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Abst r act . The expr essi on of t he cel l - cel l adhesi on
mol ecul es E- and P- cadher i n has been anal yzed i n
seven mouse epi der mal ker at i nocyt e cel l l i nes r epr e-
sent at i ve of di f f er ent st ages of epi der mal car ci nogene-
si s . An i nver se cor r el at i on bet ween t he amount of
E- cadher i n pr ot ei n and t umor i geni ci t y of t he cel l l i nes
has been f ound, t oget her wi t h a compl et e absence of
E- cadher i n pr ot ei n and mRNA expr essi on i n t hr ee car -
ci noma cel l l i nes ( t he epi t hel i oi d HaCa4 and t he
f i br obl ast oi d Car B and Car C cel l s) . A si mi l ar r esul t
has been det ect ed i n t umor s i nduced i n nude mi ce by
t he cel l l i nes, wher e i nduct i on of E- cadher i n expr es-
si on t akes pl ace i n moder at el y di f f er ent i at ed squamous
cel l car ci nomas i nduced by HaCa4 cel l s, al t hough at
much l ower l evel s t han i n wel l - di f f er ent i at ed t umor s
i nduced by t he epi t hel i al PDV or PDVC57 cel l l i nes .
Compl et e absence of E- cadher i n expr essi on has been

C
ELL adhesi on mechani sms pl ay a maj or r ol e i n vi t al
pr ocesses such as embr yogenesi s, t i ssue and or gan
pat t er n f or mat i on and mai nt enance of speci f i c t i ssue

ar chi t ect ur e ( Edel man, 1985 ; Thi er y et al . , 1982) . Cal ci um-
dependent cel l - cel l adhesi on mol ecul es ar e one of t he maj or
component s i nvol ved i n t he var i ous pr ocesses of i nt er cel l ul ar
adhesi on ( Takei chi et al . , 1985) . I n ver t ebr at es, cal ci um-
dependent cel l - cel l adhesi on mol ecul es i dent i f i ed so f ar con-
st i t ut e a f ami l y of t r ansmembr ane gl ycopr ot ei ns, of 119- 135
kD, f or whi ch t he gener al t er mcadher i ns has been pr oposed
( see Takei chi , 1988, 1990 f or r evi ews) .

The di f f er ent member s of t he f ami l y, i dent i f i ed i n var i ous
t i ssues and speci es, can be gr ouped i n t hr ee di st i nct cat ego-
r i es, exempl i f i ed i n t he mouse by ( a) N- cadher i n ( Hat t a and
Takei chi , 1986 ; Hat t a et al . , 1985) , pr esent most l y i n neur al
t i ssues ; ( b) E- cadher i n ( i dent i cal t o uvomor ul i n) ( Yoshi da-
Nor o et al . , 1984; Hyaf i l et al . , 1980 ; Peyr i er as et al . , 1985) ,
expr essed i n epi t hel i al t i ssues ; and ( c) P- cadher i n, pr esent
bot h i n epi t hel i al and nonepi t hel i al t i ssues wi t h maj or pr eva-
l ence at t he pl acent a ( Nose and Takei chi , 1986) . Al l mem-
ber s of t he f ami l y pr esent st r ong homol ogy at t he ami no aci d
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obser ved i n spi ndl e cel l car ci nomas i nduced by Car B
or Car C cel l s . P- cadher i n pr ot ei n was det ect ed i n al l
cel l l i nes t hat exhi bi t an epi t hel i al ( MCA3D, AT5, PDV,
and PDVC57) or epi t hel i oi d ( HaCa4) mor phol ogy, as
wel l as i n nude mouse t umor s, i ndependent of t hei r
t umor i geni c capabi l i t i es . However , compl et e absence
of P- cadher i n was obser ved i n t he f i br obl ast - l i ke cel l s
( Car B and Car C) and i n spi ndl e cel l car ci nomas . The
i nt r oduct i on of an exogenous E- cadher i n cDNA i nt o
HaCa4 cel l s, or r eact i vat i on of t he endogenous
E- cadher i n gene, l eads t o a par t i al suppr essi on of t he
t umor i geni ci t y of t hi s hi ghl y mal i gnant cel l l i ne . These
r esul t s suggest a r ol e f or E- cadher i n i n t he pr ogr essi on
t o mal i gnancy of mouse epi der mal car ci nogenesi s .
They al so suggest t hat t he l oss of bot h E- and P- cad-
her i n coul d be associ at ed t o t he f i nal st age of car ci no-
genesi s, t he devel opment of spi ndl e cel l car ci nomas.

l evel ( Nose et al . , 1987; Hat t a et al . , 1988 ; Ri ngwal d et al . ,
1987) , but di st i nct i mmunol ogi cal pr oper t i es and bi ndi ng
speci f i ci t i es ( Nose et al . , 1988 ; Mi yat ani et al . , 1989) . The
pat t er n of expr essi on and bi ndi ng speci f i ci t i es of t he di f f er ent
subf ami l i es ar e consi st ent wi t h t he pr oposed r ol e of t hese
mol ecul es i n t he segr egat i on of di f f er ent i at i ng t i ssues dur i ng
embr yogenesi s and i n t he mor phogenet i c pr ocesses i nvol ved
i n t he gener at i on of an or gani sm ( Takei chi , 1988, 1990,
1991) .

Dur i ng t umor i genesi s, pr of ound al t er at i ons i n i nt er cel l u-
l ar and cel l - t o- subst r at um i nt er act i ons t ake pl ace ( f or r e-
vi ews, see Hynes, 1989 ; Par i sh et al . , 1987) . Such al t er a-
t i ons ar e par t i cul ar l y evi dent i n t umor i genesi s of epi t hel i al
t i ssues, wher e t he mal i gnant cel l s have t o pass t hr ough t he
basement membr ane bar r i er i n or der t o i nvade and met ast a-
si ze ot her t i ssues . Even bef or e i nvadi ng adj acent t i ssues, t he
mal i gnant cel l s l oosen t hei r adhesi on t o t hei r or i gi nal nei gh-
bor s . The mol ecul ar mechani sms under l yi ng such al t er a-
t i ons ar e l ar gel y unknown and onl y r ecent l y have begun t o
be i nvest i gat ed . Among t hem, changes i n cel l - cel l i nt er ac-
t i ons medi at ed by t he cadher i n f ami l y of mol ecul es i n r el a-
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t i on t o mal i gnancy have r ecei ved i ncr easi ng i nt er est i n t he
l ast f ew year s . St udi es on t i ssue sect i ons of var i ous human
car ci nomas have shown t hat E- cadher i n i s expr essed i n bot h
di f f er ent i at ed and dedi f f er ent i at ed t umor s ( Ei del man et al . ,
1989 ; Shi moyama et al . , 1989) , al t hough l ower l evel s appear
t o be pr esent i n poor l y di f f er ent i at ed car ci nomas ( Shi mo-
yama et al . , 1989) . A r ecent st udy on E- cadher i n expr essi on
i n sever al human car ci noma cel l l i nes i ndi cat es t hat acqui si -
t i on of t he i nvasi on pr oper t i es of dedi f f er ent i at ed f i br obl ast oi d
car ci noma cel l s i s associ at ed wi t h t he l oss of E- cadher i n ex-
pr essi on ( Fr i xen et al . , 1991) . These obser vat i ons, t oget her
wi t h pr evi ous si mi l ar r esul t s wi t h H- r as- t r ansf or med MDCK
cel l s ( Behr ens et al . , 1989) , suppor t a r ol e f or E- cadher i n
as an ant i i nvasi ve mol ecul e, and as a mar ker of t he di f f er ent i -
at i on gr ade of epi t hel i al car ci nomas ( Fr i xen et al . , 1991) .
The expr essi on of P- cadher i n has so f ar onl y been r epor t ed
i n one st udy of human epi t hel i al car ci nomas ( Shi moyama et
al . , 1989) .

Our l abor at or y i s i nvest i gat i ng t he r ol e of E- and P- cadher i n
dur i ng t he t umor i geni c pr ocess of mouse epi der mal car ci no-
genesi s . Bot h cadher i ns ar e t he onl y member s of t he cal ci um
dependent cel l - cel l adhesi on mol ecul es expr essed i n nor mal
mouse ski n wi t h P- cadher i n r est r i ct ed t o t he pr ol i f er at i ve
basal l ayer and E- cadher i n expr essed i n t he basal and supr a-
basal l ayer s ( Nose and Takei chi , 1986) . The model of t wo-
st age mouse ski n car ci nogenesi s i s based i n t he pr ogr essi ve
i nduct i on of pr emal i gnant papi l l omas and i nvasi ve car ci -
nomas by t r eat ment wi t h i ni t i at i ng and pr omot i ng chemi cal
agent s ( Bout wel l , 1974 ; Hecker , 1978 ; Henni ngs et al . ,
1985) . A var i et y of cel l l i nes can be der i ved f r omt umor s and
by i n vi t r o t r ansf or mat i on of pr i mar y epi der mal cel l s,
pr ovi di ng t he oppor t uni t y of an i n vi t r o appr oach t o t he
mouse ski n car ci nogenesi s syst em ( f or r evi ew, see Bal mai n
and Br own, 1988) .

I n t hi s st udy, we have anal yzed t he expr essi on of P- and
E- cadher i n i n seven mouse epi der mal ker at i nocyt e cel l l i nes,
r angi ng f r omi mmor t al i zed nont umor i geni c t o hi ghl y mal i g-
nant car ci noma- der i ved cel l s, whi ch expr ess mor phol ogi cal
phenot ypes i n cul t ur e of epi t hel i al , epi t hel i oi d or f i br o-
bl ast oi d cel l s . Al l cel l l i nes used i n t hi s st udy have been pr e-
vi ousl y char act er i zed i n r egar d t o t hei r expr essi on of nor mal
and mut ant H- r as al l el es ( Qui nt ani l l a et al . , 1986, 1991) and
t o t hei r di f f er ent i at i on pat t er n i n r el at i on t o cyt oker at i n ex-
pr essi on ( Df az- Guer r a, M. , C. Baul uz, S. Haddow, J. L .
Jor cano, A. Cano, A. Bal mai n, and M. Qui nt ani l l a, manu-
scr i pt submi t t ed f or publ i cat i on) . An i nver se cor r el at i on be-
t ween t he amount of E- cadher i n pr ot ei n pr esent and t he
t umor i geni ci t y of t he di f f er ent cel l l i nes has been f ound . Thi s
cor r el at i on has been det ect ed bot h i n cel l cul t ur es and i n
t umor s i nduced by i nj ect i on of t he cel l l i nes i n nude mi ce .
Compl et e absence of bot h E- and P- cadher i n has been de-
t ect ed i n cel l s and t umor s of t wo spi ndl e car ci noma f i br o-
bl ast oi d cel l l i nes, wher eas F- cadher i n, but not E- cadher i n,
was pr esent i n a squamous cel l car ci noma l i ne . Fur t her mor e,
we show t hat a par t i al suppr essi on of t he t umor i geni ci t y can

be obt ai ned by t r ansf ect i on of E- cadher i n cDNAi nt o t hi s l at -

t er , hi ghl y mal i gnant epi t hel i oi d car ci noma cel l l i ne . Our

r esul t s suggest t hat , i n mouse epi der mal car ci nogenesi s, t he
pr ogr essi ve l oss of E- cadher i n can cont r i but e t o t he mal i g-
nancy of squamous cel l car ci nomas. On t he ot her hand, t he
compl et e l oss of bot h E- and P- cadher i n coul d al so pl ay a
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r ol e i n t he f ur t her pr ogr essi on t owar ds poor l y di f f er ent i at ed
spi ndl e cel l car ci nomas .

