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DES C R IP T ION  

METHOD F OR P R ODUC ING TUMOR C E LL  

 

TECHN IC A L F IE LD  

 The present i nventi on r el ates to a method for p rod ucing tum or c ell s b y gen e transfe r 5  

based on sm all  airwa y ep it heli al cell s, tum or  cell s  produced b y such a meth od, and a method for 

screenin g a nt it umor drugs usi ng such tum or  c ell s.  

 

BACKGR OUN D AR T  

 Each ye ar, more th an one  mi ll ion people die as a r esult  of lung c anc er .  Ind eed,  lun g 10  

canc er c an be r e gard ed a s  the most  comm on  t yp e of canc er in bot h men an d women.  Non - small 

cell  lung canc er a ccounts  for 80% of all  t ypes o f lung c anc er with associat ed  adeno car cinom a.  

In mos t c ases, di a gnosi s takes pl ac e at an advanc e d st age o f the diseas e  and , de spit e the pro gress 

that has been mad e in m e thods  of earl y dete cti on a nd treatm ent, a good pro gnosi s is  dif ficult  to 

come b y (Non - P at ent Do cuments 1 and 2).  Altho ugh m olecul ar an al ysis  o f the state and 15  

progressi on of non - small  cell  lung canc er is ex pec ted to lead to i mproveme nts i n methods of 

treatm ent and pr eventi on , at present, e ffe cti ve met hods of treatm ent  and p re venti on have yet t o 

be establis hed.  Identi f yi ng the mini mal  and mos t i mportant chan ges asso ciated with  the 

tum origenic tr ansformati on of cell s  is essenti al t o  finding the most  suit able  targets for ini ti al 

detecti on and ther apeuti c  int erventi on.  I n orde r to identi f y such chan ges, i n - vit ro  canc er model 20  

s ystems obt ained b y the gen eti c manipulation of normal hum an cell s  ar e b eing d eveloped .  

Bec ause ex ist ing cell  li nes establis hed from t umor ti ssue contain unknown geneti c  ab err ati ons , 

the y h ave not be en sui table for res ear ch on tum ori gen i c transfo rmati on  through  gen eti c ch an ge .  
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Howeve r, some  of i n - vit r o  canc er model s ystems a re  repo rted to be use ful in di rectl y elucidati n g 

the influence o f specifi c gen eti c ch an ges on t umorigen i c transfo rmati on  (s ee No n - P atent 

Documents 3 and 4).  

 A number of  r esea rch gr oups are condu cti ng stud ies on the im mortali z ati on and 

oncogenic trans formatio n  of human lung epit heli al cell s (Non - P atent Do c uments 5 t o 7).  In 5  

these studi es, three t ypes of gen eti c chan ges  obser ved  i n  most human non - small cell  lung cancer s ,  

namel y, t elom eras e rev er se transcriptas e gene  int r oducti on and inacti vati on of the pRB and p53 

pathwa ys, ar e bein g teste d b y gen eti c manipulation us ing ret roviruses.  The  high ex pressi on of 

telomerase is ob serv ed i n  subst anti all y all  lung can cers ( Non - P atent Docum ent 8), p53 loss  of 

functi on is observed in a bout 50% of non - small c ell  lung c ance rs, and an i nabil it y to ex press p16 10  

protein due to promot er r egion m eth ylation or ho moz ygous d eletion i s observed in about 7 0% o f 

non - small cell  lung canc er (Non - P atent Documen t 9).  

 Howeve r, in spi te of the advanc es  bein g made in s uch rese arch, th e li teratur e to date is 

subst anti all y devoid of r e ports on the successful ar ti ficial producti on of lung c anc er c ell s which 

are patho lo gic all y v er y si mi lar to l ung can ce r tiss ue isol ated from a ctual lung c anc er pati ents.  15  

 At present , c ance r cell  li nes derived f rom can cer pati ents are b eing  us ed  in canc er c ell  

resea rch and in t he d evel opment of canc er dru gs .  Howeve r,  bec ause subst a nti a ll y most  canc er 

cell  li nes derived f rom pa ti ents have unspecified geneti c dama ge, the r e ex ist s some variabil it y 

between cell  li nes in t he state of the gen eti c abe rr ati ons .  Accordin gl y , wh en such cell s a re used 

in resear ch on spe cific m olecules or si gnal p athw a ys , the ex perimental r esu lt s obt ained cannot be 20  

appli ed to di ffer ent cell  li nes.  Moreove r, bec ause such cell s have unsp ecifi ed geneti c d ama ge, 

the y are unsui table for us e in ex periments t o evaluate the contribut ions o f i ndivi dual gen es to 

oncogenic t rans formatio n .  
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D IS C LOSUR E O F THE IN VENT IO N  

 In li ght of the above, the developm ent of c ance r m odel cell s havin g a de fine d gen eti c 

state  has been await ed.  15  

 The inventor s have su cc e ssfull y ac hieved the compl ete  tum origeni c transfo rmati on of  

small airwa y epit heli al c ell s b y gen eti c manipulat ion.  Bec ause the tum ori geni c transfo rmed  c ell s 

thus o btained have be en transformed b y th e geneti c manipulation of normal  cell s, the geneti c 

state  has been id enti fied .  The inventors, on closel y obse rving th ese c ell s, have found that  the 

cell s ex hibi t t he hist ological cha ract eristi cs of diff erenti ated o r undiffe renti ated human lun g 20  

can c er  c ell s dependin g o n the combi nati on of gen eti c elements t hat hav e b een int roduced.  In 

addit ion, t he inventors ha ve succe eded in produ cin g c ell s having th e natur e of canc er  stem c ell s 

for undiffe renti ated and differenti at ed human lun g c anc er.  
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 Accordin gl y, the inventi on relates to t he followin g.  

[ 1]  A method for producing a tum or cell  b y transf errin g a canc er - associate d gen e (s)  int o an 

im mortali z ed sm all  airway epit heli al c e ll , wher ein  

 the imm ortali z e d sm all  airwa y epit heli al c ell  is produced b y subj ecti n g a no rmal sm all  

airwa y epit heli al cell  to t reatm ents (1) to (3 ) belo w:  5  

(1) for ced ex pressi on of a telomere reve rse trans c riptase gene;  

(2) for ced ex pressi on of a c ycli n - dep endent ki nas e 4 gene; and  

(3) induction of p53 los s of functi on ,  and wh erein  

 the canc er - associated ge ne (s)  i s (ar e)  one or mor e gen e s  select ed from amo ng c - M yc  gene,  

v - S rc gene, KRAS m utated gene, BC L2 gene, P IK3C A mutated gene, C ycli n D1 gene, LK B1 10  

mut ate d gene, TP 63 gene  and EGFR  mut ated gene .  

[ 2]  The method according to [ 1] , wherein t he can c er - asso ciated gen e  i s  a co mbi nati on of the  c -

M yc gene and  the  v - S rc gen e.  

[ 3]  The method according to [ 1] , wherein t he can c er - asso ciated gen e  i s  a co mbi nati on of the  c -

M yc gene, the  KRAS m utated gene and the  BC L2 gen e.  15  

[ 4]  The method according to [ 2]  or [ 3] , wherein t he tum or cell  is an  undiff e renti ated c ance r cell .  

[ 5]  The method according to [ 4] , wherein t he tum or cell  is a  c ance r stem c ell .  

[ 6]  The method according to [ 1] , wherein t he can c er - asso ciated gen e s ar e  t he  c - M yc gene and 

the  v - S rc gen e, wh e rein  c - M yc  gene is inducibl y e x pressed in the imm ortaliz ed small airwa y 

epit heli al cell .  20  

[ 7]  The method according to [ 6] , wherein t he tum or cell  is a  poorl y diff ere nti ate d lung c ance r 

cell .  
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[ 8]  The method according to [ 1] , wherein t he can c er - asso ciated gen e  i s  a co mbi nati on of the 

KRAS m utated gen e with one gene sel ected from  among the P IK 3C A mutated gene , th e C ycli n  

D1 gene and th e LK B1 mut ated gene .  

[ 9]  The method accord ing to [ 8] , wherein t he can c er - asso ciated gen e  i s  a co mbi nati on of the  

KRAS m utated gen e and the  C ycli n D1 gen e.  5  

[ 10]  The method according to [ 8] , wherein t he ca ncer - associated gene  i s  a com bination of the 

KRAS m utated gen e, the  C ycli n D1 gen e and the  TP 63  gen e.  

[ 11]  The method according to [ 8] , wherein t he ca ncer - associated gene  i s a combi nati on of the  

KRAS m utated gen e and the  P IK3CA mut ated gen e.  

[ 12]  The method according to [ 8] , wherein t he ca ncer - associated gene  i s  a combi nati on of the  10  

KRAS m utated gen e and the  LK B1 mut ated gene.  

[ 13]  The method according to [ 1] , wherein t he ca ncer - associated gene  i s  a combi nati on of the  

EGFR  mut ated gen e and the  C ycli n D1 gen e.  

[ 14]  The method according to [ 8]  to [ 13] , wherein t he tum or cell  is a  diffe r enti ated  lung ca nc er 

cell .  15  

[ 15]  The method according to [ 9] , wherein t he tum or cell  is a  can cer stem cell  of  diffe renti ated 

lung c ance r.  

[ 16]  The method according to [ 8]  to [ 15] , wherein t he im mortali z ed sm all  airwa y epit heli al c ell  

is a mamm ali an or prima te cell .  

[ 17]  Th e method according to [ 8]  to [ 15] , wherein t he im mortali z ed sm all  airwa y ep it heli al c ell  20  

is a human cell .  

[ 18]  A t umor cell  produc ed b y th e method ac cordi ng to an y on e of [ 1]  to [ 17] .  

[ 19]  A tumor - bearin g ani mal model im planted with t he tum or cell  ac cordin g to [ 15] .  
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[ 20]  A method for screen ing a canc er dru g , th e me thod comprisi ng:  

 (a) cont acti n g a sam ple d erived from t he tum or cel l  of [ 18]  with a candidate subst ance; 

and  

 (b) dete cti ng tum or c ell  growth i nhibi ti ng eff ects.  

 5  

 Bec ause t he tum or cell s produce d b y the method of the invention are cell s which have 

been  tum origenicall y tra nsformed b y gen eti c man ipul ati on on normal cell s, the geneti c  state  

thereof h as been identifi e d .  Therefo re, a model s ystem which is highl y  usef ul for evaluatin g the 

contribut ion s of indivi dual genes in the dev elopm ent of lung canc er is prov ided b y the  inv enti on.  

Of the tumor cell s produ ced b y the method of the invention, t hose cell s produced b y the trans fer 10  

of onl y c anc er - associated  gen es ar e c ell s which pr ecisel y  ex press t he pr ope rties of can cer cell s, 

and are thus ex pected to be highl y e ffe cti ve in suc h appli cati ons as the dev elopm ent of can cer 

drugs.  

 

BR IEF DES C R IP T IO N OF THE D R AW I N G S  15  

 F IG. 1A is a di a gram il lust rati ng  the tumori genic it y  of cell s (r efe rred to bel ow as 

³�7��06�FHOOV´��produ c ed b y tr ansfe rrin g the c - M yc and v - S rc genes int o HSAE/4T53 cell s ,  

F IG. 1 B is a gr aph showi ng the tumor gro wth  pote nti al of 4T53MS  cell s , and F IG.1 C  shows 

im ages  o f the result s fro m t he hemato x yli n - eosin (H&E ) staini ng o f 4T53 MS  cell - derived tum or 

ti ssue and the result s fro m i mm unost aini ng the tum or tiss ue.  20  

 F IG. 2A is a t able showi ng the r esult s obt ained ,  a ccordin g to t he number o f cell s 

im planted,  in a  stud y of  t he tum origeni c it y  o f  4T5 3MS  cell s  in vivo , and F IG. 2 B is a dia gram 
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showing tum o r form ati on seven we eks afte r ten 4T 53MS  cell s were im plant ed in an NOD - S C ID 

mous e.  

