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Abst r act . P19 embr yonal car ci noma cel l s pr ovi de an

i n vi t r o model syst em t o anal yze t he event s i nvol ved i n

neur al di f f er ent i at i on . These mul t i pot ent i al st em cel l s

can be i nduced by r et i noi c aci d ( RA) t o di f f er ent i at e

i nt o neur al cel l s . We have i nvest i gat ed t he abi l i t y of

sever al var i ant f or ms of t he pr ot ei n- t yr osi ne ki nase

( PTK) pp60
sr c t o modul at e cel l f at e det er mi nat i on i n

t hi s syst em. Nor mal l y, P19 cel l s ar e i nduced t o

di f f er ent i at e al ong a neur al l i neage when al l owed t o

f or m ext ensi ve cel l - cel l cont act s i n l ar ge mul t i cel l ul ar

aggr egat es dur i ng exposur e t o RA. Thr ough anal ysi s

of mar ker s of epi t hel i al ( ker at i n and desmosomal pr o-

t ei ns) and neur onal ( neur of i l ament ) cel l s we have

f ound t hat RA- i nduced P19 cel l s t r ansi ent l y expr ess

epi t hel i al mar ker s bef or e neur onal di f f er ent i at i on . Un-

ELL- cel l si gnal s ar e i mpor t ant r egul at or s of cel l f at e

( 45) and r ecept or s t hat coupl e t o pr ot ei n- t yr osi ne

ki nases ( PTKs) ' ar e one cl ass of medi at or s of t hese

si gnal s ( 56) . PTKs have been i mpl i cat ed i n event s r egul at i ng

neur onal di f f er ent i at i on and sur vi val ( 4, 29) . We have i nves-

t i gat ed t he ef f ect of pp60sr c PTKs on a neur onal cel l f at e de-

ci si on i n an i n vi t r o model syst em. I n most cel l s t he c- sr c

gene codes f or a 60 kD phosphopr ot ei n whi ch has pr ot ei n-

t yr osi ne ki nase act i vi t y ( t er med pp60` - sr c) . However , neu-

r ons f r omt he cent r al ner vous syst em expr ess a var i ant f or m

of pp60c- s- ( 8) t hat cont ai ns a si x- ami no aci d i nser t due t o

al t er nat e spl i ci ng of t he c- sr c mRNA whi ch codes f or

pp60` - sr c + ( 38, 43) . The v- sr c gene codes f or t he t r ansf or m-

i ng pr ot ei n of Rous sar coma vi r us, pp60- sr c . The pp60° - sr c

pr ot ei n i s a mut ant var i ant of pp60- t hat i s const i t ut i vel y

act i vat ed, escapi ng t he negat i ve r egul at i on of pp60° - sr c t hat

nor mal l y occur s i n cel l s ( 11, 25) .

The mur i ne P19 embr yonal car ci noma cel l l i ne ( 44) of f er s

an i n vi t r o syst em f or i nvest i gat i ng mechani sms of neur ogen-

esi s and t he r ol es of candi dat e r egul at or y pr ot ei ns such as

pp60` - sr c. P19 cel l s have char act er i st i cs of a mul t i pot ent i al

1 . Abbr evi at i ons used i n t hi s paper : DP, desmopl aki n ; NF- M, mi ddl e mo-

l ecul ar wei ght neur of i l ament pr ot ei n ; PTK, pr ot ei n- t yr osi ne ki nase ; RA,

r et i noi c aci d.
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der t hese i nduct i ve condi t i ons, expr essi on of pp60- r c

or expr essi on of t he neur onal var i ant pp60c- sr cl i nhi bi t ed

neur onal di f f er ent i at i on, and r esul t ed i n mai nt ai ned ex-

pr essi on of an epi t hel i al phenot ype . Mor phol ogi cal

anal ysi s showed t hat expr essi on of pp60sr c PTKs r esul t s

i n decr eased cel l - cel l adhesi on dur i ng t he cr i t i cal cel l

aggr egat i on st age of t he neur al di f f er ent i at i on pr oce-

dur e . The ef f ect s of pp60- r c on cel l f at e and cel l - cel l

adhesi on coul d be mi mi cked by di r ect modul at i on of

Cal l - dependent cel l - cel l cont act dur i ng RA i nduct i on

of nor mal P19 cel l s . We concl ude t hat t he neur al l i n-

eage of P19 cel l s i ncl udes an ear l y epi t hel i al i nt er -

medi at e and suggest t hat t yr osi ne phosphor yl at i on can

modul at e cel l f at e det er mi nat i on dur i ng an ear l y

cel l - cel l adhesi on- dependent event i n neur ogenesi s .

st em cel l . When P19 cel l s ar e i nt r oduced i nt o mouse em-
br yos t hey par t i ci pat e i n t he devel opment of most t i ssues
( 58) . P19 cel l s can be i nduced t o di f f er ent i at e i nt o neur ons
i n vi t r o by a combi nat i on of exposur e t o r et i noi c aci d ( RA)
and cel l aggr egat i on ( 28) . Undi f f er ent i at ed P19 cel l s have a
l ow l evel of pp60° - , wher eas t hese cel l s expr ess a hi gh

l evel of t he neur onal var i ant pp60° -sr c* af t er neur al di f f er en-

t i at i on ( 41) . Ret r ovi r al t r ansduct i on of t he v- sr c gene has pr e-
vi ousl y been used t o i mmor t al i ze commi t t ed neur al cel l s i so-
l at ed f r omdevel opi ng ani mal s ( 10) . I n P19 cel l s, v- sr c has

been shown t o bl ock neur ogenesi s ( 5) . However , i n pr i mar y

sympat het i c neur ons ( 23) and PC12 cel l s ( 2) pp60° - s- pr o-

mot es neur onal di f f er ent i at i on . These appar ent l y cont r adi c-
t or y obser vat i ons may be r econci l ed i f t yr osi ne phosphor yl a-
t i on has di f f er ent ef f ect s at di f f er ent poi nt s i n t he neur al
l i neage .

Neur al di f f er ent i at i on of P19 cel l s i s pr omot ed by t he es-
t abl i shment of ext ensi ve cel l - cel l cont act when cel l s ar e
gr own as aggr egat es dur i ng exposur e t o RA ( 44) . I n con-
t r ast , P19 cel l s exposed t o RA i n t he absence of ext ensi ve
cel l - cel l cont act di f f er ent i at e i nt o cel l s wi t h a f l at t ened mor -
phol ogy, some of whi ch have det ect abl e ker at i n i nt er medi at e

f i l ament s ( 48) . The mol ecul es i nvol ved i n t he cel l - cel l con-
t act of di f f er ent i at i ng P19 cel l s i n vi t r o have not been ext en-
si vel y anal yzed . Apr edomi nant cal ci um- dependent cel l - cel l
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adhesi on mol ecul e of t he ear l y mouse embr yo ( 66) and P19

cel l s ( 49) i s E- cadher i n . E- cadher i n expr essi on i s l ost when

most cel l t ypes di f f er ent i at e, but many epi t hel i al cel l s r et ai n

E- cadher i n ( 66) . E- cadher i n- medi at ed adhesi on i s t hought

t o be at t he begi nni ng of a cascade of cel l adhesi on- depen-

dent event s i n t he est abl i shment of ext ensi ve cel l - cel l con-

t act s and epi t hel i al pol ar i t y ( 57) . Neur al commi t ment occur s

i n t he embr yoni c ect oder m and neur al di f f er ent i at i on con-

t i nues i n neur oepi t hel i a . Resul t s concer ni ng t he r ol e of

cadher i ns i n ot her epi t hel i a may be r el evant t o neur al i nduc-

t i on i n ect oder mi n vi t r o and P19 cel l s i n vi t r o. I n MDCK

epi t hel i al cel l s, pp60, - s- di sr upt s cel l - cel l adhesi on at t he

i nt er cel l ul ar j unct i onal compl ex wher e E- cadher i n i s l ocal -

i zed ( 69) . Si mi l ar l y, i n l ens epi t hel i al cel l s, pp60v- s- causes

det er i or at i on of N- cadher i n- r i ch adher ens j unct i ons ( 68) .

These al t er at i ons i n cel l - cel l cont act due t o pp60v- s- i n epi -

t hel i al cel l s suggest t hat pp60v- s- mi ght al so decr ease

cel l - cel l adhesi on of P19 cel l s .

We have i nvest i gat ed t he ef f ect of over - expr essi on of

pp60c- s
- and f ur t her i nvest i gat ed t he ef f ect s of pp60° , - on

t he neur al di f f er ent i at i on of P19 cel l s . Dur i ng t he cour se of

t hese i nvest i gat i ons we f ound t hat st ock ( par ent al ) P19 cel l s

t r ansi ent l y expr ess an epi t hel i al phenot ype dur i ng RA-

t r eat ment of cel l aggr egat es, bef or e expr essi on of a neur onal

phenot ype . Bot h pp60, , " - and pp60° - s- - expr essi ng P19

cel l s r et ai n t he capaci t y f or RA- i nduced epi t hel i al di f f er ent i -

at i on, but t hey have a r educed capaci t y f or neur onal di f f er en-

t i at i on . The pp60v-s" - and ppó0°- - expr essi ng P19 cel l s al so

di spl ay r educed cel l - cel l adhesi on i n RA- t r eat ed aggr egat es .

Reduct i on of cel l - cel l adhesi on and i nhi bi t i on of neur ogene-

si s i n RA- t r eat ed st ock cel l aggr egat es coul d al so be achi eved

by cul t ur i ng t he aggr egat es i n medi umwi t h a l owconcent r a-

t i on of cal ci um. These r esul t s r ai se t he possi bi l i t y t hat t he

pp60t " - medi at ed bl ock of neur onal di f f er ent i at i on may be

due, at l east i n par t , t o pp605" - medi at ed r educt i on i n

cel l - cel l adhesi on .

Mat er i al s and Met hods

Pr i mar y Ant i bodi es

The Endo- A ker at i n- r eact i ve TROMA- 1 mouse monocl onal I gG ( 30) was

hybr i doma cul t ur e super nat ant obt ai ned f r om Rol f Keml er , Max- Pl anck,

Tubi ngen. The ant i - E- cadher i n r abbi t ant i ser um was al so obt ai ned f r om

Rol f Keml er . Thi s ant i ser umwas pr oduced usi ng mouse E- cadher i n as ant i -

gen as descr i bed pr evi ousl y ( 67) . The r abbi t ant i desmopl aki n ant i ser um

was pr epar ed as pr evi ousl y descr i bed ( 55) . The ant i - pp60" ° mouse mono-

cl onal I gG327 ( 39) was pur i f i ed f r omasci t es f l ui d . 327 r eact s wi t h mouse

and chi cken pp60" . The chi cken speci f i c ant i - pp60Y' mouse monocl onal

I gG EC10 ( 54) was f r omhybr i doma cul t ur e super nat ant s . The st em cel l -

r eact i ve ant i - SSEA- 1 mouse monocl onal I gM ( 62) was an asci t es f l ui d ob-

t ai ned f r om Bar bar a Knowl es, Wi st ar I nst i t ut e . The ant i neur of i l ament

mouse monocl onal I gGwas RM0308 ( 33) hybr i doma cul t ur e super nat ant

obt ai ned f r om Vi r gi ni a Lee, Uni ver si t y of Pennsyl vani a . The ant i -

phosphot yr osi ne- r eact i ve mouse monocl onal I gG was pur i f i ed PY20 ( 19)

obt ai ned f r om I CN Bi omedcal s ( Cost a Mesa, CA) . Ant i gl i al f i br i l ar y

aci di c pr ot ei n r abbi t ant i ser umwas f r omDAKOCor p . ( Car pi nt er i a, CA) .

Ant i desmi n mouse mAb was f r omLabsyst ems ( Hel si nki , Fi nl and) . The an-

t i vi ment i n r abbi t ant i ser umwas pr evi ousl y descr i bed ( 51) .

Pl asmi ds and Vi r uses

For expr essi on pl asmi ds chi cken c- si c ( 37) , c- si c+ ( 38) , or Schmi dt - Rupi n

A st r ai n of RSV v- si c sequences ( 13) wer e used al l owi ng easy det ect i on of

pl asmi d expr essed pp60Y' usi ng mAb EC10. Pl asmi ds pLNSL7v- si c,

pLNCXc- si c+, and pLNCXc- si c wer e const r uct ed by l i gat i on of si c i nt o
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t he C1al si t es of pLNCX and pLNSL7 ( 46) . Psi - 2 cel l s wer e t r ansf ect ed

usi ng t he cal ci umphosphat e pr eci pi t at i on t echni que ( 12) wi t h t he r et r ovi r al

packagi ng si gnal cont ai ni ng pl asmi ds . Each pl asmi d has t he neo gene under

t he cont r ol of t he r et r ovi r al l ong t er mi nal r epeat . Tr ansf ect ed cl onal l i nes

wer e sel ect ed by gr owt h of cel l s i n G418 . Vi r al cul t ur e super nat ant s wer e

st or ed at - 80° C and vi r al t i t er s assayed on NI H3T3 cel l s . Vi r al super na-

t ant s f r omPsi - 2 l i nes whi ch had good t i t er and gave expr essi on of pp60'

i n 3T3 cel l s wer e used f or i nf ect i on of st ock undi f f er ent i at ed P19 cel l s . I n-

f ect i ons wer e per f or med by addi ng vi r al super nat ant s t o cel l cul t ur es i n t he

pr esence of 8 Ag/ ml pol ybr ene.

