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Abst r act . The met ast at i c spr ead of t umor cel l s occur s

t hr ough a compl ex ser i es of event s, one of whi ch i n-

vol ves t he adhesi on of t umor cel l s t o ext r acel l ul ar ma-

t r i x ( ECM) component s . Mul t i pl e i nt er act i ons bet ween

cel l sur f ace r ecept or s of an adher ent t umor cel l and

t he sur r oundi ng ECMcont r i but e t o cel l mot i l i t y and

i nvasi on . The cur r ent st udi es eval uat e t he r ol e of a cel l

sur f ace chondr oi t i n sul f at e pr ot eogl ycan ( CSPG) i n t he

adhesi on, mot i l i t y, and i nvasi ve behavi or of a hi ghl y

met ast at i c mouse mel anoma cel l l i ne ( K1735 M4) on

t ype I col l agen mat r i ces . By bl ocki ng mouse mel anoma

cel l pr oduct i on of CSPG wi t h p- ni t r ophenyl ß- D- xyl o-

pyr anosi de ( ß- D- xyl osi de) , a compound t hat uncoupl es

chondr oi t i n sul f at e f r om CSPG cor e pr ot ei n synt hesi s,

we obser ved a cor r espondi ng decr ease i n mel anoma

cel l mot i l i t y on t ype I col l agen and i nvasi ve behavi or

i nt o t ype I col l agen gel s . Mel anoma cel l mot i l i t y on

t ype I col l agen coul d al so be i nhi bi t ed by r emovi ng

cel l sur f ace chondr oi t i n sul f at e wi t h chondr oi t i nase . I n

cont r ast , t ype I col l agen- medi at ed mel anoma cel l

T
UMOR cel l met ast asi s i nvol ves a compl ex ser i es of

i nt er dependent event s, oneof whi ch i nvol ves t he adhe-

si on of t umor cel l s t o ext r acel l ul ar mat r i x ( ECM) '
component s ( Li ot t a et al . , 1983) . Al t hough t r adi t i onal l y

consi der ed as st r uct ur al el ement s of t he ECM, i t i s now ap-
pr eci at ed t hat var i ous col l agen t ypes pr omot e t he adhesi on
and mi gr at i on of nor mal and t r ansf or med cel l s ( Aumai l l ey
and Ti mpl , 1986 ; Rubi n et al . , 1981; Dedhar et al . , 1987 ;

Her bst et al . , 1988 ; Chel ber g et al . , 1989) . Addi t i onal l y,

cer t ai n col l agen t ypes have been shown t o pr omot e di r ec-

t i onal mot i l i t y of nor mal and t r ansf or med cel l s, t hus, pot en-

t i al l y cont r i but i ng t o t he i nvasi ve pr ocess ( Her bst et al . ,

1988, Chel ber g et al . , 1989) . The mot i l i t y of nor mal and

t r ansf or med cel l s may be di r ect ed by an adhesi ve gr adi ent of

1 . Abbr evi at i ons used i n t hi s paper : CSPG, chondr oi t i n sul f at e pr ot eogl y-

can; ECM, ext r acel l ul ar mat r i x; HSPG, hepar an sul f at e pr ot eogl ycan ; PG,

pr ot eogl ycan .
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adhesi on and spr eadi ng wer e not af f ect ed by ei t her

ß- D- xyl osi de or chondr oi t i nase t r eat ment s . These

r esul t s suggest t hat mouse mel anoma CSPG i s not a

pr i mar y cel l adhesi on r ecept or , but may pl ay a r ol e i n

mel anoma cel l mot i l i t y and i nvasi on at t he l evel of

cel l ul ar t r ansl ocat i on . Fur t her mor e, pur i f i ed mouse

mel anoma cel l sur f ace CSPG was shown, by af f i ni t y

chr omat ogr aphy and i n sol i d phase bi ndi ng assays, t o

bi nd t o t ype I col l agen and t hi s i nt er act i on was shown

t o be medi at ed, at l east i n par t , by chondr oi t i n sul f at e .

Addi t i onal l y we have det er mi ned t hat mouse mel anoma

CSPG i s composed of a 11041) cor e pr ot ei n t hat i s

r ecogni zed by ant i - CD44 ant i bodi es on West er n bl ot s .

Col l ect i vel y, our dat a suggest s t hat i nt er act i ons bet ween

a cel l sur f ace CD44- r el at ed CSPG and t ype I col l agen

i n t he ECMmay pl ay an i mpor t ant r ol e i n mouse mel a-

noma cel l mot i l i t y and i nvasi on, and t hat t he chon-

dr oi t i n sul f at e por t i on of t he pr ot eogl ycan seems t o be

a cr i t i cal component i n medi at i ng t hi s ef f ect .

subst r at um- bound at t r act ant , and t hi s pr ocess i s t er med hap-
t ot axi s ( McCar t hy and Fur cht , 1984) .

Tumor cel l s adher e and move on ECMcomponent s vi a
mul t i pl e cel l sur f ace r ecept or s t hat i nt er act wi t h di st i nct do-
mai ns on ECMpr ot ei ns . I n addi t i on t o t he wel l known i nt e-
gr i n r ecept or model f or cel l - ECM i nt er act i ons ( Buck and
Hor wi t z, 1987, Hynes, 1987, Ruosl aht i , 1988) , subst ant i al
evi dence suggest s an i mpor t ant r ol e f or cel l sur f ace pr o-
t eogl ycans ( PGs) i n medi at i ng cel l adhesi on t o ECMcompo-
nent s ( Hook et al . , 1984 ; Couchman and Hook, 1988 ; Ruos-
l aht i , 1988 ; Wi ght , 1989) . Bot h cel l sur f ace hepar an sul f at e
pr ot eogl ycans ( HSPG) and chondr oi t i n sul f at e pr ot eogl ycans
( CSPG) have been i mpl i cat ed i n modul at i ng cel l adhesi on
( Lar k et al . , 1985) , but each has di st i nct ef f ect s on cel l adhe-
si on ( Ruosl aht i , 1988, Gal l agher , 1989) . Whi l e cel l sur f ace
HSPG has been associ at ed wi t h t he f or mat i on of t i ght cel l
adhesi on cont act s on ECMcomponent s ( Lar k et al . , 1985 ;
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Woods et al . , 1986) , cel l sur f ace CSPGhas been i mpl i cat ed

i n weakeni ng cel l adhesi on ( Lar k et al . , 1985, Cul p et al . ,

1978) . Al t hough t he mol ecul ar mechani smby whi ch CSPG

di sr upt s cel l adhesi on i s not under st ood, CSPGmay f aci l i -

t at e cel l det achment f r omt he ECM, and t her eby pr omot e t u-

mor cel l mot i l i t y and subsequent i nvasi on .

To f ur t her eval uat e t he pot ent i al r ol e of cel l sur f ace CSPG

i n t umor cel l mot i l i t y and i nvasi on, we st udi ed t he ef f ect of

p- ni t r ophenyl ß- D- xyl opyr anosi de ( ß- D- xyl osi de) , an agent

t han uncoupl es chondr oi t i n sul f at e addi t i on t o t he pr ot ei n

cor e ( Schwar t z, 1977) , on t he i nvasi on of mel anoma cel l s

i nt o t ype I col l agen gel s . Ot her s have shown t hat t he i nhi bi -

t i on of CSPG synt hesi s by ß- D- xyl osi de causes a dose-

dependent i nhi bi t i on of i nvasi ve mor phogenet i c event s such

as t he br anchi ng of sal i var y gl ands ( Thompson and Spooner ,

1982) and ur et er i c buds ( Kl ei n et al . , 1989) . Our st udi es

show t hat O- D- xyl osi de i nhi bi t s t he i nvasi on of mouse mel a-

noma cel l s i nt o t ype I col l agen gel s, suggest i ng a r ol e f or cel l

sur f ace CSPG i n cont r i but i ng t o t he i nvasi ve behavi or of

t hese cel l s . Si mi l ar l y, hapt ot act i c mot i l i t y of mel anoma cel l s

on t ype I col l agen was i nhi bi t ed by ei t her ß- D- xyl osi de or

chondr oi t i nase pr et r eat ment . However , t ype I col l agen- me-

di at ed mel anoma cel l adhesi on or spr eadi ng was not af -

f ect ed by t hese t r eat ment s . These dat a suggest t hat whi l e

mel anoma CSPG may be i mpor t ant i n cel l mot i l i t y at t he

l evel of t r ansl ocat i on, i t i s appar ent l y not a pr i mar y cel l ad-

hesi on r ecept or . We have i sol at ed and par t i al l y char act er i zed

a cel l sur f ace CSPG f r ommouse mel anoma cel l s t hat i nt er -

act s wi t h t ype I col l agen of t he ECMand has pr oper t i es con-

si st ent wi t h l ocal i zat i on as an i nt egr al membr ane compo-

nent . Fur t her mor e, our dat a i ndi cat es t hat t he 110- kD cor e

pr ot ei n of mouse mel anoma CSPG i s i mmunol ogi cal l y r e-

l at ed t o t he CD44 ant i gen, i mpl i cat ed i n sever al aspect s of

cel l - cel l and cel l - ECMi nt er act i ons ( Gal l at i n et al . , 1989 ;

Haynes et al . , 1989 ; Jal kanen et al . , 1986 ; Mi yake et al . :

1990) and most r ecent l y i mpl i cat ed i n medi at i ng t he met a-

st at i c behavi or of cer t ai n car ci noma cel l l i nes ( Gi i nt her t et

al . , 1991) . Thus, mouse mel anoma cel l s expr ess a cel l sur -

f ace CD44- r el at ed CSPGmol ecul e t hat may pl ay an i mpor -

t ant r ol e i n col l agen- medi at ed mel anoma cel l mot i l i t y and

i nvasi on .

Mat er i al s and Met hods

Cel l Cul t ur e

A hi ghl y met ast at i c cl one ( M4) of t he K1735 mouse mel anoma, was gener -

ousl y pr ovi ded by Dr . I . J . Fi dl er ( M. D. Ander son Hospi t al Cancer Cent er ,

Houst on, TX) . Thi s mel anoma cel l l i ne was mai nt ai ned by i n vi t r o cul t ur e

i n DMEM( Si gma Chemi cal Co . , St . Loui s, MO) suppl ement ed wi t h 10%

heat - i nact i vat ed cal f ser um ( Si gma Chemi cal Co. ) . The number of i n vi t r o

passages was l i mi t ed t o ei ght i n or der t o mi ni mi ze phenot ypi c dr i f t . Ther e

was no det ect abl e change i n t he met ast at i c phenot ype of t hese cel l s over t hi s

t i me, as measur ed by an exper i ment al met ast asi s assay ( McCar t hy et al . ,

1988b) .