 F IG. 3A is a di a gram sho wing, in an i n - vit ro  ex perimental s ystem, t hat c - M yc  ex pressi on 

is i nduced b y dox yc yc li n e (DOX ) tre atm ent i n cel ls �LQGLFDWHG�EHORZ�DV�³�7��P6�FHOOs , ´�

wherein µP¶�is  a lower ca se letter) produ ced b y tr a nsferrin g the  induc ibl e  c - M yc gene and  the v -5  

S rc gene int o HSAE/4T5 3 cell s , F IG. 3 B is a s che matic view depictin g a  m ethod of producin g a 

poo r l y dif fer enti ated lun g c anc er model.  4T53m S  cell s a re im pl anted into nude mice and the 

mi ce conti nue to be  admi nist ered with dox yc ycli n e (DOX ).  Onc e tum or fo rmati on h as been 

observed, dox yc yc li ne ad mi n ist rati on i s st opped . FIG . 3 C  is a dia gram sho w ing the r esult s from  

im munos taining (c ytoker ati n st aini ng) 4T53mS  ce ll - derived tum or tiss ue.  10  

 F IG. 4 is a tabl e showin g the tumorigenic it y  of cel l l ines establis hed b y tr an sferrin g one 

or more of va rious can ce r - associat ed genes ( M :  c - M yc; R : KR AS V1 2 ; B: BC L2; P : 

P IK3CA H1 0 4 7R ; D: C ycli n - D1; L: LK B1 D1 9 4 A ; E:  EGFR T7 9 0 M L8 5 8R ) into HSAE/4T53 cell s.  

 F IG. 5 pr esents di a gr ams s howing the r esult s obt ained when the indi c ated genes (M: c -

M yc; R : KR AS V1 2 ; B: BC L2) w ere tr ansfe rred int o HSAE/4T53 cell s to p roduce 4T53RM  cell s 15  

(transduced with KR AS V1 2  and c - M yc ) and 4T53 R MB cell s (t ransdu ced w it h KRAS V12 , c - M yc 

and BC L2), the cell s thus  produced w ere tr anspl an ted  int o nude mi ce, whic h were then subj ected 

to H&E stainin g (top row ), anti - c ytoker ati n st aini ng ( AE1/AE3 :  mi ddle row ), and anti - Vimentin 

staining (bottom  row).  

 F IG. 6 pr esen ts di a gr ams s howing the r esult s obt ained from the H &E staini ng (top ro w), 20  

anti - c ytok er ati n st aini ng (AE1/AE3 :  mi ddle row) and anti - Vimentin st aini ng (bottom  row ) of 

secti ons of x eno gr afts de rived from 4T53R P  cell s (left colum n), 4T53R D c ell s (center colum n ) 

DQG��7��5/�FHOOV��ULJKW�FROXPQ����³�7��53�FHOOV´�DUH�FHOOV�SURGXFHG�E\�WUDQVIHUULQJ�WKH�



8  

KRAS V1 2  JHQH�DQG�WKH�3,.�&$�PXWDWHG�JHQH�LQWR�+6$(��7���FHOOV���³�7��5'�FHOOV´�DUH�FHOOV�

produced b y tr ansfe rrin g the KR AS V1 2  and C ycli n D1 genes int o HSAE/4T 53 cell s ���³�7��5/�

FHOOV´�DUH�FHOOV�SURGXFHG�E\�WUDQVIHUULQJ�WKH�.5$6V12  gene and the LK B1 mut ated gene int o 

HSAE/4T53 cell s.  

 F IG. 7 is a s chematic dia gr am sho wing th at vario us t ypes of lun g canc er models can be 5  

produced dep endin g on the combi nati on of genes tran sfer red int o 4T53 c ell s.  

 F IG. 8A sho ws the result s from t he anti - p63 st aini ng (le ft panel), anti - TT F 1 st aini ng 

(cente r panel) and Alcian  Blue staini n g (ri ght pan e l) of secti ons of a  x eno gr aft obtained b y 

subcutaneousl y im planting c ell  clones from a single  4T53RD cell , and F IG. 8 B is a sch ematic 

diagr am of the airwa y ep it heli um i n  a mous e.  10  

 F IG. 9 is a tabl e showin g the result s of in vivo  tum origeni cit y  stud y  of cell  c lones from a 

single 4T53R D c ell ,  acco rding to t he numbe r of c e ll s im planted .  

 F IG. 10 A  an d F IG. 10 B s how the result s of H &E s taining of se cti ons of x eno gr afts 

derived f rom 4T53RD ce ll s and 4T53RD ' Np63 cell s  respe cti vel y .  

 F IG. 11 A, F IG . 11B, and  F IG. 11C  show the r esul ts of H&E stainin g, Alcia n Blue 15  

staining, and anti - c ytoker ati n st aini ng (A E1/AE3 ) secti ons of x eno gr afts de rived from 4T53ED 

cell s  respe cti vel y .  

 

BES T MODE FOR C ARR Y IN G OUT T HE INV ENT ION  

 The invention i s describe d in detail  below.  The fo ll owing embodi ment s ar e  given to 20  

il lust rate the invention, and are  not t o be const ru e d as l im it ing the inventi on.  The invention m a y 

be practi c ed in various fo rms without  departing fr om t he gist  thereo f.  
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 The enti re contents of a ll  refe renc e documents  an d J apanese P atent Applic ati on Laid -

open, J apanese P atent P ubli cati on and other patent  documen ts cited in t his s pecificati on a re 

incorporated h erein b y re feren ce.  T h e enti re conte nts of the specific ati on a nd diagr ams of 

J apanese P atent Applicat ion No. 2010 - 125256, w hich was filed on Ma y 31 , 2010  and  serves as 

the basis  for the priorit y claim of th e pres ent applicati on, are also incorpor a ted herein b y 5  

refe renc e .  

 

1. Method for P roducin g Tumor Cell s  

 This i nventi on provides a method for producin g tu mor cell s b y tr ansfe rrin g a can cer -

associated gen e int o an i mm ortali z ed sm all  airway epit heli al c ell .  10  

 P refer abl y, th e method of  the inventi on is chara cte riz ed in t hat t he im mortaliz ed sm all  

airwa y epit heli al cell  is produced b y subj e cti ng a normal sm all  airwa y epit heli al cell  to 

treatm ents (1) to (3 ) belo w:  

(1) for ced ex pressi on of a telomere reve rse trans c riptase gene;  

(2) for ced ex pressi on of a c ycli n - dep endent ki nas e 4 gene; and  15  

(3) induction of p53 los s of functi on ,  

wherein t he canc er - assoc iated gene is on e o r more  gen e sele cted from among a c - M yc gene, a v -

S rc gene, a KRAS m utated gene, a BC L2 gen e, a P IK3CA mut ated gene, a  C ycli n D1 gen e, an 

LK B1 mut ated gene, a T P 63 gene and an E GFR  mut ated gene.  

 20  

C ancer - Associated Gene  

 7KH�³FDQFHU- DVVRFLDWHG�JHQH´�XVHG�LQ�WKH�PHWKRG�RI�WKH�LQYHQWLRQ�UHIHUV�WR�D�JHQH�ZKLFK��

when ex pressed wit hin a normal cell , has th e abil it y to t umorigenicall y or o ncogenicall y  
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transform  the c ell , or to a  gen e associ ated wit h con trol of the ex pressi on of a gene whi ch, when 

ex pressed wit hin a normal cell , has the abil it y to t umorigenic all y o r onco genicall y  transfo rm  the 

cell .  Ex ampl es  of canc er - associated genes include  the m yelo c ytom atosi s oncogene ( c - M yc ), the 

v - S rc gene, th e R AS gen e, the B - cell  leukemi a/l ymphom a 2 ( BC L2) gen e,  the phosphati d yl 

i n osit ol 3 - kinas e  catal yti c subuni t (P IK3CA ) gene , the C ycli n D1 gen e, the Live r Kinase B1  5  

( LKB1 ) gene, th e c - Abl gen e, the c - S is gen e, the epidermal growth f actor recepto r (EG FR ) gen e, 

the platelet - deriv ed grow th factor r ecepto r (P DG F R ) gen e, the vas cular end othelial growth factor 

recepto r (VEG FR ) gen e, the HER2/ neu gene, the R af kinase gen e, the c ycl in - dependent ki nas e 

gen e, the Tumor prot ein p63 (TP63) gene, and mut ated genes  the reof .  

 In the inv enti on, pref err e d use ma y be made o f the  c - M yc gen e, the v - S r c gene, the RAS 10  

gen e, the BC L2 gene, the  P IK3CA gen e, the C ycli n D1 gene, the LK B1 ge ne,  the EG FR  gene, 

the TP 63 gen e, and mut a te d  genes and spl icin g is oforms t hereo f.  

 In the inv enti on, the t yp e  of canc er - associated gen e used is of no particul ar concern, 

alt hough a m amm ali an c ancer - associ ated gen e is prefe r red , a primate canc er - asso ciated ge n e is 

more pref err ed, and a hu man canc er - associated ge ne is even more p ref err ed .  15  

 7KH�³F- 0\U�JHQH´�LV�D�JHQH�ZKLFK�en codes a DNA - bin ding f actor  asso ciate d with 

re gulation of the ex pressi on of various gen es and DNA repli c ati on, i.e. , a tr anscriptio n facto r .  

It has b een su ggested tha t a n  associati on  ex ist s between the im pair ed ex pre ssi on of the c - M yc 

gen e and  v arious can cers  (Domi ngu ez - S ola, D., et al., N ature  448, 445 - 451 (2007)).  

 7KH�³Y- Src  gene  ́ is a c a ncer - associated gene f ro m t he R ous sarcoma viru s, whi ch is a 20  

t ype of retrovirus.  Th e s equenc e for thi s gene h as  been desc ribed b y Ma ye r B . J . , et al., J. Virol .  

60 (3), 858 - 67 (1986 ) .  
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 7KH�³5$6�JHQH´�LV�D�JHQH�ZKLFK�en codes a  small GTP ase that transmi ts s ignals whi ch 

take part in c ell  differ enti ati on  and gro wth.  C ell s are known to b ecome c an cerous f rom 

anomalies in such sign al t ransmi ssi on (Goodsell , D.S., Oncologi st  4 (3), 263 - 264 (1999)).  R AS 

gen e mut ati ons have be e n reported in 20 t o 30% o f non - small cell  lung can cer s  ( Aviel - R on e nv, 

S ., et al., C li n. L un g C ancer  1, 30 - 38 (2006 )).  In t his i nventi on, the RAS  gene is pref er abl y a 5  

KRAS m utated gen e.  He re , the KR AS m utated ge ne is a KR AS gene r esult ing from t he 

mut ati on of a wild - t yp e KRAS gen e.  One ex ampl e is t he gen e codin g fo r mut ant  KRAS V12  

(SEQ ID NO:6 ) in which  the gl ycin e residue at t he 12 posi ti on has been re placed  with a v ali ne 

residue.  Det ail s on t he gene codin g fo r KR AS V1 2  are given in S ato, M. et a l, C ancer Res.  66 (4), 

2116 - 2128 (2006) .  10  

 7KH�³%&/��JHQH´�LV�D�FDQFHU- associated gene h av ing an apo ptosi s - suppres sing acti vit y, 

and has been im pli cat ed as being associated  with m elanoma, prostate canc er, bre ast can cer and 

lung c ance r (C hao, D.T., Korsme yer, S.J ., Annu. Rev. Im munol.  16, 395 - 41 9 (1998)).  

 7KH�³3,.�&$�JHQH´�LV�D�JHQH�which encodes  a cla ss  I P I  3 - kin ase c atal yti c subuni t, and 

has been r eported to be a ssociated  with breast can cer, colo rect al  canc er and  lung c ance r ( N ature 15  

Reviews C ancer  5, 921 - 9 29 (2005); Sci. T ransl . Med.  2, 26 - 25 (2010) ).  In addit ion, i t has been 

suggested th at t he P IK3CA  gene fun cti ons as a c a ncer - associated gene in t he developm ent of 

uteroce rvical c ance r (Ma , Y.Y., et al., Oncog ene  1 9 (23), 2739 - 2744 (2000 ) ).  In the pres ent 

invention, the P IK3CA gene is pref er abl y a P IK3 C A mutated gen e.  The P IK 3C A mutated gene 

is a P IK 3C A gene that ha s mut ated  against  it s wild t ype gene , an il lust rati ve  ex ampl e being a 20  

gen e codin g fo r a P IK3C A H1 04 7R  mut ated protein (S EQ ID NO:10) in which  the hist idi ne residue 

at the 1047 posi ti on has been repl aced with ar gini ne.  
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 7KH�³&\FOLQ�'��JHQH´�Ls a gene whi ch encod es  a c ell  c yc le r e gulating facto r.  

Overex pressi on of the C yc li n  D1 gene pla ys a p ar t i n the developm ent of p arath yroid ad enoma, 

breast c anc er, prost ate c a ncer, colo re ctal  c ance r, l ym phoma, mel anoma an d lung canc er (Mor gan,  

D.O., C ell  1 35, 764 - 794 (2008); L ung C ancer  55, 1 - 14 (2007)).  

