably. Cdk4 is the

bi ndi ng partner of cyclin D1, and nutations of Cdk4 gene have been detected
i n var ivetigus sapeers Graney Rt 19920 Nanyre 35%: 13116)( 1996), Nature Genet. 12,

97-99). The nucl eotide sequence registered in the NCBI database is used for

t he nucl eotVgRus agueids eadbe sbiicd @heliminatetgse fprneBanind aithengh tere £8dlkogene i s
preferably a mammali an Cdk gene, nore preferably a primate Cdk gene, and

evep nore. prefer.abl 10 hunman, C el e that
encoded gistiR R aRoY: Boto PUIRGATF SuBRES o5 ftiof SAEREE alch PuER2 1C
of EGFR gene is observed in nunerous cancers, including |ung cancer, breast
cancer ,indudeozddaion ofdA peeteingeniralisinganitberdy.aetulpr miredeciivndt agspatheh, S V. et
al ., Nature Rev. Cancer 2007; 7(3): 169-81). 15In the present invention,

"EGFR bl (9@ BRibddS, 1 RSB 4 @Bke thivéncbass pmtpbeth (6 Betdidiedtblad type, and
an exanpl e of which is a gene that encodes EGFRT7901\ 111858R nutant protein

Subst | {34 2pe kol TR 5o BERNES P BRIl B 67 B el "D

substituted to arginine. The nucleotide sequence of EGFR nutant gene can be
pr oduc dksa@t (2AloNd11®2128), med huds] &@dession iolb dominaniviegative WS gae. al . (Mol .
Cell. Biol., (1984), 4, 1577-1582), Sanuels, Y. etal. (Science (2004), 304,

%5 ?g OrInt?&ﬁfc{i?n Kf B mBhn®legatiteANER ¢d38 Falsd ?e@&@ﬁl’ o8¢ 1p S22 5RA ) pRFSEHIyon t he

type nucleotide sequence registered in the N dat abase. In the
eI o SR geTe |5 RSl Shal o L S ECE gene e
dominant negative TP53 gene can be ascertained by referring to the reference of Shaulian, E.
et al. (Mol. Cell. Biol., Dec. 1992; 12: 5581). The TP53 gene or p53 protein used when
eliminating the function of p53 protein is preferably a gene or protein of mammalian origin,
15  more preferably a gene or protein of primate origin, and even more preferably a gene or
protein of human origin.
Furthermore, the function of other apoptosis-inducing proteins such as caspase-3, -8 to
-10 or -12 may be eliminated instead of eliminating the function of p53. In this case as well,
protein function can be eliminated using a similar method as that employed when eliminating
20  the function of p53.
"v-Src gene" was discovered as a cancer-related gene originating in Rous sarcoma

virus, which is a type of retrovirus, and the sequence thereof is described in Mayer, B.J. et al.

(J. Virol. 1986 Dec.; 60(3): 858-67).



"c-Myc gene" is a gene that encodes DNA binding factor protein involved in
regul ating the expression of various genes and DNA replication, or in other
words, a transcription factor gene, abnornmalities in the expression of

c- Myc gene are suggested to be related to various 5cancers (Dom nguez- Sol a,
D. et al. (2007) Nature 448, 445-451). The nucl eoti de sequence registered

i n the NCBI"(Matiallapsandest kissd (Cdi) geue'l Batdede time quedeeprofeicinvptvedéne. I n the
present invention, c-M/c gene is preferably mammal i an c- Myc gene, nore

prefer £l l; .
e nuct el Gufi SKEIORRF R Y SELRAS RSy R Y o AR Br EHEL 0TS

proteins used 10in the exanples to be subsequently described are indicated
i n t he GdklBowA§oaztnthe Cok gane ingigghcaddntol nopnelagamperemithelialiseds m the Gene Nane
NCBI Accession No. Species Sequence No. (gene) Sequence No. (protein) TP53
gene  present invention may be a gene that encodes any of Cdkl to Cdk13, a gene that encodes
5  Cdk4 (Cdk4 gene) can be used preferably. Cdk4 is the binding partner of cyclin D1, and
mutations of Cdk4 gene have been detected in various types of tumors (Zuo, L. et al. (1996),
Nature Genet. 12, 97-99). The nucleotide sequence registered in the NCBI database is used
for the nucleotide sequence of Cdk gene. In the present invention, Cdk gene is preferably a
mammalian Cdk gene, more preferably a primate Cdk gene, and even more preferably a
10  human Cdk gene.
"EGFR gene" is a gene that encodes epithelial growth factor receptor protein, and
elevated expression of EGFR gene is observed in numerous cancers, including lung cancer,
breast cancer, colorectal cancer, stomach cancer and brain cancer (Sharma, S.V. et al., Nature
Rev. Cancer 2007; 7(3): 169-81).
15 In the present invention, "EGFR mutant gene" is an EGFR gene that has mutated from

T790M.L858R
RT7%0 mutant

the wild type, and an example of which is a gene that encodes EGF
protein (SEQ ID NO: 10) in which a threonine residue at position 790 has been substituted to
methionine and a leucine residue at position 858 has been substituted to arginine. The
nucleotide sequence of EGFR mutant gene can be produced according to the methods

20  described in McCoy, M.S. et al. (Mol. Cell. Biol., (1984), 4, 1577-1582), Samuels, Y. et al.
(Science (2004), 304, 554) or Scott, K.D. et al. (Cancer Res. (2007), 67, 5622-5627) based on

the wild type nucleotide sequence registered in the NCBI database. In the present invention,

EGFR gene is preferably mammalian EGFR gene, more preferably primate EGFR gene and

10



NM 000546. 4 Hono sapi ens

v-Src gene Rous sarcoma virus 3

10

even more preferably human EGFR gene.

Dom nant negative TP53 gene

Hono sapiens 1 2

"c-Myc gene" is a gene that encodes DNA binding factor protein involved in regulating

the expression of various genes and DNA replication, or in other words, a transcription factor

gene, abnormalities in the expression of c-Myc gene are suggested to be related to various

cancers (Dominguez-Sola, D. et al. (2007) Nature 448, 445-451).

registered in the NCBI database is used for nucleotide sequence of c-Myc gene.

The nucleotide sequence

In the

present invention, c-Myc gene is preferably mammalian c-Myc gene, more preferably

primate c-Myc gene and even more preferably human c-Myc gene.

The nucleotide sequences and peptide sequences of the various genes and proteins used

in the examples to be subsequently described are indicated in the following Table 1, although

not limited thereto.

Table 1
Gene Name NCBI Accession Species Sequence No. Sequence No.
No. (gene) (protein)
TP53 gene NM 000546.4 Homo sapiens -- --
Dominant -- Homo sapiens 1 2
negative TP53
gene
v-Src gene -- Rous sarcoma 3 4
virus
Cdk4 gene NM 000075.2 Homo sapiens 5 6
EGFR gene NM 005228.3 Homo sapiens -- -~
EGFR mutant -- Homo sapiens 9 10
gene
c-Myc gene V00568.1 Homo sapiens -- --

Gene Introduction Method

11




4 Cdk4 gene NM 000075.2 Honp sapiens 5 6 EGFR gene NM 005228. 3 Honpb sapi ens
-- -- EGFR nutant gene -- Honp sapiens 9

In the case of introducing a gene into HME cells in the present invention, the gene is
inserted into a suitable expression cassette in the form of an expression vector, and the HME
cells are transformed with the expression vector. A suitable expression cassette at least
contains the following constituents (i) to (iii):

5 (1) promoter capable of transcribing in HME cells;

(ii) gene ligated in-frame to the promoter; and

(iii) sequence encoding transcription termination and polyadenylation signal of RNA
molecule.

Examples of promoters capable of transcribing in HME cells include, but are not

10 limited to, CMV, CAG, LTR, EF-1a and SV40 promoters.

The above-mentioned expression vector may also have a selection marker expression
cassette for selecting transformed HME cells in addition to the above-mentioned expression
cassette. Examples of selection markers include, but are not limited to, positive selection
markers such as neomycin resistance gene or hygromycin B phosphotransferase gene,

15  expression reporters such as LacZ, green fluorescent protein (GFP) or luciferase gene, and
negative selection markers such as herpes simplex virus thymidine kinase gene (HSV-TK) or
diphtheria toxin A fragment (DTA).

