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Abst r act . We have st udi ed t he expr essi on of an i nt e-

gr al cel l sur f ace pr ot eogl ycan, syndecan, dur i ng t he

heal i ng of cut aneous wounds, usi ng i mmuno-

hi st ochemi cal and i n si t u hybr i di zat i on met hods . I n

nor mal mouse ski n, bot h syndecan ant i gen and MRNA

wer e f ound t o be expr essed excl usi vel y by epi der mal

and hai r f ol l i cl e cel l s . Af t er i nci si on and subsequent

sut ur i ng, r emar kabl y i ncr eased amount s of syndecan

on t he cel l sur f aces of mi gr at i ng and pr ol i f er at i ng

epi der mal cel l s and on hai r f ol l i cl e cel l s adj acent t o

wound mar gi ns wer e not ed . Thi s i ncr eased syndecan

expr essi on was shown t o be a consequence of gr eat er

amount s of syndecan mRNA. I nduct i on was obser ved

al r eady 1 d af t er woundi ng, was most si gni f i cant at t he

t i me of i nt ense cel l pr ol i f er at i on, and was st i l l obser v-

abl e 14 d af t er i nci si on . The mi gr at i ng cel l s of t he

l eadi ng edge of t he epi t hel i um al so showed enhanced

syndecan expr essi on, al t hough cl ear l y l ess t han t hat

seen i n t he pr ol i f er at i ng epi t hel i um. The mer gi ng epi -

t hel i al cel l s at t he si t e of i nci si on showed l i t t l e or no

syndecan expr essi on ; i ncr eased syndecan expr essi on,

B
BTHmi gr at i ng and pr ol i f er at i ng cel l s i nt er act wi t h sur -

r oundi ng mat r i ces . Such i nt er act i ons ar e medi at ed by

cel l sur f ace r ecept or s, can pr ovi de posi t i onal i nf or -

mat i on f or cel l s and can i ni t i at e i nt r acel l ul ar si gnal t r ansmi s-

si on ( see Damsky and Ber nf i el d, 1990) . Mat r i x r ecept or s al -

l ow det achi ng and r ebi ndi ng agai n of cel l s t o ext r acel l ul ar

mat r i x ( ECM) ' mol ecul es i n a manner t hat i s r egar ded as

hi ghl y coor di nat ed . I t i s al so obvi ous t hat mor e t han one si n-

gl e mol ecul e f aci l i t at es t hese mul t i pl e t asks, as t he number

of mat r i x mol ecul es i s abundant . Some wel l known cel l sur -

f ace mol ecul es par t i ci pat i ng i n cel l - cel l and cel l - mat r i x i n-

t er act i ons i ncl ude i nt egr i ns ( Hynes, 1987 ; Ruosl aht i and

Pi er schbacher , 1987; Abel da and Buck, 1990) , CAMS of

t he I gG super f ami l y ( Edel man, 1988) , cadher i ns ( Takei chi ,

1990) and cel l sur f ace pr ot eogl ycans ( Ruosl aht i , 1989) .

1 . Abbr evi at i ons used i n t hi s paper : ABC, avi di n- bi ot i n compl ex ; bFGF,

basi c f i br obl ast gr owt h f act or ; PAP, per oxi dase- ant i per oxi dase ; TGFO,

t r ansf or mi ng gr owt h f act or .
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however , was det ect ed dur i ng l at er epi t hel i al

st r at i f i cat i on .

When wounds wer e l ef t unsut ur ed, i n si t u hybr i di za-

t i on exper i ment s al so r eveal ed scat t er ed syndecan-

posi t i ve si gnal s i n t he gr anul at i on t i ssue near t he

mi gr at i ng epi der mal sheet . By i mmunohi st ochemi cal

anal ysi s, posi t i ve st ai ni ng i n gr anul at i on t i ssue was ob-

ser ved ar ound vascul ar endot hel i al cel l s i n a subpopu-

l at i on of gr owi ng capi l l ar i es . I nduct i on of syndecan i n

gr anul at i on t i ssue bot h at t he pr ot ei n and mRNA l ev-

el s was t empor al l y and spat i al l y hi ghl y r est r i ct ed .

Gr anul at i on t i ssue, whi ch f or med i n vi scose cel l ul ose

sponge cyl i nder s pl aced under t he ski n of r at s, was

al so f ound t o pr oduce 3. 4 and 2 . 6 kb mRNA speci es

of syndecan si mi l ar t o t hat obser ved i n t he nor mal

mur i ne mammar y epi t hel i al cel l l i ne, NMuMG. These

r esul t s suggest t hat syndecan may have a uni que and

i mpor t ant r ol e as a cel l adhesi on and a gr owt h f ac-

t or - bi ndi ng mol ecul e not onl y dur i ng embr yogenesi s

but al so dur i ng t i ssue r egener at i on i n mat ur e t i ssues .

One char act er i zed cel l sur f ace pr ot eogl ycan i s syndecan,

whi ch has a 33- kDcor e pr ot ei n wi t h hi ghl y conser ved t r ans-

membr ane and cyt opl asmi c domai ns ( Saunder s et al . , 1989 ;

Ki ef er et al . , 1990; Mal i et al . , 1990) . The ect odomai n of

syndecan cont ai ns bot h hepar an sul f at e and chondr oi t i n sul -

f at e ( Rapr aeger et al . , 1985 ; El eni us et al . , 1990) and bi nds

sel ect i vel y t o f i br i l l ar col l agens ( Koda et al . , 1985) , t o hepa-

r i n bi ndi ng domai ns of f i br onect i n ( Saunder s and Ber nf i el d,

1988) , t o t hr ombospondi n ( Sun et al . , 1989) but nei t her

t o vi t r onect i n nor t o l ami ni n ( El eni us et al . , 1990) . Pol y-

mor phi c f or ms of syndecan exi st i n di f f er ent t i ssues as a r e-

sul t of di f f er ent i al gl ycosyl at i on ( Sander son and Ber nf i el d,

1988) , and t he r esul t i ng var i at i ons can al so el i ci t al t er at i ons

i n mat r i x r ecogni t i on . Thi s has been obser ved r ecent l y f or

t oot h mesenchyme- der i ved syndecan, whi ch cont ai ns onl y

hepar an sul f at e and whi ch sel ect i vel y bi nds t enasci n ( Sal -

mi vi r t a et al . , 1991) . On t he ot her hand, l i gand bi ndi ng

can pr omot e t he cl ose i nt er act i on of syndecan wi t h act i n- r i ch

cyt oskel et on ( Rapr aeger et al . , 1986) ; however , cel l s can
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al so det ach t hemsel ves f r omt hi s i nt er act i on by pr ot eol yt i c
cl eavage of t he cor e pr ot ei n, r esul t i ng i n t he sheddi ng of t he

mat r i x bi ndi ng ect odomai n f r omt he cel l sur f aces ( Jal kanen

et al . , 1987) . By such associ at i ons, syndecan can par t i ci -

pat e i n t he r egul at i on of cel l shape, a f unct i on essent i al t o

t he mai nt enance of cel l mor phol ogy and phenot ype . Thi s
hypot hesi s has been r ecent l y suppor t ed by t he obser vat i on

t hat t he l oss of hor monal l y- r egul at ed epi t hel i al phenot ype
cor r el at es t o t he suppr essi on of syndecan gene i n S115 mouse

mammar y t umor cel l s ( Leppa et al . , 1991) .