Cel l s

The P19 cel l s wer e mouse P19SI 801AI cel l s obt ai ned f r om Joel Levi ne,

SUNY, St ony Br ook. P19 cel l s wer e cul t ur ed i n hi gh gl ucose DMEMas

descr i bed pr evi ousl y ( 35) except f or exper i ment s i nvol vi ng i mmuno-

hi st ochemi cal det ect i on of Endo- A ker at i n expr essi on f or whi ch DMEM/

F12 and gel at i n- coat ed cover sl i ps wer e used as descr i bed ( 48) . The cel l s

gr ewmor e sl owl y under t he l at er condi t i ons, and ker at i n f i l ament s wer e eas-

i er t o vi sual i ze by st ai ni ng. Exposur e of monol ayer cul t ur es t o r et i noi c aci d

was as descr i bed ( 48) . F9 cel l s wer e gr own under t he same condi t i ons as

P19 cel l s . RA was i ncl uded i n cul t ur e medi a at one f eedi ng and t he cel l s

wer e r ef ed af t er 2 d wi t h nor mal medi um. Neur onal di f f er ent i at i on was

achi eved by RA t r eat ment of cel l s al l owed t o aggr egat e i n bact er i ol ogi cal

gr ade cul t ur e di shes accor di ng t o t he pr ot ocol of Levi ne and Fl ynn ( 35) ex-

cept t hat pol y- D- l ysi ne was used dur i ng gr owt h i n ser um- f r ee medi um. For

gr owt h of cel l s i n l ow cal ci ummedi umand met abol i c l abel i ng exper i ment s,

di al yzed FCS was used . Mouse NI H3T3 ( ATCC) and Psi - 2 ( 42) cel l s wer e

mai nt ai ned i n hi gh gl ucose DMEMwi t h 10% cal f ser um. G418- r esi st ant

cel l s wer e sel ect ed i n 400, ug/ ml G418 and mai nt ai ned i n 200 pg/ n- d G418

unt i l t he l ast f eedi ng bef or e vi r al super nat ant col l ect i on ( Psi - 2 cel l s) or 2 d

bef or e RA t r eat ment f or P19 cel l s . I ni t i al exper i ment s i nvol vi ng neur onal

di f f er ent i at i on wer e per f or med wi t h f our subl i nes each of pp60` - " - and

pp60" - s" - expr essi ng P19 cel l s . For f ur t her anal ysi s ( see Fi gs . 5, 7 C, F,

and G, 8, E- G, and most E- cadher i n exper i ment s) t wo subl i nes desi gnat ed

CXcsr c+E7 and SLvsr c3E wer e used . These l i nes wer e shown t o have st a-

bl e expr essi on of pp60s" f r omt hei r r et r ovi r al l y i nt r oduced si c genes i n t he

absence of cont i nued G418 sel ect i on . MDCK cel l s wer e mai nt ai ned as de-

scr i bed pr evi ousl y ( 51) .

Phosphor yl at i on

I n vi t r o pr ot ei n- t yr osi ne ki nase ( PTK) assays wer e per f or med f ol l owi ng i m-

munopr eci pi t at i on of pp60s" as descr i bed ( 8) except t hat Mn' was used

i nst ead of Mg' i n some exper i ment s and pr ot ei n A- Sephar ose was used

i nst ead of S. aur eus cel l s. For quant i t at i on of i n vi t r o PTK act i vi t y Mg ++

was used, t he r eact i on was f or 10 mi n at 4° C, and 32p i ncor por at ed i nt o

enol ase was di r ect l y measur ed i n exci sed gel sl i ces . RI PA buf f er ( I % deoxy-

chol at e, 1%TX- 100, and 0. 1% SDS, 160 mMNaCl , 5 mMEDTA, and 10

mMTr i s, pH 7. 2) was used t o sol ubi l i ze pp60" .

Quant i t at i ve Det er mi nat i on of Pr ot ei n Level s

Tr ansf er of pr ot ei ns t o ni t r ocel l ul ose and det ect i on of speci f i c pr ot ei ns wi t h

ant i bodi es and 1251- pr ot ei n Awas per f or med as descr i bed pr evi ousl y ( 55) ,

except t hat t r ansf er cur r ent s wer e var i ed f r om0. 5 t o 0. 75 Amp- h dependi ng

on t he Mr of t he pr ot ei n t o be det ect ed . For desmopl aki n exper i ment s pr o-

t ei n sol ubi l i zat i on condi t i ons wi t h noni oni c det er gent ( CSK, cont ai ns 0. 5 %

TX- 100) and SDSwer e as descr i bed ( 55) . For det ect i on of phosphot yr osi ne-

cont ai ni ng pr ot ei ns, cel l s wer e r emoved f r omcul t ur e di shes by scr api ng i n

hot SDS buf f er ( cont ai ni ng 2%SDS) as descr i bed ( 20) . For ant i - pp60° `

and ant i i nt er medi at e f i l ament pr ot ei n bl ot s, cel l pel l et s wer e f r ozen at

- 80° C and t hen wer e sol ubi l i zed i n SDS buf f er . For ker at i n exper i ment s,

l eupept i n was i ncl uded t o i nhi bi t pr ot eol ysi s . Sol ubi l i zed pr ot ei n was det er -

mi ned usi ng t he Bi o- Rad pr ot ei n assay ( Bi o- Rad Labor at or i es, Ri chmond,

CA) and equal amount s of pr ot ei n wer e el ect r ophor esed f or each sampl e .

For bl ot s pr obed wi t h mouse mAbs, an i ncubat i on wi t h pur i f i ed r abbi t -

ant i mouse ant i bodi es ( Boehr i nger Mannhei m Bi ochemi cal s, I ndi anapol i s,

I N) was done af t er t he pr i mar y ant i body i ncubat i on. For quant i t at i on,

pi eces of ni t r ocel l ul ose wer e cut f r om bl ot s and 1251 count ed di r ect l y or au-

t or adi ogr ams wer e scanned wi t h a densi t omet er . For est i mat i on of pr ot ei n

Mr accor di ng t o mi gr at i on di st ance dur i ng SDS- PAGE, pr est ai ned pr ot ei n

st andar ds ( Bi o- Rad Labor at or i es) wer e used : myosi n ( 213 kD) , f l - gal act osi -

dase ( 122 kD) , BSA ( 80 kD) , and oval bumi n ( 50 kD) . For quant i t at i on of

cel l sur f ace E- cadher i n, cel l s wer e washed wi t h PBS wi t h 1 mMCa" and
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i ncubat ed f or 8 mi n at 37° C i n t he same buf f er wi t h 600 gg/ ml t r ypsi n

( Wor t hi ngt on Bi ochemi cal Cor p. , Fr eehol d, NJ) . PMSF and soybean t r yp-

si n i nhi bi t or wer e added, cel l s wer e sedi ment ed, and ant i - E- cadher i n ant i -

ser um- r eact i ve pr ot ei n was i mmunopr eci pi t at ed f r omt he cel l super nat ant s .

I mmunopr eci pi t at ed pr ot ei ns wer e r esol ved by SDS- PAGE and t r ansf er r ed

t o ni t r ocel l ul ose . Cel l sur f ace E- cadher i n was det ect ed by pr obi ng t he

ni t r ocel l ul ose wi t h t he same ant i - E- cadher i n ant i ser um. The 84- 97- kD pr o-

t eol yt i c f r agment s ar e der i ved f r omt he ext r acel l ul ar domai n of E- cadher i n .

I mmunof uor escence

For SSEA- 1 det ect i on, cel l s wer e not f i xed bef or e st ai ni ng . For SSEA1 vi su-

al i zat i on, a pur i f i ed goat ant i mouse ant i body t hat r eact s wi t h I gMobt ai ned

f r om Boehr i nger Mannhei m was used . Thi s ant i body i s bi ot i n conj ugat ed

and was vi sual i zed wi t h Avi di n- FI TC f r om Boehr i nger Mannhei m. For

mi ddl e mol ecul ar wei ght neur of i l ament pr ot ei n ( NF- M) , gl i al f i br i l ar y

aci di c pr ot ei n, ker at i n, and vi ment i n i nt er medi at e f i l ament st ai ni ng, cel l s

wer e f i xed wi t h acet i c aci d/ et hanol ( 5 : 95 %) . Mouse I gGs wer e vi sual i zed

wi t h a pur i f i ed goat ant i mouse l i ssami ne r hodamne conj ugat ed ant i body

f r om Boehr i nger Mannhei m. E- cadher i n and desmopl aki n st ai ni ng was

wi t h met hanol - f i xed cel l s . Pr i mar y r abbi t ant i bodi es wer e vi sual i zed wi t h

r hodami ne- conj ugat ed af f i ni t y- pur i f i ed goat ant i r abbi t F( ab) f r omAccur at e

Chemi cal ( West bur y NY) or FI TC- conj ugat ed af f i ni t y- pur i f i ed swi ne

ant i - r abbi t I gG f r om DAKO. For aggr egat e st ai ni ng, aggr egat es wer e em-

bedded i n gel at i n and sect i oned ( 10 Am) bef or e st ai ni ng. Al l cel l st ai ni ng

was done wi t h cel l s gr own on pol y- D- l ysi ne- coat ed gl ass cover sl i ps except

f or Endo- A ker at i n st ai ni ng whi ch was done wi t h cel l s on gel at i n coat ed

cover sl i ps .

Resul t s

Expr essi on of pp60v - sr c5 or ppWc- sr c i n P19 Cel l s

To exami ne t he ef f ect s of expr essi on of pp60 v- sr c and over -

expr essi on of pp60` -s
- i n P19 cel l s, subl i nes wer e gener at ed

af t er i nf ect i on of undi f f er ent i at ed cel l s wi t h r ecombi nant

mur i ne r et r ovi r uses car r yi ng t he avi an v- sr c and c- sr c genes.

An MLVder i ved r et r ovi r al vect or car r yi ng an i nt er nal cyt o-

megal ovi r us ear l y gene pr omot er ( LNCXc- sr c+) was used

f or expr essi on of ppb0° s- ( 46) , and a si mi l ar vect or wi t h

an i nt er nal SV40 ear l y pr omot er ( LNSL7v- sr c) was used t o

gener at e P19 subl i nes t hat expr ess pp60° , - . Expr essi on of

pp60- by P19 cel l s was quant i t at ed usi ng an i n vi t r o PTK

assay f ol l owi ng i mmunopr eci pi t at i on of pp6( Y- f r om i n-

f ect ed P19 cel l s ( Fi g . 1 A, l anes 3- 8 and B, l anes 3- 5) . Based

on 32P i ncor por at i on i nt o t he exogenous subst r at e enol ase,

t he pp60° ° ki nase act i vi t i es of t wo LNCXc- sr c+- i nf ect ed

and t wo LNSL7v- sr c- i nf ect ed P19 subl i nes wer e 10. 5- , 6. 6- ,

36- , and 43- f ol d hi gher t han t hat of st ock ( noni nf ect ed) un-

di f f er ent i at ed P19 cel l s ( Fi g. 1 C, l anes 1- 5) .

The r el at i ve l evel s of pp60 , - i n t wo P19 subl i nes wer e

al so quant i t at ed usi ng an i mmunobl ot assay ( Fi g . 2 A) . The

amount of pp60s- i n cel l s of subl i ne CXcsr c+E7 ( l ane 2) i s

ei ght f ol d hi gher t han t hat of endogenous pp6( Y- i n

undi f f er ent i at ed st ock P19 cel l s ( l ane 1) . A si mi l ar l evel of

pp60` , - i s expr essed af t er neur onal di f f er ent i at i on of st ock

P19 cel l s ( 41) . The l evel of pp60, - i n subl i ne SLvsr c3E

( l ane 3) i s f i vef ol d hi gher t han t hat of st ock P19 cel l s . The

hi gh i n vi t r o PTK act i vi t y of pp6( Y- f r om pp60v- sr e-

expr essi ng P19 cel l s ( Fi g . 1 C) i s due t o t he hi gh speci f i c ac-

t i vi t y of pp60° -sr c ( 11, 25) . NI H3T3 cel l s i nf ect ed wi t h t he

same r et r ovi r uses di spl ayed si gni f i cant l y hi gher l evel s of ex-

pr essi on of t hese pp60° - - var i ant s ( Fi g . 1 A, l ane 1; B, l ane

6 ; and C, l anes 7 and 8) , suggest i ng t hat bot h t he CMV and

SV40 ear l y pr omot er s ar e l ess ef f ect i ve i n pr omot i ng t r an-

scr i pt i on i n P19 cel l s, as expect ed f r om r esul t s wi t h ot her

embr yonal cel l s ( 21) . The CMV pr omot er gi ves t he best ex-

Schmi dt et al . pp6o` r c Modul at es P19 Embr yonal Car ci noma Cel l Fat e

Fi gur e 1. I n vi t r o PTK act i vi t i es of P19- O1AI subl i nes . pp60
sr c

was i sol at ed f r omsol ubi l i zed cel l pr ot ei ns by i mmunopr eci pi t at i on

and r eact ed wi t h 31 P7- ATP as descr i bed i n Mat er i al s and Met h-

ods . NI H3T3 cel l s ar e shown f or compar i son i n A- C ( l anes 1, 6,

and 6- 8 r espect i vel y) . mAb EC10 was used f or l anes 2- 6 i n B. mAb

327 was used f or A and C and l ane 1 of B. ( A) LNCXc- sr c+ i n-

f ect ed 3T3 cel l s ( l ane 1) , uni nf ect ed P19- Ol Al cel l s ( l ane 2) , cel l s

f r om pool ed LNCXc- sr c+ G418 r esi st ant col oni es ( l ane 3) , and

f i ve LNCXc- sr c+ subl i nes ( l anes 4- 8) . ( B) Uni nf ect ed cel l s ( l anes

1 and 2) , cel l s f r om pool ed G418 r esi st ant LNSL7v- sr c col oni es

( l ane 3) , t wo LNSL7v- sr c subl i nes ( l anes 4 and 5) , and LNSL7v- sr c

i nf ect ed 3T3 cel l s ( l ane 6) . ( C) Gel f or quant i t at i on of i n vi t r o PTK

act i vi t i es . LNCAc- sr c+ subl i nes D and E ( l anes 1 and 2) , LNS-

L7v- sr c subl i nes 4 and 3 ( l anes 3 and 4) , P19- Ol Al st ock cel l s ( l ane

5) , uni nf ect ed 3T3 cel l s ( l ane 6) , LNCXc- sr c+ 3T3 cel l s ( l ane 7) ,

LNSL7v- sr c 3T3 cel l s ( l ane 8) . ' ZP i ncor por at i on i nt o enol ase i n

l anes 7 and 8 was 31- and 72- f ol d hi gher t han i n l ane 6. The exoge-

nous subst r at e enol ase was i ncl uded i n t he phosphor yl at i ons f or B
and C For A- C al l l anes ar e f r om t he same aut or adi ogr am; i n A

and Csome i nt er veni ng l anes wer e r emoved . pp60sr c bands ( some

f ai nt ) coul d be seen i n t he or i gi nal aut or adi ogr ams f or al l ant i body

327 i mmunopr eci pi t at es .

pr essi on of pp60sr ° i n P19 cel l s and al l ows i nvest i gat i on of
t he ef f ect of a moder at el y el evat ed l evel of pp60` - on neu-
r ogenesi s .