Transformed HME cells can be easily selected with the above-mentioned markers.

For example, in the case of cells introduced with a marker in the form of neomycin resistance

20  gene, primary selection can be carried out by culturing in medium containing G418. In
addition, in the case of containing a targeting vector in the form of a fluorescent protein gene
such as GFP, in addition to selecting on the basis of drug resistance, sorting of cells

expressing fluorescent protein may be carried out using a fluorescence-activated cell sorter

12



10 c- Myc gene V00568.1 Hono sapi ens Gene Introduction Method In
the case of introducing a gene into HVE cells in the present invention, the
gene is inserted into a suitable expression cassette in the formof an
expression vector, and the HVE cells are transformed with the expression
vector. A suitable expression cassette at |east contains the foll ow ng
consti taasy (i) to (iii): 5(i) pronoter capable of transcribing in HVE
cells; (ii) gene ligated in-frame to the pronoter; and (rii)

sequence engool e I ARRELAPTLRMs hET) Bt LN bR HtAMADcSisgnal - of
anples of p e o0

RNA nol ecul'e. ronoters capa transcribing in
HVE cells include, but are not 10 limted to, CW, CAG LTR _EF-la and SVv40
pr onot érgude expressipheegipEaapiiin of BHeduERD BeNes EA Coléss prst corppeiadly have a

sel ection marker expression cassette for selecting transfornmed HVE cells in

addi ti QRaildbld HHraRPe iR MANSFo BX RS S IFRAMBRS SESich. coln@iphRe avfilabRl ect i on
mar kers include, but are not limted to, positive selection markers such as

neopyci n_resi stance.gen ]ﬂy I i ph ﬁﬁp tha {e ase gene,
ERCHRE R R e AR R S N A G e e g
| uci f erase gene, and
pMSCVpuro™ (Clontech), pEF-DESTS51™ (Invitrogen), pCEP4™ (Invitrogen) and
ViraPower II Lentiviral Gateway System™ (Invitrogen). The expression vector can be
introduced into HME cells by a known gene introduction method such as electroporation,
microinjection, calcium phosphate method, lipofection or viral infection. Reference can be
10  made to "Sambrook & Russell, Molecular Cloning: A Laboratory Manual, Vol. 3, Cold

Spring Harbor Laboratory Press 2001", for example, for details on gene introduction

methods.

2. Tumor Cells

15 In the present invention, "tumor cells" refer to cells that autonomously undergo
overgrowth in vivo, and may not only be tumor cells produced in the above-mentioned
"method for producing tumor cells", but may also be tumor cells isolated from a
"cancer-bearing animal model" to be subsequently described or cells obtained by culturing, in
vitro, tumor cells isolated from this cancer-bearing animal model.

20 Examples of tumor cells include cells contained in breast cancer tumors. Inone
embodiment of the present invention, a preferable form of the tumor cells is breast cancer
cells. The tumor cells are more preferably triple negative breast cancer cells negative for all

of the markers consisting of estrogen receptor (ER), progesterone receptor (PgR) and ERBB2

13



negati ve sel ection markers such as herpes sinplex virus thym di ne ki nase
gene (HSV-TK) or diphtheria toxin A fragnent (DTA). Transformed HVE cells
can be easily selected with the above-nentioned markers. For exanple, in
the case of cells introduced with a marker in the form of neonycin

resi stance 20gene, primary selection can be carried out by culturing in
medi um(glem kadvan ag"IDBRB") pksteimddi ti on, in the case of containing a targeting
vector in the formof a fluorescent protein gene such as GFP, in addition
to sel ectingpn gs@%f?@r?ﬂrﬁﬁr?%mglri f &3sBdrHAGER ofﬁlfs,' {8 t&f cARlaks expressing
fl uorescent profeln may be Ttarr ed out using a uorescence-acti vated cel
sorter (FACS). Exanpl es of expression vectors able to be used to

i nt r odyekcusangendy iniegedvte ¢ sifable pangigrodst présniBmingRaligant apabhl e of

i ntroducing genes into cells, and commercially avail abl e expressi on vectors

may al $enbRridsesh b BRkgsthe forpiaeibn 0OFMRAGH @idsy avail abl e 5 expression
vectors include peEG-P-C1L TM (C ontech), pCW-HATm (C ontech), pMSCVpuroTm

Cl ontech), , pEF- DEST,51 ..TM (1 nyi t. 4 [ d ViraP
1 Bon vi v P et i i Ry e it SR BORBCC, ean be

introduced into HVE cells by a known gene introduction nethod such as
el ect r oporapsuppressédemainnjaé istaticulaslyl psefgrablsh o ixaapéesrad impynosuppesseegk i on or
viral infection. Reference can be 10 nade to "Sanbrook & Russell, Mblecul ar

G oni NGparAnhRBIAIO bYt VB AYAImitdPlb; mile 4Rlafld ARAE AgeHar bor Laboratory Press
2001", for exanple, for details on gene introduction nethods. 2. Tunor Cells

151 n the present invention, 't r cells" refer to | 1's.that autononously
under go ove‘§ tg%q}fa’inﬁpe\ﬁf\?d?“ﬁ?fﬁ%%ﬁ?“ﬁ'&m% maiigﬁaé’t %@Hsggrn&%ops&ﬁ?@a‘i?@@ag?n t he
above-nentioned "nethod for producing tunor cells", but may al so be tunor
cel | s ifohkmreg testaellnol sehagar abdabiengnatiieraiolamydetation (it agabselquent | y
described or cells obtained by culturing, in vitro, tunor cells isolated

]; ;? P]s t %ﬁ?ﬁﬁ)ﬁ%g&{yﬁﬁ%}rﬂ 9 %@iaﬁbciﬁp delmp12 QRXSPHEE &ilsistPRIuc&Ehith TPag! ude

al ne east cancer tunors. In one enbodi nent of the present
invention, a preferable formof the tunor, cells js breast cancer cells. The
tumor GRMPR gepe a%v-érw@eear%lﬁwwﬁqs 0 ofpept ediymaiier aivsing 0 |
negative for all of the markers consisting of estrogen receptor (ER),
pr ogestcengng cek cemdentratidigR)loand biEBBEB2vation of cell growth rate. Reference can be

made to Tanaka, S. et al., Proc. Natl. Acad. Sci. USA, 94: 2356-2361, 1997 for detailvs on the
soft agar colony formation assay method.

15 Tumor cells obtained in the present invention (to be referred to as "tumor cells of the
present invention") are characterized by having extremely high proliferation ability. As
shown in FIG. 4A, tumor cells of the present invention have a remarkably high proliferation
ability in comparison with human breast cancer cell line MDA-MB231 cells (ATCC HTB-26).
In addition, in an embodiment thereof, tumor tissue obtained by transplanting the tumor cells

20  of the present invention into an animal model were ER(-), PgR(-) and ERBB2(-), were ER(-),
PgR(-) and HER2 (-) in the case of using human mammary epithelial cells, and exhibited the
morphology of triple negative breast cancer cells (FIGS. 5, 6 and 8).