Mat er i al s and Met hods

Cel l Li nes and Gr owt h Condi t i ons

The or i gi n of t he mouse epi der mal ker at i nocyt e cel l l i nes used i n t he pr esent
st udy ( MCA3D, AT5, PDV, PDVC57, HaCa4, Car B and Car Qi s descr i bed
el sewher e ( Df az- Guer r a, M. , C. Baul uz, S. Haddow, J. L . Jor cano, A.
Cano, A. Bal mai n, and M. Qui nt ani l l a, manuscr i pt submi t t ed f or publ i ca-
t i on) and i s br i ef l y summar i zed i n Thbl e I . Al l of t he epi der mal cel l l i nes
wer e gr own i n HAMF- 12 medi um suppl ement ed wi t h a compl et e set of
ami no aci ds ( Gi bco Lt d . , Pai sl ey, Scot l and) , 5 or 10%FCS and t he ant i -
bi ot i cs amphot er i ci n B ( 2 . 5 / i g/ ml ) , ampi ci l l i n ( 100 kg/ ml ) , and gent ami ci n
( 32 pg/ ml ) ( Si gma Chemi cal Co. , St . Loui s, MO) . Mouse 10TV2 f i br o-
bl ast s wer e cul t ur ed i n Dul beccds MEM suppl ement ed wi t h 10% FCS
and ant i bi ot i cs . Cel l s wer e gr own at 37° C i n a humi di f i ed 5% COZ at -
mospher e .

7Mnsf ect i on Pr ocedur e

HaCa4 cel l s wer e cot r ansf ect ed wi t h t he pBATEM- 2 ( Nose et al . , 1988) and
t he pSV2neo vect or s ( Sout her n and Ber g, 1982) by t he cal ci um- phosphat e
copr eci pi t at i on met hod essent i al l y as descr i bed by Nose et al . ( 1988) .

Tr ansf ect i on wi t h 1 j ug of pBATEM- 2 and 0. 1 ug of pSV2neo was car r i ed
out i n Dul beccds MEMsuppl ement ed wi t h 10%FCS. Af t er 18 h, t he DNA-
cont ai ni ng medi umwas r epl aced by f r esh HAMF- 12 cont ai ni ng 10%FCS,
and 24 h l at er sel ect i on wi t h 0. 4 mg/ ml G418 ( Gi bco Lt d . ) was begun .

Resi st ant col oni es wer e i sol at ed and t est ed f or E- cadher i n expr essi on by i m-
munof l uor escence st ai ni ng and West er n i mmunobl ot t i ng. Posi t i ve cel l s

wer e subcl oned and used f or f ur t her st udi es . The pBATEM- 2 vect or was
ki ndl y pr ovi ded by MTakei chi ( Uni ver si t y of Kyot o, Kyot o, Japan) , and t he

pSV2neo vect or by J. L . Jor cano ( CI EMAT, Madr i d, Spai n) .

7l umor i geni ci t y Assays i n Nude Mi ce

For t he t umor i geni ci t y t est , cel l s wer e col l ect ed and washed i n PBS and sub-

cut aneousl y i nj ect ed i n mal e nu/ nu mi ce, 8- 10 wk ol d . 1 x 106 cel l s wer e

used f or a si ngl e i nj ect i on . I n di f f er ent exper i ment s, mi ce wer e ei t her i ndi -
vi dual l y i nj ect ed wi t h t he same cel l l i ne at t hr ee di f f er ent si t es ( t he t wo
f l anks and t he neck) or doubl e i nj ect ed wi t h di st i nct cel l s on t he l ef t and
r i ght f l anks . Ani mal s wer e obser ved f or t umor f or mat i on and sacr i f i ced
when t umor s r eached a si ze of t i 2 cm.

I mmunost ai ni ng and Hi st ol ogi cal Pr ocedur es

For i mmunof l uor escent st ai ni ng, cel l s wer e gr own t o conf l uence on gl ass
cover sl i ps and, af t er washi ng i n PBS cont ai ni ng 2 . 5 mMCaCI Z ( or 2 mm
EGTA) , wer e f i xed and per meabi l i zed by t he met hanol - acet one met hod .
Cover sl i ps wer e i ncubat ed wi t h t he mAb ECCD- 2 ( 11500) or PCD- 1 ( 1/ 20)
as descr i bed ( Shi r ayoshi , 1986 ; Nose and Thkkei chi , 1986) . Goat ant i - r at
I gGcoupl ed t o r hodami ne or f l uor escei n compounds ( Nor di c I mmunol ogi -
cal s Lab. , Ti l bur g, The Net her l ands) wer e used as second ant i bodi es .

I mmunocyt ochemi cal st ai ni ng of t umor s wi t h t he mAb ECCD- 2 ( 11250)
and PCD- 1( 1/ 20) was car r i ed out on f r ozen t i ssue . Fr esh sur gi cal l y exci sed
t umor s wer e embedded i n OCT compound, f r ozen i n l i qui d ni t r ogen, and
st or ed at - 70° C. Cr yost at sect i ons of 5- 6 pmwer e i mmunost ai ned by t he
al kal i ne phosphat ase met hod usi ng bi ot i nyl at ed sheep ant i - r at I g ( 1/ 200,
Amer sham I nt er nat i onal , Amer shar n, Engl and) and ext r avi di n- al kal i ne
phosphat ase compl ex ( 1/ 250, Bi oMakor , Rehovot , I sr ael ) . The al kal i ne
phosphat ase act i vi t y was devel oped usi ng napht yl ASMXphosphat e as sub-
st r at e and Fast - Red as t he chr omogen gr oup ( Si gma Chemi cal Co. ) . As
negat i ve cont r ol , we used r at ant i - mouse I g as t he pr i mar y ant i body . I mmu-
nocyt ochemi cal st ai ni ng of nor mal mouse ski n showi ng t he speci f i c st ai ni ng

pat t er n of bot h ant i bodi es was used as posi t i ve cont r ol .

Di l ut i ons of ant i - cadher i n ant i bodi es wer e made i n 150 mMNaCl , 10

mM Hepes, pH 7. 4, 10 mM CaCI Z ( HMF- Ca buf f er ) , cont ai ni ng 1%
( wt / vol ) BSA and secondar y ant i bodi es i n PBS cont ai ni ng pr ei mmune goat

ser um ( 1 : 50 di l ut i on) . The mAb ECCD2 and PCD- 1 wer e a gener ous gi f t
of M. Takei chi .

Hi st ol ogi cal anal ysi s of t umor s was car r i ed out on 5- 6- pm sect i ons of
par af f i n embedded mat er i al .
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Tabl e L Rel at i onshi p bet ween E- and P- cadher i n Level s and Tumor i geni ci t y of Mouse Epi der mal Cel l s i n Nude Mi ce

Mor phol ogy of t he cel l l i nes i n cul t ur e i ndi cat ed as : Ep, epi t hel i al ; E; epi t hel i oi d ; and F, f i br obl ast oi d .
t Level s of E- cadher i n det ect ed i n whol e cel l ext r act s, quant i f i ed f r om densi t omet r i c scans of t hr ee di f f er ent sut or adi ogr ams such as t hat shown i n Fi g . 4 B, ar e
i ndi cat ed as t he per cent age of t he l evel det ect ed i n MCA3D ext r act s .
ß Level s of P- cadher i n i n whol e cel l ext r act s, quant i f i ed f r omt he densi t omet r i c scan of t he aut or adi ogr am shown i n Fi g . 4 C, ar e i ndi cat ed as t he per cent age of
t he l evel det ect ed i n PDV ext r act s .

I I Rel at i ve t umor i geni ci t y, i ndi cat ed as i ncr easi ng + symbol s, was est i mat ed as a f unct i on of t he l at ency per i od t o obt ai n t umor s of 1 cm di amet er and of t he num-
ber of t umor s i nduced per i nj ect i on si t e . - , no t umor s ; t , one t umor i n t hr ee i nj ect i on si t es wi t h a l at ency per i od of 3 mo; ++ t o ++++, t umor s at al l i nj ect i on
si t es wi t h l at ency per i ods of : ++, 3 wk, +++, 2 wk, and ++++, 7- 9 d . Mor e det ai l s of t umor i geni ci t y of t he cel l l i nes ar e gi ven i n Qui nt ani l l a et al . , 1991,
and i n Di az- Guer r a, M. , C. Baul uz, S . Haddow, J. L. Jor cano, A. Cano, A. Bal mai n, and M. Qui nt ani l l a, manuscr i pt submi t t ed f or publ i cat i on.
1 The l evel s of E- cadher i n i n PDV and PDVC57 whol e cel l ext r act s var i ed bet ween 15 and 50%and 10 and 20%, r espect i vel y, of t he l evel det ect ed i n MCD3D
ext r act s i n t he di f f er ent exper i ment s .

Pr epar at i on of Cel l Ext r act s and West er n Bl ot t i ng

Whol e- cel l ext r act s, wi t hout t r ypsi n t r eat ment , wer e obt ai ned as f ol l ows .
Cel l s gr own t o conf l uence on P- 100 di shes wer e washed t wi ce wi t h HMF- Ca
buf f er and l ysed i n 0. 5 ml l ysi s buf f er ( 100 mMNaCl , 50 mMTr i s- HCl ,
pH 7. 4, 5 mMMgC12, 1%Tr i t on X- 100, 0. 1% SDS, 0. 5% Na- deoxycho-
l at e, 0. 05 % NaN3) cont ai ni ng 10 mMCaC12 and a mi xt ur e of pr ot ease i n-
hi bi t or s ( 2 mMPMSF, 2 mMi odoacet i c aci d, 2 mMN- et hyl mal ei mi de, and
1% t r asyl ol ; Si gma Chemi cal Co. ) . Af t er cent r i f ugat i on, super nat ant s wer e
col l ect ed, adj ust ed t o l x Laemml i sampl e buf f er and f r act i onat ed on 10%
PAGE- SDS gel s, as descr i bed ( Laemml i , 1970) .

Tr ypsi n t r eat ment of cel l s, i n t he pr esence of 2 . 5 mMCaC12 or 2 mM
EGTA, was car r i ed out as descr i bed ( Yoshi da- Nor o et al . , 1984) . Cel l
pel l et s wer e t hen r esuspended i n 100 al l ysi s buf f er cont ai ni ng 2 . 5 mM
CaC12 and t he mi xt ur e of pr ot ease i nhi bi t or s and t r eat ed as descr i bed
above .

West er n bl ot anal yses of t he var i ous cel l ext r act s wer e car r i ed out essen-
t i al l y as descr i bed ( Towbi n et al . , 1979) . Sampl es cont ai ni ng i dent i cal
amount s of t ot al pr ot ei ns wer e r un on 10%PAGE- SDS gel s and t r ansf er r ed
t o ni t r ocel l ul ose paper . Af t er st ai ni ng wi t h Ponceau Red, t he f i l t er s wer e
i mmunobl ot t ed wi t h t he mAb ECCD- 2 or PCD- 1 as descr i bed pr evi ousl y
( Nose and Takei chi , 1986) .

Nor t her n and Sout her n Bl ot Anal yses

Tot al RNA f r omt he di f f er ent cel l l i nes wer e i sol at ed by t he guani di um-
t hi ocyanat e pr ocedur e ( Chomczynski and Sacchi , 1987) . Denat ur ed RNA
( 10 l Ag) f r om each sampl e wer e f r act i onat ed on 1% agar ose gel s usi ng
f or mal dehyde- phosphat e buf f er ( Rave et al . , 1979) and t r ansf er r ed t o nyl on
membr anes ( Zet a Pr obe ; Bi oRad, Madr i d, Spai n) usi ng I Ox SSC as de-
scr i bed ( Mani at i s et al . , 1982) . Hybr i di zat i on t o 32P- l abel ed pr obes was
car r i ed out i n 4x SSC, 5 mMEDTA, 20 mMH2NaPO4, pH 7. 0, 1% SDS,
10 x Denhar dt s sol ut i on cont ai ni ng denat ur ed sal mon sper mDNA ( 200 pg/
ml ) f or 20 h at 65° C. Fi l t er s wer e t hen washed t wi ce i n 2x SSC, 0. 1% SDS
at 65° C f or 10 mi n and t wi ce i n O. l x SSC, 0. 1% SDS at 65° C f or 20 mi n .
Af t er hybr i di zat i on t o t he E- cadher i n cDNA pr obe, t he f i l t er s wer e r ehy-
br i di zed wi t h t he 0- act i n cDNA pr obe i n t he same condi t i ons .

