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Abst r act . The l ymphocyt e- hi gh endot hel i al venul e

( HEV) cel l i nt er act i on i s an essent i al el ement of t he

i mmune syst em, as i t cont r ol s l ymphocyt e r eci r cul at i on

bet ween bl ood and l ymphoi d or gans i n t he body. Thi s

i nt er act i on i nvol ves an 85- 95- kD cl ass of l ymphocyt e

sur f ace gl ycopr ot ei n( s) , CD44 . A subset of l ympho-

cyt e CD44 mol ecul es i s modi f i ed by coval ent l i nkage

t o chondr oi t i n sul f at e ( Jal kanen, S. , M. Jal kanen, R.

Bar gat ze, M. Tammi , and E. C. But cher . 1988 . J. I m-

munol . 141 : 1615- 1623) . I n t hi s wor k, we show t hat

r emoval of chondr oi t i n sul f at e by chondr oi t i nase t r eat -

ment of l ymphocyt es or i ncubat i on of HEV wi t h chon-

dr oi t i n sul f at e does not si gni f i cant l y i nhi bi t l ymphocyt e

bi ndi ng t o HEV, suggest i ng t hat chondr oi t i n sul f at e i s

not i nvol ved i n endot hel i al cel l r ecogni t i on of l ympho-

cyt es . Af f i ni t y- pur i f i ed CD44 ant i gen was, on t he ot her

hand, obser ved t o bi nd nat i ve Type I col l agen f i br i l s,

l ami ni n, and f i br onect i n, but not gel at i n . Bi ndi ng t o

f i br onect i n was st udi ed mor e cl osel y, and i t was f ound

t o be medi at ed t hr ough t he chondr oi t i n sul f at e- cont ai n-

i ng f or mof t he mol ecul e. The bi ndi ng si t e on f i br onec-

HERMEs- def i ned human l ymphocyt e sur f ace mol ecul es

wer e or i gi nal l y desi gnat ed as l ymphocyt e homi ng
r ecept or s because of t hei r i nvol vement i n l ympho-

cyt e bi ndi ng t o or gan- speci f i c endot hel i al cel l det er mi nant s
i n l ymphoi d or gans ( Jal kanen et al . , 1986 ; Jal kanen, S. et

al . , 1987) . Recent l y, t he ant i gen r ecogni zed by t he Her mes

ser i es of mAbs has been shown t o be i dent i cal t o, or i ncl ude,

t he CD44 ant i gen ( Pi cker et al . , 1989a ; Gol dst ei n et al . ,

1989 ; St amenkovi c et al . , 1989) . Expr essi on of CD44 or an-
t i geni cal l y r el at ed pr ot ei ns i s not r est r i ct ed t o l ymphocyt es
( Jal kanen et al . , 1986 ; Pi cker et al . , 1989a, b) . Ot her l euko-

cyt es as wel l as some nonhemat opoi et i c cel l t ypes expr ess
CD44 mol ecul es of var i ous si zes ( Pi cker et al . , 1989b; Pal s
et al . , 1989) . CD44 mol ecul es on di f f er ent cel l t ypes seem
t o have di f f er ent f unct i ons . For exampl e, CD44 ant i gen ( 90
kD) f r oml ymphoma cel l s i s abl e t o bi nd t o pur i f i ed mucosal

endot hel i al cel l l i gand, addr essi n, wher eas CD44 ant i gen

( 150 kD) f r omepi t hel i al cel l s l acks such bi ndi ng capabi l i t y

( Ber g et al . , 1989 ; Pi cker et al . , 1989b) . CD44 has al so been

descr i bed t o be i nvol ved i n T cel l act i vat i on ( Shi mi zu et al . ,
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t i n was t he COOH- t er mi nal hepar i n bi ndi ng domai n,

because ( a) t he COOH- t er mi nal hepar i n- bi ndi ng f r ag-

ment of f i br onect i n- bound i sol at ed CD44 ant i gen ; ( b)

chondr oi t i n sul f at e i nhi bi t ed t hi s bi ndi ng ; and ( c)

f i nal l y, t he ect odomai n of anot her cel l sur f ace pr ot eo-

gl ycan, syndecan, whi ch i s known t o bi nd t he 000H-

t er mi nal hepar i n bi ndi ng domai n of f i br onect i n ( Saun-

der s, S. , and M. Ber nf i el d . 1988. J. Cel l Bl OI . 106 :

423- 430) , i nhi bi t ed bi ndi ng of CD44 bot h t o i nt act

f i br onect i n and t o i t s hepar i n bi ndi ng domai n . Mor e-

over , i nhi bi t i on st udi es showed t hat bi ndi ng of a l ym-

phobl ast oi d cel l l i ne, KCA, t o hepar i n bi ndi ng pep-

t i des f r omCOOH- t er mi nal hepar i n bi ndi ng f r agment

of f i br onect i n was medi at ed vi a CD44 . These f i ndi ngs

suggest t hat r eci r cul at i ng l ymphocyt es use t he CD44

cl ass of mol ecul es not onl y f or bi ndi ng t o HEV at t he

si t e of l ymphocyt e ent r y t o l ymphoi d or gans as r epor t ed

ear l i er but al so wi t hi n t he l ymphat i c t i ssue wher e

CD44, especi al l y t he subset modi f i ed by chondr oi t i n

sul f at e, i s used f or i nt er act i on wi t h ext r acel l ul ar mat r i x

mol ecul es such as f i br onect i n .

1989 ; Huet et al . , 1989) , l at er al movement of cel l s ( Jacobson
et al . , 1984) , and er yt hr ocyt e r oset t i ng ( Hal e et al . , 1989) .
Fur t her mor e, Car t er and Wayner ( 1988) have shown t hat
f i br obl ast CD44 ( ext r acel l ul ar mat r i x r ecept or I I I ) bi nds t o
col l agen and f i br onect i n, and col ocal i zes wi t h vi ment i n . I n
anot her st udy ( Kal omi r i s and Bour gui gnon, 1988) , bi ndi ng
of CD44 t o a cyt oskel et al pr ot ei n ankyr i n has been demon-
st r at ed . These f i ndi ngs suggest t hat CD44 may l i nk adhesi ve
i nt er act i ons at cel l sur f ace wi t h t he cyt oskel et on . Recent l y,
CD44 has been shown t o f unct i on al so as a hyal ur onat e
r ecept or ( Ar uf f o et al . , 1990 ; Mi yake et al . , 1990) . These
exampl es cl ear l y demonst r at e t he mul t i f unct i onal char act er -
i st i cs of CD44 .

St r uct ur al l y CD44 mol ecul es bel ong t o t he f ami l y of pr o-
t eogl ycans, si nce i n addi t i on t o 0- l i nked and N- l i nked car bo-
hydr at es, a subset of l ymphocyt e CD44 mol ecul es cont ai ns
chondr oi t i n sul f at e si de chai ns yi el di ng a hi gher mol ecul ar
mass f or mof 180- 200 kD( Jal kanen et al . , 1988) . Mor eover ,
CD44 i s expr essed on epi t hel i al cel l s wi t h hepar an sul f at e
si de chai ns ( Br own et al . , 1991) . Recent sequence dat a i n-
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di cat e t hat CD44 has si gni f i cant homol ogy t o f unct i onal

domai ns i n t he car t i l age l i nk pr ot ei n and t he car t i l age pr ot eo-

gl ycan monomer ; and despi t e st r i ki ng bi ochemi cal si mi l ar i -

t i es, i t i s unr el at ed t o mouse per i pher al l ymph node homi ng
r ecept or ( MEL- 14) ( Gol dst ei n et al . , 1989 ; St amenkovi c et

al . , 1989 ; Si egel man et al . , 1989 ; Lasky et al . , 1989) . Fur -

t her mor e, new var i ant s of CD44 mai nl y expr essed on cel l s

of epi t hel i al or i gi n have been sequenced ( Br own et al . , 1991 ;

Gi i nt her t et al . , 1991 ; St amenkovi c et al . , 1991) , but t he

f unct i onal r ol es of t he var i ant ar e st i l l uncl ear . I nt er est i ngl y,

one var i ant has been connect ed t o met ast at i c behavi or of r at

car ci noma cel l s ( Gi i nt her t et al . , 1991) . Thus, CD44 r epr e-

sent s a pol ymor phi c f ami l y of cel l adhesi on mol ecul es .