The r el at i ve l evel s of phosphot yr osi ne- cont ai ni ng pr ot ei ns
of st ock, pp60° , - expr essi ng, and ppó0°- - expr essi ng P19
cel l s wer e det er mi ned by pr obi ng an i mmunobl ot wi t h a
mAb t hat r ecogni zes phosphot yr osi ne ( Fi g . 2 B) . Expr es-
si on of pp60` - s

- + does not r esul t i n a gener al el evat i on of

phosphot yr osi ne l evel s i n P19 cel l s ( l ane 2) , as expect ed

f r omr esul t s obt ai ned f r omover - expr essi on of pp60` - s
- and

pp60c -
sr c+ i n ot her cel l t ypes ( 11, 25, 36) . However , expr es-
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Fi gur e 2 . Level s of expr es-
si on of ppó0° n and det ect i on

of phosphot yr osi ne cont ai ni ng
pr ot ei ns i n P19- OWsubl i nes .
Cel l s f r om undi f f er ent i at ed
monol ayer cul t ur es of st ock,
subl i ne SLvsr c3E, and subl i ne
CXcsr c+E7 wer e sol ubi l i zed

wi t h SDS buf f er as descr i bed

( 20) . 100 Wg pr ot ei n f r omeach

sampl e was r esol ved on a 10

( A) or 5 %( B) acr yl ami de gel
and t hen t he r egi on of t he gel

bet ween t he pr est ai ned oval -

bumi n and BSA st andar ds ( A)
or t he whol e gel ( B) was t r ans-
f er r ed t o ni t r ocel l ul ose. ( A)

Ant i - ppó0sr c mAb 327 was
used t o det ect pp6( sr c i n st ock
P19- Ol Al cel l s ( l ane 1) , sub-
l i ne CXcsr c+E7 ( l ane 2) , and

subl i ne SLvsr c3E ( l ane 3) . I n t wo exper i ment s, CXcsr c+E7 cel l s
had 7. 8- and 7. 9- f ol d mor e pp60$- t han st ock cel l s ; SLvsr c3E cel l s
had 4 . 8- and 5 . 5- f ol d mor e. Lanes 2 and 3 wer e r eor der ed f r omt he
or i gi nal aut or adi ogr am t o mat ch t he l ane or der i n B. ( B) Ant i -
phosphot yr osi ne mAb PY20 was used t o det ect phosphot yr osi ne
cont ai ni ng pr ot ei ns of st ock ( l ane 1) , subl i ne CXcsr c+E7 ( l ane 2) ,

and subl i ne SLvsr c3E ( l ane 3) cel l s . Posi t i ons of pr est ai ned mol ec-
ul ar mass mar ker s myosi n ( 213) , 0- gal act osi dase ( 122) , and BSA
( 80) ar e shown .

si on of pp60" - caused a 25- f ol d el evat i on i n phosphot yr o-

si ne l evel s ( l ane 3) .

The expr essi on of pp60" - s
- and pp60° - ar , + does not cause a

dr amat i c change i n t he mor phol ogy of P19 cel l s gr own as
monol ayer s ( Fi g . 3) . Most of t he cel l s i n st ock cul t ur es ad-
her e t o each ot her i n gr oups as " i sl ands ; whi l e a mi nor i t y

ar e i sol at ed ( Fi g. 3 A) . Sl i ght al t er at i ons i n cel l packi ng i n

t he pp60° - - and pp60-
. c+- expr essi ng P19 cel l cul t ur es

wer e obser ved . The pp60c- s
- - expr essi ng P19 cel l l i nes had

a sl i ght l y l ar ger number of i sol at ed cel l s ( Fi g. 3 B) . Fewer

pp60- s- expr essi ng P19 cel l s gr ow as i sol at ed cel l s, and

t he cel l s i n i sl ands ar e mor e evenl y packed at t he edges of

t he i sl ands ( Fi g . 3 C) . I n cont r ast t o non- RA- t r eat ed st ock,

pp60" - sr c- expr essi ng, and pp60c - szyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" c+- expr essi ng P19 cel l s,

P19 cel l s exposed t o RA as spar se monol ayer s have an al -

t er ed mor phol ogy ( Fi g. 3 D) . RA- t r eat ed P19 cel l s become

f l at t er ( phase dar k) and mor e spr ead ( 1 . 6- f ol d mor e cel l s per

uni t ar ea) on t he cul t ur e sur f ace . The subt l e changes i n cel l

packi ng obser ved f or pp60- - and pp60` - - expr essi ng

P19 cel l s do not r esembl e t he dr amat i c change i n mor phol -

ogy obser ved af t er RA- i nduced di f f er ent i at i on .

We consi der ed t he possi bi l i t y t hat pp60° - ar c and pp6 0°-
expr essi on coul d cause changes i n t he di f f er ent i at i on st at e of

P19 cel l s i n t he absence of mor phol ogi cal changes . Embr y-

onal car ci noma cel l s expr ess embr yoni c ant i gens t hat ar e l ost

af t er di f f er ent i at i on . The ef f ect s of pp60- and pp60c- ar c+

expr essi on on P19 cel l di f f er ent i at i on wer e assessed by i m-

munof l uor escence mi cr oscopy and ant i body t o st em cel l

mar ker SSEA- 1 ( Fi g. 3, E- H) . Most cel l s of P19 cul t ur es t hat

have not been exposed t o RA expr ess t he SSEA- 1 ant i gen

( Fi g . 3 E) . RA t r eat ment l eads t o t he l oss of expr essi on of

embr yoni c ant i gen SSEA- 1 ( Fi g. 3 H) , as pr evi ousl y
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Fi gur e 3. Mor phol ogy and SSEA1 embr yoni c ant i gen of pp60 ° - sr c-
and pp60` - sr c+ - expr essi ng P19- OI AI cel l s . Mor phol ogy by phase-
cont r ast mi cr oscopy of undi f f er ent i at ed st ock ( A) , pp60" ' - expr ess-
i ng ( B) , pp60- sr c- expr essi ng ( C) , and di f f er ent i at ed st ock P19-
Ol Al cel l s f r om RA- t r eat ed monol ayer cul t ur e ( D) . For A- D, cel l s
wer e gr own under nor mal cul t ur e condi t i ons . For i mmunof l uo-
r escence det ect i on of t he SSEA1 ant i gen, cel l s wer e gr own on
pol y- D- l ysi ne- coat ed cover sl i ps. SSEA1 embr yoni c cel l ant i gen of
undi f f er ent i at ed st ock ( E) , pp60- sr c+- expr essi ng ( F) , pp60- r c-
expr essi ng cel l s ( G) , and RA- t r eat ed monol ayer cul t ur e cel l s ( H) .
One cel l t hat had not l ost SSEA1 expr essi on i n r esponse t o RAcan
be seen at t he l ef t edge of H. Thi s cel l had r et ai ned a r ounded mor -
phol ogy and r est ed on t op of f l at t er , SSEA- 1- negat i ve cel l s . Bar s :
( A- D) 200 um; ( E- H) 10 Am.

r epor t ed ( 48) . SSEA- 1 ant i gen expr essi on i s r et ai ned by

pp60- r l - expr essi ng P19 cel l s t hat ar e not exposed t o RA

( Fi g . 3 F) . I n cont r ast , t he ppó0° - - expr essi ng P19 cel l s do

not expr ess SSEA- 1 ant i gen even i n t he absence of exposur e

t o RA ( Fi g . 3 G) .

Expr essi on of pp60- s^c+ or pp60- r c I nt er f er es wi t h

Neur onal Di f f er ent i at i on of P19 Cel l s

To exami ne t he ef f ect s of pp60` - sr c + and pp60- on neur onal
di f f er ent i at i on, st ock, pp60-

. c+- expr essi ng, and pp60° - sr c _

expr essi ng P19 cel l l i nes wer e i nduced t o di f f er ent i at e by ex-

posi ng t he cel l s t o RA and al l owi ng t he cel l s t o f or mext en-

si ve cel l - cel l cont act s i n f l oat i ng aggr egat es. Af t er 4 d, t he
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Fi gur e 4. Mor phol ogy and

NF- Mof P19- OI AI cel l s af t er
neur onal di f f er ent i at i on. Mor -

phol ogy of P19 cel l s t hat had

been t r eat ed f or neur al di f f er

ent i at i on ; st ock ( A) , pp 60`
- Tr c+-

expr essi ng, ( B) pp60- r c- ex-

pr essi ng cel l s ( C) , and G418

r esi st ant ( onl y) cel l s ( D) .

Phase- br i ght , r ounded, sel f -

adher i ng ( cl osed ar r ows) and

phase- dar k, f l at ( open ar r ows)

cel l s ar e i ndi cat ed i n A. I n B

a r egi on of a cover sl i p wi t h

f ew neur onal cel l s i s shown :

ot her ar eas on t he same cover -

sl i p had mor e phase- br i ght

cel l s . St ock P19 cel l s exposed

t o RA as spar se monol ayer s

t hen aggr egat ed and f ur t her

pr ocessed as f or neur al di f f er -

ent i at i on ( E) . St ock cel l s t hat

wer e RA t r eat ed andaggr egat ed

i n l ow cal ci um( 50 , , MCa++)

cul t ur e medi umt hen pr ocessed

f or neur onal di f f er ent i at i on ( F) .

Cel l s wer e f i xed at 60 h ( A- F)

or 7 d ( G- J) af t er di saggr ega-

t i on and cul t ur e on cover sl i ps .

I mmunof l uor escence det ect i on

of NF- M ( GI ) ; st ock P19

cel l s ( G) , pp60- - expr essi ng

cel l s ( H) , pp60c- j
- + - expr ess-

i ng cel l s ( I ) , and cor r espond-

i ng Nomar sky i mage f or I ( J) .
For I and J, a spar se r egi on of

t he cover sl i p i s shown f or easy
i dent i f i cat i on of f l at and r ound

cel l s. For H, a dense r egi on of

t he cover sl i p i s shown whi ch
cont ai ned a r ar e cel l wi t h

a neur of i l ament - posi t i ve pr o-

cess . Bar s : ( A- F) 100 j m;

( GJ) 20 um.