DNA f r omt he di f f er ent cel l l i nes was obt ai ned by convent i onal met hods
( Mani at i s et al . , 1982) . 10 ug of each DNA sampl e wer e di gest ed wi t h
BamHI or EcoRl r est r i ct i on enzymes ( Boehr i nger Mannhei mS. A. , Bar ce-
l ona, Spai n) and f r act i onat ed on 0. 7 %agar ose gel s . Af t er bl ot t i ng t o nyl on
membr anes, hybr i di zat i on t o t he 32 P- l abel ed E- cadher i n cDNA pr obe was
per f or med i n a sol ut i on of 5x SSPE, 50 mMH2NaPO4, pH 7. 4, 10 mM

Navar r o et al . E- Cadher i n and Mal i gnancy i n Epi der mal Car ci nogenesi s

sodi um pyr ophosphat e, 0 . 1% SDS, 2x Denhar dt ' s sol ut i on, cont ai ni ng
denat ur ed sal mon sper mDNA( 200 ug/ ml ) f or 20 h at 65° C. Fi l t er s wer e
washed i n 2x SSPE, 0. 1% SDS f or 10 mi n at r oomt emper at ur e, f ol l owed
by 30 mi n at 65° C i n t he same buf f er ( l x SSPE: 180 mMNaCl , 10 mM
H2 NaPO4, 1 mMEDTA, pH 7. 0) .

The pr obe used f or E- cadher i n det ect i on was t he 0. 9- kb BamHI f r agment
cut f r om t he pBATEM- 2 pl asmi d, cont ai ni ng codi ng sequences f r om
nucl eot i des 993 t o 1920 ( Nagaf uchi et al . , 1987) ; and f or 0- act i n, a 0. 6- kb
EcoRI - Hi ndI D f r agment of r at 0- act i n cDNA ki ndl y pr ovi ded by J . G.
Cast ano ( Depar t ment of Bi ochemi st r y, Uni ver si dad Aut ónoma de Madr i d,
Madr i d, Spai n) . I nser t s wer e i sol at ed f r ompl asmi ds by el ect r ophor esi s i n
agar ose, pur i f i ed by a Genecl ean ki t ( Bi o 101 I nc. , La Jol l a, CA) and l abel ed
by t he r andom pr i mer met hod ( Fei nber g and Vogel st ei n, 1983) .

Resul t s

I dent i f i cat i on of E- and PLCadher i n i n Mouse
Epi der mal Ker at i nocyt es

The mAbs ECCD- 2 and PCD- 1 have been shown t o r ecog-
ni ze mouse E- and P- cadher i n, r espect i vel y ( Shi r ayoshi et
al . , 1986 ; Nose and Takei chi , 1986) . Usi ng t hese ant i bodi es,
we have st udi ed t he expr essi on of bot h pr ot ei ns i n seven
mouse epi der mal ker at i nocyt e cel l l i nes . These i ncl ude i m-
mor t al i zed nont umor i geni c ker at i nocyt es ( MCA3D, Kul esz-
Mar t i n et al . , 1983) , a cel l l i ne der i ved by t r ansf ect i on of t he
human 124 H- r as oncogene i nt o MCA3D cel l ( AT5) ( Qui n-
t ani l l a et al . , 1991) , t r ansf or med ker at i nocyt es obt ai ned by
t r eat ment of pr i mar y epi der mal cel l s wi t h t he car ci nogen
DMBA ( PDV and PDVC57; Br emner and Bal mai n, 1990 ;
Qui nt ani l l a et al . , 1991) and cel l l i nes der i ved f r omcar ci -
nomas i nduced i n vi vo by t he HaMSV r et r ovi r us and TPA
( HaCa4 ; Br own et al . , 1986) or by DMBA/ TPA t r eat ment
( Car B and Car C ; Qui nt ani l l a et al . , 1986) .

The cel l l i nes wer e sel ect ed f or t hi s st udy because of t hei r
di f f er ent t umor i geni c capabi l i t i es i n nude mi ce, r angi ng
f r omnon- t umor i geni c t o hi ghl y mal i gnant ( see Tabl e I ) , and
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Cel l l i nes Mor phol ogy' Or i gi n
E- cadher i nt

l evel s
P- cadher i n4

l evel s
Rel at i vel l

t umor i geni ci t y

MCA3D Ep I mmor t al i zed 100 30 -

mouse ker at i nocyt es

AT5 Ep MCA3D + Human r as 75 56

PDV Ep Tr ansf or med wi t h 301 100 ++

DMBA i n vi t r o

PDVC57 Ep Der i ved f r om PDV 151 10 +++

by t r anspl ant at i on

HaCa4 E HaMSV/ TPA 0 82 + + + +

car ci noma

Car B F DMBA/ TPA 0 0 + + + +

car ci noma

Car C F DMBA/ TPA 0 0 + + + +

car ci noma



Fi gur e 1. I mmunof l uor escent st ai ni ng of epi der mal ker at i nocyt e cel l l i nes wi t h t he mAb ECCD- 2 . The di f f er ent cel l l i nes wer e gr own t o
conf l uence on gl ass cover sl i ps and washed i n PBS cont ai ni ng 2. 5 mMCaC1 2 bef or e and af t er f i xat i on. Cel l l i nes : ( a) MCA3D, ( b) ÁT5,
( c) PDV, ( d) PDVC57, ( e and f ) HaCa4, ( g and h) Car B. ( f and h) Phase- cont r ast i mages of Haca4 and Car B cel l s, r espect i vel y . Nei t her
t he epi t hel i oi d HaCa4 nor t he f i br obl ast oi d Car B cel l l i nes ar e speci f i cal l y st ai ned by t he ant i - E- cadher i n ant i body . Bar , 30 j um.
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Fi gur e 2 . I mmunof l uor escent st ai ni ng of epi der mal ker at i nocyt e cel l l i nes wi t h t he monocl onal ant i body PCD- 1 . Cel l s wer e gr own t o
conf l uence on gl ass cover sl i ps and washed i n PBS cont ai ni ng 2 . 5 mMCaC1 2 bef or e and af t er f i xat i on . Cel l l i nes : ( a- d) as i n Fi g. 1 ; ( e
and f ) Car B; ( g) HaCa4 ; ( h and i ) Car C. f and i show phase- cont r ast i mages of Car B and Car C cel l s, r espect i vel y . See t he posi t i ve st ai ni ng
by PCD- 1 mAb at t he cel l - cel l i nt er f aces i n HaCa4 cel l s ( g) , i n cont r ast t o t he negat i ve st ai ni ng by ECCD- 2 mAb i n t hi s cel l l i ne ( compar e
wi t h Fi g . 1 e) . Bar , 30 Am.

because t hey exhi bi t di f f er ent mor phol ogi cal phenot ypes i n

cul t ur e . MCA3D, AT5, PDV, and PDVC57 cel l s pr esent a

t ypi cal epi t hel i al mor phol ogy wi t h a cobbl est one pat t er n of

gr owt h ; t he HaCa4 cel l l i ne, der i ved f r om a squamous cel l

car ci noma, shows an epi t hel i oi d phenot ype wi t h cel l - cel l

cont act s obser ved onl y at hi gh densi t y cul t ur e condi t i ons

( Fi g . 1 f ) and Car B and Car C cel l s, der i ved f r omt wo i nde-

pendent poor l y di f f er ent i at ed spi ndl e cel l car ci nomas, have

a f i br obl ast oi d shape ( Fi g . 1 h and Fi g . 2, f and i ) .

The i mmunof l uor escent st ai ni ng of t he cel l s wi t h t he mAb

ECCD- 2 showed t hat t he f our epi t hel i al cel l l i nes, MCA3D,

AT5, PDV, and PDVC57, wer e st ai ned at t he cel l - cel l cont act

Navar r o et al . E- Cadher i n and Mal i gnancy i n Epi der mal Car ci nogenesi s

r egi ons ( Fi g . 1, a- d) . However , bot h t he epi t hel i oi d HaCa4

and t he f i br obl ast oi d Car B cel l l i ne di d not show any speci f i c

f l uor escence wi t h t hi s mAb ( Fi g . 1, e and g, r espect i vel y) .

Si mi l ar negat i ve st ai ni ng was al so obser ved i n Car C cel l s

( not shown) . On t he ot her hand, i mmunof l uor escent st ai ni ng

wi t h t he mAb PCD- 1 showed t hat Car B and Car C cel l s wer e

negat i ve ( Fi g. 2, e and h) , wher eas al l t he ot her s, i ncl udi ng

HaCa4, wer e posi t i ve ( Fi g. 2, a- d and g) .

The ant i gens r ecogni zed by t he mAb ECCD- 2 and PCD- 1

i n t he epi der mal ker at i nocyt es wer e i dent i f i ed as E- and

P- cadher i n, r espect i vel y, by sever al cr i t er i a . Fi r st , l ocal i za-

t i on of t he i mmunof l uor escent st ai ni ng at t he cel l - cel l i n-
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t er f aces was dependent on t he exi st ence of est abl i shed i n-
t er cel l ul ar cont act s . The i mmunof l uor escence at t he cel l
boundar i es was obser ved onl y i n conf l uent cel l s ( Fi g . 1, a- d,
and Fi g. 2, a- d and g) or wi t hi n smal l col oni es i n l ow densi t y
cul t ur es, but was absent at t he l i mi t s of t he i sl ands wher e
t her e ar e no nei ghbor i ng cel l s ( not shown) . Second, West er n
bl ot t i ng of cel l ext r act s obt ai ned i n t he pr esence of cal ci um
det ect ed one ECCD- 2 i mmunor eact i ve pol ypept i de of 124
kD ( Fi g . 3 A, l ane 1, see al so Fi g . 3 B) , and one PCD- 1
i mmunor eact i ve pol ypept i de of 119 kD( Fi g. 3 C) , i n agr ee-
ment wi t h t he si zes pr evi ousl y r epor t ed f or mouse E- and
P- cadher i ns, r espect i vel y ( Yoshi da- Nor o et al . , 1984; Hi r ano
et al . , 1987 ; Nose and Takei chi , 1986) . And f i nal l y, bot h
pol ypept i des di sappear ed when t he cel l s wer e t r ypsi ni zed i n
t he pr esence of EGTA ( see i n Fi g. 3 A, l ane 2, one exampl e
f or ECCD- 2 det ect i on) ; accor di ngl y, t he i mmunof l uor escent
st ai ni ng di sappear ed when t he cel l s wer e pr et r eat ed wi t h
EGTA bef or e f i xat i on ( not shown) .