I nvasi on Gel s

Gel s composed of t ype I col l agen wer e pr epar ed under st er i l e condi t i ons

usi ng a modi f i ed pr ot ocol as descr i bed by Shor ( 1980) . Type I col l agen

( Col l agen Cor p. , Pal o Al t o, CA; 3. 3 mg/ ml Vi t r ogen i n 0. 013 MHCl ) was

mi xed t o a f i nal concent r at i on of 2 . 2 mg/ ml i n DMEM( Dul becco' s modi f i ed

Eagl e' s medi um; Si gma Chemi cal Co. ) , 10% PBS ( vol / vol ) , and 0. 225%

NaHC03 ( wt / vol ) . Reagent s wer e st or ed at 4° C t o pr event pr emat ur e f i br i l

assembl y . Al i quot s of 1 . 5 ml of t hi s sol ut i on wer e added t o each wel l of a

6- wel l pl at e ( t ot al ar ea per wel l of 9. 6 cm2 ; Cost ar , Cambr i dge, MA) , car e-
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f ul l y swi r l ed t o al l ow uni f or mdi st r i but i on and al l owed t o sol i di f y f or 1 h

at 37° C. The gel s wer e over l ai d wi t h 2 ml DMEM( pH 7. 4) over ni ght , t hen

r eequi l i br at ed wi t h f r esh DMEMf or 4 addi t i onal hour s t he next mor ni ng .

Conf l uent cel l s wer e har vest ed wi t h t r ypsi n ( 0. 25%) / EDTA ( 1 mM) ,

pel l et ed by cent r i f ugat i on ( 1, 500 r pm, 5 mi n) and r esuspended i n DMEM

cont ai ni ng 2. 5 % heat - i nact i vat ed cal f ser um. The DMEMused t o equi l i -

br at e t he gel s was r emoved and a 2- ml cel l suspensi on cont ai ni ng 5 x 10°

cel l s was added t o t he t op of t he gel s . The pl at es wer e swi r l ed gent l y t o

obt ai n an even di st r i but i on of cel l s on t he gel sur f ace and i ncubat ed at 37° C

i n a humi di f i ed, 5 % C02 i ncubat or .

Cel l i nvasi on was measur ed af t er 48- 72 h usi ng an i nver t ed phase-

cont r ast mi cr oscope ( Ni kon Di aphot ) equi pped wi t h a cal i br at ed f i ne f ocus

knob, at 200x magni f i cat i on. The f i ne f ocus knob was cal i br at ed usi ng a

col l agen gel sandwi ched bet ween t wo cover sl i p- separ at ed gl ass sl i des t o ac-

count f or t he r ef r act i ve pr oper t i es of t he gel . The number of i nvadi ng cel l s

was det er mi ned at successi ve 20- km ( 1 cel l di amet er ) i nt er val s i n f i ve r an-

doml y sel ect ed f i el ds . Quant i t at i on was made at i ncr easi ng dept hs wi t hi n

t he gel s unt i l no addi t i onal cel l s wer e det ect ed . The t ot al number of cel l s

det ect ed i n f i ve f i el ds at a par t i cul ar l evel was mul t i pl i ed by a const ant

( 65. 36) t o obt ai n t he number of cel l s at each i nt er val per cm2 of gel ar ea .

Dat a ar e pr esent ed as t he t ot al number of cel l s penet r at i ng t he gel per cm2

of sur f ace ar ea, cal cul at ed by t ot al i ng t he number of cel l s per cm2 at suc-

cessi ve l evel s . Resul t s ar e r epor t ed as means, pl us or mi nus st andar d er r or s

of t he means, of dupl i cat e gel s .

Cel l Mi gr at i on, Adhesi on, and Spr eadi ng Assays

Cel l mot i l i t y was assayed i n 48- wel l mi cr ochamber s ( Neur opr obe, Bet hesda,

MD) , ut i l i zi ng 8- Ampor e si ze pol yvi nyl pyr r ol i done- f r ee pol ycar bonat e f i l -

t er s ( Nucl eopor e, Pl easant on, CA) . The under si des of t he f i l t er s wer e pr e-

coat ed wi t h ei t her t ype I col l agen or f i br onect i n at 1 ug/ ml ( a concent r at i on

chosen on t he basi s of hal f maxi mal mi gr at i on pr omot i ng act i vi t y of t he pr o-

t ei ns) , as descr i bed pr evi ousl y ( McCar t hy et al . , 1986; Chel ber g et al . ,

1989) . The l ower wel l s of t he Boyden chamber s wer e f i l l ed wi t h DMEM

suppl ement ed wi t h 20 mMHepes, 5 mg/ ni l BSA . Cel l s wer e r el eased wi t h

5 mMEDTA i n HBSS ( Ca, Mg f r ee) , washed and r esuspended t o a f i nal

concent r at i on of 4 x 10 5 cel l s/ ml i n DMEM, 20 mMHepes, 5 mg/ ml

BSA. Cel l s wer e added t o t he upper wel l s at 2 x 10° cel l s/ wel l and mi gr a-

t i on t o t he under si de of t he pr ecoat ed f i l t er was measur ed af t er 4 h at 37° C.

Cel l adhesi on t o pr ot ei n- coat ed subst r at a was per f or med as descr i bed

pr evi ousl y ( McCar t hy et al . , 1986 ; Chel ber g et al . , 1989) usi ng 1 mg/ ml

t ype I col l agen or f i br onect i n . Br i ef l y, f or t he adhesi on assays, cel l cul t ur es

wer e r adi ol abel ed f or t he f i nal 18 h wi t h 2 ACi / ml 3H- t hymi di ne, r el eased

wi t h 5 mMEDTA i n HBSS, washed, and r esuspended t o a f i nal concent r a-

t i on of 5 x 10° cel l s/ ml i n adhesi on medi um ( DMEMsuppl ement ed wi t h

20 mMHepes, 5 mg/ ml BSA [ f at t y aci d f r ee ; Si gma Chemi cal Co . ] ) . Ap-

pr oxi mat el y 5 x 103 cel l s/ wel l wer e added i n 100 Al of adhesi on medi um

and al l owed t o adher e t o pr ot ei n coat ed subst r at a f or 45 mi n. Af t er gent l e

washi ng ( 4x) adher ent cel l s wer e sol ubi l i zed i n 150 ' al of 0. 5NNaOHcon-

t ai ni ng 1%SDS, and r adi oact i vi t y was quant i t at ed wi t h a Beckman LS 3801

l i qui d sci nt i l l at i on count er .

Measur ement of cel l spr eadi ng was per f or med as descr i bed ( Chel ber g et

al . , 1989) by measur i ng t he ar ea of cel l s pl at ed ont o pr ot ei n- coat ed sub-

st r at a . Br i ef l y, cel l s pr epar ed as descr i bed above wer e i ncubat ed i n 24- wel l

t i ssue cul t ur e pl at es ( Cost ar ) coat ed wi t h f i br onect i n or t ype I col l agen f or

90 mi n, and t hen f i xed by t he addi t i on of PBS cont ai ni ng 1- 2 %gl ut ar al de-

hyde at 37° C. The cel l s wer e st ai ned by t he addi t i on of a 0. 5% sol ut i on of

Coomassi e R- 250 st ai n i n 95%et hanol . Cel l s wer e vi ewed on a Ni kon Di a-

phot i nver t ed phase mi cr oscope connect ed t o an Opt omax Syst emI V i mage

anal ysi s syst emi nt egr at ed wi t h an Appl e I l e comput er . Cel l ar ea was det er -

mi ned f or at l east 30 r andoml y sel ect ed cel l s per cul t ur e, and each ex-

per i ment al condi t i on was per f or med i n dupl i cat e .

ß- DXyl osi de and Chondr oi t i nase ABCPr et r eat ment

For t he i nvasi on assays, cel l s wer e seeded ont o t he gel s as descr i bed above
i n t he pr esence of 0, 0. 05, 0. 1, 0. 5 or 1. 0 mM p- ni t r ophenyl - ß- D-

xyl opyr anosi de [ ß- D- xyl osi de] ( Si gma Chemi cal Co . ) or p- ni t r ophenyl - a-

D- xyl opyr anosi de [ a- D- xyl osi de] ( Koch- Li ght Lt d . , Suf f ol k, Engl and) . For

mot i l i t y, adhesi on and spr eadi ng assays, or bef or e pr ot eogl ycan ext r act i on,

cel l s wer e exposed t o O- D- xyl osi de f or 48 h t o i nhi bi t CSPG synt hesi s by

r epl aci ng t he medi umof cel l cul t ur es, at 50 %conf l uency, wi t h DMEMcon-

t ai ni ng 2 . 5 %heat - i nact i vat ed cal f ser um, wi t h or wi t hout 1 MM0- D- xyl o-

si de. a- D- xyl osi de does not i nhi bi t CSPG synt hesi s and was used as a con-

t r ol i n i nvasi on and mot i l i t y assays . 1 mM a or O- D- xyl osi de was al so

i ncl uded i n t he medi um dur i ng t he assays . O- D- xyl osi de was al so added t o

52 2



t he 35 S- sul f at e l abel i ng medi um bef or e pr ot eogl ycan ext r act i on such t hat
t he cel l s wer e exposed t o t he dr ug f or a t ot al of 48 h ( see bel ow) . Level s
of pr ot ei n synt hesi s wer e exami ned f or cel l s pr et r eat ed ( or not ) wi t h ß- D-
xyl osi de . Br i ef l y, cel l s gr own i n 96- wel l pl at es ( Cost ar , Cambr i dge MA)
wer e exposed ( or not ) t o 1 . 0 mMß- D- xyl osi de f or 48 h and 5 j uCi / ml
3H- l euci ne was added t o each of t r i pl i cat e wel l s f or t he f i nal 6 h . Level s

of 3 H- l euci ne i ncor por at i on i nt o cel l - associ at ed pr ot ei ns wer e det er mi ned

by har vest i ng cel l s wi t h a Br andel l cel l har vest er ( Gai t her sbur g, MD) , and

t he val ues wer e compar ed f or cel l s exposed ( or not ) t o ß- D- xyl osi de on a
per cel l basi s . The l at t er val ue was obt ai ned by count i ng cel l s/ wel l ( i n t r i pl i -

cat e) , or det er mi ni ng r el at i ve DNA synt hesi s ( 0. 2 uCi / p1 3 H- t hymi di ne l a-
bel added f or f i nal 18 h) . Radi oact i vi t y was quant i t at ed by l i qui d sci nt i l l a-
t i on spect r oscopy ( Beckman LS 3801) .