 7KH�³/.%��JHQH´�LV�D�JHQH�ZKLFK�FRGHV�IRU�/LYHU�.LQDVH�%���DQG�its overe x pressi on has 5  

been im pli cated in the  d e velopm ent of lung canc er , uteroce rvical c ance r, br east can cer, t esti cular 

canc er, pan cre ati c c an ce r  and ski n canc er ( Katajist o, P ., et al., Biochem. Bio phys. Acta  1775 (1), 

63 - 75 (2007)).  In thi s inventi on, the LK B1 gene i s prefe rabl y a LK B1 mut ated gene.  Th e LK B1 

mut ated gene is a LK B1 gen e that has mut ati ons  a gainst  it s wild t ype gene .  For ex a mpl e, 

prefe rred us e ma y  be ma de of a gen e codin g fo r a domi nant negati ve - t ype mut ant of LK B1 10  

( LKB1 - DN).  An ex ampl e of a domi nant ne gati ve t ype LK B1 mut ant i s LK B1 D1 9 4 A  (SEQ ID 

NO:16) in which the asp artic acid at the 194 posi ti on has been r eplac ed with al anine.  

 7KH�³(*)5�JHQH´�LV�D�JHQH�FRGLQJ�IRU�DQ�HSLWKHOLDO�JURZWK�IDFWRU�UHFHSWRU��T he  elevati on 

of  the ex pressi on of the EGFR  gene h as be en observed in m an y t ypes of c ancer, in cludi ng b reast 

canc er, colo r ectal  c anc er,  stom ach canc er and brai n tum ors.  EGF R  gene m utations are known to 15  

be found at  a hi gh incide nce  in adeno car cinom a o f the lung (Sharma, S .V.,  et al., N at. Rev. 

C ancer  7 (3), 169 - 81 (20 07)).  In the pr esent i nve nti on, the EGFR  gene is prefe rabl y a n  E GFR  

mut ated gene.  The EGF R  mut ated gen e is a  EG F R  gene th at has be en mut ated  a gainst  it s wild 

t ype gene , an il lust rati ve ex ampl e being the gene c oding for th e EG FR T7 9 0M  L8 5 8 R  mut ated protein 

(SEQ ID NO:18) in whic h the threonine r esidue at  the 790 posit ion has bee n replac ed with a 20  

methioni ne residue  and t he leucine r esidue at t he 858 posi ti on has been rep laced with an ar gini ne 

residue.  
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 7KH�³73���JHQH´�LV�D�homolog of  the TP 53 c ance r suppress or  gen e ;  cas es in whi ch it  

suppresses c ance r and c a ses in whi ch it  promotes canc er a re both known.  The elevat ion of  th e 

ex pressi on of the TP 63 gene has be en r eported in squamous  cell  can cer o f the head and neck and 

of various or gans, i n cludi ng the lun gs and esopha gus (De youn g, M.P ., et al. , Oncogene  26, 

5169 - 5183 (2007 ) ).  Th e TP 63 gen e in t his i nventi on is prefe r abl y a gen e w hich encodes the 5  

spli cing isoform of TP63 .  An ex ampl e of a gene which codes fo r the spl ic ing isoform of TP63 i s 

the TP 63 'N  gen e which c odes for the TP 63 spli cing isoform whi ch  lacks an  N - termi nal 

t r ansacti vati on  domain  ( S EQ ID NO:20) .  

 The r espe cti ve nucleotid e sequenc es of the huma n c - M yc, BC L2 and C ycl in D 1  gen es 

are av ail able in  the NC B I database und er the acc es sion n umbers indi cated b elow.  Details o n the 10  

respecti ve nu cleotide seq uences fo r the KRAS V1 2 , P IK3CA H1 0 4 7R  and LKB1 D1 94 A  genes c a n be 

obtained b y ref errin g to t he wild - t yp e gene s equen ces avail abl e in  the NC B I d atabas e under the 

acc essi on numbers indi ca ted below, as w ell  as to McC o y, M.S . et al., Mol.  C ell . Biol .  4, 1577 -

1582 (1984), S amuels, Y ., et al., Scienc e  304, 554  (2004), and  S cott , K.D. et al., C ancer Res.  67, 

5622 - 5627 (2007).  15  

Table 1  

Gene nam e  
NCB I  

Accessi on No.  

S pecies  
S EQ ID NO  

(gene)  

S EQ ID NO  

(protein)  

v - src gen e  --  R ous sarcoma virus  1  2  

c - M yc gen e  V00568  Homo sapiens  3  4  

KRAS gen e  NM_004985  Homo sapiens  --  --  

KRAS V1 2  gene  --  Homo sapiens  5  6  

BC L2 gene  NM_000633  Homo sapiens  7  8  

P IK3CA gen e  NM_006218.2  Homo sapiens  --  --  

P IK3CA gen e  NM_174574.1  Bos t aurus  --  --  
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P IK3CA H1 0 4 7R  gene  --  Homo sapiens  9  10  

P IK3CA H1 0 4 7R  gene  --  Bos t aurus  11  12  

C ycli n D 1  gen e  NM_05305 6.2  Homo sapiens  13  14  

LK B1 gen e  NM_000455.4  Homo sapiens  --  --  

LK B1 D1 9 4 A  gene  --  Homo sapiens  15  16  

EGFR  gene  NM_005228.3  Homo sapiens  --  --  

EGFR T7 9 0 M L8 5 8 R  gene  --  Homo sapiens  17  18  

TP 63 gen e  NM_003722.4  Homo sapiens  --  --  

TP 63 'N  gene  NM_001114980 .1  Homo sapiens  19  20  

 

Imm ortali z ed S mall Airwa y Epith eli al C ell s  

 In the inv enti on, the ³LPPRUWDOL]HG�VPDOO�DLUZD\�HSLWKHOLDO�FHOOs ´�are not s ubject t o an y 

particular li mi tation , provided the y are im mortali z ed cell s  derived f rom a small airwa y epit heli al  

cell s .  Howev er, im morta li z ed cell s from m amm ali an  small airwa y epit heli al  cell s  ar e  pre fer red, 5  

im mortali z ed cell s  from prim ate small  airwa y epit heli al cell s are  mo re pr ef erred, and 

im mortali z ed cell s  from hum an sm all  airwa y epit heli al cell s are  even mor e  prefe rred.  Of such 

im mortali z ed cell s from sm all  airwa y epit heli al c ell s, im mortali z ed cell s from normal sm all  

DLUZD\�HSLWKHOLDO�FHOOV�DUH�VWLOO�PRUH�SUHIHUUHG���+HUH��³QRUPDO´�UHIHUV�WR�D�KHDOWK\�VWDWH��WKDW�LV��D�

state fre e of an y d etectab le disease or  a nomal y .  10  

 

Imm ortali z ed Human S m all  Airwa y Epith eli al C el l s  

 ,Q�WKH�LQYHQWLRQ��³LPPRUWDOL]HG�KXPDQ�VPDOO�DLUZD\�HSLWKHOLDO�FHOOs ´�are no t subj ect t o 

an y p articula r lim it ati on, provided  the y ar e  im mortali z ed cell s  from a huma n sm all  airwa y 

epit heli al cell s .  Howev er , im mortali z ed cell s  from normal hum an sm all  air wa y epit heli al cell s   15  

are SUHIHUUHG���³1RUPDO�KXPDQ�VPDOO�DLUZD\�HSLWKHOLDO�FHOOs ´�UHIHU�WR�KXPDQ�VPDOO�DLUZD\�
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epit heli al cell s  from a h e alt h y pe rson , such as sm a ll  airwa y epit heli al c ell s  of a pers o n in a state 

free o f an y det ectable dis ease or anomal y.  

 The above - desc ribed im mortali z ed sm all  airwa y epit heli al cell s  or imm ortali z ed human 

small airwa y epit heli al c ell s  can be produ ced b y s ubjecti ng norm al sm all  airwa y epit heli al c ell s  

or normal hum an small a irwa y epit heli al c ell s  to an y one o r combi nati on of  treatm ents (1) to (3 ) 5  

below, alt hough car r yin g out all of treatm ents (1) t o (3) is pref err ed.  The o r der in which 

treatm ents (1) to (3 ) ar e c arried out is  of no pa rticu lar conc ern :  

(1) for ced ex pre ssi on of a telomeras e gene ;  

(2) for ced ex pressi on of a c ycli n - dep endent ki nas e gene ;  

(3) induction of loss  of f uncti on of an apoptos is - i nducing p rotein .  10  

 C oncernin g Tre atm ent  (1 ),  telomerase is an enz ym e which ex tends specific repeat 

sequences at t he ends of eukar yoti c ch romosomes .  Telom erase is compos e d of subuni ts s uch as 

telomere r evers e transc riptase, telomere R NA co mponent (TERC ), d yske r in and telom erase -

associated protein 1 (TE P 1), each of which is enc oded at a diff erent gene l oci.  The tel om e ras e 

ge n e which is fo rcibl y ex pressed in Tre atm ent  (1) is ex empl ified b y th e vari ous gen es codin g for 15  

telomere r evers e transc riptase, TERC , d yske rin a nd TEP1.  However, in t his i nventi on, preferr ed 

use can be m ade of th e te lom erase r evers e transc ri ptase gene (re f HUUHG�WR�EHORZ�DV�WKH�³7(57�

JHQH´��LQ�SDUWLFXODU� 

 Concernin g  Tre atm ent  (2 ), c ycli n - dep endent ki nas es  (CDK) tak e part in tur nover  of the 

cell  c ycle .  T his f ami l y o f kinases is  compos ed of C D K1 to 13.  The c ycli n - dependent  kinase 20  

(Cdk) gene whi ch is forci bl y ex pressed in Tr eatm e nt (2) ma y be a gene coding  fo r an y one o f 

C DK1 to 13, although pr efer red use m a y be mad e  of the gene coding f or C DK4 (the C dk4 gene ).  
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C DK4 is the  bindi ng part ner of C ycli n D1, and mu tations  of the C dk4 gen e have be en dete cted 

in var ious t ypes  o f tumors (Zuo, L., et al., N ature Genet.  12, 97 - 99 (1996 )).  

 C oncernin g  Tre atm ent (3 ), ex ampl es of apoptos is - inducing proteins i nclud e  p53, caspase -

3, caspase - 8 to casp ase - 1 0, and caspas e - 12.  Th e p rotein whose loss  of func ti on is induced in 

Tr eatm ent (3 ) ma y be an y of the p roteins from am ong p53, c aspase - 3, c aspase - 8 to c aspase - 1 0 5  

and caspas e - 12, alt hou gh  p53 is  prefer red in t h i s  invention.  Ex ampl es of methods  for inducing 

p53 los s of functi on include addin g a p53 protein - neutrali z ing anti bod y , tra nsferrin g a gene 

coding fo r this antibod y i nto t he cell , knockout of the TP 53 gen e, which is t he gene coding for 

p53, knockdown b y R N A interfer enc e, and fo rce d ex pressi on of a domi nant negati ve - t ype TP 53 

gen e.  10  

 An ex ampl e of a publi shed st ud y  on kno ck down of the TP 53 gene b y R N A interfer enc e 

is that b y S ato, M ., et al.  i n  C ancer Res.  66, 2116 - 2128 (2006)).  S ato, M., et al.  have 

im mortali z ed human airwa y epit heli al cell s b y c a rr yin g out kno ckdown of the TP 53 gen e b y 

R NA int erfer enc e.  

 In above Tr eatm en ts (1 ) to (3), the speci es of the genes that ar e for cibl y ex pressed and 15  

the species of the p rotein  whose loss  of functi on is induced ar e of no pa rtic ular conc ern, alt hou gh 

mammalian genes or prot eins are pr ef err ed, primat e genes or p roteins ar e more pre fer red, and 

human genes or p roteins are ev en more p ref err ed.  

 In the inv enti on, im mortali z ed sm all  airwa y epit heli al cell s that are esp ecial l y pre fer able 

for use a re c ell s in which  im mortali t y  h as been ac quired b y forcibl y ex pres sing the TERT gen e 20  

and the Cdk 4 gene  and in ducing p53 los s of fun cti on  in normal sm all  airwa y epit heli al c ell s 

�UHIHUUHG�WR�EHORZ�DV�³6$(�FHOOV´����(YHQ�PRUH�SUHIHUUHG�H[DPSOHV�DUH�FHOOV�in which  
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im mortali t y  h as been acq uired b y t ransf errin g the TERT gen e, the Cdl 4 ge ne and the dominan t  

negati ve - t ype TP 53 gen e  to a SAE cell , and for cib l y ex pressi n g these gen es .  