Fi gur e S. NF- Ml evel s i n P19- Ol Al cel l s . Cel l pr ot ei ns sol ubi l i zed

wi t h SDS wer e r esol ved by SDS- PAGE and pr ot ei ns i n t he r egi on

of t he gel bet ween t he ß- gal act osi dase ( 122) and myosi n ( 213) pr e-

st ai ned st andar ds wer e t r ansf er r ed t o ni t r ocel l ul ose . NF- M( est i -
mat ed M143, 000) was det ect ed by pr obi ng t he ni t r ocel l ul ose wi t h

ant i - NF- M ant i body and 12sí - l abel ed pr ot ei n A. Undi f f er ent i at ed

st ock ( l ane 1) , pp60° - Sr c* - expr essi ng ( l ane 2) , and pp60° -Sr c- expr ess-

i ng cel l s ( l ane 3) . St ock cel l s exposed t o RA as spar se monol ayer s

t hen t r eat ed as f or neur onal di f f er ent i at i on ( l ane 4) . I n t hr ee ex-

per i ment s t hese cel l s had 3, 5, and 3 % of t he NF- M l evel i n

st ock cel l s . Cel l s t r eat ed accor di ng t o t he st andar d neur onal di f -
f er ent i at i on pr ocedur e f or st ock ( l ane S) , pp60` -

Sr cl - expr essi ng
( l ane 6) , and pp60- - expr essi ng ( l ane 7) P19 cel l s . I n t hr ee ex-

per i ment s pp60` -
' r c+- expr essi ng cel l s had 52, 87, and 53% of t he

NF- Ml evel i n st ock cel l s ; f or pp60 1sr c- expr essi ng cel l s t he val ues
wer e <l , <l , and 7%. St ock P19 cel l s exposed t o RA and aggr e-
gat ed i n medi umwi t h 50 , . M Cal and t r eat ed as f or neur onal di f -
f er ent i at i on ( l ane 8) . I n t hr ee exper i ment s t hese cel l s had <l , <l ,
and 7 % of t he NF- Ml evel i n st ock cel l s . Cel l s wer e har vest ed 11 d
af t er exposur e t o RA.

aggr egat es wer e di ssoci at ed wi t h t r ypsi n and t he cel l s pl at ed

i n ser um- f r ee N2 medi um( 35) . As pr evi ousl y r epor t ed, neu-

r onal di f f er ent i at i on of st ock P19 cel l s r esul t s i n a char act er -

i st i c mor phol ogy ; sel f - adher i ng, r ounded ( phase br i ght ) cel l

bodi es wi t h l ong pr ocesses ( Fi g . 4 A) ( 35, 44) . Neur of i l a-

ment expr essi on ( Fi g . 4 Gand Fi g . 5, l ane S) conf i r med t he

i dent i t y of t hese cel l s as neur ons . A smal l number of gl i al

f i br i l ar y aci di c pr ot ei n- posi t i ve cel l s ar e det ect ed i n t hese

cul t ur es ( Fi g . 6 A) , as descr i bed ( 35) . P19 subl i nes sel ect ed

f or r esi st ance t o G418 af t er i nf ect i on wi t h vi r us t hat does not

i ncl ude a sr c gene wer e f ound t o under go t he char act er i st i c

neur onal di f f er ent i at i on ( Fi g. 4 D) .

pp60- r c+- expr essi ng P19 subl i nes t hat wer e t aken t hr ough

t he st eps of t he neur onal di f f er ent i at i on pr ocedur e showed an

abnor mal pat t er n of di f f er ent i at i on . Al t hough many neur o-

f i l ament - posi t i ve cel l s wi t h l ong pr ocesses wer e pr esent i n

t hese cul t ur es, t her e wer e al so many f l at ( Fi g. 4 B) , neur o-

f i l ament - negat i ve cel l s ( Fi g . 41) . Ver y f ew of t hese spr ead,

phase dar k cel l bodi es wer e obser ved i n t he cul t ur es of

di f f er ent i at ed st ock P19 cel l s ( Fi g . 4, A and D) . Most

di f f er ent i at ed pp60v - s- expr essi ng P19 cel l s have a f l at -

t ened, nonneur onal mor phol ogy ( Fi g . 4 C) . Ver y f ew

neur of i l ament - posi t i ve cel l s ( Fi g . 4 H) or gl i al f i br i l ar y

aci di c pr ot ei n- posi t i ve cel l s ( not shown) wer e det ect ed i n

cul t ur es of pp60° -
s.° - expr essi ng P19 cel l s whi ch wer e i n-

duced f or neur onal di f f er ent i at i on . However , some par t i al l y

r ounded cel l bodi es wi t h shor t ext ensi ons wer e pr esent i n

t hese cul t ur es . These cel l s di d not have neur of i l ament s as de-

t er mi ned by i mmunof l uor escence ( Fi g . 4 H) . P19 subl i nes

sel ect ed f or r esi st ance t o G418 af t er i nf ect i on wi t h a
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Fi gur e 6. I mmunof l uor escence det ect i on of cel l - t ype mar ker s . A
gl i al f i br i l ar y aci di c pr ot ei n- posi t i ve cel l af t er neur al di f f er ent i at i on
of P19 cel l s ( A) . Cel l s wer e st ai ned f or Endo- A ker at i n f i l ament s :
P19 cel l s t r eat ed wi t h RA i n monol ayer cul t ur e ( B and C) and
MDCKcel l s ( D) . The posi t i ons of t wo P19 cel l s t hat di d not have
det ect abl e ker at i n f i l ament s ar e i ndi cat ed ( B) . Cel l s wer e st ai ned
f or desmopl aki ns : undi f f er ent i at ed P19 cel l s i n monol ayer cul t ur e
( E) , RA- t r eat ed P19 cel l s i n monol ayer cul t ur e ( F) , RAt r eat ed and
aggr egat ed P19 cel l s ( G) , and MDCK cel l s ( H) . For G, aggr egat es
wer e embedded and sect i oned bef or e st ai ni ng. Cel l s wer e st ai ned
f or E- cadher i n: undi f f er ent i at ed P19 cel l s ( 1) and P19 cel l s exposed
t o RA i n spar se monol ayer cul t ur e ( J) . Cel l s wer e st ai ned f or vi -

ment i n : st ock P19 cel l s ( K) or MDCK cel l s ( L) . Bar s : ( A- D) 20
pm; ( E- H) 10 / m; ( 1- - L) 20 pm.

pLNCXc- sr c vi r us ( expr essi ng t he nonneur onal pp60` - sr c)

al so yi el ded mor e f l at cel l s af t er t he neur onal di f f er ent i at i on

pr ocedur e t han do st ock P19 cel l s ( not shown) .

The l evel s of mi ddl e mol ecul ar wei ght neur of i l ament pr o-
t ei n ( NF- M) i n non- RA- t r eat ed cul t ur es of pp60" - sr c-

and

pp60°- - expr essi ng P19 subl i nes wer e quant i t at ed r el at i ve

t o t he l evel i n uni nf ect ed P19 cel l s ( Fi g . 5, l ane 1) . Nei t her

pp60v - s
- or pp60c - s

- al one ( Fi g . 5, l anes 2 and 3) i nduced

expr essi on of NF- M i n t he monol ayer cul t ur es, as r epor t ed

pr evi ousl y f or pp60" - s- ( 5) . St ock P19 cel l s di f f er ent i at ed as

aggr egat es wi t h RA di spl ayed hi gh l evel s of NF- M ( Fi g . 5,

l ane S) . Cul t ur es of di f f er ent i at ed pp60° -s-
+- expr essi ng P19

cel l s di spl ayed a 36%r educt i on ( Fi g. 5, l ane 6) i n NF- Mpr o-

t ei n r el at i ve t o t he st ock cel l l evel . I n cont r ast , ver y l ow l ev-

el s of NF- Mpr ot ei n wer e det ect ed i n di f f er ent i at ed cul t ur es
of pp60- - expr essi ng P19 subl i nes ( 3% of t he st ock cel l
l evel ; Fi g . 5, l ane 7) . Thus, pp60 , - s- expr essi on i n undi f -
f er ent i at ed P19 cel l s gr eat l y decr eases t he capaci t y f or RA-

i nduced neur onal di f f er ent i at i on, as r epor t ed pr evi ousl y ( 5) ,

and pp60` -
sr c+ expr essi on i nt er f er es wi t h neur onal di f f er ent i -

at i on i n - 36% ( based on NF- M l evel s) t o 44% ( based on
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Fi gur e 7. Ker at i n and desmo-

pl aki n expr essi on i n P19- OI AI

cel l s . Cel l pr ot ei ns sol ubi l i zed

as descr i bed i n Mat er i al s and

Met hods wer e r esol ved by

SDS- PAGE and t r ansf er r ed t o

ni t r ocel l ul ose . Ker at i n and

desmopl aki ns wer e det ect ed

by pr obi ng t he ni t r ocel l ul ose

wi t h ant i ker at i n or ant i desmo-

pl aki n ant i bodi es and I ' l l -

l abel ed pr ot ei n Af ol l owed by

aut or adi ogr aphy ( A, B, C, F,

and G) . For D and E, met a-

bol i cal l y l abel ed desmopl ak-

i ns wer e i mmunopr eci pi t at ed,

r esol ved by SDS- PAGE, and

vi sual i zed by aut or adi ogr aphy.

( A) Undi f f er ent i at ed st ock ( l ane

1) , pp60` - - +- expr essi ng ( l ane

2) , pp60- - expr essi ng ( l ane 3)

P19 cel l s . St ock P19 cel l s i n

spar se monol ayer cul t ur e ex-

posed t o RA and t hen t r eat ed

as f or neur onal di f f er ent i at i on
( l ane 4) . Cul t ur es pr ocessed

f or neur onal di f f er ent i at i on ;
st ock ( l ane 5) , pp6a

- sr c+- ex -

pr essi ng ( l ane 6) , pp 60° - sr c-

expr essi ng ( l ane 7) , and st ock

P19 cel l s aggr egat ed i n 50 ) M

Cal l and t r eat ed as f or neu-

r onal di f f er ent i at i on ( l anes 8) .

For l anes 4- 8 cel l s wer e har -

vest ed 11 d af t er exposur e t o

RA. ( B) Compar i son of ker a-

t i n l evel s i n RA- t r eat ed mono-

l ayer P19- 01A1 cel l s ( l ane 1) ,

non- RA- t r eat ed P19- OI Al cel l s

( l ane 2) , and RA- t r eat ed mono-

l ayer cul t ur es of F9 cel l s ( l ane

3 . ( C) Compar i son of ker at i n

l evel s i n 2- d P19 cel l aggr e-

gat es : RA- t r eat ed ( l anes 1, 3,

and 5) and non- RA- t r eat ed

( l anes 2, 4, and 6) . St ock

( l anes 1 and 2) , pp60° - $- - ex-

pr essi ng ( l anes 3 and 4) , pp60- r c- expr essi ng ( l anes 5 and 6) cel l s. ( D) 35 S- met hi oni ne- l abel ed ( 3- h l abel i ng) st ock P19 cel l s gr own f or

2 d as f l oat i ng aggr egat es . Det ect i on of DPI and DPI I i n CSK- sol ubl e ( l ane 1) and CSKr esi st ant ( l ane 2) f r act i ons of aggr egat es gr own

i n t he absence of RA. DPI and DPI I i n CSK- sol ubl e ( l ane 3) and CSK- r esi st ant ( l ane 4) f r act i ons of RA- t r eat ed cel l s . Appr oxi mat el y

equal number s of cel l s wer e l abel ed and i ncor por at i on of 35S- met hi oni ne i nt o t ot al pr ot ei n was si mi l ar f or aggr egat es wi t h and wi t hout

RA. The sol ubi l i zed pr ot ei n sampl es wer e spl i t i n hal f and al so used f or Fi g. 9 F. ( E) Compar i son of desmopl aki ns i n CSK- sol ubl e ( l ane

1) and CSK- r esi st ant ( l ane 2) f r act i ons of 35 S- met hi oni ne- l abel ed ( 2- h l abel i ng) MDCKcel l s . ( F) Desmopl aki n l evel s i n non- RA- t r eat ed

monol ayer cul t ur es of st ock ( l ane 1) , pp60- r c+- expr essi ng ( l ane 2) , and pp60° - sr c- expr essi ng ( l ane 3) cel l s . Desmopl aki n l evel s i n RA

t r eat ed ( l anes 5, 7, and 9) and non- RA- t r eat ed ( l anes 4, 6, and 8) 2- d- ol d aggr egat es of st ock ( l anes 4 and 5) of pp60
- 1- expr essi ng

( l anes 6 and 7) and pp601- -
expr essi ng ( l anes 8 and 9) cel l s . ( G) Desmopl aki n l evel s i n P19 cul t ur es pr ocessed f or neur onal di f f er ent i a-

t i on : st ock ( l ane 1) , pp60° - sr c+- expr essi ng ( l ane 2) , and pp60° - ar c - expr essi ng ( l ane 3) cel l s . Cel l s wer e har vest ed 11 d af t er exposur e t o RA.

Gel s wer e 10%or 5%acr yl ami de f or ker at i n ( KER) or DPI and DPI I , r espect i vel y . Posi t i ons of pr est ai ned pr ot ei n st andar ds myosi n ( 213)

and oval bumi n ( 50) ar e i ndi cat ed i n Dand A, r espect i vel y .

ker at i n l evel s, see bel ow) of t he popul at i on . The pr esence of

t he phase- dar k, f l at t ened cel l s i n bot h t he pp60° - s- - and

pp60- - expr essi ng cel l cul t ur es suggest ed t hat t hese PTKs

di r ect ed di f f er ent i at i on t owar ds a nonneur al l i neage .

Expr essi on of pp60~s~* or pp60- Does Not Pr event

Epi t hel i al Di f f er ent i at i on of P19 Cel l s

The f l at t ened, nonneur onal cel l s i n cul t ur es of RA- t r eat ed

Schmi dt et al . pp6&
r c

Modul at es P19 Embr yonal Car ci noma Cel l Fat e

pp60° -s- - and pp60° -s- - expr essi ng P19 subl i nes ( Fi g . 4, B

and C) mor phol ogi cal l y r esembl e t he nonneur onal cel l s ob-

t ai ned by exposi ng st ock P19 cel l s i n spar se monol ayer cul -

t ur e t o RA( Fi g. 4 E) . Cel l s wi t h a f l at t ened mor phol ogy and

ker at i n i nt er medi at e f i l ament s have pr evi ousl y been i dent i -

f i ed i n P19 monol ayer cul t ur es af t er exposur e t o RA ( 48) .

Thi s suggest ed t hat t he pp60 v- sr c- and pp60` - s
. c+- expr essi ng

P19 cel l s mi ght have under gone epi t hel i al di f f er ent i at i on i n

102 5



r esponse t o RAunder condi t i ons t hat gi ve neur onal di f f er en-

t i at i on of st ock cel l s . The epi t hel i al di f f er ent i at i on of t hese

cel l s was char act er i zed by anal yzi ng t he expr essi on of des-

mosomal pr ot ei ns desmopl aki ns I and I I ( 55) and ker at i n i n-

t er medi at e f i l ament s as mar ker s of epi t hel i al di f f er ent i at i on .