In tumor cells observed in human triple negative breast cancer, since the hormone

14



(al so known as "HER2") protein. In the case of confirm ng malignant
transformation of cells, the test cells are subcutaneously injected into a
sui tabl e ani mal nodel and confirm ng malignant transformation by observing
the formation of a tunor mass. 5A nmanmmal other than a human is preferable
for the animal nodel, while an i munosuppressed manmal is particularly

pr ef er abteptorExfiBRIaad PgR daremutrexprepgxde sisbdneeatheradcsptonyresdie, kibase odHERIDS
limted to, nude rats and nude m ce. Another exanple of a nmethod for
confirm i t i I i turing test
cells gﬁggg??%%ggggéﬁ%&g iggggggk?ﬁ%ﬁﬁh§§#%§?ﬁ@g§%§§?€%&Fgo t agar col ony
10f ormati on assay nethod). As a specific exanple thereof, HME cells

i nt r odubeapsnticallyTHbstive 1an tripje Resaiivg bieash @ngdecansilerrdde beithayeeof n sof t
agar nedium after adjusting to a constant cell concentration followed by
obser varéRncalkecthhd is Blosvdilffiduktte reebertineesoman be nmade to Tanaka, S. et
al., Proc. Natl. Acad. Sci. USA, 94: 2356-2361, 1997 for details on the

sof L agar | ony. fornatdon a t . unpyr -] i he
L e S BT R
inventiohgé are characterized by having extrenely high proliferation
abi | i t yrolifsrasihowhilityn Ehdhe apsg of lommimgreiumor by trahelgntag dhe tumey eplls rihthave a
remar kably high proliferation ability in conmparison with hunman breast

cancer f&lkht b &RioNMoMB23imAehd R [ PeeultfiBrudfols arkFoeldi ih kiRNanidnAl BHdel

enbodi nrent thereof, tunor tissue obtained by transplanting the tunor cells

EReBa (it o an g e Bty HireP ol s ool st pd g o

manmary epithelial cells, and exhibited the norphology of triple negative
br east campery glaid Gu¢tFeEtelis] cefls amthe@pimdlpeaigsor Foebtammége theewsé af human
triple negative breast cancer, since the hornone receptors of ER and PgR

ar @ Noty LYNL S F3HmAWMindRE bR Eerife 8RR, tihoRi ke fonb@ ffarPinikFRRodq al so
not expressed, hornone therapy or chenot herapy cannot be expected to be

L L il ) S B B RS Pl SRR
Feason -and particularly triple negative breast cancer tissue. Thus, the tumor cells of the present
invention have the potential to be extremely useful in the development of treatment methods
or therapeutic drugs for triple negative breast cancer.
15
3. Cancer-Bearing Animal Model
In the present invention, a "cancer-bearing animal model" refers to an animal in which
a tumor mass has been formed by transplanting the above-mentioned tumor cells into an
animal model other than a human. A preferable example of an animal model is a mammal
20  other than a human, examples of which include, but are not limited to, mice, rats, pigs, dogs,
monkeys, hamsters and rabbits. Among these animal models, mammals are preferable, and

primates or rodents are more preferable. Among these, immunosuppressed mammals are

particularly preferable, while immunosuppressed primates or rodents are even more

15



5The tunor cells of the present invention have both a high tu origenesis
rate and high proliferation ability. In the case of formng a tunor by
transplanting the tunor cells of the present invention into an ani mal nodel
in particular, tunors are fornmed in the aninmal nodel that are

pat hol ogically extrenely simlar to tunor tissue spontaneously arising from
t he nmamrefieyabid. andttodgh ihmepodupptesseld eahinglsican béproalncedeyy ajveivistsing Bor
exanple, in the case of 10transpl anti ng human mammary gl and epitheli al

cell's, if‘rﬁ&m{oﬁ 1 Essi R <08 cﬁ)@%@rm {580 dTQﬂ%IaI hitdhaAr@nkaii b eaigal Iy

extrenely simTar to cancer tissue isolated from human cancer patients, and

particularly triple negative breast gancer ti ssye. Thus the.gu r cells of
P hiick g

the pr dBWHIIYReREsToTPnEeN @Y suPRIBtSEh PRssr opgepdichack@rpnd arg Pa¢igablen t he
devel opment of treatnment nethods or therapeutic drugs for triple negative

br east Bangids of Bandmald e ehidBammungyAas bedn ddngalitallyp sifpeeedsrehide) tend i on, a
"cancer-bearing aninmal nodel" refers to an aninmal in which a tunor nass has

beeg foo?ﬁﬁﬁ@ﬁt&ﬁﬁﬁ%&h?&&i etr&e_above-nentioned t unor pells into an ani nal
nodel other an a human. preréerabl e exanpl e of an aninmal nodel is a

manmal 20ot her than a human, exanples of which include, but are not limted
to, mice, rhaeseagsingpartigydar linpitations en theanethed used el trapgmiant ghe tapgn gelisiaioe
ani mal nodels, mammal s are preferable, and primates or rodents are nore

pref er aht gninARIREell hSRethb ITHNRBHERIBSSEd comespBhdingicethp afifirat todel ty be
preferable, while i munosuppressed prinmates or rodents are even nore

Bt nf SPE AR e R g gk i Gl Bt SEFR PEEERRIH nar y

manmal , mammal s in which i munity has been con enitallg suppressed based on
genet i Ghmtik fndwgtion af Bupergesesip ineSwiBga0péageno26,n8dRd045 (Fepimben Llmuni ty
has been congenitally suppressed include, but are 5not limted to, nude

ragg angogyds: aa'aﬁ]?le, for examp [¥8 b8 trAfisP M dRMirhhIGH @ls dthéd thad kS Prorhliiee net hod
used to transplant the tunor cells into the animal nodel. A nethod

conventi.onal | sed correspondi,ng to the animal .nodel to bhe .
viewpoint of ease o re—exmsflc))n 0 theqransplanted?umor cells, transplantagon is preferably

carried out by subcutaneous injection or intraperitoneal injection, while local transplantation

is preferable from an anatomical viewpoint.

15 4.  Method for Screening Antitumor Agents
The present invention provides a method for screening anti-tumor agents.
In a first aspect thereof, as the screening method of the present invention, a method for
screening anti-tumor agents is provided that includes:
(a) contacting the tumor cells of the present invention with a candidate substance; and
20 (b) detecting growth inhibitory effects on the tumor cells.
In addition, in a second aspect thereof, as the screening method of the present invention,
a method for screening anti-tumor agents is provided that includes:

(a) contacting a cancer-bearing animal model transplanted with the tumor cells of the

16



transplanted with the tunor cells may be suitably sel ected. Reference can
be made to Cenetic Induction of Tunorigenesis in Sw ne, Oncogene 26,
1038-1045 (Septenber 11, 10 2006), for exanple, for exanples of

transpl anted ani mal nodel s other than mce. Fromthe viewpoi nt of ease of
re-excision of the transplanted tunor cells, transplantation is preferably
carri egreseht lnyergishovittemendidatenjubstanaen ad i nt raperitoneal injection, while
|l ocal transplantation is preferable froman anatom cal viewoint. 15

4. Met hod f IGL& Qw@ﬂhh%ﬂ eﬁﬁ@%Qhﬁthﬁmﬂ Lgent invention provides a
L EERTRS

met hod for anti-t agen S. In a first aspect thereof, as
t he screeni ng net hod of the present i nvention, a nethod for screening
anti-tunor agents is provided that includes: (a) contacting the

tumor cells of the present invention with a candi date substance; and 2 0(b)

det ecting gnaké fodvehnditioasydatfigidns, '@ontabng themumeredells with a candidatddi t i on,
in a second aspect thereof as the screening nethod of the present

VN BOEL NOf Lt 3 8tn%sptét9mg%tm41wel AGRBlA S QNS OB s

i ncPudé&s a cancer-bearing ani ma ranspl ante

the tunor cells of the present invention with a candi date substance; and
(b) detcendiilatg sghstanch’ e tsi thgpgzncbqlarte&u@ta@ﬁe enpsoachingrthe gimey cellptorge
above-nmenti oned descriptions, "contacting the tunor cells with a candi date