Si nce cel l sur f ace pr ot eogl ycans ar e i mpor t ant i n di ver se

cel l - cel l and cel l - mat r i x adhesi ve i nt er act i ons ( Ruosl aht i ,

1988, 1989) , t hi s wor k was desi gned t o st udy t he r ol e of

chondr oi t i n sul f at e on l ymphocyt e CD44 ant i gen . Our

r esul t s i ndi cat e t hat chondr oi t i n sul f at e i s not needed f or

l ymphocyt e- hi gh endot hel i al venul e ( HEV) ' i nt er act i on .
However , t he abi l i t y of t he CD44 ant i gen t o bi nd ext r acel l u-
l ar mat r i x mol ecul es, especi al l y f i br onect i n, vi a chondr oi t i n
sul f at e chai ns suggest s t hat t he hi gh mol ecul ar wei ght f or m

of CD44 coul d, i ndeed, be i nvol ved i n l ymphocyt e- mat r i x

i nt er act i on subsequent t o l ymphocyt e ext r avasat i on i nt o t i s-

sues . By t hi s mechani smCD44 mi ght par t i ci pat e at t he t i s-

sue l evel i n l ymphocyt e mi gr at i on, di f f er ent i at i on and mat u-
r at i on .

Mat er i al s and Met hods

Cel l s

Fi col l - ( Fi col l - Paque, Phar maci a Fi ne Chemi cal s, Pi scat away, NJ) pur i f i ed

human per i pher al bl ood l ymphocyt es ( PBLs) f r om nor mal heal t hy adul t s

wer e used i n t he HEV assays . The PBL f r om l eukopher esi s sampl es of pa-

t i ent s suf f er i ng f r omr heumat oi d ar t hr i t i s wer e used f or CD44 ant i gen i sol a-

t i on . Thi s sour ce was sel ect ed because i t al l owed r el at i vel y l ar ge quant i t i es

of CD44 t o be i sol at ed . Composi t i on of 90- kD and 180- kD f or ms of CD44

on PBL of t hese pat i ent s di d not di f f er f r omt hat seen on PBL of heal t hy

i ndi vi dual s when t est ed usi ng i mmunobl ot t i ng . A l ymphobl ast oi d B cel l

l i ne, KCA, t hat was used i n bi ndi ng assays t o f i br onect i n and f i br onect i n

pept i des was a gener ous gi f t f r omDr . E. Engl eman ( St anf or d Uni ver si t y,

St anf or d, CA) .

Ant i bodi es

Pr oduct i on and speci f i ci t y of pol ycl onal ant i - CD44 and mAbs, Her mes- 1

and Her mes- 3, agai nst di st i nct epi t opes of CD44 have been descr i bed ear -

l i er ( Jal kanen et al . , 1986 ; Jal kanen, S. , et al . , 1987) . Her mes- 1 i nhi bi t s

hyal ur onat e bi ndi ng t o CD44, wher eas Her mes- 3 i s abl e t o bl ock l ympho-

cyt e bi ndi ng t o mucosal HEV ( Cul t y et al . , 1990 ; Jal kanen, S. , et al . , 1987) .

For i nhi bi t i on st udi es Her mes- 1 and Her mes- 3 mAbs wer e used as ser um-

f r ee cul t ur e super nat ant s and pol ycl onal mouse ant i - CD44 ( t hat i nhi bi t s

l ymphocyt e bi ndi ng t o per i pher al l ymph node, mucosal and synovi al HEV;

Jal kanen, S. , et al . , 1987) at 1 : 10 di l ut i on. A pol ycl onal r abbi t ant i body

agai nst t he common human 0 ( 01) chai n of VLA- i nt egr i ns was a gener ous

gi f t f r om Dr . J . Hei no ( Tur ku Uni ver si t y, Tur ku, Fi nl and) and was used at

1 : 50 di l ut i on. mAb agai nst t he al f a chai n of VLAA ( HP2/ 1) was a gener ous

gi f t f r om Dr . F Sanchez- Madr i d ( Uni ver si t y of Madr i d, Madr i d, Spai n) ,

and mAb agai nst t he al f a chai n of VLA- 5 was f r omI mmunot ech, Mar sei l l e,

Fr ance . mAb 3E1 agai nst t he COOH- t er mi nal hepar i n- bi ndi ng domai n of

f i br onect i n was f r om Boehr i nger Mannhei m Bi ochemi cal s ( I ndi anapol i s,

I N) . Speci f i ci t y of t hi s ant i body has been r epor t ed by Pi er schbacher et al .

( 1981) . Ant i - CD3 f r omAmer i can Type Cul t ur e Col l ect i on ( Rockvi l l e, ML)

and 281 . 2 agai nst syndecan ( Jal kanen et al . , 1985) wer e used as cl ass-

1 . Abbr evi at i ons used i n t hi s paper : HEV, hi gh endot hel i al venul e ; PBL,

per i pher al bl ood l ymphocyt es .
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mat ched negat i ve cont r ol ant i bodi es, and 281 . 2 was al so used f or syndecan

pur i f i cat i on. Nor mal mouse ser umand nor mal r abbi t ser umwer e used as

cont r ol s f or pol ycl onal ant i ser a . The second st age r eagent f or ELI SA was

al kal i ne phosphat ase- conj ugat ed goat ant i - mouse I gGand I gM ( Tago I nc . ,

Bur l i ngame, CA) , f or i mmunobl ot t i ng per oxi dase- conj ugat ed r abbi t ant i -

mouse I g ( Dako Cor p. , Sant a Bar bar a, CA) and f or i mmunof l uor escence

FI TC- conj ugat ed sheep ant i - mouse I gG ( Si gma Chemi cal Co. , St . Loui s,

MO) and FI TC- conj ugat ed goat ant i - r abbi t I gG ( Si gma Chemi cal Co. ) .

I mmunof l uor escence

Si ngl e col or i ndi r ect i mmunof l uor escence was car r i ed out as descr i bed

( Jal kanen et al . , 1986) usi ng sat ur at i ng l evel s of t he f i r st - st age ant i bodi es

f ol l owed by t he appr opr i at e second- st age r eagent , ei t her FTTC- conj ugat ed

sheep ant i - mouse I gG ( Si gma Chemi cal Co . ) or FI X- conj ugat ed goat

ant i - r abbi t I gG ( Si gma Chemi cal Co. ) . Sampl es wer e anal yzed usi ng a

cyt omet er ( FACScan, Bect on- Di cki nson I mmunocyt omet r y Sys . , Moun-

t ai n Vi ew, CA) . Rout i nel y, dat a f r om 10, 000 cel l s wer e col l ect ed .

Chondr oi t i nase Tr eat ment

For chondr oi t i nase t r eat ment human PBL ( 1. 8 x 107 ) and KCA ( 4 . 5 x

106 ; KCA cel l s ar e appr oxi mat el y f our t i mes t he si ze of PBL cel l s) wer e

i ncubat ed f or 2 h at 37° C wi t h 0. 25 Uof chondr oi t i nase ABC( Mi l es- Yeda,

El khar t , I N) i n 1 ml RPMI 1640 medi umcont ai ni ng 1% BSA and 10 mM

Hepes . Cont r ol l ymphocyt es wer e mai nt ai ned i n t he same condi t i ons wi t h-

out chondr oi t i nase . Thi s t r eat ment was suf f i ci ent t o r emove al l t he hi gh mo-

l ecul ar wei ght f or mof t he CD44 ant i gen, as det er mi ned by SDS- PAGE of

i mmunoi sol at ed CD44 f r om sul f at e- l abel ed l ymphocyt es ( not shown) .

I n Vi t r o Fr ozen Sect i on Assay

An i n vi t r o f r ozen sect i on assay was per f or med as descr i bed ear l i er
( St amper and Woodr uf f , 1976; Jal kanen and But cher , 1985) . Br i ef l y, l ym-
phocyt es i n RPMI 1640 cont ai ni ng 5% FCS and 10 mMHepes, pH 7. 3,

wer e i ncubat ed on f r esh gut f r ozen sect i ons of human and mouse per i pher al
l ymph nodes, human appendi x, mouse Peyees pat ches, and human i nf l amed
synovi um f or 30 mi n at 7° C. Si mi l ar r esul t s wer e obt ai ned bot h on mouse
and human HEV. The pr eser vat i on of t i ssue speci f i ci t y i n xenogenei c l ym-
phocyt e- HEV i nt er act i ons has been pr evi ousl y descr i bed ( Wu et al . , 1988) .
Af t er i ncubat i on, bound l ymphocyt es wer e f i xed i n col d PBS cont ai ni ng 1%

gl ut ar al dehyde, and cel l bi ndi ng was quant i t at ed mi cr oscopi cal l y as de-
scr i bed ear l i er ( Jal kanen and But cher , 1985) . Appr oxi mat el y 130 HEV per
sampl e wer e count ed . I n ot her set s of exper i ment s, ei t her 100 Pl ( 100
, ug/ ml ) chondr oi t i n sul f at e ( Si gma Chemi cal Co. ) or hepar an sul f at e ( Si gma

Chemi cal Co. ) or PBS ( cont r ol ) was i ncubat ed on f r ozen sect i ons f or 30 mi n
at 7° C bef or e t he assay. Ther eaf t er , unt r eat ed PBL wer e added and t he bi nd-

i ng assay was per f or med i n a st andar d way. Resul t s ar e pr esent ed as r el at i ve

adher ence r at i os, t he cal cul at ed number of sampl e cel l s bound t o HEV per

cont r ol cel l bi ndi ng under i dent i cal condi t i ons . St andar d er r or s wer e det er -
mi ned by t he del t a met hod ( Rao, 1965) .