 Imm ortali z ed human air wa y epit heli al cell s that ma y b e more pr efe rabl y used are cell s in 

which  im mortali t y  has be en acquir ed b y for ced ex pressed of the h TERT ge ne and the Cdk4 g ene 

LQ�QRUPDO�KXPDQ�VPDOO�DLUZD\�HSLWKHOLDO�FHOOV��UHIHUUHG�WR�EHORZ�DV�³+6$(�FHOOV´���DQG�by th e 5  

induction of p53 loss  of functi on.  Even more pr ef erred ex ampl es are cell s ( refe rred to b elow as 

³+6$(��7���FHOOV´��in which  im mortali t y  has be en acquir ed b y transf erri ng the hTERT gene, 

the Cdk4 gen e and the do mi nant negati ve - t ype TP 53 gen e to a HS AE cell , and forcibl y 

ex pressi ng these genes.  The nucleotide sequ enc e s of the hTERT gene, the  C dk4 gen e and the 

TP 53 gen e ar e avail abl e in  the NC B I d atabase und er t he followin g a ccessi o n numbers.  For  th e 10  

nucleotide sequen ces of t he domi nant ne gati ve - t yp e TP 53 gene, r efe renc e ma y b e made to 

S hauli an, E., et al., Mol. C ell . Biol .  12, 5581 (1992).  

Table 2  

Gene nam e  
NCB I  

Accessi on No.  

S pecies  
S EQ ID NO  

(gene)  

S EQ ID NO  

(protein)  

hTERT gen e  NM_198253.2  Homo sapiens  21  22  

C dk4 gen e  NM_000075.2  Homo sapiens  23  24  

TP 53 gen e  NM_000546.4  Homo sapiens  --  --  

Domi nant negati ve - t ype 

TP 53 gen e  

--  Homo sapiens  25  26  

 

 The S AE cell s used ma y be ones coll ect ed from a mammal.  Alt ernati vel y, cell s that are 15  

comm erciall y av ail able ( from C E LLnT EC, i n Ber n, S witz erland) ma y b e u sed.  

 The HSAE cell s used ma y be on es coll ect ed from a human.  Alt ernati vel y, cell s that are 

comm erciall y av ail able ( from Lonz a, in W alkersv il le, MD, USA) ma y b e u sed.  



18  

 The method of transf erri ng gen es to n ormal sm all  airwa y epit heli al cell s or  to normal 

human small airwa y epit heli al cell s is  sim il ar to the method of transf errin g gen es to 

im mortali z ed human small  airwa y epit heli al c ell s that i s described below.  

 

Gene Tr ansfe r Method  5  

 In the inv enti on, when tr ansfer ring a c ance r - asso c iated gene int o an im mor taliz ed human 

small airwa y epit heli al c ell , t ypicall y the c anc er - a ssociated gene is i nsert ed  int o an ex pressi on 

vector as a sui table ex pre ssi on cassette, and th e im mortali z ed human small airwa y epit heli al cell  

is t ransformed with  the v ector.  A sui table ex pressi on cassette includes at l e ast (i) to (iii ) below 

as const it u ent elements:  10  

(i) a promoter which c an be transcrib ed in an imm ortali z ed human small airwa y ep it heli al cell ;  

(ii) a can cer - associ ated gene bound to t he promote r; and  

(iii) a sequenc e which en codes an R NA mol e cule transcriptio n termi nati on and pol ya den ylation 

signal .  

 Ex ampl es of promot ers which can tr anscribed in im mortali z ed human small  airwa y 15  

epi thelial cell s include, b ut are not l im it ed to, C MV, CAG, LTR, EF - 1 a an d S V40 promot ers.  

 The ex pressi on vector m a y h ave, othe r than the a bove ex pressi on cassette,  a selecti ve 

marker ex pressi on casset te for sele cti on of the tra nsformed imm ortali z ed human sm all  airwa y 

epit heli al cell .  Ex ampl es of selecti ve ma rkers incl ude, but are not l im it ed to, posi ti ve se l e cti on 

markers such as neom yci n - resis tant gene s  and the h ygrom ycin B phosphot r ansfer ase gen e; 20  

ex pressi on reporters such  as the Lac Z, GFP  (G re e n Fluoresc enc e P rotein) a nd luciferas e genes; 

and ne gati ve se l e cti on markers su ch as the h erpes sim plex  virus th ymi dine kinase gene (HS V -

TK) and the diphtheri a tox in A fragment ( DTA).  
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 Transformed imm ortali z ed human small airwa y e pit heli al cell s that have b een 

trans formed can e asil y b e selected b y m eans of th e above ma rkers.  For ex ampl e, in t he case o f 

cell s to whi ch a neom yci n - resis tant gene h as been  transfer red as a mark er, primar y selecti on c an 

be car ried out b y cult urin g  the cell s in a medium  to which G418 has b e en a dded.  Alternati vel y, 

in cases whe re the ta r geti ng ve ctor includes a gene  for a fluor escent p rotein such as GFP  as th e 5  

marker, in addit ion t o sel ecti on b y d ru g resis tan ce,  sorting of the fluoresc en t protein ex pressi ng 

cell s can be ca rried out u sing a fluo resc ence acti v ated cell  sorte r ( FACS ).  

 Ex pressi on vectors whic h  ma y b e used fo r transf e rring a c ance r - asso ciated gen e int o 

im mortali z ed human small  airwa y epit he li al c ell s  are ex empl ified b y  know n ex pressi on vectors 

capable o f gene t ransf er i nto cell s , including  ex pre ssi on vectors of this t ype that are 10  

comm erciall y av ail able.   Ex ampl es of such  ex pressi on vectors include pEG FP - C 1 � (Clont ech), 

pC MV - HA � (Clont ech), pMSC Vpuro � (Clontech), pEF - DES T51 � ( Invit ro gen ), pCEP 4 � 

( Inv it ro gen), and ViraP o wer II  Lent i viral Gat ewa y S ystem � ( Invit ro gen).  The ex pressi on 

vector ma y be t ransf err e d int o im mortaliz ed human small airwa y epit heli al cell s b y a kno wn 

gen e transf er method s uc h as electropo rati on, mi cr oinj ecti on, the calcium p hosphate method, 15  

li pofecti on or virus  infect ion.  For furth er d eta il s o n gen e transf er methods , refe renc e ma y be 

made to S ambrook & R u ssell, Molecular C loni ng : A L aborat ory Manual , Vol. 3 (C old S pring 

Harbor ,  La borator y P r ess , 2001).  

 

2. Tumor Cell s  20  

 ,Q�WKH�LQYHQWLRQ��³WXPRU�FHOOs ´�UHIHU�WR�Fell s  which  h ype rproli fe rate autonom ousl y in vivo .  

Ex ampl es of tumor cell s include  cell s included in (1) sar comas such as ost e osarcoma and soft 

ti ssue sarcoma ,  (2 ) ca rcin omas such as c arcinom a of the bre ast, car cinom a of the lung, 
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carcinom a o f the bladd er,  carcinom a o f the th yroid  gland, car cinom a of the prostate, ca rcinom a 

of the colon , color ectal c arcinom a, c ar cinom a of t he pancr eas, car cinom a o f the stom ach, 

carcinom a o f the li ver, ca rcinom a of the ute rus, ca rcinom a of the cervix  and carcinom a  o f the 

ova r y, (3) l ymphom as su ch as Hod gkin  l ymp hom a and non - Hod gkin l ymp homa, (4) 

neuroblastom as,  (5) mel a nomas, (6) m yelom a s , (7 ) W il ms t umors, (8) leukemi a s  such as a cute 5  

m yeloc yti c le ukemi a (A M L), chronic m yelo c yti c  leukemi a (CM L), a cute l ym phoc yti c leuk emi a 

(A L L) and chronic l ymp hoc yti c l eukemi a (C LL), (9) gli omas, and (10) reti noblastom as.  

 T KH�³WXPRU�FHOOs ´�PD\�DOVR�EH�H[HPSOLILHG by, in t erms of the de gree o f diff erenti ati on, 

differenti at ed can cer cell s and undiffer enti ated c a ncer c ell s.  In som e embo dim ents of the 

invention, prefer red fo rm s of the tum or cell  includ e undiffer enti ated c anc er cell s and 10  

differenti at ed  lung can ce r cell s.  Diff erenti ated lu ng c anc er c ell s ma y b e fu rther classified int o 

poor l y dif fer enti ated lun g c anc er c ell s and diffe re nti ated lung  c ance r c ell s.  Ex ampl e of poorl y 

differenti at ed  lung can ce r cell s include  lar ge c ell  canc er - li ke cell s.  Ex ampl es of differ enti ated 

lung c ance r cell s include squamous  canc er c ell s an d adenoc arcinom a cell s.  

 C onfirmation of the tum origeni c transfo rmati on o f cell s ma y be car ried out  b y 15  

transfer ring a c ance r - ass ociated gen e int o im mortali z ed human small airwa y epit heli al cell s or 

im mortali z ed human small  airwa y epit heli al c ell s, cult uring thes e cell s for s everal d a ys, the n  

subcutaneousl y inj ecti n g the cult ure d  c ell s int o a sui table model anim al and  observing tum or 

mass formati on.  

 The model anim al i s pref erabl y a mammal othe r than hu man, and more p re ferabl y an 20  

im munos uppressed mamm al.  Ex ampl es of imm unosuppressed mamm als i nclude, but are not 

li mi ted to, nude rats, nu de mi ce and S C ID mice.  
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 Another ex empl ar y meth od of confirmi n g the tumorigeni c transfo rmati on of cell s 

invol ves cult uring on sof t agar imm ortali z ed human small airwa y epit heli al cell s int o which a 

canc er - associated gene h as been tr ansfer red, and ob serving colon y formati on b y the cell s (soft 

agar colon y  formi ng assa y) .  S pe cificall y, thi s is  a method in which im mortali z ed human small 

airwa y epit heli al cell s ar e prepa red with a cert ain  cell  conc entrati on, seed e d onto  a soft a gar 5  

medium, and the rate o f c ell  proliferati on is observ ed.  For d etails o n soft a gar colon y formi n g 

assa ys, re fer ence m a y be made to Tanak a, S ., et al. , Proc. N atl . Acad. Sci. U SA  94, 2356 - 2361 

(1997) .  

 

T ypes o f Tumor Cells  10  

 In the m ethod of the inve nti on, undifferenti ated ca ncer c ell s, poorl y di ffe re nti ated lung 

canc er c ell s or diffe renti a ted lung c anc er c ell s ma y be selecti vel y produ ced dependin g on the 

combi nati on of canc er - as sociated genes th at are t r ansfer red.  

 

Undiffer enti ated Canc er C ell s:  15  

 In the m ethod of the inve nti on, un differenti ated ca ncer c ell s can b e produc e d b y 

transfer ring th e combi nat ion of ge nes shown in (A ) or ( B) below to i mm ort ali z ed human small 

airwa y epit heli al cell s :  

(A) c - M yc  gen e and v - S r c gene ;  

(B) c - M yc gene, KRAS  mut ated gene and BC L2 gen e .  20  

 In thi s met hod, an N - M yc gene or an L - M yc  gene  ma y b e used in pl ac e  of the c - M yc 

gen e, an HRAS  gen e or a n NRAS  gen e ma y be us ed in pl ace  of th e KRAS gen e, or a BC L - X 

gen e ma y be us ed in pl ac e  of the BC L2 gene.  
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 W it h regard to t he undif f erenti ated canc er c ell s pr oduce d b y the abov e com binations  of 

gen es �ZKLFK�FHOOV�DUH�UHIHUUHG�WR�EHORZ�DV�WKH�³XQGLIIHUHQWLDWHG�FDQFHU�FHOOV�RI�WKH�LQYHQWLRQ´���

in imm unohis tochemi cal anal ysis , mos t of the cell s are ne gati ve or w eakl y posi ti ve for the 

epit heli al cell  marke r c yt okerati n (anti bod y clon e name, AE1/AE3), and po sit ive for the 

mesench ymal mark er V IMENT IN ( F IG S . 1C  and  5).  Howev er, the pr esen ce of some cell s 5  

which are posi ti ve fo r A E1/AE3 and ne gati ve for V IM ENT IN is a cc eptabl e (F IG. 1C).  

 The undiffe renti ated c an cer c ell s  of the inventi on  are ch ar acteriz ed with  a high 

tum origenic it y  ( F IG S . 2  and  4).  