For chondr oi t i nase ABCt r eat ment , cel l s wer e pr et r eat ed f or 15 mi n wi t h
0. 1 U/ ml chondr oi t i nase ABC ( Si gma Chemi cal Co . ) bef or e mot i l i t y and
adhesi on assays, as descr i bed by Saunder s and Ber nf i el d ( 1988) . Chon-
dr oi t i nase ABC enzyme ( 0. 1 U/ ml ) was al so i ncl uded i n t he cel l medi um
dur i ng mi gr at i on and adhesi on assays . The absence of pr ot eases i n t he chon-
dr oi t i nase ABCenzyme was ver i f i ed by a l ack of di gest i on of azocasei n af t er
a 60- mi n i ncubat i on wi t h t he enzyme at 37° C ( Tomar el l i et al . , 1949) .
Chondr oi t i nase ABC enzyme act i vi t y was ver i f i ed f or t he assay condi t i ons
used, under condi t i ons of Sai t o et al . ( 1968) .

Pr ot eogl ycan Ext r act i on

Pr i or t o ext r act i on, mel anoma cel l pr ot eogl ycans ( PGs) wer e pr ef er ent i al l y
l abel ed wi t h 35 S- sul f at e f or 18 h by r epl aci ng t he medi umi n 80%conf l uent
cul t ur es wi t h RPMI 1640 cont ai ni ng 0. 1 mM Na2SO4, 0 . 36 mMgl ut a-
mi ne, and 50 j Xi / ml Na2 35 SO4 ( Car r i er f r ee, Speci f i c Act i vi t y 43 Ci / mg ;
I CN Bi omedi cal s, I r vi ne, CA) . An ext r act i on pr ot ocol ut i l i zi ng det er gent -
medi at ed cel l l ysi s was f ol l owed t o speci f i cal l y enr i ch f or i nt act pl asma
membr ane- associ at ed PG( Yanagashi t a et al . , 1987) . To r emove per i pher al ,
ext r i nsi cal l y associ at ed PG, t he medi um of 35S- l abel ed cel l cul t ur es was

r epl aced wi t h 30 ml DMEMcont ai ni ng 50 j Ag/ ml hepar i n f or a 30- mi n i ncu-

bat i on at 18° C ( Yanagashi t a and Hascal l , 1984) . The hepar i n ext r act was

r emoved and 30 ml cel l ul ar ext r act i on buf f er ( 0. 15 MNaCl , 10 mMTr i s,

5 MM MgC12, 2 mMEDTA, 0 . 25 mM DTT, 1 mMPMSF, 1% Tr i t on

X- 100, pH 7. 2) was added t o each r ol l er bot t l e and i ncubat ed i n a r ol l i ng

appar at us at 37° C f or 15 mi n ( Car ey and Todd, 1986) . The cel l ul ar ext r act s,

cont ai ni ng pl asma membr ane- associ at ed and i nt r acel l ul ar PG, wer e cen-

t r i f uged at 1, 500 r pmf or 5 mi n t o r emove i nsol ubl e mat er i al . The r emai ni ng

ext r acel l ul ar mat r i x- cyt oskel et al - associ at ed PG wer e sol ubi l i zed i n 4 M

guani di ne cont ai ni ng 50 mMNaAcet at e, pH5. 8, 2 % Tr i t on X- 100, 10 mM

EDTA, 1 mg/ ml benzami di ne, 0. 1 M6- ami nohexanoi c aci d, f or a 30- mi n
i ncubat i on at 25° C ( Oegema et al . , 1979) . Al l ext r act s wer e di al yzed i n
smal l por e di al ysi s t ubi ng ( mol wt cut of f 3, 500) agai nst successi ve changes

of 0. 5 MNaAcet at e, pH 6 . 8, 0. 1 MNaSul f at e cont ai ni ng 10 mMEDTA,

0. 1 mMPMSF, 10 mM6- ami nohexanoi c aci d ( Oegema et al . , 1979) unt i l

no r adi oact i vi t y was obser ved i n t he di al ysi s buf f er .

Pur i f i cat i on of Det er gent - ext r act ed CSPG

Det er gent - ext r act ed 35S- PGs wer e di al yzed i nt o DEAE buf f er ( 0. 15 M
Tr i s, 6. 0 MUr ea, 0. 1 MNaCl , 0. 01 MEDTA, 0. 01 M6- ami nohexanoi c aci d,
0 . 2% Tr i t on X- 100, 0. 1 mMPMSF, pH7. 0) , and pur i f i ed by HPLC( Beck-
man Model 110 A) wi t h a 7. 5 x 75 mmTSK DEAE 5PWani on exchange
col umn ( Bi oRad Labor at or i es, Ri chmond, CA) usi ng a l i near sal t gr adi ent
f r om0. 1 t o 0. 8 MNaCl over a 45- mi n per i od as descr i bed ( Kl ei n et al . ,
1989) . The sal t gr adi ent was moni t or ed by conduct i vi t y measur ement s
usi ng a Radi omet er Conduct i vi t y Met er ( model CDM 83) . Compar i sons
wer e made t o st andar ds of known NaCl concent r at i on i n DEAE buf f er t o
cal cul at e t he act ual sal t concent r at i ons of t he f r act i ons . To i nsur e adequat e
separ at i on of 35 S- PG, HPLC- DEAE chr omat ogr aphi c peaks wer e each
r echr omat ogr aphed on t he same col umn bef or e f ur t her char act er i zat i on .
Recover y of r adi oact i vi t y f r om t he HPLC- DEAE col umns was 90- 95%.

Bef or e i odi nat i on, DEAE- HPLC- separ at ed CSPG was f ur t her pur i f i ed
on Sephar ose CL- 4B ( Si gma Chemi cal Co . ) col umns equi l i br at ed and
el ut ed wi t h 0. 05 Msodi um acet at e, pH7. 0, cont ai ni ng 4 Mguani di ne, 1%
Tr i t on X- 100, and 0. 04% sodi umazi de at a f l ow r at e of 3 ml / h ( Kl ei n et
al . , 1986) . Fr act i ons of 1 . 0- 2 . 0 ml wer e col l ect ed wi t h an 85- 95 %r ecover y
of r adi oact i vi t y . Rat chondr osar coma chondr oi t i n sul f at e PGs ( Oegema et
al . , 1975) associ at ed wi t h 4%hyal ur oni c aci d and gl ucur onol act one wer e
used t o mar k t he col umn voi d ( V. ) and t ot al ( V, ) vol umes, r espect i vel y .
CSPG cor e pr ot ei n was l abel ed wi t h 2 . 5 mCi 1251 on I odobeads ( Pi er ce
Chemi cal Co . , Rockf or d, I L) i n 0. 05 MTr i s, pH 7, 0. 5% CHAPS. 125I -

CSPG was bound t o DEAE- Spet r a/ Gel M( Spect r um, Los Angel es, CA) ,
washed wi t h DEAE buf f er ( see above) t o r emove unbound 1251, el ut ed wi t h
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DEAE buf f er cont ai ni ng 1 . 0 MNaCl , and di al yzed ext ensi vel y i n dei oni zed
wat er , 1 MMPMSF. Radi oact i vi t y per sampl e was quant i t at ed by gamma
r ay sci nt i l l at i on ( TMAnal yt i c, Gamma Tr ac 1193) . To vi sual i ze CSPGcor e
pr ot ei n by aut or adi ogr aphy, 1251- CSPG was di gest ed wi t h chondr oi t i nase
ABC ( Sei kagaku Amer i ca I nc . , Rockvi l l e, MD) and anal yzed by 6- 15%
SDS gel el ect r ophor esi s under nonr educi ng condi t i ons ( McCar t hy et al . ,
1988x) . Gel s wer e dr i ed under vacuumand used f or aut or adi ogr aphy usi ng
Kodak XAR5.

Char act er i zat i on of Det er gent - ext r act ed CSPG

The hydr odynami c pr oper t i es of det er gent - ext r act ed 35 S- PG and 35S-

gl ycosami nogl ycans ( GAGs) wer e eval uat ed by gel f i l t r at i on on 0. 9 x 110
cm Sephar ose CL- 6B ( Si gma Chemi cal Co. ) col umns. The col umns wer e
equi l i br at ed and el ut ed wi t h 0. 5 Msodi umacet at e, pH7. 0, cont ai ni ng 0. 2 %
CHAPS, at a f l ow r at e of 3 ml / h ( Kl ei n et al . , 1986) . 35S- GAGS wer e r e-
l eased f r om PG pr ot ei n cor es by al kal i ne bor ohydr i de r educt i on, neut r al -
i zed, and desal t ed on Sephadex G- 50 ( Si gma Chemi cal Co. ) col umns, as
pr evi ousl y descr i bed ( Oegema et al . , 1979) . 35 S- GAGs wer e r ecover ed
f r omt he col umn Vo wi t h <5% of al kal i - r el eased mat er i al i ncl uded i n t he
col umn. The hepar an sul f at e and chondr oi t i n sul f at e cont ent of 35S- GAG
sampl es wer e det er mi ned by sequent i al ni t r ous aci d deami nat i ve cl eavage
and chondr oi t i nase ABC t r eat ment , r espect i vel y, as pr evi ousl y descr i bed
( Br own et al . , 1981) . The hydr odynami c pr oper t i es of 35S- chondr oi t i n/ der -
mat an sul f at e r ecover ed af t er ni t r ous aci d t r eat ment wer e det er mi ned on
Sephar ose CL- 6B col umns . The C4 : 6 r at i o of ol i gosacchar i des gener at ed
by chondr oi t i nase ABC di gest i on was det er mi ned by descendi ng paper
chr omat ogr aphy usi ng C4, C6, and unsul f at ed ol i gosacchar i de st andar ds
( Sai t o et al . , 1968) . The absence of i dur oni c aci d r esi dues wi t hi n t hese
chai ns was conf i r med by equi val ent sensi t i vi t y of chondr oi t i n/ der mat an sul -
f at e t o chondr oi t i nase ABC ( Si gma Chemi cal Co . ) , whi ch di gest s chondr oi -
t i n sul f at e and der mat an sul f at e and chondr oi t i nase ACI I ( Si gma Chemi cal
Co. ) , whi ch di gest s onl y chondr oi t i n sul f at e . Det er gent - ext r act ed 35S- macr o-
mol ecul es r esi st ant t o t he ef f ect s of ni t r ous aci d and chondr oi t i nase ABC
di gest i on wer e consi der ed " 35 S- gl ycopr ot ei ne ( Br own et al . , 1981) , and
t hi s popul at i on never exceeded 10% of any ext r act exami ned .