Syndecan al so behaves l i ke a cel l - cel l adhesi on mol ecul e .

I t i s expr essed ar ound st r at i f i ed epi t hel i al cel l s of sever al t i s-

sues ( Hayashi et al . , 1987) ; and i t s st ai ni ng pat t er ns i n mor -

phol ogi cal l y act i ve t i ssues, i ncl udi ng sever al di f f er ent i at i ng

mesenchymes ( Thesl ef f et al . , 1988 ; Vai ni o et al . , 1989a, b ;
Sol ur sh et al . , 1990) , suggest a r ol e i n cel l - cel l adhesi on .

Syndecan al so bi nds some gr owt h f act or s, e . g . , basi c f i br o-

bl ast gr owt h f act or ( bFGF) ( Ki ef er et al . , 1990) . I t may al so,

t her ef or e, par t i ci pat e i n t he modul at i on of gr owt h f act or

ef f ect on var i ous cel l s ( Ruosl aht i and Yamaguchi , 1991) . The

spat i al and t empor al expr essi on of syndecan dur i ng devel op-

ment , par t i ci pat i on i n t he mai nt enance of cel l shape as wel l

as i t s i nt er act i ons wi t h ext r acel l ul ar ef f ect or mol ecul es i ndi -

cat e t hat syndecan may t ake par t i n t he r egul at i on of di ver se

bi ol ogi cal phenomena such as pr ol i f er at i on, di f f er ent i at i on

and mor phogenesi s . Besi des devel opment , t hese bi ol ogi cal

pr ocesses ar e al so ut i l i zed dur i ng t i ssue r egener at i on of

whi ch wound heal i ng i s a good exampl e . We have st udi ed,

i n t hi s paper , r egul at i on of syndecan expr essi on dur i ng heal -

i ng of cut aneous wounds. These st udi es r eveal ed an en-

hanced expr essi on of syndecan i n pr ol i f er at i ng and mi gr at i ng

epi t hel i al cel l s of epi der mi s and hai r f ol l i cl es but al so, sur -

pr i si ngl y, l i mi t ed expr essi on of syndecan on t he sur f ace of

vascul ar endot hel i al cel l s of gr anul at i on t i ssue . Ther ef or e,

syndecan ( or i t s var i ant s) may al so par t i ci pat e i n t he r egul a-

t i on of endot hel i al di f f er ent i at i on .

Mat er i al s and Met hods

Cel l Cul t ur e

NMuMGmouse mammar y epi t hel i al cel l s and 3T3 ( NI H) mouse f i br obl ast s

wer e cul t ur ed i n bi car bonat e- buf f er ed DMEM( Gi bco Labor at or i es- BRL,

Pai sl ey, UK) cont ai ni ng 10%FCS ( Gi bco Labor at or i es- BRL) and ant i bi ot -

i cs, as pr evi ousl y descr i bed ( El eni us et al . , 1990) . For RNA i sol at i on, cel l s

wer e gr own t o 70- 80%conf l uency, washed wi t h i ce- col d PBS and sol ubi -

l i zed i n 4MGI T buf f er ( 4 Mguani di ne i sot hi ocyanat e, 5 mMsodi umci t r at e

( pH 7. 0) , 0. 1 M 0- mer capt oet hanol , and 0. 5% N- l aur yl sar cosi ne) .

Pr epar at i on of Ti ssues

For i mmunohi st ochemi cal and i n si t u hybr i di zat i on exper i ment s, wound

t i ssue was obt ai ned f r om 3- mo- ol d mal e Bal b/ c mi ce. Ani mal s wer e anes-

t het i zed wi t h et her . Af t er shavi ng, a 6- mm- l ong f ul l - t hi ckness i nci si on

was made i n t he dor sal mi dl i ne i n t he caudal par t of t he back ski n . Wounds

wer e ei t her sut ur ed i mmedi at el y af t er i nci si on or l ef t uncover ed . Sur gi cal l y

t r eat ed ani mal s wer e housed i ndi vi dual l y i n cages . At days 1, 2, 3, 4, 5, 7,

or 14 af t er woundi ng, t he mi ce wer e sacr i f i ced and t he wound t i ssue sampl es

wi t h some sur r oundi ng ski n wer e exci sed . Af t er f i xi ng over ni ght i n 10%

buf f er ed f or mal i n and dehydr at i ng i n ascendi ng concent r at i ons of et hanol ,

speci mens wer e bi sect ed hor i zont al l y acr oss t he cent er of t he wound and

embedded i n par af f i n . Mi cr ot ome sect i ons ( 5 jam) wer e mount ed on gl ass

sl i des whi ch had been ei t her si l anat ed ( as descr i bed by Mapl es, 1985) or

pr et r eat ed wi t h al bumi n f or i n si t u hybr i di zat i on or i mmunohi st ochemi cal

anal ysi s, r espect i vel y .
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To ext r act RNA f r om gr anul at i on t i ssue, a st andar di zed exper i ment al
wound model ( as descr i bed by Ni i ni koski and co- wor ker s, 1971) was used .
Vi scose cel l ul ose sponge ( Sat er i OY, Val keakoski , Fi nl and) was cut i nt o 40-
mm- l ong cyl i ndr i cal pi eces wi t h a 3- mm- di am t unnel t hr ough t he cent er .
Si l i cone r ubber di scs wer e st i t ched ont o bot h ends of t he sponge t o cr eat e
dead space. Af t er decont ami nat i on by boi l i ng, t he cyl i nder s wer e i mpl ant ed
subcut aneousl y under t he back ski n of adul t mal e Spr ague- Dawl ey r at s
anest het i zed wi t h et her . Rat s wer e ki l l ed 7 d af t er i mpl ant at i on and t he
cyl i nder s wer e di ssect ed f r ee f r om sur r oundi ng t i ssue and f r ozen i n l i qui d
ni t r ogen . Mat er i al was st or ed at 70° Cunt i l used f or RNA ext r act i on si mi -
l ar t o t hat descr i bed above f or cel l cul t ur es .