Ker at i ns ar e component s of i nt er medi at e f i l ament s i n epi t he-

l i al cel l s and t hey ar e f ound t oget her wi t h desmosomes onl y

i n epi t hel i al cel l s ( 47) . The epi t hel i al di f f er ent i at i on of P19

cel l s exposed t o RA i n spar se monol ayer cul t ur e was al so

char act er i zed f or compar i son .

We exami ned expr essi on of ker at i n wi t h t he mAb

TROMA- 1, whi ch has pr evi ousl y been shown t o r eact wi t h

ker at i n i n P19 monol ayer s t r eat ed wi t h RA ( 48) . I m-

munof l uor escence ( Fi g . 6) and i mmunobl ot assays ( Fi g . 7)

wer e used t o exami ne ker at i n expr essi on . Non- RA- t r eat ed

P19 cel l s have a ver y l ow l evel of ker at i n ( Fi g. 7 A, l ane 1) .

Af t er RA t r eat ment of monol ayer P19 cul t ur es, ker at i n f i l a-

ment s can be det ect ed i n some of t he cel l s ( Fi g. 6, Band C) ,

as pr evi ousl y r epor t ed ( 48) . The i ncr ease i n mAb TROMA-

1- r eact i ve ker at i n ( est i mat ed M, 56, 000) pr ot ei n af t er RA

t r eat ment of P19 cel l s i n spar se monol ayer cul t ur e i s shown

i n Fi g. 7 B ( l anes 1 and 2) .

Most of t he RA- t r eat ed P19 cel l s ( Fi g . 6 C) have r el at i vel y

f ew ker at i n f i l ament s . Unl i ke RA- t r eat ed F9 cel l s ( 32) , not

al l of t he RAt r eat ed P19 cel l s t hat t ake on a f l at t ened mor -

phol ogy have det ect abl e ker at i n f i l ament s ( Fi g . 6 B) . RA-

t r eat ed F9 cel l s ( Fi g . 7 B, l ane 3) have a hi gher l evel of

TROMA- 1- r eact i ve ker at i n t han P19 cel l s ( Fi g . 7 B, l ane 1) .

The ker at i n f i l ament s t hat we det ect i n f l at , nonneur onal ,

di f f er ent i at ed P19 cel l s ( Fi g . 6, Band C) ar e of t en not as uni -

f or ml y di sper sed t hr oughout t he cyt opl asm as i n RA- t r eat ed

F9 embr yonal car ci noma cel l s ( 24) or MDCK cel l s ( Fi g . 6

D) . The ker at i n f i l ament s of many RA- t r eat ed P19 cel l s ar e

pr esent i n cl umps most l y on one si de of t he nucl ei r at her t han

as a wel l di sper sed net wor k t hr oughout t he cel l s .

Cul t ur es of st ock P19 cel l s t hat have under gone neur onal

di f f er ent i at i on do not have a det ect abl e ( by West er n bl ot )

l evel of ker at i n ( Fi g . 7 A, l ane S) , al t hough a ver y smal l num-

ber of cel l s i n t hese cul t ur es have ker at i n f i l ament s det ect -

abl e by i mmunof l uor escence ( not shown) . Expr essi on of

pp60c- , , , + or pp60° -s- i n P19 cel l s mai nt ai ned wi t hout RA

t r eat ment does not i nduce ker at i n expr essi on ( Fi g . 7 A, l anes

2 and 3) , as r epor t ed pr evi ousl y f or pp60° - s- ( 5) . However ,

l i ke st ock P19 cel l s ( Fi g . 7 B, l ane 1) , cel l s of pp60` - s
- - or

pp60- - expr essi ng subl i nes expr ess ker at i n af t er exposur e

t o RA i n monol ayer cul t ur e ( not shown) or when gr own as

f l oat i ng aggr egat es and t r eat ed f or neur onal di f f er ent i at i on

( Fi g . 7 A, l anes 6 and 7) . Unl i ke st ock cel l s, pp60` - s«* - and

pp60° - s, c- expr essi ng P19 cel l s cont i nue t o expr ess ker at i n

under condi t i ons whi ch i n st ock P19 cel l s r esul t i n neur o-

f i l ament expr essi on and ver y l i t t l e ker at i n expr essi on .

Desmopl aki ns ar e cyt opl asmi c, st r uct ur al pr ot ei ns of des-

mosomes ( 55) . Desmopl aki n expr essi on was anal yzed by
i mmunof l uor escence ( Fi g . 6) and by i mmunobl ot and met a-

bol i c l abel i ng ( Fi g . 7) . I n undi f f er ent i at ed P19 cel l s, ant i des-

mopl aki n ant i bodi es r eveal di f f use st ai ni ng i n a per i - nucl ear

r egi on of t he cyt opl asm ( Fi g. 6 E) . Af t er RA t r eat ment of

P19 cel l s i n monol ayer cul t ur e, most of t he per i - nucl ear st ai n

i s di sper sed and punct at e st ai ni ng i s det ect ed i nsi de cel l s and

at si t es of cel l - cel l cont act s ( Fi g . 6 F) . The l evel of ' SS-

met hi oni ne i ncor por at ed i nt o desmopl aki ns i s i ncr eased ( 12-

f ol d i n Fi g . 7 D, l ane 3) i n st ock P19 cel l s af t er RAexposur e

as compar ed t o non- RA- t r eat ed P19 cel l s ( Fi g . 7 D, l ane 1) .
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Af t er RA t r eat ment , st ock P19 cel l s have a hi gher l evel of

desmopl aki ns I and I I ( DPI and DPI I ) and a f r act i on of t hese

desmosomal component s i s r esi st ant t o ext r act i on i n buf f er
( CSK; see Mat er i al s and Met hods) cont ai ni ng noni oni c de-
t er gent ( Fi g . 7 D, l ane 4) . These ext r act i on condi t i ons have
pr evi ousl y been used t o demonst r at e a cor r el at i on bet ween
t he pool of desmopl aki ns t hat i s r esi st ant t o sol ubi l i zat i on
wi t h noni oni c det er gent ( CSK r esi st ant ) and assembl y i nt o
desmosomes ( 55) . Compar ed t o MDCKcel l s ( Fi g . 7 E) , t he
P19 cel l s do not ef f i ci ent l y r ecr ui t DPI and DPI I i nt o t he
CSK- r esi st ant pool . Thi s di f f er ence i n r ecr ui t ment cor r el at es
wi t h a hi gher densi t y of cel l - cel l i nt er f ace l ocal i zed des-
mopl aki n st ai ni ng of MDCK cel l s ( Fi g. 6 H) . These r esul t s
ar e consi st ent wi t h RA- i nduced st abi l i zat i on of some des-
mopl aki ns at cel l sur f ace desmosomes bet ween adj acent P19

cel l s .

Li ke st ock P19 cel l s, t he pp60 , - s- - and pp60` - s
, C+- expr ess-

i ng P19 cel l s al so have el evat ed l evel s of desmopl aki ns af -

t er exposur e t o RA ( Fi g . 7 F) . However , i n cont r ast t o st ock

P19 cel l s, t he cel l s of pp60 - s
- expr essi ng and pp60` - s- -

expr essi ng P19 subl i nes have det ect abl e desmopl aki n ex-

pr essi on 11 d af t er exposur e t o RA ( Fi g . 7 G, l anes 2 and

3) under condi t i ons t hat i nduce neur onal di f f er ent i at i on and

l i t t l e desmopl aki n expr essi on i n st ock P19 cel l s ( Fi g . 7 G,
l ane 1) . The expr essi on of ker at i n and desmopl aki ns i n
pp60° - s, c- expr essi ng and pp60- - expr essi ng P19 cel l s cor -

r el at es wi t h t he appear ance of f l at , nonneur onal cel l s i n t hese

cul t ur es under condi t i ons t hat gi ve neur onal di f f er ent i at i on

of st ock P19 cel l s .

Thus, whi l e not al l of t he nonneur onal , RA- t r eat ed P19

cel l s expr ess det ect abl e ker at i n f i l ament s and desmosomes,
a l ar ge per cent age of t he cel l s do have desmosomes ( above)

and ker at i n f i l ament s, as descr i bed pr evi ousl y ( 48) . These

f l at , nonneur onal , di f f er ent i at ed P19 cel l s di spl ay het er oge-

nei t y i n mor phol ogy ( ext ent of cel l spr eadi ng on t he sub-

st r at e) and expr essi on of ker at i n f i l ament s and desmosomes .

Het er ogenei t y of nonneur al RA- t r eat ed P19 cel l s has been

pr evi ousl y descr i bed ( 48, 50, 59) . Low l evel s of RA have
been used t o i nduce muscl e cel l s i n P19 cul t ur es ( 16) . Usi ng

i mmunof l uor escence, t he muscl e- speci f i c i nt er medi at e f i l a-

ment pr ot ei n desmi n has not been det ect ed i n our P19 cul -

t ur es . The i nt er medi at e- si zed f i l ament component vi ment i n

i s det ect ed i n non- RA- t r eat ed P19 cel l s ( Fi g. 6 K) , but t he

st ai ni ng i s di f f use r at her t han f i l ament ous ( Fi g . 6 L) , as pr e-
vi ousl y r epor t ed ( 17) . The vi ment i n st ai ni ng i n P19 cel l s i s

concent r at ed i n a compact r egi on t o one si de of t he cel l

nucl ei .

Based on r esul t s wi t h t he mar ker pr ot ei ns, we concl ude

t hat pp60, . s- or pp60c - s
- expr essi on al one does not r esul t i n

neur onal or epi t hel i al di f f er ent i at i on of P19 cel l s . However ,

expr essi on of pp60- i n P19 cel l s does r esul t i n t he l oss of

SSEA- 1 embr yoni c ant i gen . Our r esul t s agr ee wi t h t he con-

cl usi on of Boul t er and Wagner ( 5) t hat pp60° - - expr essi ng

P19 cel l s l ose expr essi on of st emcel l mar ker s but do not com-

mi t t o a compl et e di f f er ent i at i on pr ogr am. Our r esul t s wi t h

t he epi t hel i al mar ker s show t hat pp60° -sr ° - and pp60° - sr c+-

expr essi ng P19 cel l s can r espond t o RAby di f f er ent i at i ng and

at t ai ni ng an epi t hel i al phenot ype .

Tr ansi ent Expr essi on of an Epi t hel i al

Phenot ype i n Ret i noi c Aci d- t r eat ed and Aggr egat ed
St ock P19 Cel l s

The expr essi on of an epi t hel i al phenot ype of pp60, - s- - and
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pp60` - Sr c- expr essi ng P19 cel l s i n l ong t er mcul t ur es i nduced

wi t h RA under t he condi t i ons f or neur onal di f f er ent i at i on

pr ompt ed us t o t est f or an epi t hel i al phenot ype i n cel l s of

st ock P19 aggr egat es. RAexposur e r esul t s i n a r api d i ncr ease

i n ker at i n l evel s i n f l oat i ng aggr egat es of st ock, pp60, - sr c_

expr essi ng, and pp60` - c+- expr essi ng P19 subl i nes ( Fi g. 7

C) . Aggr egat ed cel l s of st ock, pp60° - J- - expr essi ng, and

pp60-
. c+- expr essi ng P19 subl i nes al so r espond r api dl y t o

RA by i ncr easi ng l evel s of desmopl aki n pr ot ei n ( Fi g. 7, D

and F) . P19 cel l s and RA- t r eat ed aggr egat es have punct at e

desmopl aki n st ai ni ng t hr oughout t he ent i r e t hi ckness of t he

aggr egat es ( Fi g. 6 G) and CSK- r esi st ant desmopl aki n ( Fi g .

7 D, l ane 4) . St ock P19 cel l s onl y t r ansi ent l y expr ess an

epi t hel i al phenot ype dur i ng t he aggr egat i on st age of t he neu-
r onal di f f er ent i at i on pr ocedur e. Af t er di saggr egat i on and

cul t ur e i n N2 medi ummost st ock P19 cel l s di f f er ent i at e i nt o

neur ons and l ose ker at i n and desmopl aki n expr essi on .

Expr essi on of pp60° - s- + or pp605`
sr c Reduces

Cel l - Cel l Adhesi on i n Ret i noi c Aci d- t r eat ed P19

Cel l Aggr egat es

Ef f i ci ent neur al di f f er ent i at i on of P19 cel l s i s achi eved by al -

l owi ng t he cel l s t o f or mf l oat i ng aggr egat es dur i ng exposur e

t o RA. St ock P19 cel l s f or m t i ght l y compact ed aggr egat es

under t hese condi t i ons ( Fi g . 8 A) . As seen by phase- cont r ast

mi cr oscopy, t he sur f ace of wel l compact ed aggr egat es i s

smoot h wi t h f ew pr ot r udi ng cel l s . I n cont r ast , pp60" - Sr
-

expr essi ng ( Fi g . 8 C) and pp60c- s
- +- expr essi ng ( Fi g . 8 B)

P19 cel l aggr egat es ar e l ess t i ght l y compact ed and i ndi vi dual

cel l bodi es ar e mor e pr ot r usi ve on t he sur f aces of t he aggr e-

gat es. Whi l e st ock P19 cel l aggr egat es occasi onal l y adher e

t o t he bact er i ol ogi cal gr ade cul t ur e di shes, such adher ence

was mor e pr eval ent i n t he pp60" - sr c- expr essi ng cel l cul t ur es .