S5subst gaeRe tR4t it 1GRMcBOK N thofecGRE 68 thddRi@fak & thefddif GRbindDE&h thdsedsdéamdsed Wit h
tunor cells with a candi date substance" refers to the candi date substance

hi t.h ' I
The. st annsmicsatibos S bk s At EHlsSEotmRed ki BEintl (<l ChR Fons

at which the candi date substance is taken into the tunor cells. In the case
t he t urmese thelkursorarells augrtemorc edlls sughuasrudivregidels raeandidhiesubsiansa e bat e
subst ance can be 10allowed to contact the cells by adding the candidate
subgt anfewke tfcdiitdd WeSeTBH HiQif MeaGh&date substance to a culture medium contacted
by the cells at a fixed concentration or more. On the other hand, in the case the tumor cells
have been transplanted into an animal body, namely in the case of a cancer-bearing animal
model transplanted with the tumor cells, a candidate substance can be allowed to contact the
tumor cells by administering the candidate substance to the animal at a fixed dosage. In this
15  case, although there are no particular limitations on the administration route provided it is a
route that is commonly employed to administer a candidate substance, and specific examples
include oral, sublingual, pernasal, intrapulmonary, alimentary, percutaneous, instillation,
intravenous injection, subcutaneous injection, intramuscular injection, intraperitoneal
injection, local injection and surgical transplant, with oral administration, intraperitoneal
20  injection and intravenous injection being preferable.
Examples of candidate substances include compounds drugs for which antitumor

effects have already been confirmed as well as compounds, polypeptides, nucleic acids,

antibodies and low molecular-compounds having the potential to exhibit antitumor effect.
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by the cells at a fixed concentration or nore. On the other hand, in the
case the tunor cells have been transplanted into an ani mal body, nanely in
the case of a cancer-bearing ani mal nodel transplanted with the tunor
cells, a candi date substance can be allowed to contact the tunor cells by
adm ni stering the candi date substance to the animal at a fixed dosage. In
t hi s 1%pesific eabmplesighsuchenadidate suintanaed inclubllarbut preinoatingad tometshslic

adm nistration route provided it is a route that is comonly enployed to
adm ni Sah?{goﬂisfé% %?%gﬂﬂglﬁlaap@FUﬁf‘ﬁ)l@t@%fé'teﬁioﬁsrﬁ%ﬁﬁ@bﬁ&s i(Aehdgg oral,
subl i ngual®, pernasal, i1ntrapul honary, alinentary, percutaneous,
instillation, intravenous injection, subcutaneous jnjection, intramuscular
i nj ect iBRydroRietoisReid BpHase hihioas sush as syladiazng (géfllf%‘hefgﬂ’éazg l?ragﬁﬂc al
transplant, with oral adm nistration, intraperitoneal 2 0injection and

i nt r avelilpuisofobjtesiduaasdiahibgopr(®iERamhéitors) such dsxasthdtescats trometboptah er

subst ances i ncl ude conpounds drugs for which antitunor effects have already

been ¢ i . L] . . i i i o

ant PoodbuSiihifiey Feuridht SRTBANRERa R PRRAMARE BrmliAu e Sl bibiprs,
antitunor effect. Specific exanples of such candi date substances include,
but ar suglbas $FH erdincyiesingdd-A160), iptring matpbalise inhibitees (inguding MBS aci |
(5-FU)), folate netabolismantagonists (including dihydropteroic acid

synt hasghibfié¥s Qhél@és%-ﬁiéﬁdﬁp@%pﬁﬂé Aritha pidieu@rsusluhd @metidprioey, edendand
di hydrof ol ate reductase 1 nhibitors (DHFR 1 nhi bitors) such as nethotrexate,

trimethpprimo ri. et ham ne rim dine t abol i nhi.bi.

(i net udergisg A Ay e AT pot il Lol AR e BB el Pt
(5-FQC)), purine netabolisminhibitors (including | MPDH inhibitors such as
6- mer captlgpubimeleatide teductpredaibijer, bydraxayeaz audigoside apdygs Gridibng Aeieam
nase (ADA) inhibitors (such as pentostatin), ribonucleotide reductase

i Nhipbi tar B ok SHBhs Mo fidRirel Hﬁd{ﬁi%iﬁ({%h&?hﬁte duelhaskink phivbil bOpyrihidakoxyur ea) ,
nucl eoti de anal ogs (1 ncluding purine 1l0anal ogs such as thioguani ne,

f | udar abi ne phosphate or cladrihbi.n s well. as rimdi ne, anal.ogs such as
cyt ar at.‘?inﬁ]Qg%?“C @ﬁf?’%ﬁ?“ﬁe‘}r,geﬁl-cgglﬂﬁg)agfaﬁ%régmﬁﬁekgl?é?ﬁflaﬁ}ﬁ%a%eélésﬂ(? Ch{‘ﬁ%l udi ng
nitrogen nustard agents such as cycl ophosphan d, nel phal an or thi ot epa,

pl at i natirogenagestdrd pgepaswehias ngclepivispheanidi mplphtlan or daetbpg pketinating agent
oxal i platin, and nitrosourea drugs such as dacarbazi ne, procarbazine or

[ ani Mt ediiondBldt MTRDIAN LRbAIhEPo SUBPLIAR, SAEAINEA driTutREYCI N C
doxor ubi ci n, epirubicin, daunorubicin or bleonycin), topnsonerase
inhibitors (such as irjnotecan, nogitecan, doxor.ubicin, etoposide,

| evof | slesebsrins: P&%FW]“S)?&E‘?%‘}‘?SWH@%ran‘WBEﬂré‘ntlPS}ﬁseds?cf’aqSiSGWO fi%i t ors (such

as vinblastine, vincristine or vindesine), colchicine, mcrotubule

depsl ynwitérmpdin O doxdritbicing esirybéeio,hlaasompaein ¢aedmyrin)dopeisametaps inhibitors

nol ecul ar-targeted agents (such as trastuzumab, rituximb, imtinib,

gefiti r{ELch:’h alg q{iﬁo%g&m Rogq{ecan, doxorubicin, etoposide, levofloxacin or ciprofloxacin),
microtubule polymerization inhibitors (such as vinblastine, vincristine or vindesine),
colchicine, microtubule depolymerization inhibitors (such as paclitaxel or docetaxel),
molecular-targeted agents (such as trastuzumab, rituximab, imatinib, gefitinib, bortezomib or

20 erlotinib), steroids such as dexamethasone, finasteride, aromatase inhibitors, tamoxifen and

combinations thereof.

Growth inhibitory effects on tumor cells can be confirmed by producing two systems

of cultures of the same cells disseminated in culture dishes at the same cell density and
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20erlotin b), steroids such as dexanet hasone, finasteride, aromatase
inhibitors, tanmox fen and conbi nations thereof Gowh inhibitory effects on
tunmor cells can be confirmed by producing two systens of cultures of the
sanme cells dissemnated in culture dishes at the same cell density and

cul tured under the same conditions or two cancer-bearing ani mal nodel s of

t he sanmltstedaindertthasspd emmideétngiot twa tenceabraring ahieral ofodels|of thesgamelserapane cel |
density, contacting the above-nentioned candi date substance with cells of

one of t#a%?%ﬂ@(ﬁ G the SR Slmbn OF ceﬁﬁrﬁtt Afldang kit %eﬁs@t@{j&ﬁl@écﬁng gRstance with

cells o e other system (control), observing 5proliferation of the tunor
cells of both systens, and neasuring and_conparing the nunber of tunor

cel | s @bAYEMSBEOTeH Céa@ﬁatéﬁul?sﬁélc?%thscfﬁﬁ %ﬁ%ﬂeaqfﬁé? Sﬁteﬁi‘%ﬂn F8H of tinme has
el apsed. In the case of screening the tunor cells of the present

i nvent icoftacting the chatidatobutistanoe witklckls sfithb otivr systdnu (cedtroB) dtservingror growt h
effects can be confirnmed by contacting a candi date substance with the

above- nentd oned ri d
ot fe. menuertgR of SREuBer Sy ol ARHEh R e EIEInd o ARyl o8
conparing the nunbers of each of the cells. In the case of screening
the turemoredllssopmineddn pachodithe twe SYREms gfieT dfixed pawdiodtmetysichpeedan ani mal
nodel, nanely in the case of screening in the formof an animl nodel in

whi ch the tITRE c4:8 bk SerBates (b8 &indr @IS B Bidtpeehent idv@itiog i0Welforh béainsorcan be
confirmed by 15adm ni stering a candi date substance to the animal nodel of a

I ' ' f i dral f - -
and” conelbpucbys EEHRT R ak SR BT oRusahdfodpr Ryt o

contained in the tunor tissue fromthe sanple system and control system
Al t er natibstaticg withuthe abgreometticakd sanple salls, atessuring tho Armberead seppiexacHaand ng t he
above-nentioned tunor tissue, and conparing the volune of the tunor tissue

bet yee fih@m%%&rm'csnéaﬁ%lﬂwﬁﬁq 811 €M tECAndSHS liRMNand UoMpariR tHEBuMBEYs e

determned wth the foll ow ng

each of the cells.