The Amount of Sol ubl e E- Cadher i n I nver sel y
Cor r el at es wi t h Tumor i geni ci t y of t he Epi der mal
Cel l Li nes

The l evel s of E- and P- cadher i n pr ot ei n expr essi on wer e ana-
l yzed i n whol e cel l ext r act s obt ai ned by sol ubi l i zat i on of
conf l uent cel l monol ayer s i n t he pr esence of cal ci um and
pr ot ease i nhi bi t or s, as descr i bed i n Mat er i al s and Met hods .
Al i quot s of each cel l ext r act , cont ai ni ng i dent i cal amount s
of t ot al pr ot ei n, wer e l oaded ont o gel s and bl ot t ed wi t h
ECCD- 2 or PCD- 1 mAb . The r esul t s of a r epr esent at i ve ex-
per i ment ar e pr esent ed i n Fi g . 3, B and C Tabl e I shows a
quant i t at i ve det er mi nat i on of sol ubl e E- and P- cadher i n l ev-
el s compar ed t o t he t umor i geni c capabi l i t i es of t he cel l l i nes
af t er i nj ect i on i n nude mi ce. As can be obser ved, an i nver se
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Fi gur e 3. I mmunobl ot det ect i on of ECCD- 2
and PCD- 1 ant i gens i n mouse epi der mal cel l s .
( A) AT5 cel l s wer e t r ypsi ni zed i n t he pr esence
of 2 . 5 mMCaCI Z ( l ane 1) or i n t he pr esence
of 2 mMEGTA( l ane 2) bef or e har vest i ng and
l ysi s . ( B and C) Whol e cel l ext r act s of t he var i -
ous cel l l i nes wer e obt ai ned f r omconf l uent cel l
monol ayer s, wi t hout t r ypsi ni zat i on, and i n t he
pr esence of 10 mMCaCI Z and pr ot ease i nhi bi -
t or s . Cel l l ysat es wer e l oaded on 10% PAGE-
SDS gel s at 50 l Ag pr ot ei n/ l ane, t r ansf er r ed t o
ni t r ocel l ul ose membr anes, and det ect ed wi t h
ECCD- 2 ( A and B) or PCD- 1 ( C) mAbs . I n A,
mi gr at i on of t he mol ecul ar mass mar ker s, i n
ki l odal t ons, i s i ndi cat ed on t he l ef t . I n B and
C, onl y t he si gni f i cant por t i on of t he gel s i s
shown ; mi gr at i on of t he mol ecul ar mass mar k-
er s, 116, 97. 4, and 66 kD i s i ndi cat ed by smal l
mar ks on t he r i ght . The est i mat ed mol ecul ar
mass, i n ki l odal t ons, of t he ant i gens det ect ed
by bot h ant i bodi es i s i ndi cat ed i n each panel by
ar r owheads .

cor r el at i on bet ween t he amount of sol ubi l i zed E- cadher i n
and t umor i geni ci t y was f ound . MCA3D and AT5 cel l s,
whi ch ar e nont umor i geni c and weakl y t umor i geni c, r espec-
t i vel y, cont ai ned t he hi ghest l evel s of E- cadher i n . The pr o-
t ei n decr eased i n t he moder at el y t umor i geni c PDV and
PDVC57 cel l l i nes and was compl et el y absent i n t he hi ghl y
mal i gnant car ci noma der i ved cel l s HaCa4, Car c ( Fi g . 3 B,
Tabl e I ) and Car B ( Tabl e I , see al so Fi g . 1 g) . The mouse
10TI / 2 f i br obl ast s wer e used as a negat i ve cont r ol . The l evel s
of E- cadher i n pr ot ei n det ect ed i n whol e cel l ext r act s f r om
PDV and PDVC57 cel l s wer e sur pr i si ngl y l ow, as compar ed
wi t h t he i mmunof l uor escent anal ysi s ( see Fi g. 1) , whi ch
coul d suggest a st r onger associ at i on of E- cadher i n t o cyt o-
skel et al component s i n t hose cel l l i nes . However , sol ubi l i za-
t i on exper i ment s of t he E- cadher i n pr ot ei n wi t h t he det er gent
NP- 40 ( Hi r ano et al . , 1987; Nagaf uchi and Tàkei chi , 1988)
showed t hat t he l owamount s of E- cadher i n det ect ed i n whol e
cel l ext r act s of PDV and PDVC57 cel l s cannot be expl ai ned
by such an associ at i on . I n f act , l ower l evel s of i nsol ubl e
E- cadher i n and a hi gher pr ot eol yt i c sensi t i vi t y of t he sol ubl e
component wer e det ect ed i n PDV and PDVC57, as compar ed
wi t h MCA3D and AT5 cel l s ( not shown) .

I n cont r ast t o t he above r esul t s, no cor r el at i on bet ween t he
amount of sol ubi l i zed P- cadher i n pr ot ei n and t umor i geni ci t y
was f ound i n t he cel l l i nes whi ch exhi bi t ed an epi t hel i al or
epi t hel i oi d mor phol ogy ( Fi g . 3 C, Tabl e I ) ; hi gh l evel s of t he
pr ot ei n wer e det ect ed i n MCA3D, ÁI 5, PDV, and HaCa4
cel l s, and l ower i n PDVC57 cel l s . However , no P- cadher i n
was det ect ed i n Car C ( Fi g. 3 C, Tabl e I ) and Car B cel l ( Tabl e
I ) , i n agr eement wi t h t he i mmunof l uor escent anal ysi s .

The amount of E- cadher i n mRNA i n t he var i ous cel l l i nes



Fi gur e 4. Nor t her n and Sout her n bl ot anal ysi s of t he ker at i nocyt e cel l l i nes f or E- cadher i n mRNA expr essi on and genomi c or gani zat i on .
( A) Nor t her n bl ot cont ai ni ng t ot al cel l ul ar RNA ( 10 hg per l ane) f r om t he di f f er ent cel l l i nes wer e hybr i di zed wi t h t he E- cadher i n cDNA
pr obe ( 0. 9- kb BamHI f r agment f r ompBATEM2 vect or ) and wi t h a r at ß- act i n cDNA pr obe ( 0. 6- kb EcoRI - Hi ndI I I f r agment ) . Mi gr at i on
of t he E- cadher i n mRNA ( 4 . 5 kb) and ß- act i n mRNA ( 2 . 0 kb) ar e i ndi cat ed by ar r owheads on t he l ef t . ( B and C) Genomi c DNA i sol at ed
f r omt he di f f er ent cel l l i nes was di gest ed wi t h an excess of BamHI ( B) or EcoRl ( C) r est r i ct i on enzymes and hybr i di zed t o t he E- cadher i n
cDNA pr obe . Mi gr at i on of pBR322- EcoRI and X- Hi ndI I I mar ker s ar e i ndi cat ed bet ween B and C. RNAs ( A) and/ or DNAs ( B and C)
wer e ext r act ed f r om: l ane 1, Car B; l ane 2, Car C; l ane 3, HaCa4 ; l ane 4, PDVC57 ; l ane S, PDV; l ane 6, AT5 ; and l ane 7, MCA3Dcel l s .
The t wo l ar ge f r agment s, det ect ed excl usi vel y i n EcoRI - DNA f r omPDV cel l s ( C. 5) , ar i se f r om i ncompl et e DNAdi gest i on of t hi s par t i cul ar
sampl e . The E- cadher i n mRNA i s not expr essed i n t he t hr ee car ci noma cel l l i nes . Appar ent l y no del et i ons or r ear r angement s det ect ed
by BamHI or EcoRl enzymes ar e obser ved i n t he car ci noma cel l l i nes .

was anal yzed by Nor t her n bl ot hybr i di zat i on usi ng a speci f i c
cDNApr obe ( see Mat er i al s and Met hods) . Aband of 4 . 5- kb
was det ect ed i n AT5, PDV, and PDVC57 cel l s ( Fi g . 4 A, l anes
6, 5, and 4, r espect i vel y, see al so Fi g . 7, l ane 1, f or MCA3D
cel l s) , wi t h si mi l ar r el at i ve abundance i n AT5 and PDV cel l s
and sl i ght l y l ower l evel s i n PDVC57 cel l s . The si ze of t hi s
mRNA i s i dent i cal t o t hat pr evi ousl y r epor t ed f or mouse
E- cadher i n mRNA ( Nagaf uchi et al . , 1987) . None of t he
car ci noma- der i ved cel l s, Car B, Car C, and HaCa4, cont ai ned
det ect abl e l evel s of t hi s mRNA( Fi g. 4 A, l anes 1- 3) , wher e-
as t hey expr essed hi gh l evel s of t he 2 . 0- kb ß- act i n messenger ,
used as an i nt er nal cont r ol ( Fi g. 4 B) . Thi s suggest ed t hat ,
i n car ci noma- der i ved cel l s, t he absence of E- cadher i n pr o-
t ei n synt hesi s mi ght occur at t he mRNAt r anscr i pt i onal l evel
( or mRNA st abi l i t y) and pr ompt ed us t o st udy t he genomi c
i nt egr i t y of t he E- cadher i n gene.

I t has been cl ear l y est abl i shed t hat chr omosomal aber r a-
t i ons, i nvol vi ng gr oss al t er at i ons of DNA sequences such as
del et i on, ampl i f i cat i on, or t r ansl ocat i on, ar e f r equent l y ob-
ser ved i n mouse ski n car ci nogenesi s ( Cont i et al . , 1986 ; Al -
daz et al . , 1989) . Genet i c changes af f ect i ng speci f i c genes,
such as t he H- r as oncogene, have al so been r epor t ed i n t hi s
syst em ( Qui nt ani l l a et al . , 1986 ; Br emner and Bal mai n,
1990) . To anal yze t he i nt egr i t y of t he E- cadher i n gene i n t he
car ci noma cel l l i nes, we compar ed t he r est r i ct i on pat t er ns of
DNA i sol at ed f r omt he cel l s af t er di gest i on wi t h BamHI or
EcoRI enzymes by Sout her n bl ot s. As shown i n Fi g . 4 B, t he
same BamHI r est r i ct i on pat t er n wi t h f r agment s of appr oxi -
mat el y 6 . 7, 3. 2, and 2 . 8 kb, was obser ved i n al l cel l l i nes . A
si mi l ar r esul t was obt ai ned wi t h EcoRI - di gest ed DNA ( Fi g.
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4 C) , wher e onl y mi nor di f f er ences i n t he number and t he
mobi l i t i es of t he DNA f r agment s wer e obser ved i n t he PDV
and PDVC57 cel l l i nes ( a si ngl e f r agment of r v 3. 4 kb i nst ead
of t he t wo 3. 6- and 3. 3- kb f r agment s det ect ed i n t he ot her cel l
l i nes ; Fi g . 4 C, l anes 4 and 5) . These di f f er ences can be ex-
pl ai ned by t he EcoRl pol ymor phi sm f or t he E- cadher i n gene
pr evi ousl y i dent i f i ed i n t he C57BL/ 6 mouse st r ai n ( Ei st et t er
et al . , 1988) , f r omwhi ch bot h PDV and PDVC57 cel l l i nes
wer e der i ved ( Fuseni g et al . , 1982 ; Br emner and Bal mai n,
1990 ; Qui nt ani l l a et al . , 1991) .

These r esul t s cl ear l y suggest t hat t he absence of E- cad-
her i n expr essi on obser ved i n car ci noma- der i ved cel l s cannot
be expl ai ned on t he basi s of l ar ge r ear r angement s or del e-
t i ons af f ect i ng t he E- cadher i n gene, but r at her poi nt t o i nact i -
vat i on of gene expr essi on . The l at t er si t uat i on appear s t o
be t r ue, at l east f or HaCa4 cel l s, si nce r eexpr essi on of t he
E- cadher i n gene t akes pl ace i n t umor s i nduced by t hi s cel l
l i ne ( see bel ow) .

Expr essi on of E- and RCadher i n i n Nude
Mouse- i nduced Tumor s

When t he t umor s i nduced by t he cel l l i nes i n nude mi ce wer e
i mmunohi st ochemi cal l y st ai ned wi t h t he mAb ECCD- 2, we
obser ved t hat cer t ai n r egi ons of t he t umor s i nduced by
HaCa4 cel l s wer e posi t i ve f or E- cadher i n, i ndi cat i ng t hat ex-
pr essi on of E- cadher i n was r eact i vat ed i n an i n vi vo envi r on-
ment . The st ai ni ng, however , was r est r i ct ed t o t he cent r al
di f f er ent i at ed r egi ons and was compl et el y absent f r om t he
hi ghl y anapl ast i c per i pher y of t he t umor s ( Fi g . 5 e) .

The E- cadher i n i mmunost ai ni ng pat t er n of HaCa4 i n-
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Fi gur e 5. Hi st ol ogy and i mmunohi st ol ogi cal l ocal i zat i on of E- and P- cadher i n i n nude mouse- i nduced t umor s by t he epi der mal cel l l i nes .