Pur i f i cat i on of CD44 and Syndecan Ect odomai n

Lymphocyt es wer e l ysed i n l ysi s buf f er ( 1%NP- 40, 0. 15 MNaCl , 0. 01 M

Tr i s, pH 7. 0, 1 . 5 MMM9C12, and 1 mMPMSF) . The cl ar i f i ed l ysat e was

appl i ed f i r st t o a Sephar ose CL- 4B ( Phar maci a Fi ne Chemi cal s) col umn

( 30- ml col umn vol ume) and t hen sequent i al l y t o t wo CnBr - act i vat ed Sepha-

r ose- 4B ( Phar maci a Fi ne Chemi cal s) col umns, der i vat i zed r espect i vel y wi t h

nor mal r at ser umand wi t h Her mes- 1 mAb ( 5 mg/ ml , 3 ml col umn vol ume) .

The col umn was washed ext ensi vel y wi t h t he l ysi s buf f er . Ther eaf t er , t he

mat er i al bound t o t he Her mes- 1 col umn was el ut ed wi t h 50 mMt r i et hanol a-

mi ne and l yophi l i zed. Fr act i onat i on of di f f er ent f or ms of t he CD44 ant i gen

was per f or med usi ng t he El f e f r act i onat i on syst em ( Genof i t ; Gr and Lancy,

Swi t zer l and) . Pur i t y of i sol at ed CD44 was anal yzed by pr ot ei n st ai ni ng af -

t er SDS- PAGEand al so by i nununobl ot t i ng. Smal l amount s of Her mes- 1 an-
t i body el ut ed of f t he col umn wi t h CD44, and was t he cont ami nat i ng pr ot ei n

i n some pr epar at i ons . I f t he pur i t y was not sat i sf act or y ( ot her vi si bl e pr ot ei n

bands) , t he af f i ni t y bi ndi ng wi t h t he subsequent st eps was r epeat ed . Af t er

gel f r act i onat i on ( El f e, Genof i t ) no pr ot ei ns ot her t han CD44 wer e ob-
ser ved .

The ect odomai n of t he cel l sur f ace pr ot eogl ycan ( syndecan; Saunder s et
al . , 1989) was pr epar ed f r om condi t i oned cul t ur e medi um of NMuMG

mouse mammar y epi t hel i al cel l s by DEAF chr omat ogr aphy, CsC12 densi t y

cent r i f ugat i on, and 281 . 2 mAb af f i ni t y chr omat ogr aphy, as has been de-

scr i bed el sewher e ( Jal kanen et al . , 1985 ; Jal kanen, M. , et al . , 1987) .
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Enzymat i c Di gest i on of FI br onect i n

Fi br onect i n ( 1 mg/ ml ) i n 2 . 5 MM CaC12, 0. 5 mMEDTA, 50 mMNaCl ,

and 25 mMTr i s/ HCI ( pH 7. 2) was di gest ed f or 4 h at 22° C wi t h 5 pg/ ml

of t her mol ysi n ( Pr ot ease X; Si gma Chemi cal Co. ) .

Synt het i c Pept i des

Two pept i des ( YEKPGSPPREVVPRPRPGV and KNNQKSEPLI GRKKT;

r esi dues 1, 906- 1, 924 and 1, 946- 1, 960, r espect i vel y) known t o pr omot e

hepar i n bi ndi ng t o COOH- t er mi nal hepar i n- bi ndi ng domai n of f i br onect i n

( McCar t hy et al . , 1988) wer e synt hesi zed usi ng an aut omat ed pept i de syn-

t hesi zer ( model 431A; Appl i ed Bi osyst ems I nc . , Fost er Ci t y, CA) . I n addi -

t i on, negat i ve cont r ol pept i des, CSI ( DELPQLVTLPHPNLHGPEI I . DVPSr ) ,

f r omt he COOH- t er mi nal r egi on of f i br onect i n known t o cont ai n t he bi ndi ng

si t e f or VLA- 4 but not t o pr omot e t he hepar i n bi ndi ng and RGDS wer e l i ke-
wi se synt hesi zed. Pur i f i cat i on of pept i des was car r i ed out wi t h a pr epar at i ve
HPLC ( Appl i ed Bi osyst ems I nc . ) usi ng a r ever sed phase col umn, and t hei r
pur i t y was conf i r med by an anal yt i cal HPLC ( Appl i ed Bi osyst ems I nc. ) .

Bi ndi ng of Pur i f i ed CD44 t o Mat r i x Mol ecul es

Bi ndi ng of t he pur i f i ed CD44 ant i gen t o f i br onect i n, l ami ni n, col l agen t ype
I f i br i l s, and gel at i n was t est ed usi ng an ELI SA met hod . Pol yst yr ene pl at es
( M129B; Dynat ech Labor at or i es, I nc . , Al exandr i a, VA) wer e coat ed over -
ni ght at 37° C wi t h t he i ndi cat ed amount of gel at i n ( Mer ck &Co . I nc . , Rah-
way, NJ) , of human f i br onect i n ( Cal bi ochem- Behr i ng Cor p. , San Di ego,
CA) , of - COOH- t er mi nal hepar i n- bi ndi ng f r agment of f i br onect i n ( Cal bi o-

chem- Behr i ng Cor p . ) , of l ami ni n ( Si gma Chemi cal Co. ) , of col l agen t ype
I f i br i l s ( pur i f i ed usi ng a pr evi ousl y descr i bed met hod ; Chandr ahasan et al . ,

1976) , or f i br onect i n pept i des . Ther eaf t er , t he wel l s wer e washed f r ee of
unbound mat er i al and sat ur at ed wi t h 1% gel at i n f or 2 h. Appr oxi mat el y

5 ng ( i n PBS) of pur i f i ed CD44 ant i gen was appl i ed t o t he wel l s . Af t er over -
ni ght i ncubat i on unbound mat er i al was washed away wi t h PBS cont ai ni ng

0. 5% ' I t veen- 20. Bound mat er i al was det ect ed usi ng Her mes- 3 mAb as a
f i r st st age ant i body, and al kal i ne phosphat ase conj ugat ed goat ant i - mouse
I gGand I gM ( Tago I nc. ) was used at t he second st age . mAb agai nst CD3,
CRL8001 ( Amer i can Type Cul t ur e Col l ect i on) , ser ved as a cl ass mat ched
negat i ve cont r ol ant i body . When t he i nhi bi t i on assays wer e per f or med, hepa-
r i n ( Si gma Chemi cal Co. ) , hepar i n sul f at e ( Si gma Chemi cal Co. ) , chon-
dr oi t i n sul f at e ( Si gma Chemi cal Co . ) . synt het i c RGDS pept i de ( negat i ve
cont r ol ) , i sol at ed ect odomai n of syndecan, mannan ( negat i ve cont r ol ;
Si gma Chemi cal Co. ) , or sol ubl e f i br onect i n ( Cal bi ochem- Behr i ng Cor p . )
was added af t er nonspeci f i c bi ndi ng si t es had been bl ocked wi t h gel at i n .
The wel l s wer e t hen i ncubat ed f or 1 h at 37° C bef or e t he pur i f i ed CD44
ant i gen was appl i ed. The exper i ment s wer e per f or med usi ng t r i pl i cat e
wel l s .

Lymphocyt e CD44 ant i gen bi ndi ng t o i nt act f i br onect i n and f i br onect i n
f r agment s was measur ed al so usi ng i mmunobl ot t i ng met hod. I nt act f i br onec-
t i n, COOH- t er mi nal hepar i n- bi ndi ng domai n of f i br onect i n ( Cal bi ochem-
Behr i ng Cor p. ) , and t her mol ysi n di gest ed f i br onect i n f r agment s ( 30 kg)
wer e l oaded, af t er r educt i on wi t h 2 %mer capt oet hanol , ont o a gr adi ent ( 5-
17. 5%) SDS- PAGE. Phosphor yl ase b, 94 kD; BSA, 67 kD; oval bumi n, 43
kD; car boni c anhydr ase, 30 kD; soybean t r ypsi n i nhi bi t or , 20. 1 kD; l act al -

bumi n, 14 . 4 kD ser ved as mol ecul ar mass st andar ds and as negat i ve cont r ol
pr ot ei ns f or t he bi ndi ng exper i ment s . Pr ot ei ns i n t he gel wer e t r ansf er r ed

ont o a ni t r ocel l ul ose paper , and nonspeci f i c bi ndi ng si t es on t he paper wer e

bl ocked wi t h PBS cont ai ni ng 0. 1%Tween- 20. The ni t r ocel l ul ose st r i ps wer e

t hen i ncubat ed over ni ght wi t h af f i ni t y- pur i f i ed CD44 ant i gen i n PBS. The

bound ant i gen was det ect ed wi t h Her mes- 3 mAb usi ng per oxi dase- conj u-

gat ed r abbi t ant i - mouse I g ( Dako Cor p. ) at t he second st age, wi t h 4- chl or o-

1- napht ol ( Si gma Chemi cal Co. ) as t he subst r at e. Monocl onal ant i - CD3 an-

t i body ser ved as a negat i ve cont r ol ant i body . Fr agment s of COOH- t er mi nal

hepar i n- bi ndi ng domai n of f i br onect i n wer e det ect ed usi ng a mAb, 3E1
( Boehr i nger Mannhei mBi ochemi cal s) , t hat r ecogni zes t hi s domai n of f i br o-
nect i n .