In the case of screening the tumor cells of the present in the form of transplanting into
an animal model, namely in the case of screening in the form of an animal model in which
the tumor cells have been transplanted, tumor growth effects can be confirmed by

15  administering a candidate substance to the animal model of a sample system, extracting
tumor tissue from animals of the sample system and control system, and measuring and
comparing the number of cells contained in the tumor tissue from the sample system and
control system.  Alternatively, tumor growth effects can also be confirmed by extracting the
above-mentioned tumor tissue, and comparing the volume of the tumor tissue between a

20  sample system and a control system. Tumor volume can be determined with the following
equation.

Tumor volume = ab*/2 (a: horizontal width, b: length)

Alternatively, tumor growth effects can also be confirmed by administering a candidate
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equation. Tunor volune = ab2/2 (a: horizontal width, b: |ength)
Alternatively, tunor growh effects can al so be confirnmed by adm ni stering
a candidate substance to animals of a sanple systemand a control system
and conparing rate at which a neasurable tunor nmass is fornmed at the
transpl anted | ocation of the tunor cells between the sanple system and the
cont r olsubststeertv affillsarfiamamphosysteni and: theontratreystesn, tané cambaring Tetsd IWhdddser i bed
in section 3 entitled 5"Cancer-Bearing Ani mal Mdel ". Ahhough there are no
i tathORGraBR thfd6r ARLOGorRAG: HR than S BRE@ MoaliHBN thé Blrhér deDd Betlvlen awi mal
nodel , subcutaneous 1 njection or intraperitoneal injection is preferable in
consi deration of é}a?Be ease of re-excision of the transplanted tunor cells.

I n t he SBEBE YYHEMY éh%?oqt‘i?gF}@éFé‘é of tunor cells of the sanple systemis

| ess than the rate 10of increase of tunor cells of the control system the
candi dat e STHsinnslemoided s thasatheay thd gatinal mddal/desanbddt inestionf3f entitlsd
Alternatively, in the case multiple sets of data on the rate of increase
under fu Wi h lre ' fior; fiot he
pregent CRGLTRRRhE ARy HEIR - SRR R Mol B0l s DY RO Bt o
processing that data, and conpari ng standard val ues derived ,frorpthe

resul t itrRgSRigrttager cells drte thesaimabinadedebartrBsaus HHeLtIPH Ok dntrapgytonea

Al t hough average val ues or standard deviations and the |ike of tunor growth
rates Gajcts 0t ibyonsderaivn oFtied ¢ast bf A-extiidiosihe tramsplapeicifocal |y,

t hese val ues can be determ ned by two-way ANOVA using statistical

pr ocessi pg software such as | BM SPSS Statistics 18 (SSPS) using the initial
nunber 6f°celI's and cel | densi ty at the tinme of cell dissem nation as
20paranmeters in the case of cultured cells, or using body weight of an

ani mal modeln the cash ghe vatpeofaticreasa of piregrcelinell tha samplgisavems lepathap therfeted t unor
cells in the case of transplanted cells. Analysis accuracy can be further

| MRHOV &M ik¥eddS bPEINidI@ B OMIE chRtd? sPfterh UNB CakBddt & substaatresdd oiin bajudgbdig out
the met hod of the present invention as new data and adding to the

popul atté) %Qve antitumor effects.  Alternatively, in the case multiple sets of data on the rate of

increase under fixed conditions are already available for the tumor cells of the present
invention, an assessment may also be made by statistically processing that data, and
comparing standard values derived from the resulting average values, standard deviations and
15  the like.
Although average values or standard deviations and the like of tumor growth rates can
be obtained by various statistical methods, more specifically, these values can be determined
by two-way ANOVA using statistical processing software such as IBM SPSS Statistics 18
(SSPS) using the initial number of cells and cell density at the time of cell dissemination as
20  parameters in the case of cultured cells, or using body weight of an animal model at the time
of transplant and the number of transplanted tumor cells in the case of transplanted cells.
Analysis accuracy can be further improved by using the growth rate of tumor cells obtained

by carrying out the method of the present invention as new data and adding to the population
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used for statistical analysis to increase statistical paraneters.

Since the tunor cells of the present invention denonstrate characteristics
that are pathologically extrenely simlar to breast cancer cells isolated
fromactual patients, antitunor agents that have been confirmed to
denonstrate growmh inhibitory effects on tunor cells as 5determned with

t he scnsahﬁngum@mm@dndﬁmshengnegénﬂwhwﬂemwn@ﬁﬂare expected to denonstrate
antitunmor effects in cases of actually using in the treatnent of cancer

patients, agidcPRekhEs @éllls ¥f Qfe%@s%nﬁﬁﬂ&ﬁfon%ﬁoﬁﬂ%a‘ie Cissdterdics fhaPhre Negative

breast cancer patients). hough t he follomnng prOV|des a detailed
expl anation of the present . inv ntlon usin ex e reof t he present
et Rl B B resheRre s B PR Setie Pféls&tan% furhor

[ Exanpl e] In the present exanple, tunor cells were produced by

i nt r oduwgeny thdh dageeen confiinmslt tb damosdiangiontH ahitetoty effcatoomaimardvElcasl | s.
15In the foll ow ng descriptions, each of the produced tunor cells is

i ndisc atcfégerfﬁﬁ{e?ggte}bn@e I@gr{g?@g% Aol oF fil ebdht H%‘ntﬁ}] Ar@\%al‘é&tetdqg liemeR&fgs Pondi ng

to the type o |nto e HVE ce Genes
I ntroduced into HVE Cells_ Tunor Cell hbnenclature Dom nant negative TP53
(p5 3C-|-)anggﬁ@)r|.q%¢t§ an easps af actually using in the treatment of cancer patients, an

particularly breast cancer patients (such as triple negative breast cancer patients).
Although the following provides a detailed explanation of the present invention using
an example thereof, the present invention is not limited to the aspects described in the

10 example.

[Example]
In the present example, tumor cells were produced by introducing the gene
combinations shown in Table 1 to normal HME cells.
15 In the following descriptions, each of the produced tumor cells is indicated using the

nomenclature shown in the following table corresponding to the type of gene introduced into

the HME cells.

Table 2

Genes Introduced into HME Cells Tumor Cell Nomenclature

Dominant negative TP53 (pS3CT) gene HME/53 cells
Dominant negative TP53 gene and v-Src gene HME/53/v-Src cells
Dominant negative TP53 gene and Cdk4 gene HME/53/Cdk4 cells
Dominant negative TP53 gene, Cdk4 gene and v-Src HME/53/Cdk4/v-Src cells
gene
Dominant negative TP53 gene and c-Myc gene HME/53/c-Myc cells
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Dom na

nt negative TP53 gene and v-Src gene HVE/ 53/v-Sre cells Dom nant

negati ve TP53 gene and Cdk4 gene HVE/ 53/ Cdk4 cells Dom nant negative TP53

gene,
TP53 ¢

d ECQ } 53/ TA9L:8RER T7hegai 3
one. [P ARANS [ iobh AT TR o e GRS &b ARt o o RS el Lo

Cdk4 gene and v-Src gene HME/ 53/ Cdk4/v-Sre cells Dom nant negative
ene and c- Mc gene HVE/53/c-Mc cells Dom nant negative TP53 gene

The fd
out in

~ 4

| DWinaS RFBNY IEISS o HESEGFRE POR* Bhetchade ( P SBIRGHR PPoEHdaneyccar|r i ed
t he present exanple. 5Cell Culture
c-Myc gene cells

10

15

The following provides a description of the experimental procedure carried out in the

present example.

Cell Culture

Normal human mammary epithelial cells derived from a 30-year-old Caucasian woman
were purchased from Lonza Inc. (Walkersville, MD, USA)) for use as HME cells. The cells
were cultured in a collagen-coated dish in serum-free MEGM medium (MEGM Bullet Kit,
Lonza Inc.) containing various growth factors provided by Lonza Inc. The cells were
cultured in a humid incubator maintained at 37°C in a low oxygen environment (3% O, and

5% CO,), and were used in the present example as HME cells.

Production of Retrovirus Vector and Introduction of Retrovirus vector into HME Cells

Vectors for retrovirus expression were produced by incorporating the v-Src, Cdk4,

T790.L858R
R 790.L858

dominant negative TP53, EGF and c-Myc genes shown in Table 1 into each of the

vectors shown in the following Table.