( a- c) PDVi nduced t umor s ; ( df ) HaCa4- i nduced t umor s ; ( g- i ) Car B- i nduced t umor s . ( a, d, and g) Hi st ol ogi cal anal ysi s of par af f i n-

embedded mat er i al . ( b, e, and h) E- cadher i n i mmunost ai ni ng . ( c, f , and i ) P- cadher i n i mmunost ai ni ng . E- and P- cadher i n wer e st ai ned

on f r ozen mat er i al wi t h t he mAb ECCD- 2 and PCD- 1, r espect i vel y, usi ng a bi ot i n- ext r avi di n- al kal i ne phosphat ase compl ex . I nduct i on

of E- cadher i n expr essi on t akes pl ace i n r educed ar eas of t umor s i nduced by HaCa4 cel l s . Compl et e absence of E- and P- cadher i n was

det ect ed i n spi ndl e cel l car ci nomas i nduced by Car B cel l s . Bar , 150 I m.
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duced t umor s was di f f er ent f r omt hat of PDV ( Fi g . 5 b) and
PDVC57 ( not shown) t umor s, wher e E- cadher i n appear ed
mor e wi del y and homogeneousl y di st r i but ed. A semi quan-
t i t at i ve est i mat i on of E- cadher i n st ai ni ng i n t he t umor sec-
t i ons suggest s a r ange of pr ot ei n expr essi on si mi l ar t o t hat
obser ved i n t he cul t ur ed cel l l i nes wi t h PDV gr eat er t han t hat
of PDVC57 whi ch i s much hi gher t han t hat of HaCa4 . I n al l
of t hese t umor s, cl assi f i ed as squamous cel l car ci nomas by
hi st ol ogi cal cr i t er i a ( see Fi g . 5, a and d) , E- cadher i n i m-
munost ai ni ng was al ways det ect ed at t he cel l - cel l cont act
ar eas of di f f er ent i at i ng and ker at i ni zi ng r egi ons and was ab-
sent f r om t he mor e anapl ast i c cel l s ( see Fi g. 5 e, see al so
Fi g. 8 b) .

On t he cont r ar y, i mmunohi st ochemi cal st ai ni ng of PDV
and HaCa4- t umor s wi t h t he mAb PCD- 1, showed t hat P- cad-
her i n pr ot ei n was homogeneousl y di st r i but ed t hr oughout t he
t umor sect i ons and absent f r om t he ker at i ni zed ar eas ( Fi g .
5, c and f ) . I dent i cal r esul t s wer e obt ai ned wi t h PDVC57
t umor s ( not shown) . No di f f er ences i n PCD- 1 st ai ni ng wer e
obser ved i n t umor s i nduced by PDV, PDVC57, and HaCa4
cel l s .

Compl et e absence of E- and P- cadher i n pr ot ei n expr essi on
was obser ved i n t umor s i nduced by t he f i br obl ast - l i ke Car B
and Car C cel l s, as exempl i f i ed f or one Car B- i nduced t umor
shown i n Fi g . 5, h and i . Tumor s i nduced by t hese t wo cel l
l i nes wer e cl assi f i ed as spi ndl e cel l car ci nomas ( Fi g . 5 g) ,
i n agr eement wi t h t he or i gi n of bot h cel l l i nes ( Qui nt ani l l a
et al . , 1986) .

I nt r oduct i on of Exogenous E- Cadher i n cDNA i nt o
HaCa4 Cel l s Conf er s a Mor e Epi t hel i al Phenot ype and
Par t i al l y Suppr esses Tumor i geni ci t y

To exami ne whet her or not t he f or ced expr essi on of E- cad-
her i n coul d change t he t umor i geni c pot ent i al of car ci noma
cel l s, we chose t he E- cadher i n- negat i ve, P- cadher i n- posi -
t i ve, hi ghl y mal i gnant HaCa4 cel l l i ne .

HaCa4 cel l s wer e cot r ansf ect ed wi t h t he pBATEM- 2 and
pSV2neo vect or s t hat cont ai n t he compl et e E- cadher i n cDNA
sequence ( Nose et al . , 1988) and a neomyci n- r esi st ance gene
( Sout her n and Ber g, 1982) , r espect i vel y . Neomyci n- r esi st ant
col oni es wer e i sol at ed and sel ect i on of t he E- cadher i n- ex-
pr essi ng cl ones was car r i ed out by i mmunof l uor escence and
West er n i mmunobl ot t i ng. Some cl ones showed a mar ked
mor phol ogi cal change t o a mor e epi t hel i al phenot ype com-
par ed t o t he par ent al HaCa4 cel l s . The sel ect ed t r ansf ect ant s
wer e f ur t her subcl oned by l i mi t i ng di l ut i on .

Char act er i zat i on of t he Tl r ansf ect ant s

Cl ones neo3 and neo2 wer e sel ect ed af t er t r ansf ect i on of
HaCa4 cel l s wi t h t he neomyci n- r esi st ance vect or al one and
wer e used as cont r ol s i n al l subsequent anal yses. Cl one E5
was i sol at ed because, al t hough pr esent i ng a HaCa4- l i ke
phenot ype and negat i ve i mmunof l uor escent st ai ni ng wi t h t he
mAb ECCD- 2, i t cont ai ned det ect abl e amount s of sol ubl e
E- cadher i n by West er n bl ot anal ysi s ( not shown) . Subcl ones
E54 and E58 wer e f ur t her i sol at ed f r omt he E5 cl one, and
char act er i zed as E- cadher i n posi t i ve ( E- cad+) and E- cad-
her i n negat i ve ( E- cadh- ) , r espect i vel y . Subcl ones E62 and
E24, bot h E- cad+, wer e i sol at ed f r omi ndependent cl ones .
Fi g . 6 shows t he mor phol ogy and t he pat t er ns of E- and
P- cadher i n i mmunof l uor escence of var i ous t r ansf ect ant s . As
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can be obser ved, t he E- cad+ t r ansf ect ant s E62 ( Fi g. 6 d)
and E24 ( Fi g . 6 g) pr esent ed an appar ent change i n t hei r
mor phol ogi cal phenot ype compar ed wi t h t he cont r ol neo3
( Fi g . 6 a) or t he par ent al HaCa4 cel l s ( see Fi g . 1 f ) . Cl ear
and def i ned i sl ands wi t h st r ong i nt er cel l ul ar cont act s coul d
easi l y be obser ved when t he E- cad+ subcl ones wer e gr own
at l ow densi t y, i n cont r ast wi t h t he behavi or of HaCa4 cel l s .
A si mi l ar mor phol ogi cal change was al so obser ved i n t he
E- cad+ E54 t r ansf ect ant subcl one ( not shown) . I n cont r ast ,
t he E- cad- subcl one E58 showed t he same mor phol ogi cal
phenot ype as cont r ol cel l s ( Fi g. 6 j ) . I mmunof l uor escence
anal yses of t he var i ous cel l cl ones usi ng t he mAb ECCD- 2
showed t hat E62, E24 ( Fi g. 6, e and h) and E54 ( not shown)
exhi bi t ed posi t i ve st ai ni ng f or E- cadher i n at t he cel l - cel l
cont act ar eas, wher eas cl ones neo3 and E58 ( Fi g . 6, b and
k) r emai ned negat i ve as t he par ent al HaCa4 cel l l i ne ( see
Fi g . 1 e) . On t he ot her hand, st ai ni ng wi t h t he mAb PCD- 1
showed t hat al l t r ansf ect ant s r emai ned posi t i ve f or P- cad-
her i n ( Fi g . 6, c, f , i , and l ) , as expect ed .

Expr essi on of E- cadher i n i n t he t r ansf ect ant s was f ur t her
anal yzed by Nor t her n bl ot hybr i di zat i on . As shown i n Fi g .
7 A, one speci f i c band coul d be det ect ed i n t he l anes cor r e-
spondi ng t o t he E- cad+ t r ansf ect ant cl ones, al t hough at var i -
abl e i nt ensi t i es . The si ze of t he E- cadher i n mRNA det ect ed
i n t he cl ones E5, E62, and E54 was - 3. 9 kb ( Fi g. 7 A, l anes
3, 4, and S, r espect i vel y) , smal l er t han t he endogenous
E- cadher i n mRNA( 4 . 5 kb) , of MCA3Dcel l s ( Fi g . 7 A, l ane
1, see al so Fi g. 4 A f or t he ot her cel l l i nes) . Sur pr i si ngl y, t he
si ze of t he E- cadher i n mRNAdet ect ed i n cl one E24 ( 4 . 5 kb)
( Fi g . 7 A, l ane 2) cor r esponded t o t hat of t he endogenous
mRNA, suggest i ng t hat t hi s par t i cul ar subcl one had some-
how swi t ched on t he endogenous E- cadher i n gene dur i ng t he
t r ansf ect i on exper i ment . However , West er n bl ot anal ysi s f or
E- cadher i n pr ot ei n r eveal ed t hat al l E- cad+ t r ansf ect ant s
synt hesi zed a 124- kD r eact i ve pol ypept i de, r egar dl ess of t he
si ze of t hei r E- cadher i n mRNA ( Fi g. 7 B, l anes 3- S) .

To char act er i ze t he genomi c i nt egr at i on of t he exogenous
cDNA, Sout her n bl ot anal yses wer e car r i ed out . As can be
obser ved i n Fi g . 7 C, t he BamHI pat t er ns of DNA di gest ed
f r om cl ones E62, E54, and E5 cont ai ned an addi t i onal
hybr i di zi ng f r agment of - 0. 9 kb, besi des t he nor mal 6. 7- ,
3. 2- , and 2 . 8- kb f r agment s ( see al so Fi g . 4 C, f or par ent al
HaCa4 DNA) . The i nt ensi t y of t he 0. 9- kb f r agment was ver y
weak, al t hough det ect abl e, i n DNA f r om cl one E5 ( Fi g . 7
C, l ane 3) and st r ong i n DNA f r om cl ones E62 and E54
( Fi g . 7 C, l anes 4 and S, r espect i vel y) . The 0. 9- kb band
cor r esponds exact l y t o t he expect ed si ze of t he maj or f r ag-
ment gener at ed f r omt he exogenous E- cadher i n cDNA af t er
BamHI di gest i on ( Nagaf i chi et al . , 1987) . Thus, t he pr es-
ence of t hi s f r agment i s consi der ed as di agnost i c of t he i n-
t egr at i on of t he pBATEM- 2 vect or . Thi s di agnost i c 0. 9- kb
band was det ect ed nei t her i n DNAf r omt he cl ones E24, E58,
neo3 ( Fi g. 7 C, l anes 2, 6, and 7, r espect i vel y) , nor i n t hat
of t he par ent al HaCa4 cel l s ( see Fi g . 4 C, l ane 3) . An addi -
t i onal f r agment of r v 2 . 7 kb was al so det ect ed i n t he BamHI
pat t er n of DNAf r omE62 and E54 subcl ones ( Fi g . 7 C, l anes
4 and S) , al t hough at l ower i nt ensi t y t han t he 0. 9- kb band .
Thi s 2 . 7- kb f r agment pr obabl y ar ose f r ompar t i al di gest i on
of t he cDNA. Si mi l ar r esul t s wer e obt ai ned f r omSout her n
bl ot s af t er EcoRl di gest i on ; a di agnost i c band of 2 . 6 kb was
det ect ed i n DNA sampl es f r omcl ones E62, E54, and E5, but
was compl et el y absent i n DNA f r omcl ones E58, E24, and
neo3 ( not shown) .
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Fi gur e 6. Mor phol ogi cal phenot ype and i mmunof l uor escent st ai ni ng f or E- and Pcadher i n i n HaCa4- t r ansf ect ant cel l cl ones . ( a- c) Cont r ol
cl one HaCaneo3 ; ( df ) t r ansf ect ant cl one E62 ; ( g- i ) t r ansf ect ant cl one E24; ( j - 1) t r ansf ect ant cl one E58. ( a, d, g, andj ) Phase- cont r ast
i mages of l i vi ng cel l s . ( 6, e, h, and k) I mmunof l uor escent st ai ni ng wi t h t he mAb ECCD- 2 . ( c, f , i , and 1) I mmunof l uor escent st ai ni ng
wi t h t he mAb PCD- I . E- cadher i n i s expr essed at t he ar eas of cel l - cel l cont act s i n t he E62 and E24 t r ansf ect ant s . Bar , 45 Wm.
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These r esul t s unambi guousl y demonst r at e t hat subcl ones
E62, E5, and E54 have st abl y i nt egr at ed t he exogenous
E- cadher i n gene, al t hough at var i abl e copy number s. I n con-
t r ast , t he subcl one E24 di d not t ake up t he exogenous cDNA,

but act i vat ed t he endogenous E- cadher i n gene, expr essi ng
hi gh l evel s of E- cadher i n mRNAand pr ot ei n . The subcl one

E58 nei t her i nt egr at ed t he exogenous cDNAnor swi t ched on

t he endogenous E- cadher i n gene, and i t s behavi or i s si mi l ar

t o t hat of t he neo3 cl one t r ansf ect ed wi t h t he neomyci n vec-

t or al one .