Bi ndi ng of Cel l s t o Nbr onect i n
and Ff br onect i n Pept i des

Gl ass sl i des wi t h t i ssue cul t ur e chamber s ( LabTek Di v. , Mi l es Labor at or i es

I nc. , Naper vi l l e, I L) wer e coat ed wi t h f i br onect i n and f i br onect i n pept i des

( 101i g/ ml ) over ni ght at 37° C and t hen bl ocked wi t h 1 t ng/ ml heat - denat ur ed
BSA i n PBS f or 1 h at 37° C. KCA cel l s ( 150, 000/ wel l i n HB101 ser um- f r ee
medi um; Du Pont , Hana Bi ol ogi cs, I nc . , Al ameda, CA) wer e added and al -
l owed t o adher e f or 2 h at 37° C. I nhi bi t i on assays wer e per f or med i n t he
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pr esence of chondr oi t i n sul f at e, hepar i n, and af f i ni t y- pur i f i ed CD44 . When
t he i nhi bi t or y capaci t y of di f f er ent ant i bodi es ( Her mes- 1, Her mes- 3, pol y-
cl onal ant i - CD44, and ant i - Sl and t hei r negat i ve cont r ol s) was t est ed, KCA
cel l s wer e f i r st t r eat ed wi t h t he ant i bodi es f or 30 mi n and t hen washed once
bef or e t he assay, or al t er nat i vel y, t he assays wer e per f or med i n t he pr esence
of t he ant i bodi es . Af t er i ncubat i on, unat t ached cel l s wer e r emoved by f l i ck-
i ng . The t ops of t he wel l s wer e r emoved and t he sl i des wer e washed by di p-
pi ng t hem i n PBS. Bound cel l s wer e f i xed wi t h 1%f or mal dehyde i n PBS.
Ther eaf t er , t he cel l s wer e st ai ned usi ng t he Di f Qui ck st ai ns ( compar abl e
t o May- Gr i i nwal d- Gi emsa ; Mer z+Dade AG, Dudi ngen, Swi t zer l and) and
mount ed i n DePex ( BDH Chemi cal s Lt d . , Pool e, Engl and) . The number of
bound cel l s wer e anal yzed by count i ng at l east 20 f i el ds i n each case usi ng
an ocul ar gr i d ( at a magni f i cat i on of 250) . Each exper i ment was per f or med
usi ng dupl i cat e wel l s .

Resul t s

Chondr oi t i n Sul f at e Moi et i es Ar e Not I nvol ved
i n Lymphocyt e- HEV I nt er act i on

Possi bl e i nvol vement of chondr oi t i n sul f at e i n l ympho-

cyt e- HEV i nt er act i on was i nvest i gat ed usi ng an i n vi t r o f r o-

zen sect i on assay ( St amper and Woodr uf f , 1976 ; Jal kanen

and But cher , 1985) . Fi r st , l ymphocyt es wer e t r eat ed wi t h

chondr oi t i nase t o cl eave chondr oi t i n sul f at e si de chai ns f r om

t he CD44 mol ecul e . The condi t i ons of t hi s enzymat i c t r eat -
ment had been t est ed and pr evi ousl y det er mi ned t o be
suf f i ci ent t o cl eave chondr oi t i n sul f at e si de chai ns of t he
CD44 ant i gen f r omi nt act l ymphocyt es . Such t r eat ment had
no ef f ect on l ymphocyt e bi ndi ng t o per i pher al l ymph node,
mucosal , or synovi al HEV ( Fi g . 1) . To conf i r m t hi s f i ndi ng,
f r ozen sect i ons wer e t r eat ed wi t h chondr oi t i n sul f at e and
hepar an sul f at e bef or e t he assay. The pot ent i al i nhi bi t or s
wer e al so pr esent i n t he i ncubat i on medi umdur i ng t he assay.
These condi t i ons r esul t ed i n decr eased bi ndi ng, but t he de-

cr ease di d not achi eve st at i st i cal si gni f i cance ( Fi g. 1) . I n con-

t r ast , a pol ycl onal ant i - Her mes ant i body ( ant i - gp90 ; Jal ka-
nen, S. et al . , 1987) i nhi bi t s near l y 90% of l ymphocyt e
bi ndi ng t o HEV ( dat a not shown) . Based on t hese r esul t s,
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Synovi al

81 9

/ / / / / / / / / / / /

E] chondr oi t i nase

®chondr oi t i n sul f at e

hepar an sul f at e

i

i

0. 5

	

1 . 0
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Fi gur e 1 . Chondr oi t i n sul f at e si de chai ns pl ay no si gni f i cant r ol e i n

l ymphocyt e- HEV i nt er act i on . I n vi t r o f r ozen sect i on bi ndi ng as-

says wer e done f our t i mes on per i pher al l ymph nodes and mucosa-

associ at ed l ymphat i c t i ssues, and t wi ce on i nf l amed ( r heumat oi d)

synovi al t i ssue . Dat a f r om t hose exper i ment s ar e pool ed .



Fi gur e 2. Bi ndi ng of pur i f i ed
l ymphocyt e CD44 ant i gen t o
ext r acel l ul ar mat r i x mol ecul es .
Bi ndi ng of pur i f i ed CD44 an-
t i gen t o f i br onect i n, l ami ni n,
col l agen t ype I f i br i l s, and gel a

soo
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t i n ( 10014g/ ml ) i s pr esent ed as
Absor bance

	

net absor bance val ues wi t h t hei r
st andar d devi at i ons ( net absor -

bance val ues = absor bance val ues wi t h Her mes- 3 - absor bance
val ues wi t h ant i - CD3) . Dat a f r om f i ve exper i ment s ar e pool ed .

EGel at i n

F. br onecbn

l ammi n

Col l agen

chondr oi t i n sul f at e seemi ngl y pl ays no si gni f i cant r ol e i n

l ymphocyt e bi ndi ng t o t hei r HEV l i gands .

Capaci t y of Lymphocyt e CD44 Ant i gen

t o Bi nd Ext r acel l ul ar Mat r i x Mol ecul es

An ELI SAwas est abl i shed t o t est t he capaci t y of l ymphocyt e

CD44 ant i gen t o bi nd sur f aces coat ed wi t h mat r i x mol e-

cul es . I n t hi s assay, mi cr ot i t er wel l s wer e f i r st coat ed wi t h

f i br onect i n, l ami ni n, col l agen Type I f i br i l s, or gel at i n . Then

t he pur i f i ed CD44 was added and t he i mmobi l i zed CD44

was det ect ed wi t h pr i mar y and secondar y ant i bodi es . I n t hi s

assay, pur i f i ed CD44 ant i gen bound t o f i br onect i n, l ami ni n,

and col l agen t ype I , but not t o denat ur ed col l agen ( gel at i n)

( Fi g. 2) . Next , CD44 bi ndi ng t o f i br onect i n was st udi ed

mor e cl osel y . When 2 pg/ ml of f i br onect i n was used f or coat -

i ng, t he sat ur at i on l evel was achi eved wi t h - 1 ng of CD44

ant i gen per wel l . When, however , 100 ug/ m1 of f i br onect i n

was used, sat ur at i on was not obser ved, even t hough t he

amount of CD44 ant i gen appl i ed was i ncr eased t o 5 ng/ wel l .

The t i t r at i on cur ves of CD44 ant i gen bi ndi ng t o f i br onect i n

i n ELI SA ar e shown i n Fi g . 3. These sat ur at i on cur ves

cl ear l y i ndi cat e t he concent r at i on dependency of t hi s assay,

bot h f or t he added CD44 ant i gen and f or t he bi ndi ng si t es

on f i br onect i n- coat ed wel l s .