7ype I Col l agen Af ni t y Chr omat ogr aphy and
Bi ndi ng Assays

For af f i ni t y chr omat ogr aphy, t ype I col l agen ( Vi t r ogen) was coval ent l y cou-
pl ed t o React i - Gel accor di ng t o manuf act ur er s i nst r uct i ons ( Pi er ce Chemi -
cal Co. ) . Fi nal concent r at i on bound was 0 . 175 mg t ype I col l agen/ ml gel .
Col umns ( 30 ml bed vol ume) wer e equi l i br at ed wi t h 50 mMTr i s, pH 6. 8,
0. 5 %CHAPS, 0. 05 MNaCl , 0. 01 M6- ami no hexanoi c aci d, 0. 1 mMPMSF,
1 . 0 mMNEM, and 0. 02% azi de . Det er gent - ext r act ed 35 S- CSPG was ap-
pl i ed t o t he col umns, washed wi t h t hr ee col umn vol umes of buf f er and
el ut ed wi t h a sal t gr adi ent f r om0. 05 t o 1 . 0 MNaCl . To assur e t hat t he bi nd-
i ng of CSPG was speci f i c t o t ype I col l agen, 35 S- CSPG was appl i ed t o
dupl i cat e col umns pr epar ed wi t hout t ype I col l agen . Recover y of r adi oact i v-
i t y f r om t hese col umns was 90- 95%.

Sol i d phase bi ndi ng assays wer e per f or med wi t h I mmul on 1 pl at es as a
suppor t ( Skubi t z et al . , 1988) . The subst r at a wer e pr epar ed, as i n t he adhe-
si on assays, by coat i ng t he sur f ace of t he wel l s wi t h i nt act t ype I col l agen
( 0. 2 pg/ wel l ) or BSA ( 0. 2 gg/ wel l ; f at t y aci d f r ee ; Si gma Chemi cal Co . ) .
The pl at es wer e bl ocked f or 1 h wi t h 0. 1 Mcar bonat e buf f er ( Engval l and
Per l mann, 1972) cont ai ni ng 5 mg/ ml BSA, t hen washed 5 x wi t h dei oni zed
wat er , and 35 S- CSPG was added t o t he wel l s i n bi ndi ng buf f er ( 50 mM
Tr i s, pH6. 8, 50 mMNaCl , 5 mg/ ml BSA) . The pl at es wer e i ncubat ed f or
2 h at 37° C, washed ( x5) wi t h bi ndi ng buf f er , and t he bound 35S- CSPG
was sol ubi l i zed wi t h 0. 5 N NaOH cont ai ni ng 1% SDS.

Oct yl Sephar ose Chr omat ogr aphy

Det er gent - ext r act ed 35S- CSPG, pur i f i ed by i on exchange chr omat ogr aphy,
was r esuspended i n Oct yl Sephar ose buf f er ( 4 . 0 MGuani di ne HCl , 20 mM
Tr i s, pH 6. 8) . Sampl es wer e appl i ed t o a 5- ml Oct yl Sephar ose CL- 4B
( Si gma Chemi cal Co. ) col umn at a f l ow r at e of 0. 5 ni l / mi n . Hydr ophobi c
CSPG wer e t hen el ut ed wi t h a l i near gr adi ent of 0 t o 0. 5% Tr i t on X- 100
i n Oct yl Sephar ose buf f er ( Yanagashi t a et al . , 1987) . 2 ml - f r act i ons wer e
anal yzed f or 35 S- r adi oact i vi t y and per cent Tr i t on X- 100 by absor bance at
280 r un.

I mmunobl ot s

For i dent i f i cat i on of CSPGcor e pr ot ei n by i mmunobl ot , det er gent - ext r act ed
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Fi gur e 1. / 3- D- xyl osi de i nhi bi t s mel anoma cel l i nvasi on i nt o t ype I

col l agen gel s . Nat i ve t ype I col l agen gel s wer e pr epar ed ( 2 . 2 mg/ nd

f i nal concent r at i on) as descr i bed i n Mat er i al s and Met hods . ( A)

Shown ar e t he i nvasi on pr of i l es f or mouse mel anoma cel l s pl at ed

on t he sur f ace of gel s i n t he absence ( sol i d bar s) or pr esence of 1 . 0

MM a- D- xyl osi de ( cr oss hat ched bar s) or 1 . 0 MMß- D- xyl osi de

( dot t ed bar s) . ( B) The t ot al number of cel l s i nvadi ng t hese gel s i n

t he pr esence ( or absence) of i ndi cat ed concent r at i ons of ß- D-

xyl osi de was det er mi ned . The dat a ar e pr esent ed as t he mean num-

ber of t ot al cel l s i nvadi ng per squar e cmat day 3 of t he assay ( per -

f or med i n dupl i cat e gel s) , pl us or mi nus t he st andar d er r or s of t he

means .

DEAE- HPLC- pur i f i ed CSPGwas di gest ed wi t h chondr oi t i nase ABC ( Sei -

kagaku Amer i ca I nc . , Rockvi l l e, MD) and el ect r ophor esed on 7. 5 or 10%

SDS- PAGE, under r educi ng condi t i ons as descr i bed pr evi ousl y ( McCar t hy

et al . , 1988x) . Af t er el ect r ophor esi s, pr ot ei ns wer e t r ansf er r ed ont o ni t r o-

cel l ul ose ( Mi cr on Separ at i ons I nc . , West bor o, MA) i n a t r ansf er chamber

over 2- 3 h at 70 V i n 0. 025 MTr i s and 0. 192 Mgl yci ne ( Towbi n et al . ,

1979) . The t r ansf er of pr ot ei ns was moni t or ed by i ncl udi ng pr est ai ned pr o-

t ei n mol ecul ar wei ght st andar ds ( Amer shamCor p . , Ar l i ngt on Hei ght s, I L)

on each gel . Af t er t r ansf er r i ng, t he bl ot was pl aced i n a bl ocki ng sol ut i on

f or 2 h at 25° C consi st i ng of TBS ( 20 mMTr i s, 0. 5 MNaCI ) , 5 % bl ot t o,

and 1% nor mal goat ser um. The t r ansf er was i ncubat ed f or 2 h at 25° C,

t hen washed f or 20 mi n i n TTBS ( TBS, 0. 2% TWEEN 20) . The t r ansf er s

wer e pr obed f or 2 h i n TTBS, 1%bl ot t o at 25° C wi t h a r abbi t pol ycl onal

ant i body t hat r ecogni zes t he unsat ur at ed ur oni c aci d r esi dues t hat r emai n

at t ached t o t he PGcor e pr ot ei n af t er chondr oi t i nase ABCdi gest i on ( Couch-

man et al . , 1985) . Dupl i cat e bl ot s wer e pr obed wi t h r at ant i - CD44 mAbs,

I M7 ( Pi cker et al . , 1989) ( ki ndl y pr ovi ded by Dr . Eugene But cher ) , KM81,

KM114, KM201, and KM703 ( Mi yake et al . , 1990) ( ki ndl y pr ovi ded by

Dr . Paul Ki ncade) . Ant i bodi es agai nst t he human mel anoma pr ot eogl ycan

( MPG) wer e al so t est ed, i ncl udi ng mAb 9 . 2 . 27 ( Bumol et al . , 1984) and
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a r abbi t pol ycl onal ant i body, RaMPG ( Spi r o et al . , 1988) ( ki ndl y pr ovi ded

by Dr . Rober t Spi r o) . As cont r ol s, nor mal r at ser a and an i sot ype mat ched

r at ant i - a4 i nt egr i n ant i body, P s/ 2 ( pr ovi ded by Dr . Paul Ki ncade) wer e

used. Af t er t wo 10- mi n washes i n TTBS, goat ant i r abbi t - , ant i r at - or ant i -

mouse per oxi dase conj ugat e ( Or ganon Teckni ka Cor p . , West Chest er , PA)

was bound i n TTBS, 1% bl ot t o f or 1 h at 25° C. Bl ot s wer e washed t wi ce

i n TTBS and t hen once i n TBS f or 10 mi n each wash . Membr anes wer e

t hen devel oped i n 100 ml enzyme/ subst r at e buf f er ( TBS, 25 mg 3, 3' DAB

t et r ahydr ochl or i de, 20 pl H202) unt i l si gnal / noi se r at i o was at desi r ed

l evel . The r eact i on was st opped by r i nsi ng bl ot s wi t h wat er .

Resul t s

Cel l Sur f ace Chondr oi t i n Sul f at e Pr ot eogl ycans Pl ay a
Rol e i n Mel anoma Cel l Mot i l i t y and I nvasi on

Thr ee- di mensi onal gel s composed of t ype I col l agen wer e

used t o moni t or mel anoma cel l i nvasi on . Appr oxi mat el y

77%of hi ghl y met ast at i c mouse mel anoma cel l s appl i ed t o

each i nvasi on gel i nvaded t hese st r uct ur es t o a maxi mum

l evel of 100 l Am by t he t hi r d day of i ncubat i on . Of t he t ot al

cel l s t hat i nvaded t hese gel s, - 30% penet r at ed t o t he f i r st

l evel ( 20 l t m) , whi l e t he r emai ni ng l evel s cont ai ned pr ogr es-

si vel y decr easi ng number s of mel anoma cel l s ( Fi g . l a, sol i d

bar s) . To eval uat e t he pot ent i al r ol e of CSPGs i n medi at i ng

i nvasi ve behavi or , mel anoma cel l i nvasi on was obser ved i n

t he pr esence of i ncr easi ng concent r at i ons of ß- D- xyl osi de.