Af t er RA t r eat ment and aggr egat i on, t hose pp60- expr ess -

i ng P19 cel l s t hat adher ed t o t he cul t ur e di sh coul d be seen

t o have shor t pr ocesses ( Fi g . 8 C, i nset ) . These pr ocesses

ar e si mi l ar t o t hose obser ved i n ot her nonneur al pp60° - S-

expr essi ng cel l s such as MDCK cel l s ( 69) . I nt er est i ngl y, t he

decr ease i n compact i on f or aggr egat es of pp60° - - +- and

pp60, - s- - expr essi ng P19 cel l s i s obser ved onl y i n RA-

t r eat ed aggr egat es ( compar e Fi g . 8, E and F) .

Cel l aggr egat i on was quant i t at ed i n a r eaggr egat i on assay

( Fi g . 8 G) . Cel l s wer e exposed t o RA and al l owed t o f or m

f l oat i ng aggr egat es f or 2 d i n medi umwi t h a l ower t han nor -

mal concent r at i on of cal ci um ( 50 / AM Ca++) . Under t hese

condi t i ons t he aggr egat es ar e not compact ed and t he cel l s

wer e di sassoci at ed by t r i t ur at i on . The cel l s wer e t hen t r ans-

f er r ed t o medi um wi t h a nor mal , hi gh l evel of Ca++ ( 1 . 8

mM) . The per cent age of cel l s wi t h ext ensi ve cel l - cel l con-

t act s was det er mi ned by phase cont r ast mi cr oscopy ( see Fi g .

8, l egend) at t i mes f r om0 t o 24 h af t er r et ur n t o 1 . 8 mM

Ca++ . The pp60c- 5. c+- and pp60 , - s- - expr essi ng P19 cel l s

have sl ower r at es of compact i on t han st ock cel l s and t hey do
not at t ai n as hi gh a per cent age of compact i on by 24 h ( Fi g .

8 G) . The r at es of compact i on dur i ng t he f i r st 8 h f or

pp60c, r c +- and pp60" - s
- - expr essi ng P19 cel l s wer e 62 and

31% of t he st ock cel l r at e, r espect i vel y .

A cel l - cel l cont act r equi r ement f or neur al di f f er ent i at i on

of P19 cel l s has pr evi ousl y been i ndi cat ed by compar i son of

RAt r eat ed cel l s f r omaggr egat es and spar se monol ayer cul -

t ur es ( 28) . Most st ock P19 cel l s exposed t o RAas monol ayer s

and t hen t aken t hr ough t he r emai ni ng st eps of t he neur onal

Schmi dt et al . pp60" ° Modul at es P19 Embr yonal Car ci noma Cel l Fat e

di f f er ent i at i on pr ocedur e have a nonneur onal mor phol ogy

( Fi g . 4 E) , however , some cel l s wi t h neur onal mor phol ogy

wer e obser ved . The ext ent of neur onal di f f er ent i at i on at t ai ned
under t hese condi t i ons of l i mi t ed cel l - cel l cont act dur i ng ex-

posur e t o RAwas quant i t at ed i n t er ms of NF- Mexpr essi on .

Cul t ur es of t hese cel l s have a l ow l evel of NF- M( 4%of t he

l evel i n st ock P19 cel l s ; Fi g . 5, l ane 4) and r espond t o RA

by expr essi ng ker at i n ( Fi g . 7 A, l ane 4) . The decr eased neur al

di f f er ent i at i on and cel l - cel l adhesi on i n aggr egat es of RA-

t r eat ed pp60" - - expr essi ng and pp60c- s
- - expr essi ng P19

cel l s and t he f act t hat t hese aggr egat ed cel l s have an epi t hel i al

phenot ype suggest ed t hat a cel l - cel l adhesi on pr ot ei n of epi -

t hel i al cel l s ( such as E- cadher i n) mi ght pl ay a cr i t i cal r ol e

i n t he neur al di f f er ent i at i on of P19 cel l s .

I nhi bi t i on of nor mal P19 cel l - cel l cont act s by f or mat i on

of mi xed aggr egat es wi t h RA- non- r esponsi ve cel l s has pr e-

vi ousl y been shown t o i nhi bi t neur al di f f er ent i at i on i n RA-

t r eat ed aggr egat es ( 9) . I n si mi l ar exper i ment s, we have t aken
advant age of t he f act t hat t he cel l - cel l adhesi on f unct i on of
cadher i ns can be bl ocked by l ower i ng t he ext r acel l ul ar Ca++
concent r at i on . St ock P19 cel l s exposed t o RA and al l owed
t o aggr egat e i n medi um cont ai ni ng 50 j . M Ca++ do not

f or mt i ght l y compact ed aggr egat es ( Fi g . 8D) . The decr eased

compact i on of aggr egat es f or med by RA- t r eat ed pp60v- s- -

and pp60c- Sr , +- expr essi ng P19 cel l s i n 1 . 8 mMCa++ i s not as

ext r eme as f or st ock P19 cel l s aggr egat ed i n 50 gM Ca++ .

St ock P19 cel l s exposed t o RA and aggr egat ed i n 50 / M
Ca++, but ot her wi se t r eat ed f or neur onal di f f er ent i at i on,
have a nonneur onal mor phol ogy ( Fi g . 4 F) and a l ow l evel

of NF- M( 2% of t he l evel i n st ock cel l s ; Fi g . 5, l ane 8) . P19

cel l s i n t he noncompact ed aggr egat es f or med i n 50 PM
Ca++ r espond t o RA by expr essi ng ker at i n ( Fi g. 7 A, l ane

8) . These r esul t s suggest t hat an ext r acel l ul ar cal ci um-

dependent syst em may be r equi r ed dur i ng t he aggr egat i on

phase of t he neur onal di f f er ent i at i on pr ocess i n or der t o

achi eve neur onal di f f er ent i at i on .

E- cadher i n i n P19 Cel l s

The al t er ed cel l - cel l packi ng of pp60` - ' - - and pp60, - s-

expr essi ng P19 cel l s suggest ed t hat expr essi on of t he cel l ad-

hesi on mol ecul e E- cadher i n mi ght be al t er ed i n t hese cel l s .

I mmunof l uor escence r eveal s E- cadher i n st ai ni ng at cel l - cel l

cont act s of undi f f er ent i at ed ( Fi g . 6 1) and RA- t r eat ed P19

cel l s ( Fi g. 6 J) . Det er mi nat i on of t ot al E- cadher i n l evel s by

West er n bl ot shows t hat undi f f er ent i at ed F9 embr yonal car ci -

noma cel l s ( 1) and P19 cel l s have hi gh l evel s of E- cadher i n

( Fi g . 9 A, l anes 1 and 2) . The l evel of t ot al E- cadher i n i n

non- RA- t r eat ed P19 monol ayer cul t ur es i s gr eat er ( 12- f ol d

gr eat er i n Fi g . 9 A, l ane 2) t han t he l evel i n cul t ur es t hat had

been exposed t o RA ( Fi g . 9 A, l ane 3) , i n agr eement wi t h

t he r ecent r epor t t hat l evel s of E- cadher i n mRNA ar e de-

cr eased af t er exposur e of cel l s t o RA( 49) . The r el at i ve l evel s

of t ot al cel l E- cadher i n i n cul t ur es of st ock, pp60- - ex-

pr essi ng and pp60° - Sr c- expr essi ng P19 cel l s wer e det er mi ned .

Compar ed t o st ock P19 cel l s ( Fi g . 9 B, l ane 1) , pp60` -
f r c+-

expr essi ng P19 cel l s have a l ower amount of E- cadher i n

( 65 %; Fi g . 9 B, l ane 2) . I n cont r ast , sl i ght l y mor e E- cadher i n

i s pr esent i n pp60, - s- - expr essi ng P19 cel l s ( 1 . 2- f ol d mor e

t han st ock cel l s ; Fi g . 9 B, l ane 3) .

Level s of E- cadher i n pr esent on t he cel l sur f ace wer e det er -
mi ned by t r ypsi ni zat i on of E- cadher i n at t he cel l sur f ace

whi ch gi ves r i se t o a l ar ge ext r acel l ul ar domai n f r agment
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Fi gur e 8. Decr eased compac-

t i on of aggr egat es f or med by

r et i noi c aci d- t r eat ed pp60° -S^ 1

and pp60° -sr c- expr essi ng P19

cel l s . Undi f f er ent i at ed cel l s

wer e al l owed t o f or m f l oat i ng

aggr egat es f or 2 d i n t he pr es-

ence of RA( A- D) . Phase- con-
t r ast i mages of l ar ge aggr e-

gat es i n cul t ur e di shes : st ock

P19 cel l s ( A) , pp60` - ' r c+- ex-

pr essi ng cel l s ( B) , pp60- r c-

expr essi ng cel l s ( C) , and

st ock P19 cel l s i n medi um

wi t h 50 pM Cal ( D) . A

smal l ppó0" ' r c- expr essi ng cel l

aggr egat e t hat at t ached t o t he

di sh wi t h shor t ext ensi ons ( C,

i nset ) . For E( wi t h RA) and F

( no RA) pp60c- 3- * - expr essi ng

cel l aggr egat es wer e phot o-

gr aphed af t er mount i ng on

sl i des under cover sl i ps . ( G)

Ti me cour se of compact i on of

RAt r eat ed st ock ( n) , ppó0- r * -

expr essi ng ( e) , and pp60° - ' r c-
expr essi ng ( o) P19 cel l s .

Cel l s wer e gr own f or 2 d i n

bact er i ol ogi cal gr ade cul t ur e

di shes i n medi um wi t h RA

and 50 pMCal . The cel l s

wer e t r ansf er r ed t o medi um
wi t h 1 . 8 mM Cal at t i me

zer o and cul t ur ed f or up t o an

addi t i onal 24 h as f l oat i ng ag-

gr egat es . The per cent age of

cel l s whi ch had f or med cl ose

cel l - cel l cont act s ( compact ed)

was det er mi ned by t r i t ur at i ng

t he aggr egat es, mount i ng al i -

quot s on a hemocyt omet er ,

and count i ng compact ed and

noncompact ed cel l s as vi ewed

by phase- cont r ast mi cr oscopy .

I n compact ed aggr egat es i ndi -

vi dual cel l s wer e di f f i cul t t o

di scer n ( F) whi l e i n noncom-

pact ed aggr egat es t he bor der s

bet ween i ndi vi dual cel l s ap-

pear as phase- br i ght r i ngs ( E) .

Under t he condi t i ons f or t hi s

r eaggr egat i on assay t he r esul t -

i ng smal l aggr egat es wer e

si mi l ar t o t hose shown by Li t -

t l ef i el d ( 40) i n hi s Fi g. 4

( A and B) and i ndi vi dual com-

pact ed andnoncompact ed cel l s

coul d be count ed . The dat a

poi nt s f r om t hr ee separ at e ex-

per i ment s ( each of whi ch i n-

cl uded t he t hr ee cel l t ypes)

wer e combi ned f or t hi s gr aph.

Bar s : ( A- D) 50 , um; ( E and F)

100 pm.



Fi gur e 9. E- cadher i n i n P19-

Ol Al cel l s. For Aand Bcel l s

wer e sol ubi l i zed wi t h RI PA

buf f er and equal amount s of

sol ubi l i zed pr ot ei n f or each

sampl e wer e r esol ved by SDS-

PAGE and t r ansf er r ed t o ni t r o-

cel l ul ose. The pi eces of ni -

t r ocel l ul ose wer e pr obed wi t h

ant i - E- cadher i n ant i ser umand
125I - l abel ed pr ot ei n A. ( A) Lev-

el s of E- cadher i n i n undi f f er en-

t i at ed F9 cel l s ( l ane 1) , and

undi f f er ent i at ed P19- 01AI cel l s

i n monol ayer cul t ur e ( l ane 2) .

P19- Ol Al cel l s exposed t o RA

as spar se monol ayer s ( har -

vest ed 5 d af t er exposur e t o

RA; l ane 3) . ( B) E- cadher i n

l evel s i n st ock ( l ane 1) ,

pp60° - sr c* - expr essi ng ( l ane 2) ,

and pp601sr c- expr essi ng ( l ane

3) undi f f er ent i at ed P19 cel l

monol ayer s . ( C) E- cadher i n

l evel s at t he sur f ace of st ock

( l ane 2) , pp60` - s
- +- expr essi ng

( l ane 3) , pp60° -sr c- expr essi ng

( l ane 4) undi f f er ent i at ed P19

cel l s . For l anes 2- 4 appr oxi -

mat el y equal number s of cel l s

wer e pr ocessed f or det ect i on

of cel l sur f ace E- cadher i n as

descr i bed i n Mat er i al s and

Met hods . The posi t i ons of t he

84- , 87- , and 97- kD E- cadhe-

r i n ext r acel l ul ar domai n t r yp-

t i c f r agment s ( t f s) ar e shown .

I n t hr ee exper i ment s t he l evel

of cel l sur f ace E- cadher i n on

pp60- - ' - expr essi ng cel l s was

50, 45, and 54 %of t he l evel on

st ock cel l s ; pp60- expr ess -

i ng cel l s had 1 . 3- , 1 . 65- , and

1 . 07- f ol d mor e sur f ace E- cad-

her i n t han st ock cel l s. Cel l

sur f ace MDCK E- cadher i n

f r agment ( l ane 1) . P19 E- cad-

her i n, not t r ypsi ni zed ( l ane 5) .