 Undiffer enti ated c ance r c ell s produced b y the combi nati on of gen es in (A) above hav e, as 

shown in F IG. 1 B, a tum origeni c it y  about t wice a s large that of NCl - H460 human non - small cell  10  

lung c ance r cell s (A TCC  HTB - 177 ), and a re capab le of formi n g tum or tiss ue even wh en onl y ten 

of the cell s hav e been ino culated subcutan eousl y i n im munodeficient m ice (FIG. 2 A).  As a 

result , undiffer enti ated c ancer cell s produc ed b y t he combi nati on of  genes in (A) ac cordin g to t he 

invention have a ve r y str ong tum or - ini ti ati ng abil it y , which can be re ga rde d as one cha ra cterist ic 

of a can ce r stem cell .  15  

 Undiffer enti ated c ance r c ell s produced b y the combi nati on of gen es in ( B) a bove are able 

to form t umor s in n ude mi ce at a hi gh incidenc e of 80%, and thus  hav e a high tum or - fo rming 

abil it y (F IG. 4).  

 

P oorl y Diff erenti at ed Lu ng C anc er Cell s:  20  

 In the m ethod of the inve nti on, b y transf errin g the combi nati on of genes sh own below in 

(C) to im mortali z ed human sm a ll  airwa y epit heli al  cell s and inductivel y ex pressi ng  th e c - M yc  

gen e, poorl y diff erenti at e d lung c ance r cell s c an b e produced :  
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(C) Inducibl e  c - M yc G en e and v - S rc Gene .  

 +HUH��³LQGXFible  c - 0\F�JHQH´�UHIHUV�WR�D�F- Myc ge ne which is cap able of in ducti ve 

ex pre VVLRQ�XQGHU�DQ�H[WHUQDO�VWLPXOXV��RU�WR�DQ�H[SUHVVLRQ�V\VWHP�WKHUHRI���³,QGXFible  c - M yc 

JHQHV´�DUH�HQFRPSDVVHG�E\�WKH�DERYH- PHQWLRQHG�³F- 0\F�JHQHV�´��$OVR��³LQGXFWLYH�H[SUHVVLRQ´�

refers to the control of ge ne ex pressi on b y an ex pressi on - inducing s ystem.  I ndu cti ve ex pressi on 5  

shoul d be started aft er tra nsfer of the genes indi cat ed in (C) to t he im mortali z ed human small 

airwa y epit heli al cell s, an d is p refer abl y ca rried ou t i n the period following  transfer to the 

im mortali z ed human small  airwa y epit heli al c el ls and up to confirmation of  tum or formati on.  

 The ex pressi on - inducing s ystem i s not  subj ect t o a n y pa rticular li mi tation, provided 

ex pressi on of the tar get gene (c - M yc gen e) can be artificiall y controll ed.  Ill ustrati ve ex ampl es 10  

include an ex pressi on - in du cing s ystem which us e s dex amethasone and a m ouse mammar y tum or 

virus (MMTV) promote r,  an ex pressi on - inducin g s ys tem (T et - on s ystem) w hich uses tetra c ycli ne, 

dox yc yc li ne or the li ke a nd a tetrac yc li ne - r espons ive promot er, an ex pressi on - inducing s ystem 

which  uses metal i ons such as ni ckel, cob a l t, m an gan ese or iron  and a met all othi onein promot er, 

and an ex pressi on - induci ng s ystem which us es a h eat shock protein promot er.  15  

 Alternati vel y, o nce th e c - M yc gene has b een forci bl y induced and tum or fo rmati on has 

bee n confi rmed, the c - M yc  functi on ma y be d estr o yed usi n g a s yst em which suppresses 

ex pressi on of the c - M yc gen e (e. g., a Tet - o ff s yste m) or a s ystem which de gr ades  the c - M yc 

protein (Aux in - based de gron s ystem :  Nishi mura, K. et al., N ature Methods , Vol. 6, No . 12 

(Dec ember 2009) ).  Adv anta geous use can be m a de of a T et - on s ystem, wit h the addit ion of 20  

dox yc yc li ne bein g pr efe r red from t he standpoint  o f sensit ivi t y.  

 Also, i n the present i nve nti on, an N - M yc  gen e or an L - M yc gen e ma y be u sed inst ead of 

the c - M yc g ene.  
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 The poorl y diffe renti ated  lung c ance r cell s produ c ed with t he above combi nati ons of 

JHQHV��ZKLFK�FHOOV�DUH�UHIHUUHG�WR�EHORZ�DV�³SRRUO\�GLIIHUHQWLDWHG�OXQJ�FDQFHU�FHOOV�RI�WKH�

LQYHQWLRQ´��H[KLELW�WKH�ODUJH�FHOO�FDQFHU- like morp hological f eatur e of be in g posi ti ve for the 

epit heli al cell  marke r c y t okerati n (anti bod y clon e name, AE1/AE3) (F IG. 3 C ).  

 5  

Differ enti ated Lun g C an cer Cell s:  

 In the m ethod of the inve nti on, differenti ated lun g canc er c ell s can be p rodu ced b y 

transfer ring th e  combi nat ion of ge nes shown in an y of (D) to (H ) below to i mm ortali z ed huma n 

small airwa y epit heli al c ell s :  

(D) KR AS m utated gen e and P IK3CA mut ated ge ne ;  10  

(E) KR AS m utated gene and C ycli n D1 gene ;  

(F) KR AS m utated gene and LKB1 mut at ed gene ;  

(G) KR AS m utated gen e,  C ycli n D1 gen e and TP 6 3 gen e ;  

(H) C ycli n D1 gen e and EGFR  mut ated gen e .  

 In the inv enti on, an HRA S  gene o r an NRAS  gen e  ma y b e used inst ead of t he KRAS 15  

gen e, or a C ycli n D2 gen e or a C ycli n D3 gen e ma y be us ed inst ead of the C ycli n D1 gen e.  

 Differ enti ated lun g can ce r cell s produc ed with t he above gen e combi nati ons (which cell s 

DUH�UHIHUUHG�WR�EHORZ�DV�³GLIIHUHQWLDO�OXQJ�FDQFHU�FHOOV�RI�WKH�LQYHQWLRQ´��DUH�DOO�FKDUDFWHUL]HG�E\�

having a ver y hi gh tum or igenic it y  ( F IG. 4 ).  

 Of the diffe renti ated lun g canc er c ell s of the in ven ti on, th os e cell s produced  with 20  

combi nati on (D) or ( H) e x hibit a morpholog y  in w hich squamous  epit heli al - li ke cell s and 

adenoc arcinom a - li ke  cell s are int er mi x ed, wher eas  those cell s produce with combination (E) or 
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(F) each h ave the morph olog y  of adenoc a rcinom a - li ke  cell s.  C ell s produce d with combination 

(G) hav e  the morpholo g y  of squamous  epit heli al - li ke cell s.  

 In im munohi stochemi cal anal ysis , dif fer enti ated lu ng c anc er c ell s produced with an y on e 

of combi nati on s  (D), (E ) and  (F) ar e posi ti ve for A E1/A E3 and p63 ( F IG. 6) .  Differ enti ated lun g 

canc er c ell s produced wit h combi nati on (H) ar e po sit ive for AE1/AE3 ( F IG.  11C ) and posi ti ve 5  

for Alcian Blue staini n g ( F IG .  11 B).  

 The tum or cell s of the in venti on all  have a hi gh tu mor incidence and abil it y to prol iferate.  

W hen these cell s a r e im planted in m odel animals and induced to form t um ors , the  tum ors t h us  

form ed  show  ve r y sim il ar  pathol og y  to tum or tiss ue which  forms i n the ani mal species to which 

the small  airwa y epit heli al cell s  prior to t ransf er o f the c an cer - associat e d  gene belon g .  For 10  

ex ampl e, when a human small airwa y epit heli al c ell  is us ed, thus formed tum or  shows ver y 

sim il ar pathol og y to that of a can ce r tiss ue, especi all y lun g c ance r tiss ue, isol ated from human 

canc er pati ent s .  The refo r e, the tu mor cell s of the i nventi on are ve r y useful i n a wide vari et y o f 

lung c ance r res ear ch, suc h as rese arch on th e rep r ogr amm ing, diff er enti ati on and biol ogic al 

mechanism s of lung can c er cell s, the identi fic ati on of tar get m olecul es for l ung c anc er tre atm ent, 15  

a nd the scr eenin g of c anc er dru gs.  

 

3. Tumor - B earin g Anima l Model  

 ,Q�WKH�LQYHQWLRQ��³WXPRU- EHDULQJ�DQLPDO�PRGHO´�UHIHUV�WR�D�QRQ- hum an ani mal model in 

which the above - desc ribe d tum or cell s have be en i mpl anted and a tum or ma ss has been fo rmed.  20  

 The model an im al i s pref erabl y a mammal othe r than hu man, ex ampl es of which include , 

but are not l im it ed to,  mous e, rat, pi g , do g, monke y,  hamst e r and r abbit .  Of these model anim als, 

an im munos uppressed mamm al i s especiall y pre fe rred.  Imm unosuppr essed  mammals can be  
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creat ed b y admi nist erin g an im munos uppressant such as c yclospo rine to an  ordinar y mammal, 

alt hough a m amm al i n which im muni t y h as been congenit all y supp ressed on account of the 

gen eti c ba ck ground is pr efer red.  Ex ampl es of co ngenit all y im munos uppr essed ma mm als i nclude,  

but are not l im it ed to, nude rats, nu de mi c e and S C ID mic e.  

 No particular li mi t i s im posed on the method of tra nsferrin g the above - d escr ibed tumor 5  

cell s to t he model anim al.  A method that is  conve nti onall y used in t he a rt ma y b e adequ atel y  

selected a cco rding to t he model anim al i n which im plantati on is to be carri ed out .  As an inst ance 

of impl antation i n  DQ�DQLPDO�RWKHU�WKDQ�PLFH��UHIHUHQFH�PD\�EH�PDGH�WR��IRU�H[DPSOH��³*HQHWLF 

induction of tum origen esis  in s wine �´ Oncogen  26 , 1038 - 1045 (S eptember 11, 2006).  Also, 

insofar as  the tumor c ell s used at t he ti me of im plantati on form tum or masses when im planted in 10  

the model animals, t he model anim als m a y b e of t he same spe cies or of dif ferent spe cies.  

 From the standpoint  of th e ease o f re - ex tra cti n g the impl anted tumor cell s, im plantati on 

b y subcut aneous i njecti o n or intraperitone al i nject ion i s preferr ed.  On the other hand, fr om t he 

anatom ical standpoint , or thot opic impl antation i s prefe rred.  

 15  

4. Method of S cre ening f or Cancer Dru gs  

 The prese nt i nventi on pr ovides a method for sc re ening canc er dru gs, whic h method 

includes the steps of:  

 (a) cont acti n g a sampl e d erived from the tumor cel l s  of the invention wit h a candidate 

subst ance; and  20  

 (b) dete cti ng tum or c ell  growth i nhibi ti ng eff ects.  

 ³$�Vample de rived from t he tum or cell s ´�UHIHUV�WR�WXPRU�FHOOV or  tum or tiss ue ,  or to a 

sampl e that has been sui t abl y pr epa red so as to b e eas y to us e in t he scr eeni ng method st eps.  
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 ³&RQWDFWLQJ�D�VDPSOH�GHULYHG�IURP�the tumor cell s  ZLWK�D�FDQGLGDWH�VXEVWDQFH´�means 

that the candidate subst a nce appro ach es to a de gr ee such as to give rise to int eracti ons wit h 

mol ecules at t he surf ac e of the tum or cell s, bi nds wit h such mol ecules, or i s taken up int o the 

tum or cell s.  In cas es wh ere the tumor cell s are cu lt ured ce ll s, the cell s and the candidate 

subst ance c an be brou ght  int o contact b y addin g the candidat e subst ance to at l east a given 5  

concentr ati on to t he cult ure medium i n contact wit h the cell s.  On the other hand, in cases wh er e 

the tumor cell s have b een  im plant ed int o the bod y of an anim al, t he tum or c ell s and the candidat e 

subst ance c an be brou ght  int o contact b y admi nist ering a given amount  of t he candidat e 

subst ance to t he anim al.  In su ch a  c ase, the route of admi nist rati on is not parti cularl y li mi ted, 

provi ded it  is a route co mm onl y us ed for admi nist ering the candidat e subst ance.  Ill ustrati ve 10  

ex ampl es of suitable routes of admi nist rati on include oral, sub li ngu al, nasal,  pulm onar y, 

gastroint esti nal  and p er c utaneous  admi nist rati on , ocular inst il lation, i ntrav enous i njecti on, 

subcutaneous i njecti on, i ntramuscular injecti on, i ntraperitone al  inj ecti on, locali z ed inj ecti on , and 

surgic al i mpl antation.  P refer red rout es ar e oral ad mi nist rati on, int raperitoneal i njecti on and 

int ravenous i njecti on.  15  

 Ex empl ar y c andidat e sub stances include dru gs wh ich have alr ead y b een co nfirmed to 

have anti tum or ef fects, a nd compounds , pol ypepti des, nucleic a cids, anti bo dies and low -

mol ecular - w ei ght compo unds having latent anti tum or effe cts.  Ill ustrati ve ex ampl es of such 

candidate subs tan ces incl ude , but are not l im it ed to, antim etabolit es (e. g., 5 - fluorouras yl (5 - F U)), 

anta gonist s of folic acid metaboli sm  (e.g., th e dihyd ro pte roic a cid s ynth ase  inhi bit ors 20  

sulfadiaz ine and sul famet hox az ole, and the dih yd r ofolic acid r eductase inhi bit ors  (DHFR  

inhi bit ors) methotrex ate, trimethoprim  and p yrime thamine), inhi bit ors of p yrimi dine metabolis m 