Mel anoma cel l i nvasi on was i nhi bi t ed by ß- D- xyl osi de i n a

concent r at i on- dependent f ashi on ( Fi g . l b) , wi t h - 80% i n-

hi bi t i on obser ved at t he hi ghest concent r at i on of ß- D- xyl o-

si de t est ed ( 1 . 0 mM) . The number of cel l s det ect ed at each

l evel of t he i nvasi on gel was dr ast i cal l y r educed i n t he pr es-

ence of 1 . 0 MMß- D- xyl osi de ( Fi g . l a, dot t ed bar s) . No i nhi -

bi t i on was obser ved i n t he pr esence of a- D- xyl osi de ( Fi g . l a,

cr oss- hat ched bar s) , an i nact i ve anal ogue of , ß- D- xyl osi de

t hat does not i nt er f er e wi t h CSPGsynt hesi s ( Robi nson et al . ,

1975) . The i nhi bi t or y ef f ect s of ß- D- xyl osi de wer e pr edomi -

nant l y at t he l evel of ent r y of t hese cel l s i nt o t he gel s, si nce

t he dept h of t he f ur t hest movi ng cel l s i n t he pr esence of

ß- D- xyl osi de was r el at i vel y unal t er ed compar ed t o unt r eat ed

cel l s .

To det er mi ne whet her or not ß- D- xyl osi de was cyt ot oxi c,

mel anoma cel l s i n cul t ur e wer e pr ei ncubat ed wi t h 1 . 0 mM

ß- D- xyl osi de f or 48 h, r el eased and seeded ont o t he gel s i n

t he absence of addi t i onal ß- D- xyl osi de . The number of cel l s

i nvadi ng per cm2 was not si gni f i cant l y di f f er ent f or cel l s

pr et r eat ed wi t h ß- D- xyl osi de ( 3, 431 t 138) as f or cel l s t hat

had not been exposed t o t hi s dr ug ( 4, 052 t 500) . Fur t her -

mor e, r egar dl ess of ß- D- xyl osi de t r eat ment , cel l s wer e det er -

mi ned t o be 95 %vi abl e by t r ypan bl ue excl usi on and pr ot ei n

synt hesi s was not af f ect ed ( dat a not shown) . Col l ect i vel y,

t hese r esul t s i ndi cat e t hat ß- D- xyl osi de- medi at ed i nhi bi t i on

of mel anoma cel l i nvasi on i s r ever si bl e and not due t o a cyt o-

t oxi c ef f ect of t he dr ug .

To f ur t her eval uat e t he r ol e of cel l sur f ace CSPGi n mel a-

noma cel l i nvasi on, t he ef f ect s of ß- D- xyl osi de on mel anoma

cel l mot i l i t y wer e exami ned i n Boyden chamber t ype mi gr a-

t i on assays. Mel anoma cel l mot i l i t y i n r esponse t o t ype I col -

l agen or f i br onect i n was i nhi bi t ed by 50%i n t he pr esence of

1 . 0 MMß- D- xyl osi de ( Fi g . 2 a) and not af f ect ed by t he i nac-

t i ve anal ogue, a- D- xyl osi de ( dat a not shown) . I n cont r ast ,

ß- D- xyl osi de di d not af f ect mel anoma cel l adhesi on t o t ype I

col l agen- or f i br onect i n- coat ed subst r at a ( Fi g. 2 b) . Al so, by

di r ect l y measur i ng t he cyt opl asmi c ar ea of adher ent cel l s, we
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Fi gur e 2. / 3- D- Xyl osi de i nhi bi t s mel anoma cel l mi gr at i on, but not

adhesi on or spr eadi ng on adhesi on pr omot i ng pr ot ei ns of t he ex-

t r acel l ul ar mat r i x . Mouse mel anoma cel l s wer e pr et r eat ed f or 48 h

wi t hout ( sol i d bar s) or wi t h 1 MMß- D- xyl osi de ( cr oss hat ched

bar s) . ( A) Cel l s wer e exami ned f or t he abi l i t y t o mi gr at e i n t he Boy-
den Chamber Assay i n r esponse t o 1 jug/ ml of t ype I col l agen or

f i br onect i n . ( B) Cel l s r adi ol abel ed wi t h ' H- t hymi di ne f or t he f i nal

18 h bef or e t he assay wer e r el eased f r om t he f l ask wi t h EDTA, and

exami ned f or t he abi l i t y t o adher e on subst r at a coat ed wi t h 10

pg/ ml of t ype I col l agen or f i br onect i n . ( C) Cel l spr eadi ng on 10

Ag/ ml t ype I col l agen or f i br onect i n was quant i t at ed by di r ect l y

measur i ng t he cyt opl asmi c ar ea of adher ent cel l s. Dat a r epr esent

t he mean per cent age of t r i pl i cat e det er mi nat i ons pl us or mi nus t he

st andar d er r or s of t he means .

det er mi ned t hat ß- D- xyl osi de- pr et r eat ed cel l s spr ead t o t he

same ext ent on t ype I col l agen- or f i br onect i n- coat ed sub-

st r at a as unt r eat ed count er par t s ( Fi g . 2 c) . Thus, i n t he pr es-

ence of ß- D- xyl osi de, t he cel l s wer e st i l l abl e t o adher e and

under go cyt oskel et al r eor gani zat i on, i ndi cat i ng t hat mel a-
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Fi gur e 3. Removal of cel l sur f ace CSPGby chondr oi t i nase ABCi n-
hi bi t s mel anoma cel l mot i l i t y, but not adhesi on on t ype I col l agen
or f i br onect i n . Mouse mel anoma cel l s wer e pr et r eat ed f or 15 mi n
wi t h 0 ( sol i d bar s) or 0. 1 U/ ml chondr oi t i nase ABC( cr oss hat ched
bar s) . ( A) Cel l s wer e exami ned f or t he abi l i t y t o mi gr at e i n a Boy-
den chamber assay i n r esponse t o 10 hg/ ni l t ype I col l agen or

f i br onect i n . ( B) Cel l s r adi ol abel ed wi t h 3H- t hymi di ne, wer e ex-

ami ned f or t he abi l i t y t o adher e t o subst r at a coat ed wi t h 101g/ ml
t ype I col l agen or f i br onect i n .

noma cel l sur f ace CSPGi s not r equi r ed f or t hese pr ocesses .

These r esul t s suggest t hat t he i nhi bi t i on of mel anoma cel l i n-

vasi on by ß- D- xyl osi de r ef l ect s a speci f i c ef f ect on cel l mot i l -

i t y i n r esponse t o ext r acel l ul ar mat r i x ( ECM) component s

such as t ype I col l agen and f i br onect i n .

To f ur t her i nvest i gat e t he r ol e of mel anoma cel l sur f ace

CSPGi n cel l mot i l i t y, we measur ed mel anoma cel l mot i l i t y

i n Boyden chamber s, af t er t r eat ment wi t h chondr oi t i nase

ABC ( Fi g . 3 a) . Cel l mi gr at i on i n t he pr esence of chon-

dr oi t i nase ABC ( 0. 1 U/ ml ) was i nhi bi t ed by 90%on t ype I

col l agen and by 30%on f i br onect i n, suggest i ng an i mpor t ant

r ol e f or CSPGi n medi at i ng mot i l e behavi or on ECMcompo-

nent s . As was obser ved f or ß- D- xyl osi de pr et r eat ment , mel a-

noma cel l adhesi on t o t ype I col l agen and f i br onect i n was not

i nhi bi t ed i n t he pr esence of chondr oi t i nase ABC( Fi g . 3 b) .

The i nhi bi t i on of mot i l i t y obser ved i n t he pr esence of chon-

dr oi t i nase ABC was at t r i but ed t o t he act i on of t he chon-

dr oi t i nase ABCenzyme, si nce pr ot eases wer e not det ect abl e

i n t he enzyme mi xt ur e ( dat a not shown, see Mat er i al s and

Met hods) . Thus, bot h ß- D- xyl osi de and chondr oi t i nase ABC

t r eat ment s i nhi bi t ed mel anoma cel l mot i l i t y but not cel l

adhesi on or spr eadi ng on t ype I col l agen, suggest i ng t hat

CSPGmay pl ay a r ol e i n mel anoma cel l mot i l i t y and i nvasi on
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Fi gur e 4. Pur i f i cat i on of det er gent - ext r act ed 35 S- pr ot eogl ycans by
HPLC- DEAE chr omat ogr aphy. ( A) 35 S- pr ot eogl ycans wer e ex-
t r act ed wi t h 1% Tr i t on X- 100 and appl i ed t o an HPLC- DEAE
col umn i n DEAE buf f er ( 50 mMTr i s, pH 7. 0, 6 MUr ea, 0. 2%
CHAPS, 0. 1 MNaCl ) and el ut ed wi t h a NaCl gr adi ent gener at ed
by HPLC. Radi oact i vi t y was moni t or ed f or each 1- ml f r act i on
( open squar es) and t he sal t gr adi ent was moni t or ed by conduct i v-
i t y measur ement s ( sol i d di amonds) . ( B) The f r act i ons el ut i ng at
0. 38 MNaCl ( Fi g . 4 A) wer e pool ed ( as i ndi cat ed by t he bar ) and
r echr omat ogr aphed on t he same col umn t o i nsur e maxi mumpur i t y
pr i or t o f ur t her char act er i zat i on .

at t he l evel of cel l ul ar t r ansl ocat i on, r at her t han as a pr i mar y

cel l adhesi on r ecept or .

ß- DXyl osi de Al t er s CSPGPr oduct i on by Hi ghl y
Met ast at i c Mel anoma Cel l s

Consi der i ng our r esul t s i ndi cat i ng a r ol e f or cel l sur f ace

CSPG i n medi at i ng mel anoma cel l mot i l i t y and i nvasi on,

PGs synt hesi zed by mouse mel anoma cel l s wer e i sol at ed and

par t i al l y char act er i zed . PGs may be associ at ed wi t h an ad-

her ent cel l as i nt egr al or per i pher al membr ane component s,

or t hey may be deposi t ed i nt o t he ECM( Hook et al . , 1984 ;

Yanagashi t a and Hascal l , 1984) . We f ol l owed an ext r act i on

pr ot ocol t o pr ef er ent i al l y i sol at e cel l sur f ace i nt egr al mem-
br ane component s ( Yanagashi t a et al . , 1987) . Appr oxi -
mat el y 20%of t he 35S- PG coul d be ext r act ed by t r eat ment
of t he cel l cul t ur es wi t h l ow l evel s of hepar i n ( 50 pg/ ml ) , i n-
di cat i ng t hat t hese mol ecul es wer e noncoval ent l y associ at ed
wi t h t he pl asma membr ane or t he ECM( Hook et al . , 1984) .