( D) Cel l sur f ace E- cadher i n i n

aggr egat ed P19 cel l s . 2- d aggr egat es wi t hout ( l anes 1, 3, and 5) or wi t h RA ( l anes 2, 4, and 6) . Cont r ol ( l anes 1 and 2) , ppó0` - '
r c+-

expr essi ng ( l anes 3 and 4) , pp60° - sr c- expr essi ng cel l s ( l anes 5 and 6) . ( E- G) 35 S- met hi oni ne met abol i c l abel i ng of E- cadher i n . Cul t ur es

wer e l abel ed by gr owt h i n 35 S- met hi oni ne cont ai ni ng medi um f or 15 mi n ( G) , 2 h ( E) , or 3 h ( F) . Cel l s wer e sol ubi l i zed wi t h CSK buf f er

and CSK- sol ubi l i zed pr ot ei ns t hat wer e i mmunopr eci pi t at ed by ant i - E- cadher i n ant i ser umar e shown . The i ndi cat ed bands mi gr at e at t he

posi t i ons of E- cadher i n and t he copr eci pi t at i ng a, ß, and y cat eni ns . Fl uor ogr aphi c aut or adi ogr aphy f or i mmunopr eci pi t at es r esol ved by

SDS- PAGE i s shown . ( E) St ock ( no RA) aggr egat ed P19 cel l s ( l ane 1) or MDCKcel l s ( l ane 2) . ( Lane 3) MDCKcel l pr ot ei ns wer e sol ubi -

l i zed wi t h CSK buf f er , r esol ved by SDS- PAGE, t r ansf er r ed t o ni t r ocel l ul ose, and pr obed wi t h ant i - E- cadher i n ant i ser um. ( F) St ock P19

cel l s wer e gr own as f l oat i ng aggr egat es f or 2 d t hen l abel ed ; non- RA- t r eat ed cel l s ( l ane 1) and cel l s exposed t o RA( l ane 2) . Appr oxi mat el y

equal number s of cel l s wer e l abel ed and i ncor por at i on of " S- met hi oni ne i nt o t ot al pr ot ei n was si mi l ar f or l anes 1 and 2. These sampl es

wer e spl i t i n hal f and al so used f or Fi g . 7 D. Al l E- cadher i n was CSK sol ubl e ( not shown) . These l anes ar e f r omt he same aut or adi ogr am;

some i nt er veni ng l anes wer e r emoved . ( G) Cel l s i n monol ayer cul t ur e wi t hout RA wer e l abel ed : st ock ( l ane 1) , pp60° snl - expr essi ng

( l ane 2) , and pp60° - sm- expr essi ng cel l s ( l ane 3) . pE i ndi cat es t he posi t i on of t he E- cadher i n pr ecur sor . Gel s wer e 5 %( E and F) or 7. 5 %

acr yl ami de . The posi t i ons of pr est ai ned si ze mar ker s ß- gal act osi dase ( 122) and BSA ( 80) ar e shown f or some par t s .

( 66) . Mat ur e E- cadher i n i n P19 cel l s has an appar ent M, of

129, 000 ( Fi g. 9 C, l ane 5) . Tr ypsi n di gest i on of MDCK cel l s

i n t he pr esence of cal ci um r el eases an 84, 000- D, t r ypsi n-

r esi st ant , ext r acel l ul ar domai n f r agment of E- cadher i n t hat

Schmi dt et al . ppó0" ` Modul at es P19 Embr yonal Car ci noma Cel l Fat e

can be det ect ed wi t h ant i bodi es t hat r ecogni ze t he ext r acel l u-

l ar domai n of E- cadher i n ( Fi g. 9 C, l ane 1) . Tr ypsi n di gest i on

of P19 cel l s i n monol ayer cul t ur e ( Fi g . 9 C, l anes 2- 4) r el eases

f r agment s r angi ng f r om 87, 000 t o 97, 000 D. These mul t i pl e
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bands ar e pr obabl y par t i al l y di gest ed f r agment s . These f r ag-

ment s r eact wi t h t he ant i ser umwhi ch r ecogni zes t he ext r acel -

l ul ar domai n of E- cadher i n and wer e used t o quant i t at e t he

cel l sur f ace E- cadher i n of P19 cel l s . Compar ed t o st ock P19

cel l s ( Fi g . 9 C, l ane 2) , l ess E- cadher i n i s det ect ed on t he sur -

f ace of pp60` - s
. l - expr essi ng P19 cel l s ( 50%; Fi g . 9 C, l ane

3) . I n cont r ast , mor e E- cadher i n i s pr esent on t he sur f ace of

ppó0° - - expr essi ng P19 cel l s ( 1 . 3- f ol d mor e t han st ock cel l s ;

Fi g. 9 C, l ane 4) .

E- cadher i n expr essi on i n P19 cel l s was al so anal yzed by

met abol i c l abel i ng . E- cadher i n has pr evi ousl y been shown t o

copr eci pi t at e wi t h t hr ee l ower mol ecul ar wei ght pr ot ei ns

cal l ed a, ß, and y cat eni n ( 53) . " S- met hi oni ne- l abel ed E- cad-

her i n and t hr ee associ at ed pr ot ei ns wer e coi nununopr eci pi -

t at ed f r omMDCK cel l s ( Fi g . 9 E, l ane 2) . Onl y E- cadher i n

r eact s wi t h t hi s ant i ser um ( l ane 3) , as descr i bed pr evi ousl y

( 53) . E- cadher i n f r ommouse cel l s ( Fi g . 9 E, l ane 1) has a

sl i ght l y l ower el ect r ophor et i c mobi l i t y t han t hat of E- cad-

her i n f r omMDCKcel l s ( 129 and 124 kD, r espect i vel y) . Pr o-

t ei ns mi gr at i ng at t he posi t i ons of t he a and ß cat eni ns pr e-

domi nat e i n P19 cel l s. The l ower l evel of E- cadher i n i n

RA- t r eat ed P19 cel l s ( Fi g. 9 A) cor r el at ed wi t h decr eased

" S- met hi oni ne i ncor por at i on i nt o E- cadher i n ( Fi g . 9 F) .

The r el at i ve di f f er ences i n E- cadher i n l evel s of pp60° _sr c-

and pp60- - - expr essi ng P19 cel l s ( Fi g. 9 B) wer e al so de-

t ect ed i n met abol i c l abel i ng exper i ment s ( Fi g . 9 G) . I n a 15-

mi n pul se- l abel i ng exper i ment , pp60° - S- - expr essi ng P19

cel l s synt hesi zed mor e ( 2 . 8- f ol d mor e ; Fi g . 9 G, l ane 3)

E- cadher i n t han st ock ( Fi g. 9 G, l ane 1) or pp60°
, , , +-

expr essi ng P19 cel l s ( 83 %of t he st ock l evel ; Fi g . 9 G, l ane

2) . At t hi s shor t t i me af t er synt hesi s, an E- cadher i n pr ecur sor

f or m ( pE, 145 kD) pr edomi nat es, but some of t he l ower Mr

mat ur e E- cadher i n can be seen, par t i cul ar l y i n t he pp60° -

l ane of t hi s exposur e ( Fi g. 9 G, l ane 3) .

The st abi l i t y of newl y synt hesi zed E- cadher i n was det er -

mi ned i n a pul se- chase exper i ment . The hal f - t i mes f or l oss

of 35 S- met hi oni ne- l abel ed E- cadher i n i n st ock, pp60c- -

expr essi ng, and ppó0° - - expr essi ng P19 cel l s wer e f ound

t o be 5 . 6, 3. 8, and 3 . 9 h, r espect i vel y . Thus, t he hi gher l evel

of E- cadher i n i n t hese pp60- - expr essi ng P19 cel l s can be

account ed f or by i ncr eased synt hesi s . The l ower l evel of

E- cadher i n i n t hese pp60-
. +- expr essi ng P19 cel l s cor r e-

l at es wi t h t he f ast er degr adat i on r at e.

The hi gher l evel of cel l sur f ace E- cadher i n i n pp60° -s- -

expr essi ng P19 cel l s cor r el at es wi t h t he t i ght er cel l packi ng

i n monol ayer cul t ur es of pp60° - - expr essi ng P19 cel l s ( Fi g .

3 C) . Li kewi se, l ower cel l sur f ace l evel s of E- cadher i n i n

pp60° - s
- - expr essi ng P19 cel l s cor r el at es wi t h l ess t i ght cel l

packi ng i n monol ayer cul t ur es of pp60c- Jr c` - expr essi ng cel l s

( Fi g . 3 B) . However , pp60` - szyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" c+- and pp60- - expr essi ng P19

cel l s do not have t he l ow l evel of E- cadher i n char act er i st i c

of RAt r eat ed P19 cel l s ( Fi g. 9 A, l ane 3) .

Cel l sur f ace E- cadher i n of aggr egat ed P19 cel l s i s de-

cr eased af t er RA t r eat ment of st ock, pp60° -Jr c- expr essi ng,

and ppó0° - - - expr essi ng P19 cel l s ( Fi g . 9 D) . However , t he

l evel of cel l sur f ace E- cadher i n i n RA- t r eat ed aggr egat es of

pp60" - - expr essi ng P19 cel l s i s gr eat er t han i n RA- t r eat ed

aggr egat es of st ock P19 cel l s ( 1 . 5- f ol d gr eat er ; Fi g. 9 D, l anes

2 and 6) . Thus, we coul d not cor r el at e decr eased cel l - cel l

adhesi on obser ved i n pp60° - f r c- expr essi ng P19 cel l aggr e-

gat es wi t h a decr ease i n t he l evel of cel l sur f ace E- cadher i n .
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Di scussi on

Cel l - cel l cont act - dependent si gnal s ar e an i mpor t ant but

most l y unexpl or ed aspect of ver t ebr at e neur ogenesi s . Our
r esul t s pr ovi de newi nsi ght s i nt o under st andi ng neur ogenesi s
i n t he P19 embr yonal car ci noma syst em and suggest t hat t hi s

i n vi t r o syst emmay be usef ul f or t he st udy of cel l - cel l si gnal s

i nvol ved i n neur ogenesi s . Fi r st , we have f ound t hat t her e i s

t r ansi ent expr essi on of an epi t hel i al phenot ype by cel l s i n

RA- t r eat ed aggr egat es . Second, we have f ound t hat whi l e

pp60- s- i nhi bi t s neur onal di f f er ent i at i on i t does not i nhi bi t

epi t hel i al di f f er ent i at i on . Thi r d, our r esul t s r ai se t he possi -

bi l i t y t hat PTKs may modul at e cel l f at e dur i ng RA- i nduced

di f f er ent i at i on by r egul at i ng cal ci um- dependent cel l - cel l

adhesi on . We di scuss each of t hese t opi cs bel ow.

Cel l Fat es of Ret i noi c Aci d- t r eat ed P19 Cel l s

Di f f er ent i at i ng P19 cel l s have char act er i st i cs i n common

wi t h mul t i pot ent cel l s of t he ear l y embr yo . The i nner cel l

mass of t he mouse embr yo does not expr ess si gni f i cant num-

ber s of i nt er medi at e f i l ament s, as det er mi ned by EM( 26) .

The cal ci um- dependent cel l - cel l adhesi on mol ecul e of t he

i nner cel l mass and i t s t wo ear l i est der i vat i ves ( pr i mi t i ve ec-

t oder mand endoder m) i s E- cadher i n ( 66) . Bot h of t hese de-

r i vat i ves expr ess ker at i n f i l ament s and desmosomes, al -

t hough t he l evel s of t hese t wo st r uct ur es ar e much l ower i n

pr i mi t i ve ect oder m( 27) . Mesoder mal cel l s and neur al cel l s

ar e der i ved f r om t he pr i mi t i ve ect oder m by successi ve

phases of r ecr ui t ment of cel l s f r omt he ect oder m. When ec-

t oder mal cel l s commi t t o t he mesoder mal and neur al l i ne-

ages t hey l ose expr essi on of ker at i n f i l ament s ( 27) .

Undi f f er ent i at ed P19 cel l s have pr evi ousl y been shown t o

expr ess some cel l sur f ace and i nt r acel l ul ar mar ker s t hat ar e

si mi l ar t o t hose of pr i mi t i ve neur oect oder mal cel l s ( 35) .

However , as j udged by t hei r pl ur i pot ency ( 58) , E- cadher i n

expr essi on ( Tabl e 1) , and l ow l evel of i nt er medi at e f i l ament s,

undi f f er ent i at ed P19 cel l s al so r esembl e cel l s of t he i nner cel l

mass . Fur t her mor e, P19 cel l s exposed t o RA i n t he absence

Tabl e I . Summar y of Ef f ect s of pp601- on t he Ret i noi c

Aci d- i nduced Di f er ënt i at i on of P19- 01A1 Cel l s
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Undi f f er ent i at ed : non- RA- t r eat ed monol ayer cul t ur e . Aggr egat ed : 2- d RA-

t r eat ed f l oat i ng aggr egat es . Di f f er ent i at ed : cel l s t r eat ed f or neur onal di f f er ent i -

at i on and assayed 11 d af t er exposur e t o RA. c- sr c and v- sr c : pp60` " " ` - and

pp60" -' r c- expr essi ng P19- OI AI cel l s, r espect i vel y . ECAD, E- cadher i n ; NF,

neur of i l ament ; Ker at i n, TROMA- 1- r eact i ve ker at i n .

Undi f f er ent i at ed

st ock
c- sr c
v- sr c

ECAD

+ ++

++

++ ++

NF Ker at i n

Aggr egat ed

st ock + +

c- sr c + +

v- sr c ++ +

Di f f er ent i at ed

st ock + -

c- sr c + +

v- sr c - +



A

Twor ennok add
I nduced I l neages.

B C

naumnal

Bl ock of pr ogr essi on
I n neur al l i neage.