( e. g., the th ymi d yli c acid  s ynthase inhi bit ors 5 - FU  and fluc ytosi ne (5 - FC )), inhi bit ors of purine 
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metaboli sm (e.g., th e IM P DH inhi bit ors 6 - mercap topurine and the prodru g thereof az athi oprine), 

adenosi ne de ami nase (A DA) inhibi tors (e. g., pent ostatin), ribonucleoti de r eductase inhi bit ors 

(the ribonucleotide r educ tase inhi bit or h ydrox yu re a), nucleotide analo gs (th e purine an alogs 

thi oguanine, flud arabin e phosp hate and clad ribine ; t he p yrimi dine an alogs c yt arabine and 

gem cit abine), L - aspar a gi nase, alk ylatin g a gents ( e .g., the nitro gen mus ta rds  c yc lophos phami de, 5  

melphalan and thi otepa; t he platinum  agents cispl a ti n, carboplati n and ox ali platin;  and the 

nit rosoure as da carb az ine, procarb az ine and ranim u sti ne), anti tum or anti biot ics (sarkom ycin, 

mi tom ycin C , dox orubicin, epirubicin, daunorubic in), topoi somerase inhi bit ors (irinot ecan, 

nogit ec an, dox orubicin, etoposi de, levoflox acin, ciproflox acin), mi crotubule inhibi tors 

( vinbl asti n, Vincristi ne, vindesine),  colhi cine,  mi cr otubul e inhi bit ors (pacli tax el, docetax el), 10  

mol ecularl y tar get ed dru gs (tr astuz umab, ritux imab, im ati nib, gefitini b, bo rtez omi b, erlotin ib), 

steroids (e. g., dex ametha sone), finasterid e, arom atase in hibi tors, tamox ifen, and combi nati ons 

thereof.  

 To determi ne the tumor c ell  growth i nhibi ti ng eff e cts, t wo s ystems ma y be  prepar ed , 

eit her in the form of a cul ture s ystem wher e in t he same number of cell s ar e  seeded  in cultur e 15  

ti ssue at t he same cell  co ncen trati on and cult ured under the same condit ions, or in the form of  a 

transpl antation animal model of the same line wh ere in t he sam e number of  cell s are  tr anspl anted 

in t he same cell  con centr ati on.  T he candidat e sub stance is brou ght int o co ntact wit h the ce ll s of 

one s ystem (the sampl e), but  is not brought  int o contact wit h the cell s of the  other s yst em (the 

control), and tum or c ell  growth i n both s ystems i s observed.  Th e growth i n hibi ti ng eff ects can 20  

be asce rtained  b y me asur ing and comparin g  the nu mber s  of  tum or cell s pr esent  in t he two 

s ystems aft er a given p eri od of ti me has elapsed.  
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 In cases wher e the tumor  cell s of the invention ar e  used for sc reenin g in t he  form of 

cult ured cell s, a fter the c andidate subst anc e has b een brou ght i nto contact with t he sa mpl e cell s, 

the number of sampl e cel ls and the number of cont rol cell s are m easur ed wi th a cell  counter o r 

the like, and the tumor gr owth effe cts can b e  dete r mi ned  b y comp arin g the respecti ve numb ers of 

cell s.  5  

 In cases wher e the tumor  cell s of the inventi on ar e  used for sc reenin g b y im plantati on  in 

an anim al m odel, afte r the candidat e subst ance h a s been admi nist ered to t h e anim al m odel 

serving as the sampl e  s ys tem , tum or tiss ue is removed from both sample ani mals and control 

anim als , and the number s  of cel ls pres ent  in t umor ti ssue from the sampl e an im als and from the 

control animals can b e measured and compa red.  Alternati vel y, the tumor gro wth eff ects c an be 10  

determi ned  b y r emovi ng the tumor ti ssue and comparing th e volum e of the tum or tiss ue from t he 

samp le anim als and the c ontrol animals .  The tum or volum e  can be d etermi ned usi ng the 

following fo rmula.  

 

 Tumor volume = ab 2 / 2  (wher e a is t he width, an d b is  the length)  15  

 

 It i s also po ssi ble, aft er a dmi nist ering the c andidate subst ance to both samp le and co ntrol 

anim als, t o de termi ne the  tum or growth eff ect b y c omparing  the in cidenc e o f  measurabl e tum or 

formation  at  t he tum or ce ll  im plantati on si te in the sampl e anim als and the control animals.  

 The anim al m odel i s  the same as the anim al mode l described abov H�XQGHU�³���7XPRU�20  

Cell s �´��1R�SDUWLFXODU�OLPLWDWLRQ�LV�LPSRVHG�RQ�WKH�PHWKRG�RI�LPSODQWDWLRQ�LQ�the anim al m odel , 

alt hough subcutan eous i n jecti on or int raperitone al inj ecti on is prefer red on account of the eas e of 

re - ex tracti n g the impl ant ed tum or cell s.  
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 In cases wher e the rat e  of  increas e in t umor cell s withi n a sampl e s ystem i s sm all er than 

the rate  of in cre ase in t u mor cell s withi n a contro l s ystem, it  ma y b e con cluded that the candid ate 

subst ance has an anti tum or eff ect .  Altern ati vel y, in cases wh ere ampl e data  on the rat e  of 

increas e under given con dit ions alread y ex ist s  for the tumor cell  of the inve nti on , such 

determi nati ons ma y  be m ade b y compa rison with a baseli ne  de rived f rom a vera ge v alues, 5  

standard deviations, etc. obtained b y th e statis ti cal t reatm ent of such d ata.  

 Avera ge values, stand ard  deviations, etc. for the tu mor rate of inc re ase c an be obtained 

b y va rious st ati sti cal m ethods .  S pecificall y, in t he  case of cult ured c ell s, b y usi ng as the 

paramete rs the init ial number of c ell s and the ce ll  densit y at t he ti me of s ee ding , or, in the c ase of 

im planted cell s, b y usi n g as the par ameters the we ight of the anim al m odel at t he ti me of 10  

im plantati on and the number of tum or cell s im planted , these valu es can b e determi ned b y two -

wa y ANO VA an al ysis  u s ing statis ti cal anal ysis  so ftware su ch as IB M S S P S  S tatistics 18 ( S S P S ).  

It i s poss ibl e to further e nhance the ac cura c y of a nal ysis  b y addin g the r ate  of incre ase in t umor 

cell s obt ained from c arr ying out t he method of the  invention as new data to a popu lation for 

statis ti cal anal ysis  and th us  increasin g the pa ramet ers .  15  

 Bec ause the tumor cell s of the invention ex hibi t charact eristi cs which  a re p athol ogic all y 

ver y sim il ar to lung c anc er cell s isol ated f rom pati ents, it  is ex pected that cancer d ru gs confir m ed 

b y the sc re ening m ethod of the invention t o have t umor cell  growth - suppr e ssi ng ef fects will  also 

have anti tum or ef fects w hen used in t he tre atm ent of actual c anc er pati ents,  particularl y lun g 

canc er pati ents.  20  

 The invention i s il lust rated  more full y be low b y wa y of ex ampl es, alt hou gh the inventi on 

is not  li mited to the modes thereof d escrib ed  in t he ex ampl es.  
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Ex ampl es  

 The proc edures of  the ex periments car ried out i n the  ex ampl es are d escribe d below.  

 

R etrovirus Vector and R etrovirus - Mediated Gene  Tran sfe r  

 Of the genes sho wn i n Table 1, v - S rc (SEQ ID N O:1) and  KRAS V1 2  (SEQ ID NO:5) 5  

were  inse rted int o the p C X4pur vector ( Gen Ban k#: AB086386).  c - M yc ( S EQ ID NO:3), 

P IK3CA H1 0 4 7R  (SEQ ID NO:11), C ycli n D1 (SEQ  ID NO:13) and LKB1 D1 94 A  (SEQ ID N O:15) 

were i n se rted  int o the pCX4bleo vector (Gen Bank #: AB086388).  BC L2 (SEQ ID NO:7) was 

inserted  int o the pCX4re dEx  vector (Gen Bank#: AB296084).  Th e EG FR T7 9 0M  L8 58 R  gene (SEQ 

ID  NO:17) w as inserted  i nto t he pC X4pur vector ( GenB ank Ac cessi on No. AB086386).  Th e 10  

TP 63 'N  gene (SEQ ID N O:19) was inserted  int o t he pC X4h yg v ector (Gen Bank A ccessi on No. 

AB086387).  O f the gen e s shown in Table 2, hTE R T (S EQ ID NO:21) w as  inserted  i n t o  the 

pC X4neo vector (Gen Ba nk#: AB086385), C DK4 (SEQ ID NO:23) was  in serted  i n t o  the 

pC X 4bsr  vector ( Gen Ban k#: AB086384), and dom inant - ne gati ve TP 53 (SE Q ID NO:25) was  

inserted  int o the pCX4.1hisD vector (G enB ank#: AB086389).  In addit ion, for the induc ibl e  c -15  

M yc gene, an  inducible  ex pressi on vector was pr epared b y  ins erting th e c - M yc  gene int o a pT -

R E x   inducible ex pressi on vector ( In vit ro gen) the ex pressi on of which can be controll ed with 

tetrac ycli ne.  Viruses w er e produced b y t ransf errin g the above r etroviral ex pressi on vectors , 

togethe r wit h  pGP a nd p E - eco plasmi ds (T akar a Bio;  S higa, J apa n) ,  int o 2 93T cell s (ATCC ; 

Manassas, US A).  N ex t, HS AE cell s th at had be e n made to ex press  Ecotro pic rec eptor (E co VR)  20  

were inf ected with a ret r ovirus .  The cell s infe cte d with t he virus vector w ere cult ur ed for two  

weeks i n the pr esenc e of b l asti cidi n S , G418, purom ycin, z eocine and L - Hi sti dinol , thereb y 
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carr yin g out s ele cti on.  R egardless of which of the se dru gs selecti on w as ca rried out with, t he 

cult ure d  cell s w ere s elect ed from a pol yclon al proli ferati ve population of in fected cell s.  

 

C ell  C ult ure  

 Nor mal human small air wa y epit heli al cell s f rom a 19 - yea r old Caucasi an f emale we re 5  

purchased from Lon z a ( W alkersvil le, MD, USA).  These c ell s were pl ace d on coll agen - co ated 

ti ssue and grow n  in a se r um - free S A GM medium  to which various growth factors suppl ied  b y 

Lonz a had b een add ed (S AGM Bull et Kit ; Lo nz a).   The cell s we re maintain ed in a low - ox ygen 

environment (3% O 2  and 5% C O 2 ) wit hin a wet i ncubator  at37 qC .  

 10  

Xeno gra ft Growth Ex per im ent  

 A x enogra ft growth ex pe riment was ca rried out on  mi ce.  S ingle - cell  su spe nsion s 

containing 1 u10 6  HSAE/4T53 cell s or HS AE c ell s trans duced  with  va rious canc er - associated 

gen es we re suspend ed in 50% MATR IGE L � (BD Bioscienc e; S an  J ose, CA, US A), and 

subcutaneousl y inj ected i nto t he flanks of 6 -  or 7 - week f emale ath ymi c nu de mi c e ( BA LB /c 15  

nu/nu;  J apan S LC ; Hama matsu, J apan) or NOD - S C ID mic e (Charles R ive r ).  The dim ension s of 

the tumors were me asure d with a vernier cali per a nd the tumor volum e was  calculated from t he 

following equ ati on, base d on which the tumorige n icit y  was esti ma ted.  

 

 Tumor volume = ab 2 / 2  (wher e a is t he width, an d b is  the length)  20  

 

 Alternati vel y , the r ati os i n which  measur able tumor m asses formed at t he s it es  to which 

the various can cer - associ ated gene - trans duc ed  HS AE/4T53 cell s or HS AE cell s had been 
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im planted  w ere  calculat e d as the tum or incidenc e,  based on which the tum origeni cit y w as 

esti mated .  