Table 3
Insert Gene Expression Vector
v-Src pCX4pur vector (GenBank Accession No: AB086386)
Cdk4 pCX4bsr vector (GenBank Accession No: AB086384)
Dominant negative TP53 | pCX4.1hisD vector (GenBank Accession No: AB086389)
EGFRT790L838R pCX4pur vector (GenBank Accession No: AB086386)
c-Myc pCX4bleo vector (GenBank Accession No: AB0§6388)
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Nor mal human manmmary epithelial cells derived froma 30-year-old Caucasi an
woman wer e purchased from Lonza Inc. (Walkersville, MD, USA)) for use as
HVE cells The cells were cultured in a coll agen-coated dish in serumfree
MEGM medi um (MEGM Bul l et Kit, Lonza Inc.) containing various growh factors
provi ded by Lonza Inc. The cells were 10cultured in a humd incubator

mai ntai ned at 37C in a | ow oxygen environnent (3% 02 and 5% CQ2), and were
used in the present exanple as HVE cells. Production of Retrovirus Vector

and | ntrodugfi OfecRirs @%Ee(r]}%!iﬁdéa by &t RfucindttRe e Gadrt®ndEftOk fud HprésSlohovi r us
expressi on were produce by i ncor porating the v Src, Cdk4, 15 donlnant

he. vedkBEs AhBRhAOTHOADT o R BRETT4BP Fharm Redpt (Saike BRfMess! on
Vector v-Src pCxX4pur vector (GEnBank AcceSS|on No AB086386) Cdk4 pCX4bsr
vect or i(itGe29BArvellAc chbsequenily theABO86-nBlipnddoniusarttonegeatiinfectt®n8o pIBXE. 1hi sD
vector (GenBank Accession No: AB086389)
5 cells that expressed Ecotropic receptor (Eco VR).
The cells infected with the virus vectors were subjected to selection by culturing for 2
weeks in the presence of puromycin and bleomycin. The cultured cells were selected from
groups of cultured cells exhibiting polyclonal proliferation when carrying out selection using
either of the drugs.
10 Furthermore, HME cells expressing ecotropic receptor (Eco VR) were produced
according to the procedure indicated below.
cDNA containing the entire encoding region of mouse ecotropic retrovirus receptor
(S1c7al, NM_007513) was cloned by RT-PCR using the primers indicated below.
FW primer: 5-GATCCTCCCCAGTGAGAAGT-3' (SEQ ID NO: 7)
15 RV primer: 5-CTCACTAGCCATCTGGAGTG-3' (SEQ ID NO: 8)
The amplification product of the above-mentioned RT-PCR was incorporated in
pCx4hyg vector (GenBank Accession No: AB086387). A virus vector was then produced
by introducing this vector along with plasmids pGP and pE-Ampho purchased from Takara

Bio Inc. (Shiga, Japan) into 293T cells, and the virus vector was infected into HME cells

20  followed by carrying out selection by culturing for 2 weeks in the presence of hygromycin.

Immunoblotting

Protein assay, SDS-PAGE and immunoblotting were carried out in accordance with the
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EGFR-r 790. L858R pCX4pur vector (CGenBank Accession No: AB086386) c-We
pCX4bl eo vector (GenBank Accession No: AB 08 63 8 8) Virus vectors
wer e produced by introducing the above-nentioned retrovirus expression
vectors along with pGP and pE-eco plasm ds purchased from Takara Bio Inc.
(Shiga, Japan) into 293T cells. Subsequently, the above-nentioned virus
vect or Sepgmionnf e predousefrddve (Skagi 'k et dlat208%pMalseed! ok r3p7el-ée&ht or
(Eco VR). The cells infected with the virus vectors were subjected to

sel ect iR dynaGiipdbiedd ckPbitdg WeRKRivE Imbli@e Pés?&%@%r@(ds@éﬁz@ﬂ%?i n and
bl eomycin. The cultured cellsS were selected fromgroups of cultured cells

exhi biting.polyclonal proliferation carrying,.out selection using

ei t her C@F“‘EIH@“%;&ISEF@’g? ui‘ggmﬁi’é’ﬁ%&&l V%%%%EE? F?)é@%g}’ BLE Iﬁﬁg'ec‘%f‘ttl%ﬁ? c receptor
(Eco VR) were produced according to the procedure indicated bel ow

cDNA caomtibody, agti-phesphotSre €Tyehnn) dinlgp dyegidantigfs 3 rotisel yeeat popheseddtanovi r us
receptor (Slc7al, NM 007513) was cloned by RT-PCR using the priners

i ndicat . j Q= Sxek 15RV
or' For 0 S e TR o MR PR Af o OpRv ik hasdd, o
product of the abogve-nentioned RT-PCR was incorporated in pCx4hyg vector

( GenBarfkomndiligreRosy: AB086387). A virus vector was then produced by
introducing this vector along with plasm ds pGP and pE- Anpho purchased from
Takara Bio Inc. (Shiga, Japan) into 293T cells, and the virus vector was
infected into LIME cells 20foll owed by carrying out selection by culturing

for 2 wegkRridclditnRipeshes of hygromycm
A xenograft growth experiment was carried out using mice. More specifically, cell

10  suspensions (single-cell suspensions) containing 1 x 10° HME cells expressing the gene
combinations shown in Table 1 were suspended in 50% Matrigel™ (BD Biosciences Inc., San
Jose, CA, USA) and subcutaneously injected into the flanks of 6-week- or 7-week-old female
athymic nude mice (BALB/c nu/nu, Japan SLC Inc., Hamamatsu, Japan) or NOD-SCID mice.
Following transplantation, the formation of a tumor mass was confirmed visually. During

15  this experiment, formation of a tumor mass was judged to be negative when a volume of a
tumor mass does not reach to a degree that it can be pinched between the fingers at 12 weeks
after transplantation. Then, the dimensions of the tumors were measured after
transplantation using a caliper, and tumor volume was calculated based on the following
equation to estimate tumorigenicity.

20

Tumor volume = ab’/2 (a: horizontal width, b: length)

In addition, the rates at which a measurable tumor mass is formed at the transplanted
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| mmunobl otting Protein assay, SDS-PACE and i nmunoblotting were carried out
in accordance with the description of a previous reference (Akagi, T. et
al. (2002), Mol. Cell. Biol., 22, 7015-7023). The signals of proteins
exhibiting a positive i nmune response were visualized by chem | um nescence
usi ng the SuperSignal WestFento reagent (Pierce Inc.). Anti-Src antibody,
ant phd@?ﬂﬁ@ngrfﬁl\(lgwﬂslmnsémﬁdmdy%&g@fmqanwgela@igbwweﬁ@lcp]atedwaged from
5Cel | Signaling Technology Inc., while anti-phospho-tyrosine anti body

(4010) twABriPsHcR2SRAnd LA tYleblihAetEmé M diciyenogr aft G owt h Experinment A
xenografl growth experinment was carried out using mce. Mre specifically,

cell 10suspensions (single-cell suspensions) containing 1 x 106 HVE cells
expressing the gene conbi nati ons shown in Table 1 were suspended in 50%
Mat ri gel TM (BD Bi osci ences Inc San Jose, CA, USA) and subcut aneously

i nj ect ddisioltgical Amalybiamkd ImfmuBemstokhentral Staemig- ol d f enal e at hymi ¢ nude mice
(BALB/ ¢ nu/nu, Japan SLC Inc., Hamamatsu, Japan) or NOD- SCID m ce.