Bi ndi ng of CD44 ant i gen t o f i br onect i n was conf i r med by

i mmunobl ot t i ng : CD44 ant i gen bound t o f i br onect i n t r ans-

f er r ed f r om t he SDS- PAGE t o ni t r ocel l ul ose, wher eas no

bi ndi ng of CD44 was obser ved t o any of t he cont r ol pr ot ei ns

( Fi g. 4 A) . Bi ndi ng si t es on f i br onect i n wer e st udi ed af t er

1500

1000

500

Her mes ant i gen ( ng)

Fi gur e 3. Bi ndi ng of pur i f i ed l ymphocyt e CD44 ant i gen t o f i br onec-

t i n . Fi br onect i n ( Fn) at t he i ndi cat ed amount was used as a l i gand

f or coat i ng . Bi ndi ng was measur ed usi ng an ELI SA assay, as de-

scr i bed i n Mat er i al s and Met hods . Absor bance val ues ar e

pr esent ed as net absor bance val ues, as i n Fi g . 2 .
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t her mol ysi n di gest i on t hat gener at es wel l - def i ned f r agment s

f r omi nt act f i br onect i n mol ecul e ( Seki guchi and Hakomor i ,

1983 ; Zar di et al . , 1985) . Pur i f i ed CD44 ant i gen r epr oduci -

bl y bound t o a 29- kD f r agment t hat i s descr i bed t o be one

of t he hepar i n- bi ndi ng domai ns of f i br onect i n ( Fi g. 4 A, l ane

f ) . Ver y weak bi ndi ng was somet i mes obser ved t o ot her

f r agment s, per haps r epr esent i ng par t i al di gest i on pr oduct s

cont ai ni ng st i l l t he hepar i n- bi ndi ng domai n . Si nce bot h

NHZ- t er mi nal and COOH- t er mi nal hepar i n- bi ndi ng f r ag-

ment s af t er t her mol ysi n di gest i on ar e at t he same mol ecul ar

mass r ange ( 28- 29 kD) , we t est ed t he bi ndi ng t o commer -

ci al l y avai l abl e COOH- t er mi nal hepar i n- bi ndi ng domai n of

f i br onect i n ( Chymot r ypsi n di gest ed) . The CD44 ant i gen

bound t o t he f r agment s of COON- t er mi nal hepar i n- bi ndi ng

domai n as shown i n Fi g . 4 B. The or i gi n of t he f r agment s

was conf i r med by usi ng 3E1 ant i body t hat r ecogni zes an epi -
t ope whi ch i s l ocat ed at t he COOH- t er mi nal hepar i n- bi ndi ng

si t e of f i br onect i n ( Fi g . 4 B) . The or i gi nal si ze of chymot r yp-

si n di gest ed COOH- t er mi nal hepar i n- bi ndi ng domai n i s 40

kD. The smal l er f r agment s seen i n Fi g. 4 B ar e most l i kel y

degr adat i on pr oduct s of t hi s l ar ger f r agment . Thi s opi ni on

i s suppor t ed by t he r esul t t hat t he 3E1 ant i body r ecogni zed

t he smal l er f r agment s, t oo .

McCar t hy et al . ( 1988) have r epor t ed t wo pept i des wi t h

hepar i n- bi ndi ng act i vi t i es f r omt he COON- t er mi nal hepar i n-

bi ndi ng domai n of f i br onect i n . Bi ndi ng t o t he COOH- t er mi -

nal hepar i n- bi ndi ng domai n of f i br onect i n was f ur t her con-

f i r med by t he exper i ment s i n whi ch t hese hepar i n- bi ndi ng

pept i des wer e used f or coat i ng ( 100 pg/ ml ) . CSI pept i de

ser ved as a negat i ve cont r ol pept i de . As r epor t ed bel ow, t he

absor bance val ues gi ven r epr esent net absor bances : t hey

wer e der i ved by subt r act i ng t hose absor bance val ues obt ai ned

f r omt he CD44 bi ndi ng t o t he CSI cont r ol pept i de f r omt hose

of CD44 bi ndi ng t o YEKPGSPPREVVPRPRPGV or t o

KNNQKSEPLI GRKKT. Mean absor bance val ues wi t h t hei r

st andar d er r or s of t wo exper i ment s ar e gi ven . CD44 showed

weak but cl ear l y over t he backgr ound bi ndi ng ( net absor -

bance 175 f 64) t o YEKPGSPPREVVPRPRPGV. Bi ndi ng

of CD44 was si gni f i cant t o KNNQKSEPLI GRKKT ( net ab-

sor bance 440 t 148 ; P< 0 . 01) . The CD44 bi ndi ng t o KNN-

QKSEPLI GRKKT r epr esent ed 65. 5% of t he bi ndi ng t o i n-

t act f i br onect i n . The sum of t hese absor bance val ues was

cl ose t o t he val ue obt ai ned f r omt he bi ndi ng t o i nt act f i br o-

nect i n i n t hese par t i cul ar exper i ment s ( 91 . 5 %) , i ndi cat i ng

t hat CD44 can bi nd t o mor e t han one pol ypept i de r egi on .

Chondr oi t i n Sul f at e Cont ai ni ng For mof t he CD44
Mol ecul e I s Responsi bl e f or Bi ndi ng t o Fl br onect i n

When t he CD44 ant i gen was f r act i onat ed i nt o i t s 90- and

180- 200- kD f or ms ( Fi g . 5) , onl y t he f or mcont ai ni ng chon-

dr oi t i n sul f at e was capabl e of bi ndi ng t o f i br onect i n ( Fi g . 5) .

The ELI SA absor bance val ues ar e pr esent ed f r oman exper i -

ment i n whi ch one- si xt h of t he mat er i al shown i n bot h l anes

was appl i ed t o each mi cr owel l . Nei t her aggr egat i on nor

over sat ur at i on account ed f or t he l ack of bi ndi ng of t he mat e-

r i al i n l ane 1, si nce, i n f act , decr easi ng t he amount of t he ma-

t er i al appl i ed di d not i ncr ease t he bi ndi ng ( dat a not shown) .

I nvol vement of chondr oi t i n sul f at e moi et i es was f ur t her

t est ed i n i nhi bi t i on st udi es . I n t he ELI SA syst em, hepar i n,

hepar an sul f at e, and chondr oi t i n sul f at e i nhi bi t ed bi ndi ng of

CD44 ant i gen t o f i br onect i n i n a dose- dependent manner .

Maxi mumi nhi bi t i on of 53 %was obser ved at t he l evel of 50
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pg/ ml ( Fi g . 6) . However , t he ect odomai n of a cel l sur f ace

pr ot eogl ycan, syndecan, t hat bi nds t o t he COOH- t er mi nal

hepar i n- bi ndi ng domai n of f i br onect i n vi a i t s hepar an sul f at e

si de chai ns ( Saunder s and Ber nf i el d, 1988) i nhi bi t ed t he

bi ndi ng mor e ef f i ci ent l y . I nhi bi t i on var i ed somewhat , de-

pendi ng on t he exper i ment , f r om85 t o 98 %at syndecan ec-

t odomai n concent r at i on of 50 j g/ ml ( Fi g . 6) . At a 0. 5- Ag/ ml

concent r at i on, no si gni f i cant i nhi bi t i on was seen . When t he

hepar i n- bi ndi ng domai n of f i br onect i n was used i n t hi s assay,

i nhi bi t i on by syndecan ect odomai n was l i kewi se al most

compl et e ( Tabl e I ) . These dat a i ndi cat e t hat chondr oi t i n sul -

f at e si de chai ns ar e i nvol ved i n medi at i ng t he CD44 ant i gen

bi ndi ng t o f i br onect i n and, mor eover , t hat t he bi ndi ng si t e i s

t he same as ( or ver y near t o) t hat of hepar i n and hepar an sul -

f at e. Sol ubl e f or mof f i br onect i n di d not si gni f i cant l y i nhi bi t

t he bi ndi ng ( Fi g . 6) . Fur t her , no bi ndi ng i nhi bi t i on was ob-

ser ved wi t h mannan, whi ch has been shown t o i nhi bi t l ym-

phocyt e bi ndi ng t o HEV i n per i pher al l ymph nodes ( St ool -

man et al . , 1984) .