I mmunohi st ochemi st r y

Bot h unl abel ed per oxi dase- ant i per oxi dase ( PAP) and avi di n- bi ot i n- per oxi -
dase compl ex ( ABC) t echni ques, as descr i bed by St er nber ger ( 1986) and

Hsu et al . ( 1981) , r espect i vel y, wer e used t o det ect t he syndecan epi t ope i n

wound t i ssues . St ai ni ngs shown i n t hi s r epor t wer e made usi ng t he PAP t ech-
ni que unl ess ot her wi se st i pul at ed i n f i gur e l egends . The ABC pr ot ocol
el i ci t ed no backgr ound st ai ni ng and was, t her ef or e, used t o st udy syndecan

expr essi on i n gr anul at i on t i ssue cel l s .
For bot h t ypes of st ai ni ng exper i ment s, sl i des wer e depar af f i ni zed, r e-

hydr at ed and i ncubat ed 30 mi n i n 3 % hydr ogen per oxi de i n met hanol t o

bl ock endogenous per oxi dase act i vi t y . Nonspeci f i c bi ndi ng was i nhi bi t ed

by f ur t her i ncubat i on of t he sl i des 30 mi n i n 2 % nor mal swi ne ( PAP;

Dakopat t s, Gl ost r up, Denmar k) or goat ( ABC; Vect or Labor at or i es, I nc . ,

Bur l i ngame, CA) ser um i n Tr i s- buf f er ed sal i ne, pH 7. 4 ( TBS) . As t he pr i -

mar y ant i body, we used a r at mAb ( 281- 2) t hat speci f i cal l y r ecogni zes t he

cor e pr ot ei n of mouse syndecan ( Jal kanen et al . , 1985) . These st ai ni ngs

wer e cont r ol l ed by t he use of r at I gG( Si gma Chemi cal Co . , St . Loui s, MO) ,

by t he use of anot her I gG2a mAb Mel - 14 speci f i c f or l ymphocyt e homi ng
r ecept or ( Gal l at i n et al . , 1983) or by t he omi ssi on of t he pr i mar y ant i body .

Pr i mar y ant i bodi es wer e di ssol ved i n TBS cont ai ni ng 1%BSA ( as wer e al l

t he ot her ant i bodi es used) and i ncubat ed on t he sl i des over ni ght at 4° C.

The PAP pr ot ocol was t hen car r i ed on by sequent i al i ncubat i ons f or 30
mi n at r oom t emper at ur e wi t h r abbi t ant i - r at I gG, swi ne ant i - r abbi t I gG

and r abbi t PAP compl ex ( al l del i ver ed by Dakopat t s) ; and t he ABCst ai ni ng,
by si mi l ar t r eat ment s wi t h bi ot i nyl at ed goat ant i - r at I gG( Jackson' s I mmuno-

r esear ch Labor at or i es I nc. , West Bal t i mor e, PA) and avi di n- bi ot i n- per oxi -

dase compl ex ( Vect or Labor at or i es, I nc. ) . Bet ween each ant i body i ncuba-

t i on, t he sl i des wer e washed t hr ee t i mes wi t h TBS. I mmobi l i zed per oxi dase
was vi sual i zed by i ncubat i on wi t h 0 . 5 mg/ ml of subst r at e 3, 3' - di ami nobenzi -

di ne t et r ahydr ochl or i de ( DAB; Pol ysci ences I nc . , Nor t hampt on, UK) i n
TBS cont ai ni ng 0 . 7 mg/ ml i mi dazol e and 0. 01% hydr ogen per oxi de f or

5 mi n . Fi nal l y, t he sect i ons wer e count er st ai ned wi t h hemat oxyl i n, dehy-

dr at ed and mount ed ( Gur r ; BDH, Pool e, UK) .

I n Si t u Hybr i di zat i on

The cRNA i n si t u hybr i di zat i on f or par af f i n sect i ons was per f or med accor d-

i ng t o t he met hod of Wi l ki nson et al . ( 1989) . A 535- bp SacI - KpnI f r agment

f r omt he par t i al cDNA cl one f or mouse syndecan ( PM- 4) ( Saunder s et al . ,

1989) was subcl oned ( Vai ni o, S. , M. Jal kanen, A. Vaaht okar i , C, Sahl ber g,

M. Mal i , M. Ber nf i el d, and I . Thesl ef f , manuscr i pt submi t t ed f or publ i ca-

t i on) i nt o a r i bopr obe pGEM- 4Z vect or ( Pr omega Bi ot ec, Madi son, WI ) .

The cl oned pl asmi d cont ai ni ng t he i nser t was l i near i zed wi t h EcoRl or Hi n-

dI I I enzymes and ant i sense or sense t r anscr i pt s wer e pr oduced f r om com-

pl ement ar y st r ands wi t h T7 or SP6 pol ymer ases i n t he pr esence of 35S-

UTP ( Amer shamI nt er nat i onal , Wi l l shi r e, UK) , r espect i vel y . The maxi mal

l engt h of t he t r anscr i pt s was r educed t o <200 by wi t h al kal i ne hydr ol ysi s ;

and t hose f r act i ons wi t h t he hi ghest speci f i c act i vi t y wer e col l ect ed, pr eci pi -

t at ed and sol ubi l i zed i n hybr i di zat i on buf f er . Pr et r eat ed sl i des wer e hybr i d-

i zed over ni ght at 50° C, and t he pr ocedur es t o r emove nonspeci f i c bi ndi ng

of t he pr obe ( i ncl udi ng hi gh st r i ngency washi ngs and r i bonucl ease A t r eat -

ment ) and aut or adi ogr aphy wer e done, as pr evi ousl y descr i bed ( Wi l ki nson
et al . , 1989) .

Nor t her n Bl ot

RNAs f r omcul t ur ed cel l s and gr anul at i on t i ssue wer e i sol at ed by CsCl den-
si t y cent r i f ugat i on ( Chi r gwi n et al . , 1979) . Pur i f i ed RNA sampl es wer e
f r act i onat ed on 1% f or mal dehyde- agar ose gel , t r ansf er r ed t o Gene Scr een

Pl us membr ane ( New Engl and Nucl ear , Bost on, MA) and hybr i di zed wi t h

mul t i pr i me l abel ed ( Amer sham I nt er nat i onal ) 1 . 0- kb Hi ndI I f r agment of

PM- 4 ( Saunder s et al . , 1989) . Al t hough t hi s pr obe cont ai ns a sequence of
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Fi gur e 1. Syndecan expr essi on i n nor mal and wounded ski n . Par af f i n sect i ons of nor mal mouse ski n ( A, C, E, and G) and 3- d- ol d sut ur ed

wound ( B, D, F, and H) wer e i mmunost ai ned wi t h mAb 281- 2 ( A and B) or wi t h nonspeci f i c r at I gG( C and D) , or wer e anal yzed by

i n si t u hybr i di zat i on usi ng ant i sense ( E and F) or sense ( Gand H) const r uct s of syndecan- speci f i c RNA- pr obes. Ar r ows poi nt t o t he wound

edge. Bar , 300 j m.