Tabl e I L. Si ze of Tumor s i n Doubl e- i nj ect ed Nude Mi ce*

Navar r o et al . E- Cadher i n and Mal i gnancy i n Epi der mal Car ci nogenesi s

	

52 7

Fi gur e 7. Nor t her n, West er n, and Sout her n bl ot
anal yses of t he HaCa4- t r ansf ect ant cel l cl ones
f or E- cadher i n . ( A) Nor t her n bl ot of t ot al cel -
l ul ar RNA ( 10 Fi g per l ane) f r om t he di f f er ent
t r ansf ect ant cel l cl ones wi t h t he E- cadher i n
cDNA pr obe. ( B) West er n i mmunobl ot t i ng
anal ysi s wi t h t he mAb ECCD- 2 . ( C) BamHI
r est r i ct i on pat t er n of DNA sampl es f r om t he
t r ansf ect ant s f or E- cadher i n . RNA ( A) and
DNA ( C) wer e i sol at ed f r om: l ane 1, cont r ol
cel l l i ne MCA3D; l ane 2, t r ansf ect ant cl one
E24 ; l ane 3, t r ansf ect ant cl one E5 ; l ane 4,
t r ansf ect ant cl one E62; l ane 5, t r ansf ect ant
cl one E54; l ane 6, t r ansf ect ant cl one E58; and
l ane 7, cont r ol cl one neo3 . ( B) Whol e cel l ex-
t r act s obt ai ned i n t he pr esence of 10 mM
CaC12 and pr ot ease i nhi bi t or s f r om: l ane 1,
par ent al HaCa4 cel l s ; l ane 2, cont r ol cl one
neo3 ; l ane 3, t r ansf ect ant cl one E54 ; l ane 4,
t r ansf ect ant cl one E24; l ane 5, t r ansf ect ant
cl one E62 ; and l ane 6, t r ansf ect ant cl one E58.
Mi gr at i on of E- cadher i n pol ypept i de ( 124 kD)
i s i ndi cat ed by an ar r owhead and t hat of mol ec-
ul ar mass mar ker s, 205, 116, 97. 4, and 66 kD
by smal l mar ks on t he r i ght . The t r ansf ect ant
cl one E24 has not i nt egr at ed t he exogenous
E- cadher i n cDNA, but act i vat ed t he endoge-
nous E- cadher i n gene . Al l E- cad+ t r ansf ec-
t ant s expr ess t he same 124- kD i mmunor eact i ve
pol ypept i de .

Tumor i geni ci t y of t he Ransf ect ant s and Expr essi on of
E- cadher i n i n Nude Mouse- i nduced Tumor s

The t umor i geni c capabi l i t y of t he var i ous t r ansf ect ant cel l
l i nes was t est ed i n nude mi ce usi ng a doubl e st r at egy. One
ser i es of mi ce was doubl e i nj ect ed as f ol l ows : each mouse
r ecei ved 1 x 106 cel l s of t he cont r ol cl one neo3 ( or neo2)
i n t he l ef t f l ank and t he same number of cel l s of each of t he
E- cad+ or E- cad- t r ansf ect ant s i n t he r i ght f l ank . The
ani mal s wer e ki l l ed when t umor s i n any f l ank r eached a si ze

* Each mouse was i nj ect ed wi t h 1 x 101 cel l s of cl one neo3 ( or neo2) i n t he l ef t f l ank and wi t h t he same number of cel l s of t he ot her cel l l i nes i n t he r i ght f l ank.
Ani mal s wer e sacr i f i ced 9- 11- d post i nj ect i on, except when i ndi cat ed, and t he exci sed t umor s measur ed i n t hr ee di mensi ons . Dat a of t umor si zes f or each i ndi vi dual
mouse ar e pr esent ed i n t he same r ow.
$ The vol ume of each t umor was est i mat ed f r ommeasur es i n t hr ee di mensi ons . The vol ume r at i o was est abl i shed as t he r at i o bet ween t he vol ume of t he t umor
devel oped on t he l ef t f l ank and t he vol ume of t he t umor devel oped on t he r i ght f l ank.
ß The mouse was sacr i f i ced at day 21 af t er i nj ect i on . The est i mat ed l at ency of t umor s wer e 10 d f or neo3 and 12 d f or E58 .
I I The mouse was sacr i f i ced at day 16 af t er i nj ect i on . The est i mat ed l at ency of t umor s wer e 10 d f or neo3 and 15 d f or E54 .

Mouse number Cel l l i ne Tumor si ze Cel l l i ne Tumor si ze Vol ume* r at i o

cm

Exper i ment I
1 neo3 1. 5x1 . 0x1 . 0 HaCa4 2. 0 x 1 . 0 x 1 . 0 0. 75
2 neo2 1 . 5 x 1 . 0 x 0. 8 HaCa4 2. 0 x 1 . 2 x 1 . 0 0. 5
3 neo3 2 . 0 x 1 . 0 x 1 . 0 ES 2 . 3x1 . 0x0 . 8 0. 92
4 neo3 2. 0 x 1 . 3 x 1 . 0 E62 0. 5 x 0. 4 x 0. 3 43
5 neo3 2 . 0 x 1 . 5 x 1 . 0 E24 No t umor

Exper i ment I I
1 neo3 1 . 3 x 1 . 0 x 1 . 0 E58 1 . 5 x1 . 3 x1 . 2 0. 55
2 neo3 2. 2 x1 . 5 x1 . 4 E58 2. 0 x1 . 3 x1 . 1 1 . 6ß
3 neo3 1 . 5 x 1 . 5 x 0. 6 E54 0. 6 x0 . 4 x0 . 3 19
4 neo3 2 . 0 x1 . 7 x1 . 0 E54 1 . 1 x0 . 6 x0 . 5 10 . 311



Tabl e I I I . Lat ency and Gr owt h of Tumor s i n Si ngl e- i nj ect ed Nude Mi ce

bet ween 1 . 5 and 2 cm. The r esul t s f r omt wo exper i ment s ar e
summar i zed i n Tabl e I I . Fr oma t ot al of 10 ani mal s, 8 wer e
ki l l ed at 9- 11- d post i nj ect i on, and t he ot her 2 ani mal s sur -
vi ved f or a l onger per i od of 16 and 21 d . The t umor i geni ci t y
of t he cont r ol cl one neo3 ( and neo2) was ver y cl ose t o t hat
of t he par ent al HaCa4 cel l s, gi vi ng r i se t o t umor s of t i t cm
i n si ze wi t hi n t he f i r st 7- 9 d . The t r ansf ect ant cel l cl ones
whi ch wer e E- cad- ( such as E58) , or weakl y posi t i ve ( such
as E5) gave r i se t o t umor s wi t h si mi l ar l at ency per i ods and
gr owt h r at es as neo3 or t he par ent al HaCa4 cel l s . I n con-
t r ast , al l of t he E- cad+ cl ones ( E62, E54, and E24) gave r i se
t o t umor s wi t h l onger l at ency per i ods and a sl ower gr owt h
r at e . As can be seen i n Tabl e I I , al l t umor s i nduced by t he
cont r ol cel l s neo3 r eached a si ze at l east 10 t i mes l ar ger t han
t hose i nduced by E- cad+ cel l s at t he ki l l i ng dat e .

A second ser i es of mi ce was i ndi vi dual l y i nj ect ed wi t h
each of t he di f f er ent cel l cl ones at t hr ee si t es . The ani mal s
wer e exami ned dai l y and sacr i f i ed when at l east t wo of t he
si t es devel oped t umor s of - 1. 5- 2 cm. Exampl es of t hr ee
separ at e exper i ment s ar e pr esent ed i n Tabl e I I I . Par ent al
HaCa4 cel l s and E- cad- cl ones i nduced ar mor s wi t h ver y
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* Each mouse was i nj ect ed subcut aneousl y wi t h t he var i ous cel l l i nes at t hr ee si t es, t he t wo f l anks and t he neck ( 1 x 101 cel l s per i nj ect i on si t e) . Ani mal s wer e

exami ned dai l y and t he si ze of t umor s was est i mat ed as t he hi gher out er di amet er . The est i mat ed si ze of t umor s i n t he t hr ee si t es of each i ndi vi dual mouse at
di f f er ent days af t er i nj ect i on i s pr esent ed.
# Symbol s i ndi cat e t he dat e on whi ch t he mi ce wer e ki l l ed .

shor t l at ency per i ods and a f ast gr owt h r at e ( t he doubl i ng r at e
was - 2 d) and al l ani mal s had t o be ki l l ed wi t hi n 9- 11- d
post i nj ect i on . Ani mal s i nj ect ed wi t h E- cad+ cl ones sur -
vi ved f or at l east 15 d and, i n gener al , t he t umor s devel oped
wi t h l onger l at ency per i ods and sl ower gr owt h r at es as com-
par ed wi t h t hose i nduced by E- cad- cel l s . The dat a i n Tabl e
I I I ( exper i ment s I I and I I I ) i ncl ude t wo new cel l l i nes
( E24nmand E62nm) , der i ved f r om nude mouse t umor s i n-
duced by cl ones E24 and E62, r espect i vel y . As can be ob-
ser ved, bot h cel l l i nes showed a t umor i geni c behavi or si mi -
l ar t o t hat of t he par ent al cl ones .