CD44 Medi at es Lymphocyt e Bi ndi ng t o Fi br onect i n

I nvol vement of CD44 i n l ymphocyt e bi ndi ng t o f i br onect i n

was t est ed usi ng a cel l l i ne, KCA, t hat expr esses VLA5,

known t o medi at e bi ndi ng t o t he RGD- cont ai ni ng cent r al

cel l - bi ndi ng domai n ( Pyt el a et al . , 1985) , and VLA- 4,

known t o medi at e bi ndi ng t o CSI pept i de ( Wayner et al . ,

1989 ; Guan and Hynes, 1990) . I n cont r ast t o l ow/ moder at e

f l uor escence i nt ensi t y obt ai ned wi t h ant i bodi es agai nst al f a

chai ns of VLA- 4 and VLA- 5, KCAcel l s wer e br i ght l y posi -

t i ve wi t h Her mes- 3 mAb ( Fi g . 7) . Thi s cel l l i ne al so ex-

pr essed si gni f i cant amount of t he chondr oi t i n sul f at e- con-

t ai ni ng f or mof CD44 when t est ed i n i mmunobl ot t i ng af t er

SDS- PAGE ( dat a not shown) . I n nor mal cul t ur e condi t i ons,

KCA cel l s f or msmal l cl ust er s and gr owi n suspensi on . How-
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Fi gur e 4. CD44 ant i gen bi nds t o t he hepar i n- bi ndi ng
domai n of f i br onect i n . ( A) Ami do bl ack st ai ni ng of mo-
l ecul ar wei ght mar ker s ( l ane a) , i nt act f i br onect i n ( l ane
b) , and f i br onect i n f r agment s af t er t her mol ysi n t r eat -
ment ( l ane c) . Pur i f i ed CD44 ant i gen was i ncubat ed on
i nt act f i br onect i n ( l anes d and e) , on t her mol ysi n-
di gest ed f i br onect i n ( l anes f and g) , and on mol ecul ar
wei ght mar ker s as cont r ol pr ot ei ns ( l anes h and i ) af t er
whi ch t he bound ant i gen has been det ect ed ei t her wi t h
monocl onal Her mes- 3 ant i body panes d, f , and h) or
negat i ve cont r ol ant i body ant i - CD3 panes e, g, and i ) .
( B) Pur i f i ed CD44 ant i gen was i ncubat ed on 000H-
t er mi nal hepar i n- bi ndi ng f r agment s of f i br onect i n .
Bound ant i gen was det ect ed ei t her wi t h Her mes- 3 ant i -
body pane a) , or wi t h t he negat i ve cont r ol ant i body,
ant i - CD3 ( l ane b) . Or i gi n of t he f r agment s was
conf i r med ( l ane c) by usi ng mAb agai nst 000H-
t er mi nal hepar i n- bi ndi ng domai n of f i br onect i n .

ever , when pl at ed on f i br onect i n- coat ed sur f aces t hey ad-

her ed ef f i ci ent l y and showed f ai r l y ext ensi ve spr eadi ng and

f or mat i on of pseudopodi a . They al so adher ed t o pept i des

t hat medi at e hepar i n bi ndi ng as wel l as t o CSI and RGDS.

However , t he pept i des suppor t ed onl y mi ni mal spr eadi ng . I n

mi l d washi ng condi t i ons t he number of cel l s bound per uni t

ar ea ( 1 . 5 mm' ) was appr oxi mat el y t he same t o al l t hese

pept i des used and t o f i br onect i n . However , mor e vi gor ous

washi ng condi t i ons showed t hat bi ndi ng t o f i br onect i n was

mor e ef f i ci ent t han t o any of t he pept i des al one . Number of

cel l s bound per uni t ar ea was pr act i cal l y unchanged i n t hese

washi ng condi t i ons when f i br onect i n ( 443 f 7 cel l s bound

per uni t ar ea) was used f or coat i ng, wher eas l ess cel l s ad-

her ed t o pept i des ( PI = KNNQKSEPLI GRKKT, 230 t 39 ;

PI I = YEKPGSPPREVVPRPRPGV, 152 f 14 ; PHI = CSI ,

314 f 4, bi ndi ng t o RGDS was not st udi ed syst emi cal l y) .

Bi ndi ng t o BSA t hat was used as a negat i ve cont r ol pr ot ei n

was 0. 5% of t hat t o f i br onect i n . I sol at ed CD44 i nhi bi t ed

bi ndi ng of KCA cel l s bot h t o f i br onect i n and hepar i n- bi ndi ng

pept i des, but not t o CSI pept i de ( Fi g . 8) . Bi ndi ng t o hepar i n-

bi ndi ng pept i des PI and PI I was i nhi bi t ed 70%and 76 %, r e-

spect i vel y, when 10 hg/ ml of CD44 was used but bi ndi ng t o
f i br onect i n was i nhi bi t ed onl y 38 %, i ndi cat i ng t hat al so
ot her cel l sur f ace pr ot ei ns medi at e KCA bi ndi ng t o f i br o-

nect i n . Thi s was conf i r med by usi ng a pol ycl onal ant i body

agai nst / 31 i nt egr i n t hat i nhi bi t ed bi ndi ng by 59%( Fi g . 8) .

Ant i - 01 al so i nhi bi t ed bi ndi ng of KCA t o CSI but not com-
pl et el y . Par t i al i nhi bi t i on by ant i - ( 31 t oget her wi t h l ow ex-
pr essi on of a4 suggest t hat bi ndi ng of KCA t o CSI may al so
i nvol ve mol ecul es ot her t han a4/ / 31 . Chondr oi t i nase t r eat -
ment of KCAas wel l as hepar i n pr esent dur i ng t he adher ence
assay al so i nhi bi t ed bi ndi ng of t hese cel l s bot h t o f i br onect i n
and hepar i n- bi ndi ng pept i des but not t o t he CSI pept i de ( Fi g .

8) , f ur t her suppor t i ng t he i nvol vement of gl ycosami nogl y-

cans i n t he bi ndi ng of KCAt o f i br onect i n . I nhi bi t i on per cent -
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Fi gur e S. Abi l i t y of di f f er ent f or ms of l ymphocyt e CD44 ant i gen

t o bi nd f i br onect i n . CD44 ant i gen was f r act i onat ed t o yi el d di f f er -

ent f or ms of t he mol ecul e. Lane 1 cont ai ns t he 90- kD f or m of t he

ant i gen . Lane 2 cont ai ns t he 180- 200- kD chondr oi t i n sul f at e- con-

t ai ni ng f or mof t he CD44 ant i gen and i t s spont aneous degr adat i on

pr oduct ( 90 kD) . The f i br onect i n bi ndi ng pr oper t i es of t he mat er i al

on each l ane was t est ed usi ng an ELI SA assay. The ELI SA absor -

bance val ues ( means of t wo anal yses) ar e gi ven bel ow t he cor r e-

spondi ng l anes .

ages by sol ubl e chondr oi t i n sul f at e wer e cl ear l y l ower t han

by hepar i n ( Fi g. 8) . Good i nhi bi t or y act i vi t y of exogenous

hepar i n, and poor i nhi bi t or y capaci t y of chondr oi t i n sul f at e

as f r ee pol ysacchar i de has been r epor t ed ear l i er ( Ruosl aht i ,

1988; McCar t hy et al . , 1990) . mAbs Her mes- 1 and Her mes- 3

and pol ycl onal ant i - CD44 di d not have any ef f ect on t he bi nd-

i ng. Thi s f ur t her suggest s t hat chondr oi t i n sul f at e si de chai ns

ar e cr i t i cal i n medi at i ng bi ndi ng of CD44 t o f i br onect i n .

Di scussi on

I n t hi s wor k, we have demonst r at ed t hat l ymphocyt e CD44

ant i gen i nvol ved i n l ymphocyt e bi ndi ng t o HEV al so i nt er -

act s wi t h ext r acel l ul ar mat r i x mol ecul es . Mor eover , t hese di -

ver se abi l i t i es seem t o be medi at ed t hr ough di st i nct st r uc-

t ur al domai ns of t he mol ecul e. These r esul t s, t oget her wi t h

t he r ecent l y obser ved i dent i t y bet ween CD44, hyal ur onat e

r ecept or ( Ar uf f o et al . , 1990) , and col l agen- bi ndi ng ex-

t r acel l ul ar mat r i x r ecept or t ype I I I ( Car t er and Wayner ,

1988 ; Gal l at i n et al . , 1989) i ndi cat e a br oad r ol e f or CD44

mol ecul es i n cel l adhesi on . Si mi l ar l y, ot her homi ng-

associ at ed mol ecul es ar e mul t i f unct i onal . LFA1 has been

descr i bed t o have an accessor y f unct i on i n l ymphocyt e bi nd-

i ng t o HEVi n addi t i on t o i t s par t i ci pat i on i n sever al adhesi ve

i nt er act i ons ( Hamann et al . , 1988 ; Pal s et al . , 1988) . Yet ,
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Fi gur e 6. Hepar i n, hepar an sul f at e, chondr oi t i n sul f at e, and synde-

can i nhi bi t CD44 ant i gen bi ndi ng t o f i br onect i n ( 10 ) g/ ml coat i ng) .