The maj or i t y ( 65%) of t he 35 S- PGs wer e ext r act ed wi t h
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Fi gur e 5. El ut i on of DEAE- pur i f i ed CSPGon Sephar ose CL- 6B
col umns . Det er gent - ext r act ed CSPG, pur i f i ed by i on exchange
chr omat ogr aphy, was chr omat ogr aphed on a Sephar ose CL- 6B
col umn i n t he pr esence of 0. 2 %CHAPS bot h bef or e ( open squar es)

and af t er ( sol i d di amonds) r el ease of 35 S- GAGS by al kal i ne ß- el i m-
i nat i on . Radi oact i vi t y was moni t or ed by l i qui d sci nt i l l at i on f or each
1 . 0- 2 . 0 ml f r act i on . KzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� , ' s wer e det er mi ned by el ut i on r el at i ve t o
r at chondr osar coma chondr oi t i n sul f at e pr ot eogl ycan and gl ucu-
r onol act one used t o mar k t he col umn voi d and t ot al vol umes, r e-
spect i vel y ( see Mat er i al s and Met hods) . The el ut i ng mat er i al ( sol i d

di amonds) was pool ed and pr esence of chondr oi t i n sul f at e was
ver i f i ed by ni t r ous aci d r esi st ance and chondr oi t i nase ABC sensi -
t i vi t y .

noni oni c det er gent , compr i si ng t hose macr omol ecul es i n-
t r i nsi cal l y associ at ed wi t h t he cel l sur f ace or wi t h i nt r acel -
l ul ar compar t ment s . The r emai ni ng 15% of 35 S- PGs wer e
det er gent i nsol ubl e and r equi r ed guani di ne- HCI f or sol ubi l -
i zat i on, suggest i ng t hat t hey wer e associ at ed wi t h t he det er -
gent - r esi st ant cyt oskel et on or ECM.

To f ur t her char act er i ze mel anoma cel l sur f ace CSPG, de-
t er gent ext r act s of 3 I S04- l abel ed mel anoma cel l cul t ur es
wer e pur i f i ed t wi ce by HPLC- DEAE col umn chr omat ogr a-
phy . The i ni t i al chr omat ogr aph of t hi s ext r act cont ai ned
t hr ee par t i al l y r esol ved peaks as shown i n Fi g . 4 a . These
peaks wer e pool ed and r echr omat ogr aphed on HPLC-

DEAE, as shown f or t he mat er i al el ut i ng at 0. 38 MNaCl
( Fi g. 4 b) . 35 S- CSPG el ut ed excl usi vel y at 0 . 38 Mand con-
si st ed of 85- 90% chondr oi t i n sul f at e, as det er mi ned by sen-
si t i vi t y t o chondr oi t i nase ABC and r esi st ance t o ni t r ous
aci d . The r emai ni ng t wo peaks cont ai ned 35 S- gl ycopr ot ei ns

( 0 . 21 M) or 35 S- HSPGs ( 0. 32 M) and wer e not f ur t her

char act er i zed i n t hese st udi es .

HPLC- DEAE- pur i f i ed CSPGaccount ed f or 48 % of t he

t ot al det er gent - ext r act ed PGand cont ai ned excl usi vel y chon-

dr oi t i n- 4- sul f at e, det er mi ned by descendi ng paper chr oma-

t ogr aphy, wi t h no i dur onat e modi f i cat i ons, as i ndi cat ed by

>95 % sensi t i vi t y of ni t r ous aci d- r esi st ant mol ecul es t o
ei t her chondr oi t i nase ABC or AC. 35 S- CSPG el ut ed f r om
a Sephar ose CL- 6B col umn bet ween K, , 0- 0 . 2 ( Fi g . 5) .
35 S- Chondr oi t i n sul f at e was r el eased f r om t he PGby al ka-
l i ne bor ohydr i de t r eat ment . Thi s t r eat ment shi f t ed t he el u-
t i on vol ume f r om a Sephar ose CL- 6B col umn t o a K, , of
0. 55 ( Fi g . 5) , conf i r mi ng t hat t he 35S- r adi ol abel was i ncor -

por at ed i nt o O- l i nked car bohydr at es .

The pr opor t i on of 355- PG i n det er gent ext r act s of cel l s
t r eat ed wi t h ß- D- Xyl osi de was si mi l ar ( i . e. , 65 %) t o t hat ob-

t ai ned f r om unt r eat ed cel l cul t ur es, as det er mi ned by t he
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Fi gur e 6. ß- D- xyl osi de al t er s si ze di st r i but i on of det er gent - ext r act ed
35 S- l abel ed macr omol ecul es . Det er gent - ext r act ed 35 S- pr ot eogl y-
cans wer e suspended i n CL- 6B buf f er ( 0. 5 Msodi um acet at e con-
t ai ni ng 0. 2 %CHAPS, pH 7. 0) and appl i ed t o a 0. 9 x 110 cmSeph-
ar ose CL- 6B col umn . The CL- 6B el ut i on pr of i l es ar e shown of
35 S- l abel ed macr omol ecul es f r om det er gent - ext r act s of mel anoma
cel l s cul t ur ed i n t he absence ( A) or pr esence ( B) of 1 . 0 MMß- D-

xyl osi de. The el ut i ng peaks wer e pool ed and anal yzed f or GAGt ype
by ni t r ous aci d or chondr oi t i nase ABC di gest i ons as descr i bed i n

Mat er i al s and Met hods .

amount of r adi oact i vi t y r ecover ed i n det er gent ext r act s on a

per cel l basi s ( dat a not shown) . However , t he hydr odynami c

pr oper t i es of DEAE- pur i f i ed PG f r omdet er gent ext r act s of

mel anoma cel l s t r eat ed wi t h or wi t hout 1 MMß- D- xyl osi de

wer e mar kedl y di f f er ent . Det er gent - ext r act ed " S- PG f r om

unt r eat ed or t r eat ed cel l cul t ur es wer e bat ch el ut ed on DEAE,

pool ed, and compar ed by Sephar ose CL- 6B chr omat ogr aphy .
" S- PG f r om unt r eat ed cel l s el ut ed f r om a Sephar ose CL-

6B col umn as t wo par t i al l y over l appi ng peaks at K. , 0 and

0. 2, cont ai ni ng a mi xt ur e of CSPGand HSPG( Fi g . 6 a) . I n

cont r ast , f or PGi sol at ed f r omß- D- xyl osi de- t r eat ed cel l cul -

t ur es, t he 35S- macr omol ecul es el ut i ng at K. , 0- 0. 2 cont ai ned

HSPG, det er mi ned by 95 %ni t r ous aci d sensi t i vi t y, wher eas

chondr oi t i n sul f at e el ut ed at K. , 0. 6 ( Fi g . 6 b) . Al kal i ne

bor ohydr i de t r eat ment of ß- D- xyl osi de- i ni t i at ed chondr oi t i n

sul f at e di d not al t er t he K, , of t he el ut i ng mat er i al on a

Faassen et al . CD44- r el at ed Pr ot eogl ycan i n Mel anoma Cel l Mot i l i t y
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Fi gur e 7. 35S- CSPGbi nds t o a t ype I col l agen af f i ni t y col umn . ( A)
Det er gent - ext r act ed HPLC- DEAE pur i f i ed 35S- CSPGor ( B) al ka-
l i ne bor ohydr i de- r el eased, ni t r ous aci d- r esi st ant chondr oi t i n sul -
f at e was appl i ed t o a t ype I col l agen af f i ni t y col umn ( 0. 175 mg/ ml )
i n 50 mMTr i s, pH6. 8, 50 mMNaCl , 0. 5 %CHAPS and el ut ed wi t h
a NaCl gr adi ent . Radi oact i vi t y was moni t or ed f or each 2- 3- ml
f r act i on ( open squar es) and t he sal t gr adi ent was moni t or ed by con-
duct i vi t y measur ement s ( sol i d di amonds) .

Sephar ose CL- 6B col umn ( not shown) , conf i r mi ng t hat t he

chondr oi t i n sul f at e synt hesi s i n t he ß- D- xyl osi de- t r eat ed cul -

t ur es was uncoupl ed f r om cor e pr ot ei n synt hesi s . Fur t her -

mor e, t he amount of ni t r ous aci d- sensi t i ve 35S- pr ot eogl y-

cans r ecover ed f r om unf r act i onat ed cel l ext r act s of ei t her
cul t ur e condi t i on di f f er ed by <10% ( dat a not shown) , sug-
gest i ng t hat HSPGsynt hesi s was not al t er ed i n t he pr esence
of ß- D- xyl osi de . These r esul t s demonst r at e t hat 1 . 0 MMß- D-

xyl osi de ef f ect i vel y uncoupl ed chondr oi t i n sul f at e synt hesi s

f r omt he cor e pr ot ei n, whi l e t he at t achment of hepar an sul -

f at e t o t he cor e pr ot ei n was essent i al l y uni nt er r upt ed .

The above r esul t s st r ongl y suppor t a r ol e f or mel anoma cel l
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Fi gur e 8. Det er gent - ext r act ed mur i ne mel anoma CSPGbi nds Oct yl

Sephar ose . ( A) HPLC- DEAE- pur i f i ed 35 S- CSPG was r esuspended

i n Oct yl Sephar ose buf f er ( 4 . 0 MGuani di ne HCL, 20 mMTr i s, pH

6. 8) and appl i ed t o a 5- ml Oct yl Sephar ose col umn at a f l ow r at e

of 0. 5 ml / mi n . Hydr ophobi c CSPG wer e t hen el ut ed wi t h a l i near

gr adi ent of Tr i t on X- 100 f r om0 t o 0. 5 %i n Oct yl Sephar ose buf f er .