El eni us et al . Syndecan i n Heal i ng Wounds
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Fi gur e 2. Quant i t at i on of syndecan mRNA i n t i ssues ar ound heal i ng wound . I n si t u hybr i di zat i on gr ai ns per cel l i n per i pher al epi der mi s

( 11 gr ai ns/ cel l ) and der mi s ( 2 gr ai ns/ cel l ) as wel l as i n moder at el y ( 67 gr ai ns/ cel l ) and st r ongl y ( 165 gr ai ns/ cel l ) pr ol i f er at i ng epi der mi s

ar e shown. An open wound i s l ocat ed t o t he l ef t . Bar , 300 pm.

mouse syndecan cDNA i t was shown t o det ect al so r eadi l y RNA f r omr at
gr anul at i on t i ssue . Thi s i s so, because t he Hi ndl l f r agment of PM- 4 i n-

cl udes r egi ons codi ng f or t he cyt opl asmi c and t r ansmembr ane domai ns t hat

have been di scover ed t o be hi ghl y conser ved bet ween mur i ne ( Saunder s et

al . , 1989) , human ( Mal i et al . , 1990) and hamst er ( Ki ef er et al . , 1990) syn-
decans . Af t er hybr i di zat i on, t he f i l t er was washed at 60 or 65° C i n 2x SSC
pl us 1 . 0% SDS and aut or adi ogr aphed, r esul t i ng i n t he det ect i on of i dent i cal
mRNApat t er ns . The use of t he whol e PM- 4 as a pr obe r esul t ed i n t he det ec-

t i on of t he same mRNAs but gave r educed si gnal , as obser ved ear l i er be-
t ween human and mouse syndecans and t hei r cDNAs ( Mal i et al . , 1990) .

Resul t s

I mmunohi st ol ogi cal and I n Si t u Local i zat i on

of Syndecan i n Nor mal Ski n

I n nor mal ski n, mAb 281- 2- posi t i ve st ai ni ng has been f ound

sur r oundi ng cel l s of epi der mi s and hai r f ol l i cl es ( Hayashi et

al . , 1987; Jal kanen et al . , 1988) . Si mi l ar r esul t s wer e al so

obt ai ned usi ng t he 281- 2 ant i body and ei t her t he PAP ( Fi g .

1 A) or t he ABC ( not shown) t echni ques . I mmunohi st ochem-

i cal st udi es t o det ect syndecan may pr ovi de a somewhat

l i mi t ed pi ct ur e of syndecan expr essi on, because t hese t ech-

ni ques ar e based on t he det ect i on of f ewepi t opes . I n si t u hy-

br i di zat i on wi t h syndecan speci f i c cRNApr obes, on t he ot her

hand, coul d r eveal mor e i nf or mat i on about syndecan expr es-

si on i n di f f er ent i ssues. I n t hi s st udy, we conf i r med t hat i n

nor mal ski n, l ocal i zat i on of syndecan t r anscr i pt s i s r est r i ct ed

t o epi der mi s and t o hai r f ol l i cl es ( Fi gs. 1 Eand 6 C) , i ndi cat -

i ng t hat pr evi ous 281- 2 st ai ni ngs, at l east i n t hi s t i ssue, had

r eveal ed cor r ect expr essi on si t es f or syndecan. Thi s si mi l ar -

i t y bet ween t he i mmunohi st ochemi cal and i n si t u hybr i di za-

t i on pat t er ns al so suggest s t hat i n cel l s i n whi ch t he syndecan

gene i s t r anscr i bed, syndecan mRNA i s f ur t her t r ansl at ed

i nt o pr ot ei n . No speci f i c si gnal was obser ved i n t he cont r ol
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sect i ons t hat wer e pr obed wi t h cont r ol ant i bodi es ( Fi g. 1 C)

or sense const r uct of t he cRNA pr obe ( Fi g. 1 G) .

I ncr eased Syndecan Expr essi on by Pr ol i f er at i ng and

Mi gr at i ng Ker at i nocyt es Adj acent t o Wound

Our model f or st udyi ng epi der mal behavi or wi t hi n t he wound

consi st ed of a si mpl e i nci si on of t he ski n, f ol l owed by sampl e

col l ect i on at 1 or 2 d i nt er val s f or i mmunohi st ol ogi cal and

i n si t u st ai ni ngs . Anal ysi s of t hese sampl es r eveal ed i ncr eased
i nt ensi t y of syndecan st ai ni ng ar ound mi gr at i ng and pr ol i f -

er at i ng epi der mi s ( Fi g . 1 B) , compar ed wi t h t he per i pher y

of t he same t i ssue sect i on ( Fi g . 1 A) . At t he mRNA l evel ,

t he i nduct i on of syndecan expr essi on was even mor e evi dent .

Fi g . 1 F shows an i n si t u hybr i di zat i on anal ysi s of a sect i on

near t he wound edge . I t can be seen t hat cel l s of t he epi der mi s

and hai r f ol l i cl es demonst r at ed a st r ongl y enhanced si gnal

wi t h syndecan ant i - sense cRNA, when compar ed t o t hose

cel l s l ocat ed mor e per i pher al t o t he i nci si on si t e ( Fi g . 1 E) .

Thi s i ncr ease r esul t ed f r oma hi gher syndecan mRNA copy

number , as epi der mal cel l s near t he wound si t e cont ai ned sev-

er al f ol d gr eat er gr ai n number t han t hose cel l s l ocat ed mor e

di st al t o t he wound ( Fi g . 2) . Accor di ng t o t hese obser vat i ons,

i t i s possi bl e t o concl ude t hat t he i ncr eased quant i t y of pr o-

t eogl ycan at t he cel l sur f ace of ker at i nocyt es near t he wound

edge was a consequence of accumul at ed syndecan t r anscr i pt s .

Negat i ve cont r ol s f or i mmunost ai ni ng ( Fi g . 1 D) and f or i n

si t u hybr i di zat i on ( Fi g . 1 H) exper i ment s of wounded ski n

gave no speci f i c si gnal .
At hi gher magni f i cat i on ( Fi g. 3) i t can be seen t hat t he

pr ol i f er at i ng epi der mi s, as a r esul t of ski n i nci si on, was t hor -

oughl y 281- 2 posi t i ve ( Fi g . 3 A) ; but syndecan mRNA pr o-

duct i on was r est r i ct ed t o t he mor e basal l y- l ocat ed cel l s ( Fi g .

3 C) . Hayashi et al . ( 1987) have descr i bed t hat syndecan st ai n-
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Fi gur e 3. Local i zat i on of syndecan i n t he pr ol i f er at i ng epi der mi s . Sect i ons f r om 3- d- ol d sut ur ed wounds wer e st ai ned f or i mmuno-

hi st ochemi st r y ( A and B) wi t h mAb 281- 2 ( A) or wi t h nonspeci f i c r at I gG ( B) , and f or i n si t u hybr i di zat i on wi t h syndecan ant i - sense

cRNA ( C) . Cor r espondi ng br i ght f i el d i s shown i n D. I nci si on si t e i s l ocat ed 0. 5- 1 . 0 mmt o t he r i ght ( A, C, and D) or t o t he l ef t ( B)

of t he shown ar eas, r esul t i ng i n a si gnal i nt ensi t y gr adi ent t owar d t he wound. Ar r ows i ndi cat e t he boundar y of syndecan mRNA- negat i ve

and - posi t i ve cel l l ayer s of t he epi der mi s . Bar , 150 gym.