A summar y of t he r esul t s of t hese assays, whi ch i ncl udes
t he t ot al number of t umor s i nduced by t he di f f er ent cl ones,
i s pr esent ed i n Tabl e I V Acl ear - cut di f f er ence can be est ab-
l i shed bet ween t he t umor i geni ci t y of E- cad- and E- cad+
cel l s . At l east 60% of t he t umor s i nduced by E- cad- cel l s
r eached a si ze of 1 cmbet ween 7 and 9 d af t er i nj ect i on . The
r emai nder of t he t umor s r eached t hat si ze at day 11 . I n con-
t r ast , al l t umor s i nduced by E- cad+ cel l s devel oped wi t h
l at ency per i ods l onger t han 10 d, wi t h a var i abl e di st r i but i on
bet ween t he di f f er ent t r ansf ect ant s . E62- t umor s have shor t er

Mouse
number Cel l l i ne 7 d 8 d

Si ze

9 d

of t umor s af t er

11 d

i nj ect i on day ( i n cent i met er s) *

15 d 19 d 21 d 23 d

Expt . I
1 HaCa4 0 . 5 0 . 7 1 . 0 1 . 7t

0 . 5 0 . 8 1 . 0 2 . 0
0 . 2 0 . 5 0 . 8 1 . 5

2 E5 0 . 5 1 . 0 2 . 9
0 . 2 0 . 4 0 . 7
0 . 2 0. 8 1 . 2

3 E62 0 . 3 0 . 5 0 . 7 1 . 0 1 . 7t
- 0. 2 0 . 3 0. 3 1 . 0
_ _ 0 . 2 0 . 3 1 . 0

4 E24 - 0 . 1 0 . 7 1 . 0 1 . 5t
- 0 . 1 0 . 7 1 . 0 1 . 3

0 . 1 0. 2 0 . 8 1 . 2 1 . 5

Expt . I I
1 E58 0 . 3 0 . 5 0 . 9 1 . 2t

0 . 3 0 . 4 0 . 7 1 . 0
0 . 5 0 . 7 1 . 0 1 . 7

2 E54 - - 0 . 1 0 . 2 0 . 6 1 . 0 1 . 3$
0 . 1 0 . 2 0 . 4 0. 6 0 . 8 1 . 2 1 . 5
- _ 0 . 2 0 . 3 0 . 7 1 . 1 1 . 5

3 E24- - - 1 . 5 2 . Ot
- - 0 . 1 0 . 2 1 . 0 1 . 3 1 . 6

0 . 2 0 . 4 0 . 4 0 . 5 1 . 0 1 . 5 1 . 7

Expt . I I I
1 HaCa4 0 . 4 0 . 7 1 . 0 1 . 5$

0 . 4 0 . 8 1 . 0 1 . 5
0 . 5 1 . 0 1 . 2 1 . 7

2 E62 0 . 3 0 . 5 0 . 7 1 . 0 2 . 3t
_ _ 0 . 2 0 . 4 2 . 0

0 . 1 1 . 0
3 E62- 0 . 4 0. 6 1 . 0 2 . 0 2 . 5t

0 . 2 0 . 2 0 . 4 0 . 5 1 . 2



Tabl e I V. Summar y of t he Lat ency of t he Tot al Tumor s Anal yzed

* The t ot al number of t umor s i nduced by t he t r ansf ect ant s whi ch r eached 1 cm i n si ze ( l at ency) at t he i ndi cat ed days af t er i nj ect i on i s pr esent ed. The f i gur es i ncl ude
t hose pr esent ed i n Tabl es I I and I I I , and addi t i onal dat a on si ngl e- i nj ect ed ani mal s .
f The + and - symbol s r epr esent t he r el at i ve l evel s of E- cadher i n pr ot ei n expr essed by t he di f f er ent cel l l i nes i n cul t ur e, der i ved f r om i mmunof l uor escence and
West er n bl ot t i ng dat a.
§ The t umor i nduced by E62 i n a doubl e- i nj ect ed mouse ( neo3/ E62) r eached a si ze of 0 . 5 cm when t he mouse was sacr i f i ced 9 d af t er i nj ect i on ( see Tabl e I I ,
exper i ment I , Mouse 4) .
I I The t umor had r eached a si ze of - 0 . 2 cm when t he mouse was ki l l ed 15 d af t er t he i nj ect i on ( see Tabl e I I I , Exper i ment I I I , Mouse 3) .
11 The mouse doubl e- i nj ect ed wi t h neo3/ E24 di d not devel op a t umor on t he r i ght f l ank when i t was ki l l ed 9 d af t er t he i nj ect i on ( see Tabl e I I , Exper i ment I ,
mouse 5) .

l at ency per i ods ( 10- 14 d i n 60%of t he cases) t han t hose i n-
duced by E54 cel l s ( 15- 20 d i n 80%of t he t umor s) . The most
st r i ki ng di f f er ences wer e f ound wi t h t he E24 cl one, whi ch i n-
duced t umor s wi t h l at ency per i ods l onger t han 20 d and sl ow
gr owt h r at es ( see Tabl e I I I , Expt . 1, mouse 4) .

Fr omt hese exper i ment s, we can concl ude t hat t he f or ced
expr essi on of E- cadher i n l eads t o a par t i al suppr essi on of t he
t umor i geni ci t y of t he hi ghl y mal i gnant HaCa4 car ci noma
cel l l i ne .

Hi st ol ogi cal anal ysi s of t he t umor s i nduced by t he di f f er ent
t r ansf ect ant cel l cl ones i ndi cat ed t hat al l wer e squamous cel l
car ci nomas ( Fi g . 8, a, d, and g) , as t he par ent al HaCa4 cel l
l i ne ( see Fi g . 5 d) . I mmunohi st ochemi cal anal ysi s of t he
t umor s wi t h t he mAb ECCD- 2 showed t hat al l t umor s ex-
pr essed E- cadher i n at var i abl e l evel s . Tumor s i nduced by t he
cont r ol cl one neo3 showed a pat t er n of E- cadher i n st ai ni ng
( Fi g . 8 b) ver y si mi l ar t o t hat of HaCa4- i nduced t umor s ; a
smal l number of E- cadher i n expr essi ng cel l s r est r i ct ed t o t he
mor e di f f er ent i at ed and ker at i ni zed r egi ons of t he t umor s .
The same r esul t was obt ai ned i n t umor s i nduced by t he
E- cad- cl one E58 ( not shown) . Tumor s i nduced by E- cad+
cl ones, such as E62, showed st r onger st ai ni ng f or E- cad-
her i n and a mor e homogeneous di st r i but i on t hr oughout t he
t umor sect i ons . Most of t he cel l s of E62 t umor s, i ncl udi ng
t he l ess- di f f er ent i at ed ones, exhi bi t ed posi t i ve st ai ni ng at
t he cel l - cel l cont act ar eas, and t he i nt ensi t y of st ai ni ng i n-
cr eased i n t he mor e di f f er ent i at ed and ker at i ni zed r egi ons of
t he t umor ( Fi g . 8 e) . Hi gh l evel s of E- cadher i n expr essi on
wer e al so det ect ed i n E24- i nduced ( Fi g . 8 h) and E54- i n-
duced ( not shown) t umor s, al t hough i n t hese t wo cases t he
st ai ni ng appear s excl usi vel y l ocal i zed t o t he di f f er ent i at i ng
r egi ons .

I mmunohi st ochemi cal st ai ni ng of t he t umor s wi t h t he
mAb PCD- 1 showed t hat bot h t he i nt ensi t y and t he pat t er n
of P- cadher i n st ai ni ng was ver y si mi l ar i n al l t umor s i nduced
by ei t her E- cad+ or E- cad- t r ansf ect ant cel l s . Hi gh and ho-
mogeneous expr essi on of P- cadher i n was det ect ed i n al l
r egi ons of t he t umor s, except i n ker at i nazed ar eas f r om
whi ch i t was excl uded ( Fi g . 8, c, f , and i ) . Thi s i s t he same
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pat t er n det ect ed i n t umor s i nduced by t he par ent al HaCa4
cel l s ( see Fi g. 5 f ) .

Di scussi on

Mouse epi der mal car ci nogenesi s i s an i nval uabl e model sys-
t em f or t he st udy of mol ecul ar event s associ at ed wi t h t umor
pr ogr essi on . I n t he pr esent r epor t , we have addr essed t he
r ol e of cal ci um dependent cel l - cel l adhesi on mol ecul es i n
car ci nogenesi s by anal yzi ng t he expr essi on of E- and P- cad-
her i ns i n a ser i es of mouse epi der mal cel l l i nes r epr esent a-
t i ve of di f f er ent st ages of t umor pr ogr essi on and i n t umor s
i nduced by i nj ect i on of cel l s i n nude mi ce . We have f ound
an i nver se cor r el at i on bet ween t he l evel s of sol ubi l i zed
E- cadher i n and t he t umor i geni ci t y of t he cel l l i nes ( Tabl e I ) .
I n addi t i on, a compl et e absence of E- cadher i n pr ot ei n and
mRNA was obser ved i n t he t hr ee car ci noma cel l l i nes ana-
l yzed ( HaCa4, Car B, and Car C) ( see Fi gs . 1, 3 B, and 4 A) .
I n cont r ast , no appar ent cor r el at i on was det ect ed bet ween
P- cadher i n pr ot ei n l evel s and t umor i geni ci t y . The hi ghl y
t umor i geni c HaCa4 cel l s expr essed P- cadher i n at even hi gh-
er l evel s t han t he nont umor i geni c MCA3D. However , P- cad-
her i n was absent i n t wo car ci noma cel l l i nes, Car B and Car C
( Fi gs . 2 and 3 C) .

HaCa4 cel l s der i ve f r oma squamous cel l car ci noma i n-
duced by t r eat ment of mouse ski n wi t h t he HaMSV r et r ovi -
r us and TPA( Br own et al . , 1986) ; t hey pr esent an epi t hel i oi d
mor phol ogy i n cul t ur e ( Fi g . 1 f ) and ar e hi ghl y t umor i geni c
i n nude mi ce . The Car B and Car C cel l l i nes or i gi nat ed f r om
t wo i ndependent , hi ghl y mal i gnant spi ndl e cel l car ci nomas
i nduced by DMBA/ TPA t r eat ment ( Qui nt ani l l a et al . , 1986)
and, consequent l y, exhi bi t a f i br obl ast oi d phenot ype i n cul -
t ur e ( see Fi g. 1 h and Fi g . 2, f and i ) . The cor r el at i on ob-
ser ved bet ween decr eased amount s of E- cadher i n pr ot ei n
and t he t umor i geni ci t y of t he cel l s, t oget her wi t h t he f i ndi ng
t hat E- cadher i n expr essi on i s absent f r om cul t ur ed car ci -
noma cel l s, suggest a r ol e f or t hi s cel l - cel l adhesi on mol e-
cul e i n t he pr ogr essi on t o mal i gnancy of mouse epi der mal
car ci nogenesi s .
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Cel l
l i ne

E- cadher i n$
expr essi on 7- 9 d

Lat ency t o r each

10- 14 d

1 cm i n si ze

15- 20 d >20 d
Tot al number

t umor s ( i nj ect i on si t es)
Number
of mi ce

HaCa4 - 7 1 8( 8) 4
neo3 - 5 3 8( 8) 8
E5 f 3 1 4( 4) 2
E58 - 3 2 5( 5) 3
E54 +++ 4 1 5( 5) 3
E62 + + + 6§ 4 10( 10) 4

E62_ + + + 5 1 I I 6( 6) 2
E24 + + 3 3( 4) 1 2
E24_ + + 5 1 6( 6) 2



Fi gur e 8. Hi st ol ogy and i mmunohi st ochemi cal l ocal i zat i on of E- and P- cadher i n i n nude mouse- i nduced t umor s by HaCa4- t r ansf ect ant
cel l cl ones . ( a- c) Tumor s i nduced by cont r ol cl one neo3 ; ( df ) t umor s i nduced by cl one E62 ; ( g- i ) t umor s i nduced by cl one E24 . I mmuno-
st ai ni ng f or E- and P- cadher i n was car r i ed out as i n Fi g . 5 . ( a, d, and g) Hi st ol ogi cal anal ysi s of par af f i n- embedded mat er i al . ( b, e, and
h) E- cadher i n st ai ni ng . ( c, f , and i ) , P- cadher i n st ai ni ng . Bar , 150 t m.
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Anot her i nt er est i ng poi nt t hat emer ges f r om t hi s st udy
i s a possi bl e r ol e f or E- and Rcadher i n i n t he mai nt enance
of cel l shape . Al l t he epi der mal cel l s whi ch expr ess bot h
E- and Rcadher i n ( MCA3D, AT5, PDV, and PDVC57) ex-
hi bi t a t ypi cal epi t hel i al mor phol ogy wi t h a cobbl est one
pat t er n of gr owt h, and expr ess hi gh amount s of cyt oker at i n
( Df az- Guer r a, M. , C. Baul uz, S. Haddow, J . L . Jor cano, A.
Cano, A. Bal mai n, and M. Qui nt ani l l a, manuscr i pt submi t -
t ed f or publ i cat i on) . Swi t chi ng of f t he expr essi on of bot h
cadher i ns cor r el at es wi t h a f i br obl ast oi d mor phol ogy and
wi t h a hi ghl y mal i gnant behavi or , exempl i f i ed by t he Car B
and Car Ccel l l i nes . The HaCa4 cel l s r epr esent an i nt er medi -
at e st age, wi t h t umor i geni c pr oper t i es of car ci noma cel l s
r el at ed t o t he absence of E- cadher i n, but exhi bi t i ng an
epi t hel i oi d mor phol ogy whi ch can be expl ai ned by t he hi gh
amount s of Rcadher i n expr essed .