Resul t s ar e pr esent ed as per cent ages f r om cont r ol bi ndi ng wi t h
st andar d devi at i ons. Resul t s f r om t hr ee exper i ment s ar e pool ed .

anot her member of t he i nt egr i n f ami l y, LPAM- 1/ VLA- 4, a

mouse l ymphocyt e homi ng r ecept or t o mucosal HEV, may

have ot her f unct i ons as wel l ( Hol zmann et al . , 1989) . Re-

cent l y, human VLA- 4 has been shown t o be i nvol ved i n l ym-

phocyt e bi ndi ng t o mucosal HEV ( Hol zmann and Wei ss-

man, 1989) ; and i t has al so been shown t o bi nd f i br onect i n

( Wayner et al . , 1989 ; Guan and Hynes, 1990 ; f or r evi ew see

Heml er et al . , 1990) . Appar ent i nvol vement of sever al st r uc-

t ur al l y unr el at ed mul t i f unct i onal adhesi on mol ecul es i n l ym-

phocyt e bi ndi ng t o HEV and t o ext r acel l ul ar mat r i x mol e-

cul es demonst r at es t he compl exi t y of mechani sms r egul at i ng

l ymphocyt e r eci r cul at i on, mi gr at i on, and mat ur at i on .

Speci f i ci t y of t he CD44 Ant i gen Bi ndi ng t o FI br onect i n

Acommon f unct i onal f eat ur e of pr ot eogl ycans i s t he i nt er ac-

t i on wi t h ext r acel l ul ar mat r i x mol ecul es ( Ruosl aht i , 1988,

1989) . I ndeed, t he i nt er act i ons of pr ot eogl ycans wi t h f i br o-

Tabl e I . I nhi bi t i on of I sol at ed CD44 Ant i gen Bi ndi ng t o t he

COOH- Ter mi nal Hepar i n Bi ndi ng Fr agment of Fi br onect i n
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I nhi bi t or Amount

Per cent

Expt 1

of i nhi bi t i on

Expt 2

Wgl ml

Chondr oi t i n sul f at e 0 . 5 0 ND

5 14 ND

50 69 ND

Syndecan 0 . 5 0 0

5 78 17

50 100 97

RGDS 5 0 0

50 0 0
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Fl uor escei n

Fi gur e 7. Expr essi on of VLA- 4a, VLA- 5a, ( 31, and CD44 ( st ai ned
wi t h mAb Her mes- 3) on KCA cel l s used f or i nhi bi t i on st udi es . I n-
di r ect i mmunof l uor escence was car r i ed out as descr i bed i n Mat er i -
al s and Met hods . Negat i ve cont r ol st ai ni ngs wer e done wi t h i r r el e-
vant mAb and nor mal r abbi t ser umas f i r st st age r eagent s f ol l owed
by t he appr opr i at e second st age r eagent s . Bot h negat i ve cont r ol s
gave si mi l ar r esul t s .

nect i n i nvol vi ng hepar an sul f at e chai ns have been descr i bed
i n sever al st udi es ( see Saunder s and Ber nf i el d, 1988, and r ef -
er ences t her ei n) . I nt er act i ons of pr ot eogl ycans i nvol vi ng
chondr oi t i n sul f at e chai ns have al so been obser ved ( Ruo-

sl aht i , 1988 ; Yamagat a et al . , 1986 ; Ol dber g and Ruosl aht i ,

1982 ; Hedman et al . , 1982 ; Smi t h, 1985) . I sol at ed l ympho-

cyt e CD44 ant i gen bound r epr oduci bl y t o t he hepar i n- bi nd-
i ng domai n of f i br onect i n . Thi s i s i n agr eement wi t h t he
f i ndi ng t hat t he chondr oi t i n sul f at e- cont ai ni ng f or m of t he
l ymphocyt e CD44 ant i gen showed si gni f i cant bi ndi ng t o
f i br onect i n .

Fr ee- sul f at ed pol ysacchar i des, such as hepar an sul f at e and

Jal kanen and Jal kanen CD44 Bi nds t o Fi br onect i n

BI NDI NG TO

	

TREATMENT/ I NHI BI TOR

P 1

	

CHONDROI TI NASE

CHONDROI TI NSULFATE

HEPARI N

I SOLATEDCD44 1 R&/ ml

I SOLATEDCD44 10 P9/ ml

POLYCLONAL ANPI LD44

HERMES- I ANTI BODY

HERMFS- 3 ANTI BODY

POLYCLONAL ANTI - 01

PI I CHONDROI TI NASE

CHONDRO I NSULFATE

HEPARI N

I SOLATEDCD44 10 " / ml

POLYCLONAL ANPI - CD44

HERMES- I ANTI BODY

HERMFS- 3 ANTI BODY

POLYCLONAL ANTI - DI

Pi l l CHONDROI TI NASE

I CS 0

	

CHONDROI TI N SULFATE

HEPARI N

I SOLATEDCD44 1

Kg/ ml SOLATED CD44 10 gg/ ml

POLYCLONAL ANTI - 0l

FI RRONECTI N CHONDROI TI NASE

CHONDROI TI N SULFATE

HEPARI N

I SOLATED CD44 1 Ag/ ml

I SOLATED CD44 10 pg/ ml

POLYCLONAL AM' I LD44

HER ES- 1 ANTI BODY

HERMES- 3 ANTI BODY

POLYCLONAL ANf 1- 81
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END-
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100

% OF CONTROL BI NDI NG

Fi gur e 8. I nhi bi t i on of bi ndi ng of a B l ymphobl ast oi d cel l l i ne,
KCA, t o f i br onect i n and f i br onect i n pept i des ( P1, Pl l , and PHI ) .
PI and PI I ar e hepar i n bi ndi ng pept i des ( PI = KNNQKSEPLI GR-
KKT, PI I = YEKPGSPPREWPRPRPGV) and PE[ [ i s CSI . Con-
t r ol bi ndi ng f or mAb i nhi bi t i on was t he bi ndi ng of cel l s t r eat ed wi t h
cl ass- mat ched i r r el evant mAbs . Bi ndi ng of cel l s t r eat ed wi t h nor -
mal r abbi t ser um and nor mal mouse ser um ser ved as cont r ol bi nd-
i ng f or cel l s t r eat ed wi t h pol ycl onal ant i - , B 1 and ant i - CD44, r espec-
t i vel y . Cont r ol bi ndi ng f or hepar i n ( 500 FAg/ ml ) , chondr oi t i n sul f at e
( 500 Wg/ ml ) , and CD44 i nhi bi t i on was count ed f r omwel l s i n whi ch
no i nhi bi t or was pr esent . Resul t s ar e pr esent ed as per cent ages f r om
cont r ol bi ndi ng wi t h t hei r st andar d er r or s . Resul t s f r omt wo exper i -
ment s ar e pool ed .

chondr oi t i n sul f at e, bi nd poor l y t o ext r acel l ul ar mat r i x . As

a par t of a pr ot eogl ycan i n mul t i val ent ar r angement , how-

ever , t hey can i nt er act wi t h l i gand mol ecul es such as f i br o-

nect i n ( Ruosl aht i , 1988) . Thi s expl ai ns t he par t i al i nhi bi t i on

of bi ndi ng of bot h i sol at ed CD44 and KCA l ymphobl ast oi d

cel l s t o f i br onect i n by f r ee sul f at ed car bohydr at es i n our as-

says . On t he ot her hand, CD44 ant i gen may have anot her
bi ndi ng si t e i ndependent of chondr oi t i n sul f at e . Thi s l at t er
possi bi l i t y i s, per haps, l ess l i kel y, because pol ycl onal and
mAbs agai nst CD44 coul d not i nhi bi t bi ndi ng of KCA t o
f i br onect i n pept i des . Mor eover , syndecan, whi ch bi nds t o
f i br onect i n vi a hepar an sul f at e si de chai ns ( Saunder s and
Ber nf i el d, 1988) , al most compl et el y i nhi bi t ed CD44 ant i gen
bi ndi ng . I sol at ed mouse and human syndecan have been r e-
por t ed t o have r el at i vel y moder at e af f i ni t y t o f i br onect i n
( Saunder s and Ber nf i el d, 1988 ; El eni us et al . , 1990) . I f we
assume t hat syndecan and CD44 ar e compet i ng f or t he same
bi ndi ng si t e, t he concent r at i ons needed t o i nhi bi t t he bi ndi ng
of t he CD44 ant i gen suggest a r el at i vel y hi gh af f i ni t y f or
CD44 ant i gen bi ndi ng . However , af f i ni t i es of pur i f i ed ant i -
gens i n vi t r o need not necessar i l y r ef l ect t he si t uat i on i n vi vo,
wher e compl i cat ed i nt er act i ons can t ake pl ace . These i nhi bi -
t i on st udi es, t oget her wi t h t he bi ndi ng st udi es usi ng di f f er ent
f or ms of CD44 ant i gen ( Fi g . 5) suggest t hat CD44 ant i gen
bi nds t o f i br onect i n vi a i t s chondr oi t i n sul f at e si de chai ns



and f ur t her , t hat t he bi ndi ng si t e i s t he same as t hat f or hepa-
r i n or hepar an sul f at e. Thi s concl usi on i s al so suppor t ed by
t he exper i ment s wher e CD44 bound t o t he pept i des ear l i er
shown t o medi at e hepar i n bi ndi ng t o t he COOH- t er mi nal
domai n of f i br onect i n . I nvol vement of t hese pept i des i n pr o-
mot i ng t he bi ndi ng of CD44 suggest s t hat t he bi ndi ng may
be medi at ed vi a a noncont i guous det er mi nant i n t he 000H-
t er mi nal r egi on of t he mol ecul e . The possi bi l i t y, however ,
r emai ns t hat CD44 al so bi nds t o t he NH2- t er mi nal hepar i n-

bi ndi ng domai n . I n t hat case, i nt er act i on wi t h t he N11 2 - t er -

mi nal r egi on i s of l ow af f i ni t y, because syndecan t hat bi nds

t o t he COOH- t er mi nal r egi on was abl e t o i nhi bi t t he bi ndi ng

of CD44 al most compl et el y .