i ng i n st r at i f i ed squamous epi t hel i a i s most i nt ense i n basal

cel l l ayer s, t hat expr essi on i s gr adual l y decr eased t owar ds

t he sur f ace and t hat f ewof t he most super f i ci al cel l s ar e t ot al l y

negat i ve . Thi s gr adi ent of syndecan expr essi on was occa-

si onal l y f ound al so i n our i mmunost ai ni ngs of t hi ck pr ol i f -

er at i ng epi der mi s . However , t he st r i ct bor der bet ween cel l s

wi t h posi t i ve or negat i ve si gnal f or syndecan mRNA, al most

mi dway t he epi der mi s ( Fi g . 3 C) , was never seen wi t h i mmu-

nost ai ni ngs . Ther ef or e, syndecan i n t he upper most cel l l ay-

er s must r esul t f r ompr evi ous synt hesi s of syndecan by mor e

basal l y l ocat ed cel l s and t hei r subsequent mi gr at i on t o a new

mor e per i pher al l ocat i on . The wound si t e i n Fi gs . 3, A, C,

and D, l ocat ed 0. 5- 1 . 0 mmr i ght f r omt he panel s shown, and

syndecan expr essi on i s seen t o gr adual l y i ncr ease t owar ds

t he wound . Fi g . 3 B i s an i mmunohi st ochemi cal cont r ol st ai n-

i ng and Fi g. 3 Di s a br i ght - f i el d phot ogr aph of t he same si t e

shown wi t h dar k f i el d opt i cs i n Fi g. 3 C.

Expr essi on of Syndecan at Di f f er ent St ages

of Wound Heat i ng

I n gener al , t he i nduct i on of syndecan expr essi on, bot h at t he

pr ot ei n ( not shown) and at t he mRNA ( see Fi g . 5 A) l evel

was cl ear l y evi dent al r eady a day af t er woundi ng and st i l l ob-

ser vabl e, al t hough consi der abl y di mi ni shed, at our l ast t i me

poi nt of t wo weeks ( not shown) . Maxi mal i nduct i on was seen

at t he t i me of st r ongest ker at i nocyt e pr ol i f er at i on and mi gr a-

El eni us et al . Syndecan i n Heal i ng Wounds

t i on 3 t o 5 d af t er woundi ng, dependi ng on whet her t he

wound was pr i mar i l y sut ur ed ( Fi g . 1) or not ( see Fi g . 7 A) .

The l eadi ng cel l s i n t he epi der mal sheet mi gr at i ng bel ow

t he scab st ai ned posi t i vel y wi t h mAb 281- 2, but t he st r ong-

est si gnal was f ound at si t es of r api d cel l di vi si on adj acent

t o t he wound mar gi n ( Fi g . 4 A) . At t he t i me of epi t hel i al

mer gi ng, t he cel l s at t he cont act si t e seemed t o be poor syn-

decan expr essor s ( Fi g . 4 B) ; but t he epi der mi s at t he, poi nt

of or i gi nal i nci si on af t er r ecover y and mer gi ng r eveal ed ver y

i nt ense syndecan expr essi on ( Fi g . 4 C) .

The i n si t u hybr i di zat i on exper i ment s ( Fi g . 5) r emar kabl y

dupl i cat ed t he di scover i es made by i mmunost ai ni ng . The

l eadi ng cel l s of t he mi gr at i ng epi t hel i umshowed act i ve t r an-

scr i pt i on of syndecan gene ( Fi g . 5 A) ; but agai n, t he cel l s be-

hi nd t he l eadi ng edge r eveal ed an even hi gher expr essi on of

syndecan mRNA. At t he t i me of t he f i r st epi t hel i al r econt act ,

t hose cel l s most pr obabl y der i ved f r om t he basal cel l l ayer s

of t he epi der mi s or f r om cel l s i n hai r f ol l i cl es ( Kr awczyk,

1971 ; St enn and Depal ma, 1988) wer e negat i ve f or syndecan

gene t r anscr i pt i on ( Fi g . 5, Cand D) . However , si mi l ar t o t he

i mmunost ai ni ngs, t he epi der mal cel l s at t he t i me of epi t hel i al

pr ol i f er at i on af t er mer gi ng di spl ayed ver y i nt ense expr essi on

of syndecan ( Fi g . 5, E and F) . The most ext ensi ve syndecan

mRNA pr oduct i on l evel s i n t hese mor e advanced wounds

was f ound at t he si t e of i nci si on and gr adual l y di mi ni shed t o-

war ds t he mor e nor mal i zed per i pher y ( Fi g . 5, E and F) .
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Fi gur e 4. l mmunohi st ochemi cal l ocal i zat i on of syndecan at di f f er ent st ages of wound heal i ng . Al l wounds wer e pr i mar i l y sut ur ed . ( A)
A wound i n whi ch t he epi der mal sheet i s seen mi gr at i ng under t he scab. ( B) A wound sect i on showi ng mer gi ng epi t hel i al sheet s . Ar r ow
i ndi cat es cel l s, whi ch ar e al r eady i n cont act and have l ost t hei r syndecan expr essi on . ( C) 5- d- ol d wound wi t h heavy expr essi on of syndecan
at t he or i gi nal i nci si on si t e . D shows cont r ol st ai ni ng ( r at 1gG) f or a sect i on adj acent t o t hat shown i n B. Bar , 150 gym.

Syndecan I nduct i on Cor r el at es t o I ncr eased

Epi t hel i al Pr ol i f er at i on

Syndecan pr oduct i on i n ker at i nocyt es was st r ongl y enhanced
af t er woundi ng of t he ski n . Whet her t hi s st i mul at i on was a

consequence of , or a pr er equi si t e f or , cel l mi gr at i on or pr o-

l i f er at i on i s di f f i cul t t o j udge . As shown ear l i er i n Fi gs . 4 and

5, t he epi t hel i al t hi ckeni ng of t he epi der mi s cor r el at ed wel l

wi t h i ncr eased syndecan expr essi on . Mor eover , t he hai r f ol -

l i cl e cel l s adj acent t o t he wound edge wer e al so i nduced t o

synt hesi ze manyf ol d quant i t i es of syndecan ( Fi g . 6 B) and

i t s r nRNA ( Fi g . 6 D) when compar ed wi t h t he mor e per i ph-

er al count er par t s ( Fi g . 6, A and C) . These cel l s r eact ed t o

t he woundi ng pr ocess by enhanced pr ol i f er at i on, r at her t han

mi gr at i on . On t he ot her hand, t he f i r st mi gr at i ng epi der mal

cel l s, whi ch have been suggest ed not t o di vi de ( St er n and

Depal ma, 1988) , cl ear l y expr essed l ess syndecan ( Fi gs. 4 A

and 5 A) . These f i ndi ngs i mpl y, t hat syndecan i nduct i on cor -

r el at es pr i mar i l y t o i ncr eased epi t hel i al pr ol i f er at i on r at her

t han t o epi t hel i al mi gr at i on, suggest i ng an i mpor t ant r ol e f or

syndecan i n t he mor phol ogi cal di f f er ent i at i on pr ocess of epi -

der mi s based on pr ol i f er at i on .