 

Imm unolo gical An al ysis  and Imm unohis toch emi c al S taining  

 The x enogr aft was forma li n - fix ed and paraffin - em bedded, aft er which it w a s  secti oned 5  

and hematox yli n eosin ( H&E) staini n g w as ca rrie d out accordin g to t he no rmal protocol.  

Imm unohis tochemi c al st aini ng w as ca rried out in accord anc e with t he abov e li terature (Sasai, K., 

et al., Am. J. Surg. Patho l.  32, 122 0 - 1227 (2008)) using the foll owin g anti b odies :  mul ti -

c ytok erati n s  (AE1/AE3; Dako; Glos trup, Denma r k), p63 (4A4; Dako ), TT F - 1 (8G7 G3/1; Dako), 

p53 (D07; Novocastr a), a nd V IM ENT IN (V9; Nic hirei;  Tok yo, J apan).  Th e procedu re used to 10  

carr y out i mm unohis tochemi cal st aini ng w as as fo ll ow.  Tiss ue secti ons having a thi ckn ess of 4 

Pm wer e dep araf finiz ed with x ylene, th en deh ydr ated wit h ethanol.  The a nti gen w as acti vated 

b y 2 mi nutes of he ati ng i n 10 mM  cit rate buff er (p H 6.0) withi n a pressur e cooker.  Th e ti ssue 

sli ces were reh ydr ated wi th 0.01% Tween 20 - cont aini ng ph osph ate - buff ere d sali ne  (PBS T) and 

incubated wit h 0.3% h yd rogen perox ide, thereb y deacti vati n g the endo gen ous perox idase.  The 15  

ti ssue secti ons were incu bated overni ght at 4 qC  in  primar y anti bod y at a su it able dilut ion 

concentr ati on, then wash ed with P BS T, following which the y we re incubat ed for 30 mi nutes at 

room temperatur e in Env isi on Dual Link so lut ion (Dako; Glos trup, Denm a rk).  Nex t, t he 

secti ons were t reat ed with di ami nobenz idi ne (Dako), thereb y visuali z ing th e anti gen - anti bod y 

reacti on si tes, and nu c leu s st aini ng was car ried out b y 90 se conds of hem ato x yl in t reatm ent.  20  

S li des of the t iss ue secti on s  were mount ed usin g  E ntellan Neu re a gent (M er ck; W hit ehouse 

S tation, NJ ), then sealed wit h a cover glass and fu rnished for obse rvati on.  
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 Alcian Blue st ain i n g w as  carri ed out b y formalin - f ix ing, paraffin - enc apsul a ti ng and 

secti oning th e  x enograft,  then staini ng the se cti ons as des cribed  in t he abov e li teratur e (St e edman, 

H.F., Quarterly Journal  of Microscopic Scien ce , Vol. 91, p 477 - 479 (1950 )).  

 

Imm unoblot ti ng  T echniq ue  5  

 P rotein m easurement, S DS - P AGE and im munobl ott ing were ca rried out a s described in 

the above li teratur e (Ak a gi, T., et al., Mol. C ell  Biol .  22, 7015 - 7023 (2002) ).  Imm unoposi ti ve 

protein si gnals w ere visu ali z ed b y ch emi lum inescence usi n g S uperSi gnal W estFemt o rea gent 

(Pierce, R ock ford; IL, U S A).  Anti - c - M yc monoc lonal anti bodies were pu r chased f rom 

Invit ro gen (Carlsbad, C A , USA).  10  

 

C loni ng b y Lim it ing Dilut ion Technique  

 The prep arati on of cell  cl ones from si ngl e cell s wa s carried out as desc ribed  in t he above 

li terature (Quint an a, E., e t al., N ature  456 (7222): 593 - 8 (De c. 4, 2008)).  

 15  

Ex perimental Result s  

[ 1]  P roducti on of C ancer C ell s Trans duced  with v - S rc Gene and c - M yc  Gen e  

 4T53MS  cell s produced b y trans fer rin g the c - M y c  gene and the v - S rc gen e to 

HSAE/4T53 cell s wer e s ubcutaneousl y transpl ant ed (1 u10 6  cell s/animal) in ath y mi c nud e mi ce 

(BA LB /c nu/nu; J apan S LC ; Hamam atsu, J apan).  The x enogr aft growth ex periment ,  hist ological 20  

anal ysis  and im munohi s t ochemi cal st aini n g  we re carri ed out on t he tu mor ti ssue that formed.  

T umor mass formation w as observed in t he mi c e int o which 4T53 M S  cell s were tr anspl anted 

(FIG. 1 A).  The 4 T53MS  cell s had a ve r y hi gh tum origenicit y.  Ev en com pared with NC l - H460 
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lung c ance r cell s, which are known to h ave a hi gh  tum origenicit y, the 4T53 MS  cell s had a 

tum origenicit y that was a bout t wice as hi gh (F IG. 1B).  This t umor mass w as removed, tis sue 

secti ons were prep ared a nd hematox yli n - eosin (H &E) staini n g was car ried out, whereupon 

canc er tiss ue im a ges havi ng  a v er y low d e gre e of d ifferenti ati on and ex hibi ting no diff erenti at ed 

morpholog y w ere obs erv ed.  The im munos taining result s were n e gati ve fo r  staining with p63, a 5  

lung epit heli um m arke r, and wer e ne gati ve as wel l for  staining with c ytoke rati n (anti bod y clone 

name, AE1/ AE3), which is an epit heli al cell  mark er.  On the othe r hand, th e tum or cell s wer e 

strongl y posi ti ve for the mesench ymal c ell  marke r V IMENT IN .  It was co ncluded from the 

above that tum ors from 4 T53MS  cell s ex hibi t the nature  of undif fer enti ated  canc er ( F IG . 1C ).  In 

cell s obt ained b y the gen e transfe r of v - S r c alone or c - M yc alone to HSAE /4T53 cell s (the 10  

UHVXOWLQJ�FHOOV�DUH�UHIHUUHG�WR�KHUH�DV��UHVSHFWLYHO\��³�7��6´�DQG�³�7��M ´�FHOOV���WXPRULJHQLFLW\�

was not  observed.  

 The 4T53MS  cell s had a ver y stron g tum origenicit y.   Even when subcut ane ousl y 

transpl anted in amount s of 1 u10 6 , 1 u10 4 , 1 u10 3  or 1 u10 2  cell s, tum or formati on in NOD - S C ID 

mi ce was obse rved at 10 0% probabil it y ( F IG . 2A) .  Even with t he im plantati on of onl y ten c ell s, 15  

tum or formati on at a pro babil i t y of 50% w as foun d to be possibl e (FIGS. 2 A, 2B).  Th ere fore, 

because 4 T53MS  cell s ar e char acte riz ed b y  a ver y high tum origenicit y and differenti at e  int o  

more than one t ype o f cel ls , thi s demons trated  that 4T53MS  cell s have the c haract eristi cs of 

canc er s tem c ell s.  

 4T53mS  cell s produced b y trans fer rin g the induc i ble  c - M yc gene and th e v - S rc gene to 20  

HSAE/4T53 cell s wer e d ox yc yc li ne (D OX) tr eate d, thereb y inducin g c - M yc ex pressi on in an in 

vit ro  ex perimental s yste m (F IG. 3A ).  4T53mS  c ell s cult ured in t he p res e nce of D OX we re 

transpl anted subcutan eou sl y in nude mice and DO X admi nist rati on was co nti nued.  W hen tum or 
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formation was obse rved, DOX  admi nist rati on was  stopp ed (FIG . 3 B ).  The tum or tiss ue obtained 

was st ained wit h c ytoker ati n, thereb y cle arl y dist in guishi n g betwe en st ron gl y posi ti ve tum or 

cell s and ne gati ve  strom al cell s.  Howev er, the ch aract eristi c im a ges se en in, for ex ampl e, 

adenoc arci noma o r squa mous  cell  canc er, w ere  n ot obs erved, indi cati n g th at t his was a poorl y 

differenti at ed lar ge - c ell  c an cer - li ke tum or ( F IG. 3 C ).  5  

 

[ 2]  P roducti on of C ancer C ell s b y Trans fer o f Hu man Genes  

 4T53RM  cell s obt ained by the tr ansfe r of both t he c - M yc gen e and the KRAS V1 2  gene 

were sub cutaneousl y im planted in ath ymi c nud e mi ce ( BA LB/ c nu/nu;  J apan S LC ; Hamam a tsu, 

J apan), and the x enogr aft  gro wth ex periment, hi stol ogical anal ysis  and im munohi stochemi cal 10  

staining  we re c arri ed out on the tum or ti ssue that formed .  The 4T53RM  c ell s had tum origenicit y.   

Howeve r, the tum or inci dence w as 38% ( F IG. 4 ).   4T53RMB cell s obt ai ne d b y trans fer rin g the 

BC L2 gene int o these 4T 53R M cell s were sub cuta neousl y im planted in ath ym ic nude mi c e 

(BA LB /c nu/nu; J apan S LC ; Hamam atsu, J apan), and the x enogr aft growth  ex periment, 

hist ological anal ysis  and im munohi stochemi cal staini ng  w ere car ri ed out o n the tumor ti ssue that 15  

formed .  The 4T53RM B cell s formed tumors in n ude mi ce at a hi gh incide nce of 80%.  

 In im munol ogi cal ex ami nati on,  hist ologies that do not ex hibi t  the chara cte risti cs of 

squamous  cell  can cer o r adenoc arcinom a w er e ob served in  both t umors fro m 4T53R M cell s and 

tum ors from 4T53RMB cell s.  These tum ors we re  im munos tained, as a res ult  of which onl y a 

weakl y posi ti ve re acti on to c ytoke rati n was ex hibited (AE1/AE3 :  F IG. 5).  Howeve r, b ec ause a 20  

strongl y posi ti ve re acti on  to V IME NT IN w as ex hibi ted, this  was judged to be undiffer enti ated 

canc er.  
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 4T53R cell s were p roduc ed b y tr ansfe rrin g the KR AS V1 2  gene to HS AE/4T53 cell s.  One 

of the genes P IK3CA H1 0 47 R , C ycli n - D1 or  LK B1 D1 9 4 A  was transfe rred to t he  4T53R cell s, thereb y 

establis hing, r esp ecti vel y, 4T53RP  cell s, 4T53R D cell s and 4T53R L cell s.  The 4T53R, 4T53RP , 

4T53RD and 4T53R L ce ll s were subcutan eousl y i mpl anted in ath ymi c nud e mi ce ( BA LB /c 

nu/nu;  J apan S LC ; Hama matsu, J apan), and the x enogr aft growth ex periment, hi stol ogical 5  

anal ysis  and im munohi stochemi cal st aini n g  we re carri ed out on t he tum or tiss ue that formed .  

Although tum origenicit y was not  seen in t he 4T53 R  cell s, hi gh tum or incid ences w ere obs erved 

in t he 4T53RP  cell s, 4T53R D cell s and 4T53R L c ell s (these we re r especti v el y 10 0% , 100%, 

83%; F IG. 4 ).  

 Hist ological an al ys es we re ca rried out on tum ors ( x enografts) from t he 4T5 3R P  cell s, 10  

4T53RD cell s or 4T53R L c ell s, wher eupon these were found to ex hibi t  histol ogies sim il ar to 

actual human lun g c ance r tiss ue.  In tum ors forme d wit h 4T53RP  cell s,  histol ogies  containin g 

both adenoca rcinom a - li k e re gions and squ amous  cell  can cer - li ke re gions were obs erved (F IG. 6; 

H&E).  In tum ors (x enografts) fo rmed with 4T53 R D cell s and 4T53R L cel ls, because  glandul ar 

structure form ati on was  observe d and tum or stro ma we re abundantl y pr esen t, t his was re ga rded 15  

to have a morpholo g y si mi lar to t hat of human lung ad enoc arcinom a  (FIG .  6; H&E).  Th ese 

tum ors were c ompos ed o f cell s that ar e stron gl y p osit ive for  the epit heli al c ell  marker 

c ytok erati n ( F IG. 6; AE1 /AE3), and a r e also po sit ive for lun g epit heli al c ell  marker p63 stainin g 

(FIG. 6; p63 ).  The  ex pre ssi on of these marke rs indicates that t he tum ors fr om t he 4T53RP , 

4T53RD and 4T53R L ce ll s are diffe renti ated tum ors resembl in g human lu ng ad enoc arcinom a.  20  

Bec ause tum ors f rom 4T53RP  cell s also i ncluded squamous  cell  can cer - li ke re gions, thi s was 

concluded to be a mi x ture of human ad enoca rcino ma and squamous  cell  c a rcinom a 

(adenosquamous  cell  ca r cinom a).  
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[ 3]  P roducti on of C ell s Having the Nature  o f Canc e r St em C ell s for Lun g A denocar cinom a  

 C ancer tiss ue f rom 4T53RD cell s produced b y tr a nsferrin g both t he KRAS V1 2  and C ycli n 

D1 genes to HS AE/4T53  cell s form a gland ula r  structure compos ed of a h e terogeneous  

population of cell s resem bli ng lung adeno car cinom a .  This s uggests  the po ssi bil it y that 4T53RD 5  

cell s have the n ature of st em cell s with t he abil it y t o differenti at e int o numerous t ypes o f cell s.  