Fol Eowi ng tx f%rli'ﬁh}%l%led M‘@xcfa%@ﬁl%&ﬁbrﬁﬁ _x@n&éﬁ?ﬁ) grd% YR &R Wekd Med

visually. During 15 this experinment, formation o tunmor® nmass was j udged
to be negative when a volu of .a tupor mass, does nhot reach to degree
that i tre@aKeden dadhadier %péﬁ@ﬁatt% flihg remegerafts were fxgd & formalin and’

transpl antation. Then, the dinmensions of the tunors were neasured after

t r anspleattiedd¢doin pasdffig fellomaldihyaslicingrintotsaenims wod sutjectiag te héraatbayladartdased on
the follow ng equation to estimate tunorigenicity. 20 Tunor volune = ab2/2

(0 AR iSO o Oy el
staining was then carried out using the following antibodies in accordance with a previous
10 reference (Sasai, K. et al. (2008), Am. J. Surg. Pathol. 32, 1220-1227): cytokeratin 5/6
(CK5/6, Dako Corp., M7237), estrogen receptor (ER, Dako Corp., M7040), progesterone
receptor (PgR, Dako Corp., M3569) and HER2 (Dako Corp., K5204).
More specifically, immunohistochemical staining was carried out according to the
following procedure. Tissue sections having a thickness of 4 um were deparaffinized with
15  xylene and then dehydrated with ethanol. Antigen was retrieved by heating for 2 minutes in
10 mM citrate buffer (pH 6.0) in an autoclave. Endogenous peroxidase was deactivated by
rehydrating the tissue sections with phosphate-buffered physiological saline containing
0.01% Tween 20 (PBST), and incubating with 0.3% hydrogen peroxide. After incubating
the tissue sections overnight at 4°C with primary antibody at a suitably diluted concentration
20  and washing with PBST, the tissue sections were incubated for 30 minutes at room
temperature in Envision Dual Link Solution (Dako Corp., Glostrup, Denmark). Next, the

sections were treated with diaminobenzene (Dako Corp.) to visualize antigen-antibody

reaction sites and subjected to nuclear staining by treating with hematoxylin for 90 seconds.
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| ocation of HVE cells transduced with each of the cancer-rel ated genes were
cal cul ated as a tunorigenesis rate and used to estimte tunorigenicity..

Hi st ol ogi cal Anal ysis and | mrunohi st ochem cal Staining 5Xenografts

transpl anted in the above-nenti oned xenograft growth experinment were
renoved on day 20 after transplantation. The xenografts were fixed in

f or mal iSlidandf deitiesigedctions yearaphservetl by sosleng thy tistue seqtigns with asworer glass and
subj ecting to hematoxylin and eosin (H&E) staining in accordance with the
nor mal MePhRGRling WITHREMLS N heab&Rl(VeEA Li0d WRSBeHoNeNSEAsH, N UBW). Usi ng.
the follow ng anti bodies in accordance with a previous 10reference (Sasai,
K. et al. (2008), Am J. Surg. Pathol. 32, 1220-1227): cytokeratin 5/6
(CK5/ 6, Dako Corp., Mr237), estrogen receptor (ER, Dako Corp., M040),
progesterone receptor (PgR, Dako Corp., M569) and HER2 (Dako Corp.,

K5204) .ExperimeMResulipeci fi cal | y, i1 nmunohi st ochem cal staining was carried
out according to the follow ng procedure. Tissue sections having a

t hi gkne ! LN & nd then dehydrat ed
it pte il S TR Rt it Sl e gtk
“citrate buffer (pH 6.0) in an autocl ave, Endogenous_per,oxi.dase S.

deact i vat edExfesomad eghesiptregueed g the BME ¢ ﬁ&%ﬁ?@f“ﬁﬁég’yﬁﬁlp&fﬁ%@%d
physi ol ogi cal saline containing 0.01% Tween 20 (PBST), and incubating with
0. 3% hyEkpegsion € domirtat ndhties TPSR phirtand g-Slogehd SisodusddhiodiEMSrnBght  at
ACwith primary anti body at a suitably diluted concentration 2 Oand washi ng

w th PBST, .t ! i.ons i . ) at room
tenperé?b%%uyﬁ Agﬁgﬁ%ggﬁkhzgﬁ%%?é%ﬂﬁfﬁgﬁ%ﬁggﬁg&%ggﬁgkﬂg&ggtrup, Denmar k) .
Next, the sections were treated with d am nobenzene (Dako Corp.) to

vi sual iant-rhesphyedrcantibesbrndraatintsp sntibodydgespadivelibjhewinag Fi‘és-nﬁgﬁ@hw)st ai ni ng
by treating with hematoxylin for 90 seconds. Slides of the tissue sections

welie olyseudieidn iicre@rt iphesphbsylitichsifeyeiat doa s the fihceios 0¥ e/Srgharsvaf t er
nmounting with Entellan Neu Reagent (Merck & Co., Whitehouse Station, NJ,

USA) . confirmed with anti-phospho-tyrosine antibody, thereby confirming that the target genes had

been introduced and expressed (FIG. 3C).

[2] Confirmation of Tumorigenicity of Produced Tumor Cells
15 The produced tumor cells were subcutaneously transplanted into nude mice to confirm
tumorigenicity of the transplanted tumor graft (FIGS. 4, 7 and 8).

As shown in FIG. 7, formation of a tumor mass was not confirmed in those cells
obtained by introducing dominant negative TP53 gene into HMEC cells (HME/53 cells) or in
those cells obtained by introducing dominant negative TP53 gene and Cdk4 gene into HMEC

20  cells (HME/53/Cdk4 cells).

As shown in FIGS. 4 and 7, the formation of a tumor mass of a size able to be pinched

between the fingers was confirmed in those cells obtained by introducing dominant negative

TP53 gene and v-Src gene into HMEC cells (HME/53/Cdk4/v-Src cells and HME/53/v-Src
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Experinment Results 5[1] Confirmation of Expression of Genes |Introduced into
HVE Cel | s Expression of genes introduced into the HVE cells was
confirmed by inmunobl otting. Expression of dom nant negative TP53 gene and
v-Src gene introduced into HVE 453/v-Src cells and HVE/ 53/v-Src cells was
confirmed by antigen-anti body reacti on using anti-phospho-Src anti body and
ant i - p33llanaidibdse qelle dprensisatadye tymenaenagisEriesf 18Woandn aRlition @ phayedint i on,

i ncreased phosphorylation of tyrosine due to the function of v-Src gene was

confi r mgiswi ARn@ARI HIMKYS DIk NS icBEs At Y3 vihe a1 demahgigatédhat t he
target genes had been introduced and expressed (FIG 3C). [2] Confirmation

of Tumgr.i,genici of Produced . Tunor Cells 15Th r oduced _t unor, |1s were
subcut dieberp tofelfemian tuas it Tsachines Y665 TooRrs Prh SRENBRAT ETEFSof ¢ he
transpl anted tunor graft (FIGS. 4, 7 and 8 As shown in FIG 7, formation
of a t wooparedssitindis castofconfdntiveally used hosen bedabtscantrr acthdde MDAAVIB3dLici ng
dom nant negative 1P53 gene into HVEC cells (HVE/53 cells) or in those
cel ks qhpai ned by introduci ng dom nant negative TP53 gene and Cdk4 gene

into HVEC 2 Ocel I s (HMVE/ 53/ Cdk4 cel |l s). As shown in FIGS. 4 and 7, the
formation of a tunor_mass of a size able to(fe i nched between the fingers
was confi r 2YshoynIRLE- &et ugog ags Wagnehformg ’Bd&‘c?aﬁ‘éo oni nant negative TP53
gene and v-Src gene into HVEC cells (HWVE/ 53/ Cdk4/v-Src cells and

HVE/ 53/HM8r53/EGERFSY* *Anellst dnd HEMEH /s Mienelis bbtained ba réspemiviebeamgsi s rat e of
100% In addition, as shown in FIGS. 4A and 4B, HVWE 53/ Cdk4/v-Src cells and

HVE/ 53/. l. I i I L I
S8 SRR R R Tt B Sy gl g

conpared with the case of conventionally used human breast cancer cell line
VDA- VBYgGith dprainprt negative TP53 gene (HME/53 cells).

10 On the other hand, formation of a tumor mass was confirmed in the case of
HME/53/EGER %1838 /e Myc cells obtained by introducing the combination of dominant
negative TP53 gene, EGFR""858R gene and c-Myc gene, and these cells demonstrated a

tumorigenesis rate of 100%.