Syndecan Expr essi on by Vascul ar Endot hel i um

of Gr anul at i on 77ssue

An unsut ur ed wound heal ed by secondar y i nt ent i on and was

char act er i zed by f or mat i on of l ar ge amount s of gr anul at i on

t i ssue t hat f i l l s t he open space bet ween t he wound edges ( Fi g .
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7) . When t he mar gi ns wer e car ef ul l y at t ached t oget her ( e. g . ,

by sut ur at i on) t he gener at i on of gr anul at i on t i ssue was con-

si der abl y l ess pr omi nent ( Fi gs . 1 and 4) . I n a 4- d- ol d wound

whi ch was l ef t uncover ed, t he epi t hel i al sheet mi gr at ed be-

neat h t he scab and, as shown by i n si t u hybr i di zat i on, st r ongl y

expr essed syndecan mRNA ( Fi g . 7, A and B) . At t he same

t i me, some scat t er ed posi t i ve si gnal s wer e al so obser ved i n

t he newl y f or med gr anul at i on t i ssue beneat h and i n f r ont of

t he mi gr at i ng ker at i nocyt es ( Fi g. 7, A and B) . Wi t h hi gher

magni f i cat i on, t he gr ai ns col ocal i zed wi t hi n si ngl e cel l s ( Fi g.

7 C) . No cor r espondi ng si gnal bel ow t he epi der mal sheet

was f ound wi t h i n si t u hybr i di zat i on i n wounds of t he same

age t hat had been pr i mar i l y sut ur ed ( Fi g . 1 F) or i n unsut ur ed

wounds bef or e day 2 ( Fi g . 5 A) or af t er day 5 ( not shown)

post oper at i vel y .

Unf or t unat el y t he l ack of cl ar i t y i n t he mor phol ogi cal de-

t ai l s of t he sect i ons t r eat ed f or i n si t u hybr i di zat i on anal ysi s

di sal l owed i dent i f i cat i on of t he t ype of t he posi t i ve cel l s i n-

vol ved . I n or der t o mor e accur at el y appr oach t hi s pr obl em,

we sel ect ed si mi l ar sect i ons, as shown i n Fi gs . 7, A and B,

f or ABC per oxi dase st ai ni ng wi t h mAb 281- 2 . By t hi s met h-

od, syndecan expr essi on was det ect ed i n 4- d- ol d gr anul at i on

t i ssue ar ound t he endot hel i al cel l s of gr owi ng capi l l ar i es

( Fi g . 7 D) and was evi dent at t he basal si t e of t hese cel l s . Sur -

pr i si ngl y, posi t i ve st ai ni ng was sel ect i ve ; and some capi l -

l ar i es wer e negat i ve i n t he same sect i on ( Fi g . 7 D) . Posi t i ve

st ai ni ng was obser ved nei t her i n endot hel i al cel l s of per i ph-

er al der mi s ( not shown) , of nor mal ski n ( Fi g . 1 A) nor i n
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Fi gur e 5. Local i zat i on of syndecan gene act i vi t y at di f f er ent st ages of wound heal i ng . ( A) Epi der mal sheet i s pr ot r udi ng under t he scab

( ast er i sk) i n 1- d- ol d open wound . ( B) Cont r ol sect i on f or A pr obed wi t h a sense const r uct . ( C) Fi r st mer gi ng epi der mal cel l s ( ar r ow)

der i ved f r om opposi t e mar gi ns of 3- d- ol d sut ur ed wound. ( D) Br i ght f i el d phot ogr aph of t he same f i el d as shown i n C. ( E) Pr ol i f er at i ng

epi der mi s at t he or i gi nal i nci si on si t e i n a 5- d- ol d sut ur ed wound . The l evel of mRNA pr oduct i on i s gr adual l y decr easi ng t owar ds t he

al r eady nor mal i zed epi der mal r egi on . ( F) Br i ght - f i el d phot ogr aph of t he same f i el d as seen i n E. Bar , 150 Am.

der mi s of t he sut ur ed wounds ( Fi gs . 1 Band 4) . Fi nal l y, we

sel ect ed a f ewgood sect i ons cont ai ni ng t ypi cal gr owi ng capi l -

l ar i es and hybr i di zed ser i al sect i ons wi t h ant i - sense and sense

syndecan cRNA pr obes . As seen i n Fi g . 7, E and F, t hese

st ai ni ngs cl ear l y r eveal ed syndecan mRNAposi t i ve st r uc-

t ur es r esembl i ng vascul ar endot hel i a . We cannot , however ,

t ot al l y excl ude t he possi bi l i t y t hat t hose cel l s i n t he gr anul a-

t i on t i ssue expr essi ng syndecan mRNA woul d consi st onl y

of endot hel i al cel l s . As f ur t her conj unct ur e, some ot her cel l

t ypes synt hesi zi ng an i mmunol ogi cal l y di f f er ent syndecan

mol ecul e coul d be par t l y r esponsi bl e f or t he f i ndi ngs at t he

El eni us et al . Syndecan i n Heal i ng Wounds

mRNA l evel : For exampl e 3T3 f i br obl ast s expr ess syndecan

i n cel l cul t ur e condi t i ons ( Fi g . 8, l ane B) ; and, mor eover ,

di f f er ent i at i ng mesenchymes, dur i ng or ganogenesi s ( Vai ni o

et al . , 1989a, h ; Sol ur sh et al . , 1990) .

To conf i r m t hat t he gr anul at i on t i ssue was, i n f act , r eal l y

expr essi ng syndecan we pr epar ed Nor t her n bl ot s f or mat er i al

ext r act ed f r om cyl i nder s i mpl ant ed subcut aneousl y i nt o r at s

( see Mat er i al s and Met hods) . These cyl i nder s, made f r om

cel l ul ose sponge, have been descr i bed t o f i l l wi t h t i ssue ver y

much r esembl i ng t he gr anul at i on t i ssue gener at ed dur i ng nor -

mal wound heal i ng ( Vi l j ant o and Ki vi koski , 1962) . Thi s t i s-

591



Fi gur e 6. Expr essi on of syndecan i n hai r f ol l i cl es of nor mal ski n and near t he wound edge . A and B ar e i mmunost ai ni ngs wi t h mAb 281- 2 ;

and Cand Dar e i n si t u hybr i di zat i on, wi t h syndecan ant i sense cRNA. ( A and C) Nor mal per i pher al ski n. ( B and D) Ti ssue near t he wound

edge . Ar r ows i ndi cat e t he hai r f ol l i cl es . Bar , 150 Wm.

sue pr oduced t he same speci es ( 2 . 6 and 3 . 4 kb) of syndecan

mRNA ( Fi g . 8, l ane A) i n si mi l ar pr opor t i ons as 3T3 mouse

f i br obl ast s ( Fi g . 8, l ane B) and as t he or i gi nal sour ce of syn-

decan ( Saunder s et al . , 1989) , t he NMuMGmouse epi t hel i al

cel l s ( Fi g . 8, l ane C) . These obser vat i ons i ndi cat e t hat t he

si gnal i n gr anul at i on t i ssue was pr oduced by t he same t ype

of mRNA and not by i t s var i ant s .