Despi t e common pr oper t i es, f i br onect i ns f r om di f f er ent

sour ces exhi bi t mol ecul ar het er ogenei t y i n t er ms of sol ubi l -

i t y and subuni t st r uct ur e because of al t er nat i ve spl i ci ng

( f f r ench- Const ant et al . , 1989) . Thus, f i br onect i n i n l ymph

nodes wher e i t f or ms an i nt r i cat e net wor k t hr oughout t he t i s-

sue except i n f ol l i cl es ( D' Ar denne et al . , 1983) , may have

di f f er ent f unct i onal pr oper t i es t han, f or exampl e, f i br onect i n

f ound on t he sur f aces of vascul ar endot hel i al cel l s . I n our
assays, sol ubl e f i br onect i n di d not i nhi bi t CD44 ant i gen bi nd-
i ng t o i mmobi l i zed f i br onect i n i ndi cat i ng t hat some conf or -
mat i onal changes occur r i ng i n anchor ed f i br onect i n mol e-
cul e ar e r equi r ed t o suppor t t he bi ndi ng of t he CD44 ant i gen .
On t he basi s of t hese r esul t s, i t seems l i kel y t hat i n vi vo r e-

ci r cul at i ng l ymphocyt es do not use CD44 ant i gen t o i nt er act
wi t h f i br onect i n whi l e st i l l i n t he bl ood ci r cul at i on . Rat her ,
t hi s i nt er act i on t akes pl ace i nsi de t he l ymphat i c t i ssues . I n t hi s
r egar d, i t i s not ewor t hy t hat onl y a smal l subset of l ympho-

cyt e CD44 ant i gen i sol at ed f r omPBL has coval ent l y l i nked
chondr oi t i n sul f at e si de chai ns . I t i s not cur r ent l y known

whet her cer t ai n per i pher al bl ood l ymphocyt es have chon-

dr oi t i n sul f at e- cont ai ni ng f or m of t he CD44 ant i gen whi l e

ot her expr ess onl y t he 90- kD f or m, or whet her each cel l has

bot h f or ms of t he mol ecul e . However , i t i s t heor et i cal l y pos-

si bl e t hat l ymphocyt es wi t h t he chondr oi t i n sul f at e- cont ai n-

i ng f or mof t he CD44 ant i gen r epr esent a f unct i onal l y uni que

subset of l ymphocyt es . Sever al cel l t ypes of hemat opoi et i c

or i gi n have been shown t o use VLA- 5 or VLA- 4 or bot h t o

bi nd f i br onect i n ( Wayner et al . , 1989 ; f or r evi ew see Shi mi zu

et al . , 1990) . I n t hi s wor k we have shown t hat a l ymphoi d

cel l l i ne can al so use CD44 mol ecul e f or bi ndi ng t o f i br onec-

t i n . Per haps, CD44 i s not t he pr i mar y adhesi on r ecept or t o
f i br onect i n i n a si mi l ar f ashi on as VLA- 4 and VLA- 5 but may
ser ve as an addi t i onal bi ndi ng si t e f or l ymphocyt es at cer t ai n
st ages of t hei r mat ur at i on and di f f er ent i at i on . Local i zat i on

of CD44 t o f i l opodi a t hat ar e i nvol ved i n cel l - subst r at um

cont act s al so suppor t s t he i nvol vement of CD44 i n bi ndi ng

t o f i br onect i n ( Br own et al . , 1991 ; Jal kanen et al . , 1991) .

Thus, l ymphocyt e bi ndi ng may occur as a r esul t of i nt er ac-
t i ons bet ween sever al sur f ace mol ecul es and di f f er ent det er -

mi nant s of f i br onect i n . Sever al adhesi on si t es have al r eady

been shown t o medi at e adhesi on of mel anoma cel l s . Adhe-

si on si t es f or mel anoma cel l s i ncl ude t he same hepar i n- bi nd-

i ng pept i des as used i n t hi s st udy, RGD- cont ai ni ng r egi on,

and t he CSI segment ( McCar t hy et al . , 1988, 1990) . I t i s ob-

vi ous t hat i nvol vement of sever al mol ecul es i ncr eases t he

possi bi l i t i es of r egul at i on of cel l adhesi on t o f i br onect i n .

Bi ndi ng Domai ns of t he CD44 Ant i gen t o HEV
and Nbr onect i n Ar e Separ at e

Our r esul t s cl ear l y i ndi cat e t hat t he bi ndi ng domai ns of l ym-
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phocyt e CD44 ant i gen t o HEV and f i br onect i n r esi de on
di f f er ent par t s of t he mol ecul e . The r emoval of chondr oi t i n
sul f at e f r oml ymphocyt es or t he addi t i on of chondr oi t i n sul -
f at e i nt o t he HEVbi ndi ng assay, had no i nf l uence on l ympho-

cyt e bi ndi ng t o HEV I n cont r ast , Her mes- 3 mAb i nhi bi t s

l ymphocyt e bi ndi ng t o mucosal HEV ( Jal kanen, S. , et al . ,

1987) i ndi cat i ng t hat t he r egi on r ecogni zed by t hi s ant i body
i s i nvol ved i n t he i nt er act i on bet ween l ymphocyt es and en-
dot hel i um. Ther ef or e, t he gl ycosami nogl ycan- cont ai ni ng r e-
gi on must be di f f er ent f r omt he HEVr ecogni t i on r egi on . On
t he ot her hand, chondr oi t i n sul f at e chai ns ar e needed f or

f i br onect i n bi ndi ng, and t hi s bi ndi ng i s not i nhi bi t ed by

mAbs ( Her mes ser i es) agai nst di f f er ent epi t opes of CD44 .

Fur t her mor e, t he pol ycl onal ant i body agai nst CD44 coul d

not i nhi bi t l ymphocyt e bi ndi ng t o f i br onect i n . Thi s can be
expl ai ned by t he f act t hat t he ant i body does not cont ai n any
act i vi t y agai nst nat i ve chondr oi t i n sul f at e si de chai ns as a

par t of CD44 . These r esul t s ni cel y demonst r at e t he separ a-

t i on of t hese t wo bi ndi ng capabi l i t i es of t he l ymphocyt e

CD44 ant i gen.

The abi l i t y of CD44 ant i gen t o i nt er act wi t h mat r i x com-

ponent s i nsi de t he l ymphat i c t i ssue may be essent i al f or l ym-

phocyt es af t er l eavi ng t he vascul at ur e . I n f act , communi ca-

t i on bet ween l ymphocyt es and mat r i x may di r ect mi gr at i on

and l ocal i zat i on i nsi de t he t i ssue . Ti ssue l ocal i zat i on, on t he

ot her hand, may be i nt i mat el y i nvol ved i n t he f ur t her

di f f er ent i at i on and mat ur at i on of l ymphocyt es . Mor eover ,

r et ent i on t i me i nsi de t he t i ssue mi ght be det er mi ned by i nt er -

act i ons bet ween r eci r cul at i ng l ymphocyt es and mat r i x mol e-

cul es . Fur t her mor e, t he abi l i t y t o i nt er act wi t h endot hel i um,

ent er i nt o, and at t ach t o t he t i ssue ar e char act er i st i cs t hat ar e

i mpor t ant i n det er mi ni ng t he met ast at i c pot ent i al of l ym-

phoi d, as wel l as ot her mal i gnanci es . Si nce CD44 mol ecul es

ar e appar ent l y i nvol ved i n cel l - endot hel i um and cel l - mat r i x
i nt er act i on, t hi s cl ass of mol ecul es may event ual l y ser ve as
usef ul pr edi ct i on mar ker s and, ul t i mat el y, el ement s cr i t i cal

t o t he under st andi ng of t umor i nvasi veness .
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