These r esul t s ar e, i n pr i nci pl e, i n agr eement wi t h r ecent
r epor t s whi ch suggest an ant i - i nvasi ve r ol e f or E- cadher i n
( Behr ens et al . , 1989 ; Fr i xen et al . , 1991) . However , i n t hose
st udi es wi t h H- r as- t r ansf or med MDCKcel l s ( Behr ens et al . ,
1989) and wi t h human car ci noma cel l l i nes ( Fr i xen et al . ,
1991) , a di r ect cor r el at i on bet ween t he l oss of E- cadher i n ex-
pr essi on and acqui si t i on of an i nvasi ve f i br obl ast oi d pheno-
t ype has been r epor t ed . We showher e t hat t hi s i s not al ways
t he case and t hat , at l east i n epi der mal cel l s, t he phenot ypi c
epi t hel i oi d- f i br obl ast oi d conver si on appear s t o be r el at ed
wi t h t he l oss of bot h E- and P- cadher i n .

The anal yses of E- cadher i n gene or gani zat i on i n t he
epi der mal cel l l i nes by Sout her n bl ot hybr i di zat i on suggest
t hat E- cadher i n gene i nact i vat i on i n mouse car ci noma cel l s
( see Fi g . 4, B and C) can be expl ai ned at t he t r anscr i pt i onal
l evel ( or mRNA st abi l i t y) as r epor t ed by Fr i xen et al . ( 1991)
i n human car ci noma cel l s . We have al so f ound suppor t f or
t hi s hypot hesi s f r omour st udi es on E- cadher i n expr essi on i n
nude mouse t umor s i nduced by t hese cel l l i nes . I mmuno-
hi st ochemi cal st ai ni ng of t umor sect i ons wi t h t he mAb
ECCD- 2 showed t hat r eexpr essi on of E- cadher i n t akes pl ace
i n r educed ar eas of t he t umor s i nduced by HaCa4 cel l s.
These obser vat i ons suppor t t he exi st ence of a t r anscr i pt i onal
bl ock i n cul t ur ed HaCa4 cel l s and t hat t he E- cadher i n gene
can be act i vat ed i n an i n vi vo envi r onment .

However , when t he r el at i ve l evel s of E- cadher i n pr ot ei n
wer e compar ed i n st ai ned sect i ons of di f f er ent t umor s, we
obser ved t he same i nver se cor r el at i on as i n cul t ur ed cel l s .
Thus, t he over al l l evel s of E- cadher i n pr ot ei n wer e r el at i vel y
hi gh and homogeneous i n wel l - di f f er ent i at ed squamous cel l
car ci nomas i nduced by PDV and PDVC57 cel l s and de-
cr eased i n t he moder at el y di f f er ent i at ed squamous cel l car ci -
nomas i nduced by HaCa4 cel l s ( compar e i n Fi g . 5, b and e) .
I n al l t he squamous cel l car ci nomas anal yzed, E- cadher i n
st ai ni ng was l ocat ed at t he cel l - cel l cont act r egi ons of
di f f er ent i at i ng cel l s, r epr oduci ng t he expr essi on pat t er n ob-
ser ved i n nor mal epi der mi s ( Nose and Takei chi , 1986) . I n
addi t i on, poor l y di f f er ent i at ed spi ndl e cel l car ci nomas i n-
duced by t he Car B and Car C cel l l i nes wer e compl et el y
negat i ve f or bot h E- and Rcadher i n st ai ni ng ( Fi g . 5, h and
i ) . These obser vat i ons suggest t hat i nst abi l i t y, or even t he
compl et e swi t chi ng of f , of E- cadher i n expr essi on can be as-
soci at ed wi t h pr ogr essi on t o mal i gnancy. I n agr eement wi t h
our r esul t s, l ow and unst abl e expr essi on of E- cadher i n has
al so r ecent l y been r epor t ed t o occur i n hi ghl y met ast at i c de-
r i vat i ves of a mur i ne ovar i an car ci noma cel l l i ne ( Hashi mot o
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et al . , 1989) . However , i t i s pr esent l y unknown i f such i nst a-
bi l i t y i s t he consequence of al t er at i ons of speci f i c t r anscr i p-
t i onal f act or s or due t o post t r anscr i pt i onal mechani sms l ead-
i ng t o downr egul at i on of t he pr ot ei n .

We have exami ned t he i nf l uence of E- cadher i n on t he
t umor i geni c pot ent i al of car ci noma cel l s by i nt r oduci ng an
exogenous E- cadher i n cDNAi nt o t he HaCa4 cel l l i ne . E- cad+
HaCa4 t r ansf ect ant s showed a par t i al suppr essi on of t he
t umor i geni ci t y, gi vi ng r i se t o t umor s wi t h l onger l at ency
per i ods and a hi gher di f f er ent i at i on gr ade compar ed wi t h t he
par ent al HaCa4 cel l s or cont r ol cel l s t r ansf ect ed wi t h a neo-
myci n r esi st ance vect or al one . I nt er est i ngl y, t he most no-
t i ceabl e ef f ect i n t he suppr essi on of t umor i geni ci t y was ob-
ser ved i n t he t r ansf ect ant E24, whi ch has not i ncor por at ed
t he exogenous E- cadher i n cDNA, but , f or unknown r easons,
has swi t ched on i t s endogenous E- cadher i n gene ( see Fi g . 7,
Aand C, l anes 2) . One possi bl e expl anat i on f or t hi s behavi or
coul d r esi de i n a hi gher st abi l i t y and/ or st r onger associ at i on
t o t he cyt oskel et on of t he endogenous ver sus t he exogenous
pr ot ei n . We ar e pr esent l y i nvest i gat i ng t hi s poi nt i n gr eat er
det ai l .

The mouse ski n car ci nogenesi s model i s bei ng exhaus-
t i vel y st udi ed i n sever al l abor at or i es t o el uci dat e t he mol ecu-
l ar event s associ at ed wi t h t umor devel opment and pr ogr es-
si on . Act i vat i on of t he H- r as pr ot ooncogene i s a f r equent
event at t he i ni t i at i on st age i nduced by DMBA ( Qui nt ani l l a
et al . , 1986 ; Br own et al . , 1990) , but t hi s act i vat i on i s not
suf f i ci ent t o conf er a f ul l neopl ast i c phenot ype on t he i ni t i -
at ed cel l s ( Qui nt ani l l a et al . , 1991) . Al t hough f ur t her changes
i n t he H- r as gene l ocus can i nf l uence t umor pr ogr essi on
( Br emner and Bal mai n, 1990) , ot her genet i c event s ot her
t han r as r emai n t o be di scover ed . Thus, t he i nact i vat i on of
t umor suppr essor genes has been pr oposed t o occur dur i ng
pr ogr essi on f r ompapi l l omas t o car ci nomas ( Br emner and
Bal mai n, 1990 ; Bi anchi et al . , 1990) . Al l cel l l i nes used i n
t he pr esent st udy, except t he nont umor i geni c MCA3D cel l s,
bor e di f f er ent al t er at i ons i n t he H- r as gene ( Qui nt ani l l a et
al . , 1986, 1991; Br emner and Bal mai n, 1990) . I n cont r ast
t o t he r esul t s r epor t ed f or MDCK cel l s ( Behr ens et al . ,
1989) , we show her e t hat t r ansf ect i on of a H- r as oncogene
i nt o MCD3D cel l s does not conf er a f i br obl ast oi d phenot ype
nor i nact i vat es E- cadher i n expr essi on . I n f act , t he t r ansf ec-
t ant s, as exempl i f i ed her e by AT5 cel l s, r emai n epi t hel i al ,
cont ai n hi gh amount s of E- cadher i n, and ar e weakl y t umor i -
geni c i n nude mi ce . Anot her exampl e i s pr ovi ded by t he cel l
l i ne PDV and i t s der i vat i ve PDVC57 i n whi ch an i ncr ease i n
t he H- r as mut ant gene and p21 mut at ed pr oduct occur i n
PDVC57 cel l s ( Br emner and Bal mai n, 1990 ; Qui nt ani l l a et
al . , 1991) . However , bot h cel l l i nes r emai n epi t hel i al and
cont ai n det ect abl e amount s of E- cadher i n pr ot ei n . These ob-
ser vat i ons i mpl y t hat act i vat i on of t he H- r as pr ot ooncogene
i n t hi s syst em i s not suf f i ci ent f or swi t chi ng of f E- cadher i n
expr essi on . Al t hough a possi bl e i nf l uence of H- r as al t er a-
t i ons on t he st abi l i t y of t he pr ot ei n cannot be pr esent l y di s-
car ded, f ur t her mol ecul ar event s associ at ed wi t h pr ogr es-
si on of mal i gnancy coul d account f or t he der egul at i on of
E- cadher i n expr essi on i n car ci noma cel l s .

Recent st udi es i n mouse ski n car ci nogenesi s i ndi cat e t hat
l oss of het er ozygosi t y of chr omosome 7, wher e t he H- r as
gene i s l ocat ed, i s a f r equent event i n t he f i nal st ages of t umor
pr ogr essi on ( Al daz et al . , 1989 ; Br emner and Bal mai n,
1990 ; Bi anchi et al . , 1990) . These obser vat i ons suppor t t he
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exi st ence of a put at i ve t umor suppr essor gene on chr omo-
some 7, l i nked t o t he H- r as gene l ocus, i nvol ved i n mouse
epi der mal car ci nogenesi s . The r el evance of t hi s suggest i on
r el i es i n t he f act t hat chr omosome 7 i s t he mur i ne homol ogue
t o human chr omosome 11 wher e at l east t wo put at i ve t umor
suppr essor genes ar e l ocat ed ( Kouf os et al . , 1989 ; Haber et
al . , 1990) . The r esul t s r epor t ed her e suggest t hat t he put at i ve
mur i ne t umor suppr essor gene coul d be i nvol ved i n t he r egu-
l at i on of t he di f f er ent i at i on st at e of t he epi der mal cel l s . Such
a di f f er ent i at i on gene may r egul at e, di r ect l y or i ndi r ect l y, t he
expr essi on of E- and P- cadher i ns, as wel l as ot her epi t hel i al
mar ker s such as t he cyt oker at i ns . I n t hi s sense, t he pr ogr es-
si on f r om squamous cel l car ci nomas t o spi ndl e cel l car ci -
nomas, consi der ed t he f i nal st age of t umor pr ogr essi on i n
mouse epi der mal car ci nogenesi s, i nvol ves t he pr ogr essi ve
l oss of cyt oker at i ns ( Kl ei n- Szant o et al . , 1989) t oget her wi t h
t he suppr essi on of E- and P- cadher i n expr essi on ( t hi s paper ) .
For i nst ance, t he Car B and Car C cel l l i nes st i l l expr ess mi -
nor amount s of cyt oker at i ns, i ncl udi ng t he si mpl e epi t hel i al
cyt oker at i n CK8, a char act er i st i c of t r ansf or med epi der mal
cel l l i nes ( Dí az- Guer r a, M. , C. Baul uz, S. Haddow, J . L .
Jor cano, A. Cano, A . Bal mai n, and M. Qui nt ani l l a, manu-
scr i pt submi t t ed f or publ i cat i on) .

The possi bl e i nvol vement of P- cadher i n, t oget her wi t h t hat
of E- cadher i n, i n t he f i nal st age of epi der mal car ci nogenesi s
i s pr esent l y bei ng i nvest i gat ed by t r ansf ect i on of Car B cel l s
wi t h E- and/ or P- cadher i n cDNAs .
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