Di scussi on

The i mpor t ance of cel l - mat r i x i nt er act i ons and cel l - cel l con-

t act s f or or gan and t i ssue f or mat i on has been r ecogni zed f or

sever al decades . Syndecan, a cel l sur f ace pr ot eogl ycan ( Saun-

der s et al . , 1989 ; Mal i et al . , 1990) i s one of t he numer ous

cel l sur f ace mol ecul es i nvol ved i n t hese i nt er act i ons . I t s bi o-

chemi cal pr oper t i es ( Rapr aeger et al . , 1985 ; Jal kanen et al . ,

1987 ; Saunder s et al . , 1989) and i t s expr essi on dur i ng or gan

f or mat i on, wher e i t f ol l ows mor phogenet i c r at her t han hi st o-

l ogi cal boundar i es ( Thesl ef f et al . , 1988) , suppor t a hypot h-

esi s of i mpor t ant par t i ci pat i on of syndecan i n t hese i nt er ac-

t i ons, bot h as a mat r i x anchor and as a cel l adhesi on

mol ecul e . As t i ssue r egener at i on r esembl es nor mal devel op-

ment , i t i s r easonabl e t o assume t hat mechani sms r egul at i ng

nor mal devel opment coul d al so pl ay an i mpor t ant r ol e dur -

i ng, f or exampl e, r econst r uct i on of wounded t i ssues . We

have shown i n t hi s paper t hat t he i ncr eased pr ol i f er at i on and

mi gr at i on of epi der mal cel l s of ski n af t er i nci si onal wound-

i ng coi nci des wi t h t he enhanced expr essi on of syndecan,

The Jour nal of Cel l Bi ol ogy, Vol ume 114, 1991

suggest i ng t hat syndecan i s needed f or t he r egener at i on of

wounded ski n . Expr essi on pat t er ns of syndecan dur i ng

wound heal i ng suggest t hat syndecan coul d be ver y i mpor -

t ant i n epi t hel i al adhesi on . Syndecan i s al so known t o bi nd

gr owt h f act or s, l i ke bFGF ( Ki ef er et al . , 1990) , and i t may,

t her ef or e, al so par t i ci pat e i n t he modul at i on of gr owt h f act or

r esponse at t he si t e of t i ssue i nj ur y .

Syndecan Expr essi on and Epi t hel i al Behavi or
dur i ng Wound Heal i ng

Recover y of t he pr ot ect i ve epi t hel i al l ayer of t he ski n af t er

i nci si onal woundi ng r equi r es bot h pr ol i f er at i on and mi gr a-

t i on of t he ker at i nocyt es near t he wound mar gi n . The pr eci se

epi der mal si t es at whi ch t hese t wo pr ocesses t ake pl ace ar e

mor phol ogi cal l y di st i ngui shabl e f r om each ot her ( Cl ar k,

1989) . The most act i ve cel l di vi si on, on t he ot her hand, has

been supposed t o l ocal i ze sl i ght l y per i pher al t o t he wound

mar gi n wher e, on t he ot her hand, t he most r api dl y mi gr at i ng

ker at i nocyt es ar e f ound ( Kr awczyk, 1971) . Al so suppor t i ng

t he i dea of i ndependent pr ogr essi on of ker at i nocyt e pr ol i f -

er at i on and mi gr at i on i s t he f act t hat t he mot i l i t y of t he epi t he-

l i al sheet i s not af f ect ed under condi t i ons t hat i nhi bi t cel l di -

vi si on ( Dunl ap and Donal dson, 1978 ; Gi pson et al . , 1982) .

Epi t hel i al cel l s of t he epi der mi s, whi ch had a hi gh t endency

t o mi gr at e and wer e f i r st cel l s t o mer ge at t he i nci si on si t e,

wer e f ound t o be syndecan negat i ve. Al so t he di st al cel l s of

t he mi gr at i ng epi t hel i al sheet showed l ess expr essi on t han
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Fi gur e 7. I nduct i on of syndecan expr essi on i n t he gr anul at i on t i ssue . Al l st ai ni ngs ar e f r om4- d- ol d open wounds . ( A) I n si t u hybr i di zat i on

exper i ment , showi ng a syndecan- speci f i c si gnal i n t he mi gr at i ng epi der mal sheet and al so i n some scat t er ed poi nt s beneat h and i n f r ont
of t he sheet . ( B) Br i ght f i el d phot ogr aph of t he same sect i on as shown i n A ( ast er i sks i ndi cat e t he l ocat i on of scar ) . ( C) I n si t u hybr i di zat i on

gr ai ns i n t he gr anul at i on t i ssue col ocal i ze wi t h si ngl e cel l s . ( D) Usi ng ABCper oxi dase st ai ni ng, t he syndecan ( br awn col or ) i n gr anul at i on

t i ssue i s l ocal i zed t o endot hel i al cel l s of some gr owi ng capi l l ar i es . ( E) I n si t u gr ai ns ar e f ound i n cel l s f or mi ng vessel s . ( F) Br i ght f i el d
of E. Bar s : ( A and B) 300 ) m, ( C) 30 pm, ( 1) , E, and F) 50 jum.

pr ol i f er at i ng nonmi gr at or y cel l s . Thi s coul d i ndi cat e t hat

mi gr at i ng cel l s l oose t hei r cel l sur f ace syndecan . I t has been

pr evi ousl y shown t hat t he ect odomai n of syndecan can be

shed f r omepi t hel i al sur f aces by cl eavage at a t r ypsi n- sensi t i ve

si t e adj acent t o pl asma membr ane and, f ur t her , t hat r oundi ng

of epi t hel i al cel l s can st i mul at e syndecan sheddi ng ( Jal kanen

et al . , 1987) . I ndeed, t hese t wo phenomena coul d be l i nked

t oget her , and coul d mean t hat mi gr at i ng epi t hel i al cel l s may

act i vel y l ose syndecan- medi at ed adhesi on, t o r egai n i t l at er

El eni us et al . Syndecan i n Heal i ng Wounds

dur i ng t he st r at i f i cat i on and di f f er ent i at i on accompanyi ng

wi t h cel l pr ol i f er at i on . The i ncr eased pr ot eol yt i c act i vi t y,
whi ch has been t hought t o ai d t he pr ot r usi on of t he epi der -
mal sheet under nonvi abl e t i ssue ( Gr ondahl - Hansen et al . ,

1988) , may al so cont r i but e t o enhanced sheddi ng of t he ect o-

domai n .

Syndecan pr oduct i on, however , was cl ear l y i nduced i n t he

nonmi gr at or y cel l s of t hi ckeni ng epi der mi s and hai r f ol l i -

cl es . Regul at i on of syndecan expr essi on has been shown t o
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Fi gur e 8. Nor t her n bl ot anal -

ysi s of gr anul at i on t i ssue RNA

wi t h a syndecan- speci f i c pr obe.