Fr act i ons of 2 ml each wer e anal yzed f or 35S r adi oact i vi t y ( open

squar es) by l i qui d sci nt i l l at i on and per cent Tr i t on X- 100 by ab-

sor bance at 280 not ( sol i d di amonds) . ( B) HPLC- DEAE- pur i f i ed
35 S- CSPG was br i ef l y di gest ed wi t h t r ypsi n bef or e Oct yl Sepha-

r ose chr omat ogr aphy .

sur f ace CSPG i n t ype I col l agen- medi at ed mel anoma cel l

mot i l i t y and i nvasi on . By ut i l i zi ng a sol i d phase bi ndi ng as-

say, cont ai ni ng t ype I col l agen coat ed ont o mi cr ot i t er wel l s,

we det er mi ned t hat DEAE- HPLC- pur i f i ed CSPGbound t o

t ype I col l agen i n a concent r at i on dependent and sat ur abl e

f ashi on ( dat a not shown) . HPLC- DEAE- pur i f i ed CSPGal so

bound t o a t ype I col l agen af f i ni t y col umn i n t he pr esence

of 0. 5% CHAPS and was el ut ed f r omt he col umn by 0. 4 M

NaCI ( Fi g. 7 a) . The bi ndi ng of 35S CSPG was speci f i c t o

t ype I col l agen si nce i t f ai l ed t o bi nd t o an af f i ni t y col umn

pr epar ed wi t hout t ype I col l agen . To f ur t her eval uat e t he

mechani smby whi ch CSPGbound t o t ype I col l agen, chon-

dr oi t i n sul f at e r el eased f r om t he pr ot ei n cor e by al kal i ne

ß- el i mi nat i on and t r eat ed wi t h ni t r ous aci d t o r emove any

cont ami nat i ng hepar an sul f at e, was appl i ed t o t he t ype I col -

l agen af f i ni t y col umn . The ni t r ous aci d- r esi st ant chondr oi t i n

sul f at e bound t o t he t ype I col l agen af f i ni t y col umn and

el ut ed as a br oad peak wi t h 0. 1- 0. 4 MNaCl ( Fi g . 7 b) , whi ch

was much mor e het er ogenous t hat t hat obser ved f or i nt act

CSPG. These st udi es demonst r at e t hat mouse mel anoma cel l

sur f ace CSPGbi nds di r ect l y t o t ype I col l agen and t hat t hi s

i nt er act i on i s medi at ed, at l east i n par t , by chondr oi t i n

sul f at e.

Hydr ophobi c chr omat ogr aphy has been used by ot her i n-

vest i gat or s t o i dent i f y pot ent i al i nt er cal at ed cel l sur f ace pr o-

t eogl ycans ( Yanagashi t a et al . , 1987) . Appr oxi mat el y 80%

of det er gent - ext r act ed HPLC- DEAE- pur i f i ed " S- CSPG

bound t o an Oct yl Sephar ose col umn and was el ut ed wi t h

concent r at i ons of Tr i t on- X- 100 t hat wer e cl ose t o t he cr i t i cal

mi cel l ar concent r at i on of t hi s det er gent ( Fi g . 8 a) . I n con-

t r ast , det er gent - ext r act ed CSPGt hat had been t r eat ed br i ef l y

wi t h l ow l evel s of t r ypsi n f ai l ed t o bi nd t hi s col umn ( Fi g . 8

b) . These r esul t s ar e consi st ent wi t h t he hypot hesi s t hat a hy-

dr ophobi c domai n wi t hi n t he det er gent - ext r act ed CSPGpr o-

t ei n cor e medi at es bi ndi ng t o t he hydr ophobi c col umn . I m-

por t ant l y, " S- chondr oi t i n sul f at e macr omol ecul es i sol at ed

f r om ß- D- xyl osi de cul t ur es al so f ai l ed t o bi nd t hi s col umn

( not shown) , f ur t her demonst r at i ng t hat ß- D- xyl osi de t r eat -

ment pr event s t he expr essi on of i nt act cel l sur f ace CSPGi n

mouse mel anoma cel l s .

To det er mi ne t he appar ent mol ecul ar wei ght of t he mouse

mel anoma CSPGcor e pr ot ei n, det er gent - ext r act ed, HPLC-

pur i f i ed' z5 I - l abel ed CSPGwas di gest ed wi t h chondr oi t i nase

ABCand anal yzed by 6- 15%SDSgel el ect r ophor esi s under

nonr educi ng condi t i ons ( Fi g. 9, l ane A) . A si ngl e CSPGcor e

pr ot ei n was obser ved at - 110 kD by aut or adi ogr aphy, wi t h

a sl i ght but not i ceabl e i ncr ease i n mol ecul ar mass obser ved

upon r educt i on of t hi s pr ot ei n ( not shown) . No r adi oact i vi t y

was obser ved i n l anes t hat cont ai ned hepar at i nase- di gest ed

" ' l - CSPG ( Fi g . 9, l ane B) , undi gest ed " ' I - CSPG ( Fi g . 9,

l ane C) , or chondr oi t i nase ABC ( Fi g. 9, l ane D) . To conf i r m

t hat t he 110- kDband was a cor e pr ot ei n of CSPG, chondr oi -

t i nase di gest s of mel anoma CSPG f r om si mi l ar gel s wer e

el ect r obl ot t ed ont o ni t r ocel l ul ose and pr obed wi t h a pol y-

cl onal ant i body t hat r ecogni zes t he unsat ur at ed bonds of

chondr oi t i n sul f at e- associ at ed ur oni c aci d r esi dues t hat r e-

mai n af t er chondr oi t i nase ABC di gest i on ( Couchman et al . ,

1985) . Such bl ot s i ndi cat e a si ngl e band at - 110 kD speci f i -

cal l y det ect ed by t he ant i body ( Fi g . 10 A, l ane 2) . The speci -

f i ci t y of t he r eact i on i s i ndi cat ed by t he f ai l ur e of t hi s ant i body

t o r ecogni ze undi gest ed CSPG( Fi g . 10 A, l ane 1) or chon-

dr oi t i nase ABC ( Fi g . 10 A, l ane 3) .

The r el at i onshi p of mouse mel anoma CSPGt o ot her pr e-

vi ousl y descr i bed cel l sur f ace PGs was eval uat ed by pr obi ng

dupl i cat e West er n bl ot s wi t h ant i bodi es agai nst t he human

mel anoma pr ot eogl ycan t hat has a 250- kDcor e pr ot ei n ( Bumol

et al . , 1984) and CD44, an 80- 95- kD gl ycopr ot ei n t hat may

cont ai n chondr oi t i n sul f at e modi f i cat i ons ( Jal kanen et al . ,

1988 ; Br own et al . , 1991) . I M7, an ant i - CD44 mAb ( Pi cker

et al . , 1989) r ecogni zes a si ngl e band at - 110 kDi n t he l ane

cont ai ni ng chondr oi t i nase- di gest ed CSPG ( Fi g . 10 B, l ane

4) , suggest i ng t hat mur i ne mel anoma CSPGi s i mmunol ogi -

cal l y r el at ed t o CD44 . No i mmunol ogi cal r eact i vi t y was ob-

ser ved i n l anes cont ai ni ng undi gest ed CSPG( Fi g . 10 B, l ane

5) or chondr oi t i nase ABC ( Fi g . 10 B, l ane 6) . Si mi l ar r esul t s

wer e obt ai ned wi t h f our addi t i onal mAbs, KM81, KM114,

KM201, and KM703, t hat det ect di f f er ent epi t opes on CD44
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Fi gur e 9. I dent i f i cat i on of 110-

kDcor e pr ot ei n of mouse mel a-

noma CSPGby aut or adi ogr a-

phy . 125 I - l abel ed DEAE- HPLC

pur i f i ed CSPG was di gest ed

wi t h chondr oi t i nase ABCand

anal yzed by 6- 15 %SDS- PAGE

under nonr educi ngcondi t i ons .

( Lane A) chondr oi t i nase ABC

di gest ed CSPG; ( B) hepar at i n-

ase di gest ed CSPG; ( C) undi -

gest ed CSPG; ( D) chondr oi -

t i nase ABC.

( Mi yake et al . , 1990 [ dat a not shown] ) . Chondr oi t i nase-

di gest ed CSPG was not r ecogni zed by ant i bodi es agai nst

MPG, monocl onal 9. 2 . 27 ( Bumol et al . , 1984) or pol ycl onal

Rot MPG ( Spi r o et al . , 1988) or by pr ei mmune r at ser a or r at

ant i - a4 i nt egr i n ant i body, P s/ 2 ( dat a not shown) . These

r esul t s i ndi cat e t hat t he 110- kD cor e pr ot ei n of mouse mel a-

noma CSPGi s i mmunol ogi cal l y r el at ed t o CD44, but not t o

t he 250- kD CSPG cor e pr ot ei n i dent i f i ed on human mel a-

noma cel l s .

Our st udi es demonst r at e an i mpor t ant r ol e f or a cel l sur f ace

CD44- r el at ed CSPG i n mouse mel anoma cel l mot i l i t y and

i nvasi on i nt o t ype I col l agen mat r i ces . By phar macol ogi cal l y

bl ocki ng mouse mel anoma cel l pr oduct i on of CSPG wi t h

ß- D- xyl osi de, we obser ved a cor r espondi ng decr ease i n

mel anoma cel l mi gr at i on and i nvasi ve behavi or on t ype I col -

Fi gur e 10. Mouse mel anoma cel l s expr ess a 110413 CD44- r el at ed

CSPG cor e pr ot ei n . Det er gent - ext r act ed, DEAE- HPLC- pur i f i ed

CSPG was di gest ed wi t h chondr oi t i nase ABC and el ect r ophor esed

under ( A) r educi ng condi t i ons on 7. 5 %SDS- PAGE or ( B) nonr educ-

i ng condi t i ons on 10%SDS- PAGE. Pr ot ei ns on t hese gel s wer e t r ans-

f er r ed t o ni t r ocel l ul ose and pr obed wi t h ( A) a pol ycl onal ant i body

t hat r ecogni zes t he unsat ur at ed bonds of chondr oi t i n sul f at e- associ -

at ed ur oni c aci d r esi dues t hat r emai n af t er chondr oi t i nase ABC di -

gest i on ( Couchman et al . , 1985) or ( B) I M7, a r at mAb agai nst CD44

( Pi cker et al . , 1989) . ( Lanes 1 and S) undi gest ed CSPG; ( 2 and 4)

chondr oi t i nase- di gest ed CSPG; ( 3 and 6) chondr oi t i nase ABC.