15 [3] Confirmation of Phenotype of Produced Tumor Cells
In order to confirm the phenotype of tumor tissue obtained from the xenograft growth
experiment, the tumor tissue was immunostained with various cancer markers and observed.
When a tissue section of a tumor formed by subcutaneous transplantation of HME/53/v-Src
cells was stained with markers used for diagnosis in the clinical setting, the tissue was found
20  to be ER(-), as shown in FIG. 5 PgR(-) and HER2(-) and positive for the Basal type breast
cancer marker CK5/6 (CK5/6(+)), thereby demonstrating that HME/53/v-Src cells form
tumors that are pathologically extremely similar to triple negative and Basal type breast

cancer, which constitute the types of breast cancer that are the most difficult to treat. In
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As shown in FIG 7, a tunor nmass was not fornmed in the case of

HVE/ 53/ EGFRT791858R cell s and HVE/ 53/ c- M/c cel | s obtai ned by respectively
and i ndependently introduci ng EGFRT79L858R gene or c-Myc gene into HVEC
cells transduced wi th dom nant negative TP53 gene (HVE/ 53 cells). 100On the
ot her hand, formation of a tunor mass was confirnmed in the case of

HVE/ 53/28dERT781s868R/ic FIy.o0, tieueseapmaiofibundsy farnted dbohsubawantehes conbi nat i on of
dom nant negative TP53 gene, EGFRT7901. 858R gene and c- Myc gene, and these
cel I's demansiadd st I@MW@CHE@O]%?% ée1rsa$e°rle afso Q% Péﬁd—?ind@@ﬂﬁk{;ﬁ%ér%y of

Phenot ype of Produced Tunor Ce n order to confirmthe phenotype of
tunor tissue obtajned fromthe_xenograf r om xper.inment, the tunor

{1 ssue MgiEA] %dgﬁsaicﬁ%%ﬁlwlﬁfﬂy i G P pﬁf@?@éﬂgfléﬁ&r%%ﬁw I'Qen a
ti ssue section of a tunor formed by subcutaneous transpl antation of

HVE/ 53/ttiplBmegatdlelbBeasacanstrai headdiidd) asrslidear s RISed, fissne shcaigmosfi tambrs t he
clinical setting, the tissue was found 20to be ER(-), as shown in FIG 5

PgRL-) . Lhive: Ty9g.presripy r rker
Gor o (B S pfRts BBk i N 3R TS SR e PR ) P o
that are pathologically extrenely simlar to triple negative and Basal type
br east E%(ﬂegglﬁ(-wct:ﬁm%éh%@m GKé/%ﬁbeWpﬁ‘e%asalrhWe ¢ beegpiccancer markedr e t he

nmost difficult to treat. In addition, as shown in FIG 6, tissue sections

of t umurkss/6 oM NESIs HE GFRBEUt T RoMS c telansat astdhiteiedid farmh MmESHGHkA v- Src
cells were also ER(-), PgR(-) and HER2(-), thereby indicating that these
cells simlarly formtunors that .are patho ically ex I imlar to
e i o Pl isRs e Y hfen e b S0 B B n S SR YRhy! 5
sections of tunors 5fornmed by subcutaneous transpl antation of

HVE/ 53 Eomize thedmpey af vgast eascersthefeare thelmest BEficylt topg®t-- ) and HER2(-) and
CK516(+) for the Basal phenotype breast cancer marker CK5/6,

HMVE) 53/ EGFRs/2QichRa BtEe Atke GRS noeFeBultie BP tfddatiag alcdmbaiafivh WAPPs3 t hat are
pat hologically extrenely simlar to triple negative and Basal type breast

cancer, which constitute the types of ast._cancer that are nost

G r 1t canitagend BREY-Skbuder neptaibEi s T RuaioRREne bt den PR bFL BBE,

i ntroduci ng a conbi nati on of TP53 nutant gene and v-Src gene, a conbi nation
of TP53r agbmhbinatjemef TRS Bmotage gencaRdFRA kdutgatrgsne and e Mysrdsne ittp oprmodl TP53

mut ant gene, EGFR2 nmutant gene and c- Myc gene into nornmal mamary

epi t helph fhm&8!dpfhellat BOIs, ARAIrTelAEMnIR R6AHE S b Mm%t hEsRT et hagene t hat
has been conventionally required to produce tunor cells. In addition, the

present invention glso .15 enahles the eparatj.on of a human breast cancer
P or " bahr ey Fapiad i paucaratnar el bk Aty Mo B B e Mg ey o

extrenely simlar to breast cancer tissue isolatedfromhuman breast cancer
pat$ entesabl¢sNBLIBTRhALIoAPPL hTABY bitedd cancer model, and particularly a triple negative

breast cancer model, that are extremely similar to breast cancer tissue isolatedfrom human

breast cancer patients.

INDUSTRIAL APPLICABILITY

20 According to the present invention, tumor cells can be provided that exhibit
pathological characteristics similar to those of human breast cancer cells. These tumor cells
have the potential to be useful in research on the biochemical mechanism of breast cancer,

identification of target molecules of breast cancer treatment, and screening and testing of
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20According to the present invention, tunor cells can be provided that

exhi bit pathol ogi cal characteristics simlar to those of human breast
cancer cells. These tunor cells have the potential to be useful in research
on the biochem cal nechani sm of breast cancer, identification of target

nol ecul es of breast cancer treatnent, and screening and testing of

ant i t urapFituagEEAgents.Sequence Listing Free Text SEQ ID NO 7: Synthetic DNA
SEQ ID NO 8: Synthetic DNA 5Sequence Listing CLAIMS 1. A nmethod for

produci ng tsuendedl ibingBre€ aEtyi Ng out the following treatnents (1) and (2)
on normal manmary epithelial cells: (1) elimnation of p53 function; and

5(2) intro i foa.v-Sr.c e. 2. The nethod according to claim1,
wher ei n fo?@g(é I@%‘Se@@%ﬂleﬁ? Dg?/gycl i n- dependent ki nase gene is further
carried out. 3. The nethod according to claim2, wherein the

cycl i n- depesidenb NOn&isyngenie DNMAa Cdk4 gene. 104. A net hod for produci ng
tunor cells by carrying out the followng treatnents (1) to (3) on nornal

mangary epiddabi@irigeld s: (1) elimnation of p533 function;
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(2) introduction of an EGFR nutant gene; and (3) introduction of a c-Mc
gene. 155. The nethod according to any one of clains 1 to 4, wherein the
tunmor cells are negative for expression of estrogen receptor, negative for
expressi on of progesterone receptor, and negative for expression of ERBB2.
6. The nmet hod according to any one of clains 1 to 5, wherein the nornal
manmmary epithelial cells are mammal €BAIMArimate or rodent cells. 207. Tunor
cells produced by the nmethod according to any one of clainms 1 to 6. S. A

nmet hod of sg&meEid@r pRfducibp MRhoA@EO b cartyifig aﬁtttlﬁe%lwmg tréath@nts(@) and
contacting the tunor cells accordlng toclaim7 with a candi date substance;

2gﬁcer %EdeteCtgﬁgﬁgﬁgﬁ%g%$ﬂ?' %g{énfggea;fho?héh?uhgrngerfglZécg;dﬁng to
claim?7. 10. A met hod of screening anti-tunor agents, the nethod
conpri si ng: (15¢kanmaton atpinfyncte; eadcer - beari ng ani mal nodel according to
claim9 with a candidate
5 (2) introduction of a v-Src gene.
2. The method according to claim 1, wherein forced expression of a cyclin-dependent
kinase gene is further carried out.
3. The method according to claim 2, wherein the cyclin-dependent kinase gene is a Cdk4
gene.

10 4. A method for producing tumor cells by carrying out the following treatments (1) to (3)

on normal mammary epithelial cells:
(1) elimination of p53 function,;
(2) introduction of an EGFR mutant gene; and
(3) introduction of a c-Myc gene.

15 5. The method according to any one of claims 1 to 4, wherein the tumor cells are negative
for expression of estrogen receptor, negative for expression of progesterone receptor, and
negative for expression of ERBB2.

6.  The method according to any one of claims 1 to 5, wherein the normal mammary
epithelial cells are mammalian, primate or rodent cells.

20 7. Tumor cells produced by the method according to any one of claims 1 to 6.

8. A method of screening anti-tumor agents,

the method comprising:

(a) contacting the tumor cells according to claim 7 with a candidate substance; and
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substance, and (b) detecting growth inhibitory effects on tunor cells.

(b) detecting growth inhibitory effects on the tumor cells.
9. A cancer-bearing animal model transplanted with the tumor cells according to claim 7.
10. A method of screening anti-tumor agents,

the method comprising:

5 (a) contacting the cancer-bearing animal model according to claim 9 with a candidate

substance, and

(b) detecting growth inhibitory effects on tumor cells.
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