Tot al RNAs ( 10 Nzg) f r omvi s-

cose cel l ul ose sponges con-

t ai ni ng gr anul at i on t i ssue

( l ane A; see Mat er i al s and

Met hods) , f r om cul t ur ed 3T3

cel l s ( l ane B) and f r om

NMuMGcel l s ( l ane C) wer e

si ze- separ at ed, t r ansf er r ed t o

a GeneScr een f i l t er , pr obed

wi t h a Hi ndl I f r agment of

PM- 4 and washed i n 2x SSC

pl us 1% SDS at 60° C. Syn-

decan- speci f i c mRNAs ar e i n-

di cat ed ( 2 . 6 and 3. 4 kb) , as

wel l as bot h r i bosomal RNAs

( 18 and 28S) .

cor r el at e t o t he r egul at i on of epi t hel i al cel l mor phol ogy bot h

i n vi t r o ( Leppa et al . , 1991) and i n vi vo ( Hayashi et al . ,

1988) . The modi f i ed ext r acel l ul ar envi r onment , t hat mi ght

st i mul at e t he synt hesi s of appr opr i at e mat r i x r ecept or s, may

be i nvol ved . The pr ovi si onal mat r i x under t he advanci ng

epi der mal sheet has been descr i bed t o consi st of , f or exam-

pl e, f i br onect i n ( Cl ar k, 1988 ; f f r ench- Const ant et al . , 1989) ,

t ype V col l agen ( St er n et al . , 1979) and t enasci n ( Macki e

et al . , 1988) , ECMmol ecul es t hat have al so been demon-

st r at ed t o be l i gands f or syndecan ( El eni us et al . , 1990) . I n-

t er est i ngl y, t he basement membr ane component s, l ami ni n

and t ype I V col l agen, whi ch do not bi nd syndecan ( El eni us

et al . , 1990) , have been shown t o devoi d t he mat r i x bel ow

t he l eadi ng edge of epi t hel i al cel l s ( St anl ey et al . , 1981 ;

Fuj i kawa et al . , 1984) . These f i ndi ngs suggest t hat ECM

mol ecul es assembl i ng under t he mi gr at or y epi t hel i um coul d

st i mul at e expr essi on of syndecan because of i t s st r ong t en-

dency t o i nt er act wi t h st r omal component s .

The medi at or t hat i nduces t he expr essi on of syndecan i n

wounded epi der mi s may al so be one of t he many gr owt h f ac-

t or s r el eased i n t he ar ea . Thi s was suppor t ed by t he f i ndi ng

t hat i nduced syndecan expr essi on cor r el at ed bet t er t o ker -

at i nocyt e pr ol i f er at i on t han t o mi gr at i on, t hus bei ng a conse-

quence of sol ubl e f act or s r at her t han changed ECM. I n our

pr el i mi nar y i n vi t r o st udi es, we f ound t hat bFGF and TGFO

( t r ansf or mi ng gr owt h f act or bet a) have a st i mul at or y ef f ect

on syndecan gene expr essi on when appl i ed si mul t aneousl y

t o cel l cul t ur e medi um ( El eni us, K. , A. Maat t a, and M.

Jal kanen, unpubl i shed r esul t s) . These t wo gr owt h f act or s ar e

t hought t o t ake par t i n t he r egul at i on of t i ssue r egener at i on

dur i ng wound heal i ng ( Must oe et al . , 1987; Bur gess and

Maci ag, 1989) . Fur t her mor e TGFQi s al so known t o al t er t he

expr essi on of ot her mat r i x r ecept or s, such as t he i nt egr i ns

( Hei no et al . , 1989) .

Some devel opi ng capi l l ar i es of t he gr anul at i on t i ssue of

open wounds wer e sur pr i si ngl y al so obser ved t o t r ansi ent l y

expr ess syndecan mRNA and mAb 281- 2 epi t ope . Because

syndecan has been shown t o bi nd bFGF ( Ki ef er et al . , 1990)

and, mor eover , bFGF has been descr i bed t o act i vel y st i mu-

l at e angi ogenesi s ( Fol kman and Kl agsbr un, 1987) , i t i s ver y
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t empt i ng t o specul at e t hat t he f or mat i on of new capi l l ar i es

i n t he gr anul at i on t i ssue coul d, at l east i n par t , be gener at ed

by t he i ncr eased syndecan- modul at ed bFGF r esponse . I n

vi t r o st udi es have shown t hat wounded endot hel i al cel l s i n-

cr ease t hei r pr ot eogl ycan expr essi on ( Ki nsel l a and Wi ght ,

1986) , but no i nf or mat i on exi st s f or t he i nvol vement of syn-

decan i n t hese changes .

Rol e of Syndecan i n 7Yssue Regener at i on

Syndecan has been pr oposed t o ser ve i n t hr ee di f f er ent f unc-

t i ons : ( a) as a mat r i x r ecept or f or ECM( Koda et al . , 1985 ;

Saunder s and Ber nf i el d, 1988) ; ( b) as a cel l - cel l adhesi on

mol ecul e ( Hayashi et al . , 1987; Jal kanen et al . , 1988) ; and

( c) as a gr owt h f act or bi ndi ng mol ecul e ( Ki ef er et al . , 1990) .

Each of t hese put at i ve r ol es of syndecan, i n and of t hem-

sel ves, ar e i mpor t ant f or t he gr owt h and i nt egr at i on of t i s-

sues. I t i s cl ear t hat i n heal i ng ski n wounds, however , syn-

decan f unct i ons co- oper at i vel y wi t h sever al ot her adhesi on

mol ecul es . The expr essi on of t he f i br onect i n r ecept or , a

member of t he i nt egr i n f ami l y, has been shown t o be r egu-

l at ed dur i ng wound heal i ng ( Cl ar k, 1990) . Many ot her i nt e-

gr i ns ( Lar j ava et al . , 1990; De Luca et al . , 1990) as wel l as

cadher i ns ( ' I sakei chi , 1990) , ar e known t o f unct i on as adhe-

si on mol ecul es f or epi der mal cel l s. Regul at i on of cel l adhe-

si on t oget her wi t h gr owt h f act or r esponses may r epr esent

one of t he pr i nci pal mechani sms wher eby t o r egul at e coor di -

nat ed gr owt h and di f f er ent i at i on of cel l s dur i ng nor mal de-

vel opment and r egener at i on . Our r ecent f i ndi ngs wi t h pr o-

l i f er at i ng mal i gnant cel l s of ski n t umor s i ndi cat e t hat such

cel l s can pr ol i f er at e but f ai l t o mai nt ai n di f f er ent i at ed pheno-

t ype when syndecan expr essi on i s suppr essed ( I nki , P. , F.

St enback, L. Tal ve, andM. Jal kanen, manuscr i pt submi t t ed

f or publ i cat i on) , suggest i ng a key r ol e f or syndecan i n t he

nor mal gr owt h and r egener at i on pr ocesses .
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