 In o rder to co nfirm t his po ssi bil it y, 4T53RD c ell s were cloned b y the lim it ing dil uti on 

method, givi n g  seve ra l  c ell  clones ori ginated f ro m a single c ell .  These ce ll  clones were 

subcutaneousl y im plante d in NOD - S C ID mice, an d the x enogra ft  growth e x periment , 

hi s tol ogical anal ysis  and im munohi stochemi cal staini ng  w ere car ried out o n the tumor ti ssue that 10  

formed .  T he 4T53RD ce ll  clones from single cell s formed tumor masses a nd, li ke the parent 

strain of 4T53RD cell s, f ormed tum ors morphologi call y sim il ar to human l ung ad enoc arcinom a 

(FIG. 8 A).  

 The mous e airw a y epit he li um, as shown in F IG. 8 B , is composed of s ever a l  cell  

popu lations , including ba sal cell s which ex press p 63, clara cell s which ex press TTF1, gobl et 15  

cell s which produc e muc in, and cil iated cell s.  

 The tum or tiss ue that for med upon the impl antation of  single cell  derived 4T53RD cell  

clones  wer e  im munohi st ochemi call y st ained, as a  result  of which p63 posi ti ve basal cell s w ere 

present i n borde r ar eas in  contact wit h the mous e s ubst rate .  Howev er, the p ortion which forms a 

gland ula r  structur e o n the insi de thereof was p63 negati ve, and  cell s posi ti ve for the TT F1 which 20  

is ex pressed in clara c ell s , and mucin - producin g  ce ll s that are stained b y A lc ian B lue w ere 

present ( F IG. 8A ).  Takin g int o consi der ati on the f act t hat, ac cordin g to R ock, J .R ., et al. Proc. 

N atl . Acad. Sci. USA  106 (31), 12771 - 5 (Au g. 4,  2 009) ,  p63  posi ti ve  basal cell s have r ec entl y 



39  

been shown to functi on a s st em cell s in t he bronch ial tubes, these result s su ggest t hat, i n tum ors 

obtained b y sin gle cell  de rived 4T53RD cell  clone s, as p63 posi ti ve cell s proliferate tow ard the 

insi de, the y diff er e nti ate int o clara c ell s and muc i n - secr eti ng goblet  cell s, thereb y fo rming canc er 

ti ssue compos ed of a het ero geneous  popul ati on  of cell s.  

 Also, 4T53R D cell  clone s have a stron g tum ori ge nicit y.  W hen 1 u10 4 , 1 u10 3 , 1 u10 2 , and 5  

1 u10 1  of these cell s wer e  subcut aneousl y im plante d, tum or formati on in NOD - S C ID mice at 

probabil it ies of, respe cti vel y, 100 %, 80%, 60% an d 13% w as  observ ed ( F IG. 9).  

 From the abov e result s, 4 T53RD cell s wer e shown  to pos sess t he following two 

properties of canc er stem  cell s :  (1) the y ha v e the a bil it y to di ff erenti at e fro m a single t ype o f cell  

int o a plurali t y of t ypes o f cell s in t he cours e of fo rming a tum or in vi vo ; an d (2) even a small  10  

number of c ell s  are capa ble of formin g a tum or.  

 

[ 4]  P roducti on of C ell s Having the  C ha ra cterist ic  of Lun g S quamous  C ell  C ancer  

 4T53RD 'Np63 cell s pro duced b y trans ferrin g the  KRAS V1 2 , C ycli n D1 an d TP 63 'N  

gen es to HS AE/4T53 cel ls were subcut aneousl y im planted in ath ymi c nud e mi ce ( BA LB /c 15  

nu/nu;  J apan S LC ; Hama matsu, J apan), and hist ologic al anal ysis  an d im munohi stochemi cal 

staining we re  c arri ed out on t he tum or tiss ue that formed.  

 4T53RD cell s produced b y trans fer rin g both t he KRAS V1 2  gene and the C yc li n D1 gene 

to HS AE/4T53 cell s for m ed  tum ors having a  morpholog y sim il ar to that o f  human lung 

adenoc ar cinom a (FIG . 1 0A), wher eas cell s produ ced b y transf errin g not o nl y the KR AS V1 2  and 20  

C ycli n D1 gen es but  also t he TP 63 'N  gen e formed , accordin g to hi stol ogi ca l anal ysis , squamous  

cell  car cinom a - li ke tum o r tiss ue (FIG . 10B ).  
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[ 5]  P roducti on of Differ e nti ated Lun g C an cer C ell s Using EG FR  Mutated Gene and C ycli n D1  

 4T53 ED cell s produc ed b y trans fer rin g both t he EGFR T7 9 0 M L8 5 8 R gene an d the C ycli n D1 

gen e int o HSAE/4T53 ce ll s were subcutan eousl y i mpl anted in ath ymi c nud e mi ce ( BA LB /c 

nu/nu;  J apan S LC ; Hama matsu , J apan), and the x enogr aft growth ex periment , hist ological 

anal ysis  and im munohi stochemi cal st aini n g  we re carri ed out on t he tum or tiss ue that formed .  5  

 The 4T53 ED c ell s ex hibit ed 100% tum or inciden ce ( F IG. 4 ), and thus  we r e found to 

have a hi gh tum ori gen ici t y.  Also, t umor ti ssue fr om 4T53 ED cell s forme d a  particula r  t yp e of 

differenti at ed tum or tiss ue havin g  a morpholo g y c ompos ed primaril y o f squamous  epit heli al - li ke 

cell s among which we re i nterspersed adeno car cinom a - li ke cell s ( F IGS. 11A  to 11C ).  

 As d emons trated  b y the a bove result s, b y transf erri ng c anc er - associated gen es int o 10  

im mortali z ed human small  airwa y epit heli al c ell s (HS AE/4T53 cell s), it i s poss ibl e to regulat e 

the de gre e of tumor c ell  differenti ati on.  Th at i s, as shown in F IG. 7, it i s poss ibl e to produce 

models of undiffer enti ate d canc er b y gen e transf er  in volvi ng the combi nati on of  a c - M yc  gen e 

and a v - S rc gene ( 4T53 MS  cell s) or the combi na ti on of a c - M yc gene, a KRAS m utated gen e 

and a BC L2 gene (4T53 R MB cell s).  Also, b y tra nsferrin g gen es in t he co mbi nati on of an  15  

inducible  c - M yc gene an d a  v - S rc gen e (4T53mS  cell s), it i s poss ibl e to establi sh a poorl y 

differenti at ed lun g c ance r model res embl ing hum an lung lar ge - c ell  can cer  upon c - M yc indu cti on .   

In addit ion, b y gen e trans fer in an y on e of the follo wing combi nati ons, t hat i s, the combi nati on 

of a  KRAS m utated gene  and a  P IK3CA mut ated gen e (4T53R P  cell s), the combi nati on of a  

KRAS m utated gen e and a  C ycli n D1 gene (4T53 R D cell s), the combi nati on of a  KRAS m utated 20  

gen e and a  LK B1 mut ate d g en e (4T53R L c ell s), the combi nati on of a  KR AS m utated gen e, a  

C ycli n D1 gen e and a  TP 63 gen e (4T53R D 'Np63  cell s), or the combi nati o n of a EG FR  mut ated 
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gen e and a  C ycli n D1 ge ne (4T53ED c ell s), it i s poss ibl e to produce huma n lung c ance r models 

resembl ing a deno car cinom a or squamous  cell  c arc inom a (or a mi x ture there of).  

 

IN DUS TR IA L APP LIC ABILIT Y  

 The present i nventi on pr ovides tum or cell s which  ex hibi t pathological char acterist ics 5  

sim il ar to those of human lung c ance r cell s.  S uch tum or cell s are us eful in r esea rch on the 

biol ogical m e chanism s of lung c anc er, the identifi cati on of tar get m olecule s for lung can cer 

treatm ent, and the s cre en ing and testi n g of canc er drugs.  In particula r, tumor cell s produc ed b y 

the transfe r of onl y can ce r - associat ed human gen e s  fait hfull y r ec apit ulate the properties o f the 

cell , and ar e ex pected to be highl y use ful in t he de velopm ent of can cer d ru gs.  10  

 

S equence List in g
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C LA IMS  

 1.  A method for produ cing t umor cell s  b y tr ansfe rrin g a can cer - associat ed gen e(s) 

int o im mortaliz ed sm al l airwa y epit heli al cell s , w herein  

 the imm ortali z ed sm all  airwa y epit heli lal c ell s  are produced b y subj e cti ng n ormal sm all  

airwa y epit heli al cell s  to foll owing tre atm ents (1) to (3):  5  

(1) for ced ex pressi on of t elom ere r evers e trans crip tase gene;  

(2) for ced  ex pressi on of c yc li n - depend ent ki nase 4 gen e; and  

(3) induction of p53 loss  of functi on, and wh erein  

 the canc er - associated ge ne(s) is(ar e) one or mor e gen es select ed from amo ng c - M yc  gene,  

v - S rc gene, KRAS m utated gene, BC L2 gene, P IK3C A mutated gene, C y cli n D1 gene, LK B1 10  

mut ated gene, TP 63 gene  and EGFR  mut ated gene .  

 2.  The method ac cordin g to  claim 1, wherein t he can cer - associated gene is a 

combi nati on of c - M yc ge ne and v - S rc gene.  

 3.  The method ac cordin g to  claim 1, wherein t he can cer - associated gene  is a 

combi nati on of c - M yc ge ne, KRAS  mut ated gene and BC L2 gen e.  15  

 4.  The method ac cordin g to  claim 2 or 3, wher ein t he tum or cell s  undiffe renti ated 

canc er c ell s .  

 5.  The method ac cordin g to  claim 4, wherein t he tum or cell s ar e can ce r stem c ell s .  

 6.  The m ethod ac cordin g to  claim 1, wherein t he can cer - associated genes a re c - M yc 

gen e and v - S r c gen e, wh erein t he c - M yc gen e is i nducti vel y ex pressed in the imm ortali z ed 20  

human small airwa y epit heli al cell s .  

 7.  The method ac cordin g to  claim 6, wherein t he tum or c ell s  ar e poorl y 

differenti at ed lung can ce r cell s .  

 8.  The method ac cordin g to  claim 1, wherein t he can cer - associated gene is a 

combi nati on of KRAS m utated gene with one gen e selected from P IK3CA mut ated gene, C ycli n 25  

D1 gene and LKB1 mut a ted gene.  

 9.  The m ethod ac cordin g to  claim 8, wherein t he can cer - associated genes a re a 

combi nati on of KRAS m utated gene and C ycli n D 1 gen e.  

 10.  The method ac cordin g to  claim 8, wherein t he can cer - associated genes a re a 

combi nati on of KRAS m utated gene, C ycli n D1 gene and TP 63 gen e.  30  

 11.  The method ac cordin g to  claim 8, wherein t he can cer - associated genes a re a 

combi nati on of KRAS m utated gene and P IK3CA  mut ated gene.  

 12.  The method ac cordin g to  claim 8, wherein t he can cer - associated genes a re a 

combi nati on of KRAS m utated  gene and LK B1 mut ated gene.  
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 13.  The method ac cordin g to  claim 1, wherein t he can cer - associated genes a re a 

combi nati on of EGFR  m utated gene and C ycli n D 1 gen e.  

 14.  The method ac cordin g to  claims  8 to 13, wherein t he tum or cell s  ar e diffe re nti ated 

lung c ance r cell s .  

 15.  The method ac cordin g to  claim 9  and 11 , wher ein the tumor cell s  are can ce r stem 5  

cell s  of diffe renti ated lun g c anc er s .  

 16.  The method ac cordin g to  claims  8 to 15, wherein t he im mortali z ed sm all  airwa y 

epit heli al cell s are o f a m amm ali an o r prim ate c ell s .  
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