Fi gur e 10. ( A) The t wo put at i ve cel l - cel l cont act - dependent l i ne-

ages of r et i noi c aci d- i nduced P19- Ol Al cel l s. ( B and C) Two means

by whi ch pp60v -s- mi ght al t er cel l f at e dur i ng r et i noi c aci d- i nduced

di f f er ent i at i on of P19- OI AI cel l s .

of cl ose cel l - cel l cont act can di f f er ent i at e i nt o epi t hel i al cel l s

( Fi g . 10 A) , as do cel l s of t he i nner cel l mass . These con-

si der at i ons, t oget her wi t h t he f act t hat pp60° -s- expr essi ng

P19 cel l s t hat wer e t r eat ed f or neur onal di f f er ent i at i on wer e

f ound t o have under gone epi t hel i al di f f er ent i at i on, pr ompt ed

us t o t est i f st ock P19 cel l s mi ght t r ansi ent l y expr ess an epi -

t hel i al phenot ype when i nduced f or neur onal di f f er ent i at i on .

We have f ound t hat st ock P19 cel l s exposed t o RA as f l oat -

i ng aggr egat es ar e i nduced t o expr ess ker at i n ( Tabl e I ) . Al so,

some desmopl aki ns become r esi st ant t o sol ubi l i zat i on wi t h

noni oni c det er gent , a pr oper t y whi ch cor r el at es wi t h t he ap-

pear ance of a punct at e st ai ni ng pat t er n l ocat ed at r egi ons of

cel l - cel l cont act , consi st ent wi t h f or mat i on of desmosomes .

However , l evel s of TROMA- 1- r eact i ve ker at i n i n RA- t r eat ed

P19 cel l s ar e l ower t han ker at i n l evel s i n F9 embr yonal car ci -

noma cel l s . Thus, whi l e RA- i nduced F9 cel l di f f er ent i at i on

f avor s endoder mal phenot ypes ( 64) , t he l ower l evel s of des-

mosomes and ker at i n expr essi on i n RA- t r eat ed and aggr e-

gat ed P19 cel l s suggest t hat t hey may t r ansi ent l y have a

pr i mi t i ve ect oder mal phenot ype . We ar e f ur t her char act er i z-

i ng t he epi t hel i al phenot ype of RA- t r eat ed and aggr egat ed

P19 cel l s i n or der t o t est t he hypot hesi s t hat t he behavi or of

t hese cel l s i s anal ogous t o t he i n vi vo pr ogr essi on of i nner

cel l mass t hr ough pr i mi t i ve ect oder m t o t he neur al l i neage .

I t has been r epor t ed t hat TROMA- 1 ant i body does not de-

t ect ker at i n f i l ament s i n mouse pr i mi t i ve ect oder m i n vi vo

( 30) . TROMA- 1 has been pr oposed as a pr obe speci f i c f or

Endo- A ker at i n i n endoder mand t r ophect oder m of t he ear l y

embr yo ( 30) . Whi l e some P19 cel l s exposed t o RA i n

monol ayer cul t ur e ( 48, 50) or exposed t o DMSO as ag-

gr egat es ( 61) under go endoder mal di f f er ent i at i on, i t seems

unl i kel y t hat t he t r ansi ent epi t hel i al cel l t ype of RA- t r eat ed

P19 cel l aggr egat es i s endoder m or t r ophect oder m si nce

t hese cel l s ar e not on t he neur al l i neage . I t seems mor e l i kel y

t o us t hat t he t r ansi ent epi t hel i al phenot ype of RA- t r eat ed

and aggr egat ed st ock P19 cel l s i s ect oder mal and t hat t he

Endo- A i s ei t her i nappr opr i at el y expr essed i n t hi s i n vi t r o

syst emor t hat Endo- A i s expr essed at a l ow l evel of ect oder m
i n vi vo t hat escaped det ect i on ( 30) . As f or ect oder mi n vi vo,

t er mi nal neur al di f f er ent i at i on of st ock P19 cel l s r esul t s i n

l oss of ker at i n expr essi on and r esul t s i n neur of i l ament ex-

pr essi on ( Tabl e I ) . We concl ude t hat P19 cel l s t r ansi ent l y as-

sume an epi t hel i al phenot ype bef or e neur al di f f er ent i at i on .

The Al t er at i on i n P19 Cel l Fat e Medi at ed by pp60-

I t was pr evi ousl y shown t hat expr essi on of pp60° -- does

not bl ock epi t hel i al ( endoder mal ) di f f er ent i at i on of F9 cel l s,

but does bl ock RA- i nduced neur onal and di met hyl sul f oxi de-

Schmi dt et al . pp60' m Modul at es P19 Embr yonal Car ci noma Cel l Fat e

i nduced muscl e di f f er ent i at i on of P19 cel l s ( 5) . Boul t er and

Wagner suggest ed t hat expr essi on of pp60° -sr c mi ght not i n-

t er f er e wi t h t he ear l i est event s of mouse embr yogenesi s, onl y

l at er event s such as neur al di f f er ent i at i on . Our r esul t s ar e i n

agr eement wi t h t hi s i dea and f ur t her def i ne t he poi nt i n P19

cel l devel opment at whi ch expr essi on of pp60v - sr ° becomes

ef f ect i ve i n bl ocki ng f ur t her di f f er ent i at i on event s . Expr es-

si on of pp60- or pp60c - , -
' i n undi f f er ent i at ed P19 cel l s i n-

hi bi t s t hei r capaci t y f or neur onal di f f er ent i at i on . However ,

pp60 1r r c-
and pp60c

-s- - expr essi ng P19 cel l s r et ai n t he ca-
paci t y t o di f f er ent i at e i nt o epi t hel i al cel l s . Some of t he non-

neur al cel l s i n t hese cul t ur es at l at er t i mes af t er t r eat ment f or

neur onal di f f er ent i at i on may be myof i br obl ast i c or myo-

epi t hel i al cel l s ( 59) , al t hough t he pr ol i f er at i on of t hese cel l s

i s gr eat l y i nhi bi t ed by gr owt h of RA- t r eat ed st ock P19 cel l s

i n ser um- f r ee medi um.

Two possi bi l i t i es exi st t o account f or t he gener at i on of
nonneur onal cel l s when pp60c -s- - or pp60° - szyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" r - expr essi ng

P19 cel l s ar e t r eat ed f or neur onal di f f er ent i at i on ( Fi g. 10) .
One possi bi l i t y i s t hat t hey r esul t f r oman al t er nat e di f f er ent i -
at i on pat hway separ at e f r omt he neur al l i neage ( Fi g . 10 B) .
Al t er nat i vel y, we have not r ul ed out t he possi bi l i t y t hat t hese
RA- i nduced, nonneur onal cel l s mi ght be commi t t ed t o t he

neur al l i neage but bl ocked f r ompr ogr essi ng t o a mat ur e neu-

r onal phenot ype ( Fi g . 10 C) . Anal ysi s of expr essi on of addi -

t i onal mar ker pr ot ei ns may cl ar i f y t hi s quest i on . For exam-

pl e, a newl y i dent i f i ed i nt er medi at e f i l ament subt ype ( nest i n)

has been f ound i n neur oepi t hel i al cel l s ( 34) . I t wi l l be of i n-

t er est t o det er mi ne i f neur of i l ament - negat i ve P19 cel l s i n

RA- t r eat ed cul t ur es expr ess nest i n f i l ament s .

Whi l e pp60- sr ° i s a nonphysi ol ogi cal pr obe of P19 cel l

di f f er ent i at i on, i t i s of i nt er est t hat pp60- r r over - expr essi on

at l east par t i al l y mi mi cs t he act i on of pp60 - -
, consi st ent

wi t h t he i dea t hat r egul at ed t yr osi ne phosphor yl at i on may be

physi ol ogi cal l y r el evant i n ver t ebr at e neur ogenesi s . We con-

cl ude t hat some cel l s of pp60`- - expr essi ng P19 subl i nes

and most cel l s of pp60 - r r c-expr essi ng P19 subl i nes have an
al t er ed f at e under condi t i ons t hat gi ve neur onal di f f er ent i a-
t i on of st ock P19 cel l s . I t r emai ns t o be det er mi ned i f t hi s
modul at i on of P19 cel l f at e i s due t o exi t f r omt he neur al l i n-

eage or bl ocked pr ogr essi on wi t hi n t he neur al l i neage .

Cel l - Cel l Cont act , Tyr osi ne Phosphor yl at i on, and
Choi ce of Cel l Fat e

Our r esul t s suggest t hat cal ci um- dependent cel l - cel l adhe-

si on i s r equi r ed dur i ng RA- i nduced neur ogenesi s i n t he P19

syst em. The r ol e of cel l - cel l i nt er act i ons i n neur al i nduct i on

has been i nvest i gat ed i n bot h i nver t ebr at e and ver t ebr at e sys-
t ems. I n Xenopus, r esul t s i ndi cat i ve of t he spr ead of a si gnal
l at er al l y wi t hi n t he ect oder mhave been descr i bed ( 60) . Cel l

di saggr egat i on and r eaggr egat i on exper i ment s wi t h Xenopus

suggest a r ol e f or cel l - cel l cont act s i n ect oder m f or neur al
commi t ment ( 22) . Recent exper i ment s suggest t hat cadhe-
r i ns can i nf l uence t he r ecr ui t ment of ect oder mal cel l s t o t he
neur al l i neage i n Xenopus ( 15) . The P19 syst em may be use-
f ul f or i dent i f i cat i on of a cadher i n- dependent si gnal i nvol ved
i n neur ogenesi s .

Whi l e many r ecept or PTKs have been shown t o be act i -
vat ed by di f f usi bl e gr owt h f act or s, PTKs may al so be r egu-
l at ed i n a cel l - cel l cont act - dependent manner ( 4) . Tr ans-
membr ane PTKs have been i dent i f i ed t hat ar e i nvol ved i n
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neur onal di f f er ent i at i on ( 4) and sur vi val ( 29, 31) . A Dr o-

sophi l a PTKl i nked r ecept or t hat i s act i vat ed - by t he El p mu-
t at i on al l ows di f f er ent i at i on of epi t hel i al cel l s of t he eye i m-

agi nal di sk t o yi el d pi gment cel l s and br i st l es and i nhi bi t s

di f f er ent i at i on of sensor y neur ons and ommat i di a of t he eye

( 3) . However , i n t he same syst em, t he sevenl ess PTK i s r e-
qui r ed f or t he neur onal di f f er ent i at i on of R7 cel l s ( 4) . Si mi -

l ar l y, i n t r ansf ect i on exper i ment s, EGF r ecept or has r ecent l y

been shown t o pr omot e neur onal di f f er ent i at i on of P19 cel l s
( 14) . Thus, var i ous PTKs may have di f f er ent ef f ect s i n mul -

t i pot ent i al ect oder mal pr ecur sor cel l s and commi t t ed neu-

r oepi t hel i al cel l s . The abi l i t y of pp60s- t o weaken cel l - cel l

cont act s i n ear l y epi t hel i al pr ecur sor cel l s mi ght i ndi r ect l y

i nt er f er e wi t h l at er neur al i zi ng cel l f at e deci si ons t hat nor -

mal l y depend on t he cont r ol l ed cel l - cel l cont act - dependent

act i vat i on of r ecept or - l i nked PTKs .

The pp60, s- - and pp60c -s- - expr essi ng P19 cel l s have de-

cr eased cel l - cel l cont act i n RA- t r eat ed aggr 6gat es . Em-

br yoni c st em cel l s t hat expr ess pp60° -s- have al so been

shown t o aggr egat e poor l y ( 6) . We ar e now t est i ng t he hy-

pot hesi s t hat decr eased cel l - cel l cont act and cel l - cel l com-

muni cat i on i s i nvol ved i n t he decr eased capaci t y f or neur onal

di f f er ent i at i on . Speci f i c adhesi on pr ot ei ns l i ke E- cadher i n

ar e pot ent i al t ar get s f or pp60c - s
- i n P19 cel l s, but t he abi l i t y

of pp60" - s
. ° and pp60` - s

- t o decr ease cel l - cel l and cel l -

subst r at e adhesi on i n many di f f er ent cel l t ypes suggest s t hat

a common el ement such as act i n f i l ament depol ymer i zat i on

may be i nvol ved . I t al so seems l i kel y t hat pp60` - has addi -

t i onal act i ons i n pp60° -s- - expr essi ng P19 cel l s i ndependent

of t he decr eased cel l - cel l cont act at t he aggr egat i on st age,

such as di r ect i nhi bi t i on of gap j unct i on communi cat i on ( 18,

65) or NCAMf unct i on ( 7) .

Our r esul t s wi t h P19 cel l s suggest t hat pp60c - s
- expr es-

si on and act i vi t y must be kept l ow i n ect oder mal pr ecur sor

cel l s i n or der f or cl ose cel l - cel l cont act and neur ogenesi s t o

occur . RA may make P19 cel l s compet ent f or neur onal

di f f er ent i at i on by i ncr easi ng expr essi on of ker at i n and ot her

pr ot ei ns whi ch ar e needed t o pr ovi de t he t i ght cel l - cel l con-

t act r equi r ed f or a neur al i zi ng cel l - cel l si gnal . Af t er commi t -

ment , hi gh l evel s of pp60` - may be a consequence of neu-

r al commi t ment and be i nvol ved i n mi gr at i on ( 7) , pr ocess

el ongat i on ( 2) , and secr et i on ( 52) . However , such pr oposed

r ol es f or sr c may be shar ed by ot her sr c- f ami l y member s

such as f yn and yes, si nce mi ce t hat do not expr ess pp60-

show no gr oss neur oanat omi cal def ect s i n t he cent r al or pe-

r i pher al ner vous syst ems ( 63, J . Dei t ch and J . S. Br ugge, un-

publ i shed) .
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