Faassen et al . CD44- r el at ed Pr ot eogl ycan i n Mel anoma Cel l Mot i l i t y

l agen . Mel anoma cel l mot i l i t y on t ype I col l agen coul d al so

be i nhi bi t ed by enzymat i cal l y r emovi ng cel l sur f ace chon-

dr oi t i n sul f at e wi t h chondr oi t i nase ABC. I n cont r ast , t ype I

col l agen- medi at ed cel l adhesi on and spr eadi ng wer e not af -

f ect ed by ei t her ß- D- xyl osi de or chondr oi t i nase t r eat ment s .

Pur i f i ed mouse mel anoma cel l sur f ace CSPG was shown t o

bi nd t o t ype I col l agen and t o have pr oper t i es consi st ent wi t h

l ocal i zat i on as an i nt egr al pl asma membr ane component .

Fur t her mor e, we have i dent i f i ed a mouse mel anoma CSPG

wi t h a 110- kD cor e pr ot ei n t hat i s r ecogni zed by ant i bodi es

agai nst CD44 on West er n bl ot s, but not by ant i bodi es agai nst

t he 250- kD CSPG cor e pr ot ei n i dent i f i ed on human mel a-

noma cel l s . Col l ect i vel y, our dat a suggest s t hat mouse mel a-

noma cel l sur f ace CSPGmay i nt er act wi t h t ype I col l agen

of t he ECMand subsequent l y medi at e mel anoma cel l mot i l -

i t y and i nvasi on wi t hi n t hr ee di mensi onal col l agen gel s i n

vi t r o.

Sever al l i nes of evi dence f r om ot her i nvest i gat or s suppor t

t he hypot hesi s t hat cel l sur f ace CSPGcont r i but es t o t he mo-

t i l e behavi or of nor mal and t r ansf or med cel l s . Wounded en-

dot hel i al cel l cul t ur es have been obser ved t o r api dl y change

pr ot eogl ycan pr oduct i on f r omhepar an sul f at e t o chondr oi t i n

sul f at e coi nci dent wi t h t he onset of mot i l i t y ( Ki nsel l a and

Wi ght , 1986) . CSPGs have al so been i mpl i cat ed i n r egul at -

i ng t he mi gr at i on of car di ac mesenchymal cel l s ( Funder bur g

and Mar kwal d, 1986) and neur al cr est cel l s ( Per r i s and John-

son, 1987) . Fur t her mor e, human mel anoma CSPGhas been

l ocal i zed t o mi cr ospi kes, a cel l sur f ace mi cr odomai n ( Gar -

r i gues et al . , 1986) , and has been i mpl i cat ed t o pl ay a r ol e

i n human mel anoma cel l adhesi on and met ast at i c behavi or

( Bumol et al . , 1984) . Despi t e t he wi del y r ecogni zed r el a-

t i onshi p bet ween CSPGand cel l mot i l i t y, t he pr eci se mecha-

ni sm t hr ough whi ch CSPGmedi at es cel l mot i l i t y i s not yet

under st ood .

Cel l sur f ace CSPGdoes not appear t o be a pr i mar y mel a-

noma cel l adhesi on r ecept or f or t ype I col l agen, si nce cel l

adhesi on and spr eadi ng on t ype I col l agen wer e unaf f ect ed

by , ß- D- xyl osi de or chondr oi t i nase ABC t r eat ment s . Ot her

cel l sur f ace r ecept or s t hat may medi at e t he adhesi on of mov-

i ng cel l s i ncl ude i nt egr i ns, t he maj or f ami l y of r ecept or s

known t o medi at e cel l adhesi on ( Ruosl aht i and Pi er sch-

bacher , 1987 ; Al bel da and Buck, 1990 ; Humphr i es, 1990) .

Cel l sur f ace HSPGs have al so been shown t o medi at e cel l at -

t achment t o ECM pr ot ei ns ( Lar k et al . , 1985 ; LeBar on

et al . , 1988 ; McCar t hy et al . , 1986 ; Woods et al . , 1986 ;

Roger s et al . , 1987 ; Saunder s and Bemf i el d, 1988) . HSPGs

have been associ at ed wi t h newl y f or med adhesi ons of adher -

ent cel l s ( Lar k et al . , 1985) , whi l e ol der f ocal adhesi ons,

f ound at t he t r ai l i ng edge of a movi ng cel l , ar e pr i mar i l y

composed of CSPG ( Cul p et al . , 1978) . Whi l e cer t ai n cel l

sur f ace HSPGs and i nt egr i ns may be i nvol ved i n cel l mot i l i t y

by pr omot i ng cel l adhesi on and spr eadi ng at t he l eadi ng edge

of a movi ng cel l , our dat a i s consi st ent wi t h t he hypot hesi s

t hat cel l sur f ace CSPGmay di sr upt t hese adhesi ve cont act s

and pr omot e t he r el ease of t he t r ai l i ng edge of a movi ng cel l ,

as has been pr evi ousl y pr oposed by Cul p et al . ( 1978) .

The mol ecul ar mechani sm by whi ch mouse mel anoma

CSPG modul at es cel l adhesi on dur i ng cel l mot i l i t y has not

been cl ear l y def i ned . Sever al st udi es have i ndi cat ed t hat

CSPG, i sol at ed f r om a wi de var i et y of sour ces, exer t s an-

t agoni st i c ef f ect s on cel l adhesi on t o ECMpr ot ei ns such as

f i br onect i n, col l agen, and l ami ni n ( Knox and Wel l s, 1979 ;
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Ri ch et al . , 1981 ; Br ennan et al . , 1983 ; Rosenber g et al . ,

1985 ; Yamagat a et al . , 1989) . CSPGmay i nt er f er e wi t h cel l

at t achment ei t her by compet i ng wi t h ot her cel l sur f ace

r ecept or s f or bi ndi ng t o ECMmol ecul es at t he GAGbi ndi ng

si t es and/ or by maski ng t he i nt egr i n bi ndi ng si t es ( Ruosl aht i ,

1988) . By weakeni ng cel l adhesi on t o ot her ECMcompo-

nent s, CSPGmay par t i ci pat e i n cel l mot i l i t y by f aci l i t at i ng

cel l det achment ( Cul p et al . , 1986 ; Ruosl aht i , 1988) . I n t hi s

r egar d, t he abi l i t y of CS on t he sur f ace of mel anoma cel l s

t o bi nd t ype I col l agen may be i mpor t ant f or br i ngi ng cel l

sur f ace CSPG i nt o a cl ose associ at i on wi t h ot her adhesi on

r ecept or s such as i nt egr i ns . The cl ose pr oxi mi t y of cel l sur -

f ace CSPG t o ot her cel l adhesi on r ecept or s may ser ve t o

di sr upt t he associ at i on of r ecept or s at t hat si t e of t he cel l

membr ane and subsequent l y al t er t he adhesi ve cont act s . Al -

t er nat i vel y, mouse mel anoma CSPGcoul d ser ve t o t r ansmi t

addi t i onal si gnal s t o t he i nt er i or of t he cel l , t her eby i ndi r ect l y

modul at i ng cel l adhesi on and mi gr at i on ( Yamagat a et al . ,

1989) . Fur t her st udy of t he mol ecul ar and cel l ul ar basi s of

cel l sur f ace CSPGi nt er act i ons wi t h ECMcomponent s wi l l

be r equi r ed t o under st and t he r ol e of cel l sur f ace CSPGi n

mel anoma cel l mot i l i t y and i nvasi on .

I n addi t i on t o demonst r at i ng an i mmunol ogi cal r el at i on-

shi p, t he st r uct ur al and f unct i onal pr oper t i es of mouse mel a-

noma CSPG ar e si mi l ar t o CD44, a cel l sur f ace mol ecul e

t hat has been i mpl i cat ed i n medi at i ng cel l - cel l and cel l - ECM

i nt er act i ons ( Gal l at i n et al . , 1989 ; Haynes et al . , 1989 ; Jal -

kanen et al . , 1988 ; Mi yake et al . , 1990) . Al t hough t he 110-

kD cor e pr ot ei n of mouse mel anoma CSPGi s sl i ght l y l ar ger

t han t he wel l char act er i zed 80- 95- kD CD44 gl ycopr ot ei n,

l ar ger f or ms of CD44 have r ecent l y been i dent i f i ed t hat have

var i ous car bohydr at e modi f i cat i ons, such as CS addi t i on

( Jal kanen et al . , 1988 ; Br own et al . , 1991) , or r esul t f r om

al t er nat i ve spl i ci ng of mRNA codi ng f or CD44 ( Br own et

al . , 1991 ; Günt her t et al . , 1991) . The cl ass I I I ECMr ecept or

( ECMRI I I [ Wayner and Car t er , 1987] ) , r ecent l y i dent i f i ed as

CD44 ( Gal l at i n et al . , 1989) , has been shown t o bi nd t o col -

l agen, al t hough i t does not di r ect l y medi at e cel l adhesi on

( Wayner , 1987) , si mi l ar t o t he f unct i onal pr oper t i es cur r ent l y

i dent i f i ed f or mouse mel anoma CSPG. Fur t her mor e, CD44

has been shown t o be associ at ed wi t h t he cyt oskel et on ( Jacob-

son et al . , 1984 ; Kal omi r i s and Bour gui gnon, 1988) and t o

pl ay a r ol e i n cel l movement ( Jacobson et al . , 1984) . I mpor -

t ant l y, a var i ant f or mof CD44, cont ai ni ng an addi t i onal ex-

t r acel l ul ar domai n, has r ecent l y been i mpl i cat ed i n medi at -

i ng t he met ast at i c behavi or of cer t ai n r at car ci noma cel l l i nes

( Günt her t et al . , 1991) . Addi t i onal st udi es t hat f ur t her def i ne

t he st r uct ur al si mi l ar i t i es of t he mouse mel anoma CSPG

cor e pr ot ei n and CD44, as wel l as st udi es of t hi s par t i cul ar

CSPG i n l ow met ast at i c count er par t s of t he K1735 mel a-

noma and nor mal mel anocyt es, wi l l hel p t o el uci dat e t he

mechani smby whi ch mouse mel anoma CSPGmedi at es t u-

mor cel l mot i l i t y and i nvasi on .
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