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Abst r act . I n t hi s paper we r epor t t hat t he i nt egr i n

compl ex al phal / bet al , a l ami ni n/ col l agen r ecept or , i s

expr essed on cul t ur ed f or eski n mi cr ovascul ar endot he-

l i um, but i s absent on endot hel i al cel l s f r om l ar ge ves-

sel s such as t he aor t a and umbi l i cal and f emor al vei ns .

The r est r i ct ed expr essi on of i nt egr i n al phal / bet al t o

mi cr ovascul ar endot hel i um was al so demonst r at ed i n

vi vo, by i mmunohi st ochemi cal st ai ni ng of human t i s-

sue sect i ons . Al phal speci f i c ant i bodi es r eact ed st r ongl y

wi t h endot hel i al cel l s of smal l bl ood vessel s and capi l -

l ar i es i n sever al t i ssues, but not wi t h endot hel i um of

vei n and ar t er i es of umbi l i cal cor d . Expr essi on of i n-

t egr i n al phal can be i nduced i n cul t ur ed umbi l i cal vei n

endot hel i al cel l s by t r eat ment wi t h 5 ng/ ml t umor nec-

r osi s f act or al pha ( TNFal pha) . I nduct i on of al phal

NDOTHELI ALcel l s f or ma cont i nuous l ayer cover i ng t he
bl ood vessel l umi nal sur f ace and r epr esent t he physi -
cal bar r i er bet ween t he bl ood st r eamand t i ssues . The

mechani cal and f unct i onal i nt egr i t y of t hi s bar r i er i s assur ed
by i nt er act i ons among endot hel i al cel l s as wel l as by t hei r ad-
hesi on t o t he basal membr ane, an ext r acel l ul ar mat r i x st r uc-
t ur e consi st i ng pr edomi nant l y of col l agen t ype I V, l ami ni n,
ni dogen, and hepar ansul phat e . The i nt er act i on of endot hel i al
cel l s wi t h t he basal l ami na component s i s medi at ed by spe-
ci f i c cel l sur f ace r ecept or s bel ongi ng t o t he i nt egr i n f ami l y .
I nt egr i ns ar e a cl ass of gl ycopr ot ei n het er odi mer s of al pha

and bet a subuni t s spanni ng t he pl asma membr ane and con-

nect i ng t he ext r acel l ul ar mat r i x f r amewor k t o t he i nt r acel l u-
l ar cyt oskel et al st r uct ur es ( Ruosl aht i and Pi er schbacher ,
1987 ; Hynes, 1987; Heml er , 1990) . Endot hel i al cel l s f r om
umbi l i cal vei n have been shown t o expr ess sever al i nt egr i n
compl exes at t hei r sur f ace . These i ncl ude t he f i br onect i n r e-
cept or ( al phal / bet al ) ( Conf or t i et al . , 1989) , t he vi t r onect i n

r ecept or ( al pha/ bet a3) ( Cher esh, 1987; Char o et al . , 1987 ;
Dej ana et al . , 1988 ; Al bel da et al . , 1990 ; Thr one et al . ,
1990) , as wel l as t hr ee ot her compl exes t hat f unct i on as col -
l agen and l ami ni n r ecept or s ( al pha2/ bet al , al phal / bet al , and
al pha6/ bet al ) ( Al bel da et al . , 1989 ; Langui no et al . , 1989 ;
Thr one et al . , 1990) . Al l f i ve i nt egr i n compl exes ar e si mul -
t aneousl y expr essed by umbi l i cal vei n endot hel i um, endow-
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subuni t expr essi on al so occur r ed af t er t r eat ment of

umbi l i cal vei n endot hel i um wi t h 10- 5 Mr et i noi c aci d

or wi t h 10 nMPMA; Maxi mal i nduct i on of al phal i n-

t egr i n was r eached af t er 48 h of t r eat ment and cost i mu-

l at i on wi t h TNFal pha and PMA r esul t ed i n a syner gi s-

t i c ef f ect . The i nduct i on of al phal i nt egr i n changed t he

adhesi ve pr oper t i es of umbi l i cal vei n endot hel i al cel l s,

by i ncr easi ng t he adhesi veness t o col l agen, l ami ni n,

and l ami ni n f r agment PI , whi l e adhesi on t o f i br onect i n

and l ami ni n f r agment E8 r emai ned const ant . The al -

phal i nt egr i n i s t hus a mar ker of a speci f i c popul at i on

of endot hel i al cel l s and i t s expr essi on conf er s di st i nc-

t i ve pr oper t i es of i nt er act i on wi t h t he under l yi ng basal

membr ane .

i ng t hese cel l s wi t h t he abi l i t y t o r ecogni ze and adher e t o
bot h basal membr ane and st r omal mat r i x component s. Anal -
ysi s of umbi l i cal vei n endot hel i al cel l s exposed t o sever al
di f f er ent i nf l ammat or y cyt oki nes and gr owt h f act or s showed

t hat t umor necr osi s f act or al pha ( TNFal pha) t and i nt er f er on

gamma ( I FNgamma) i nduce a sel ect i ve downr egul at i on of
speci f i c i nt egr i n compl exes ( Def i l i ppi et al . , 1991) , t hus i ndi -
cat i ng t hat endot hel i al cel l s can modul at e t he i nt egr i n pr of i l e
dependi ng on t hei r f unct i onal st at e .

I n t hi s st udy we show t hat endot hel i al cel l s f r omdi f f er ent
t ypes of bl ood vessel s expr ess di f f er ent i nt egr i n pat t er ns,
bot h i n vi t r o and i n vi vo. I n par t i cul ar , al phal / bet al i nt egr i n,
known t o bi nd bot h l ami ni n and col l agens, i s sel ect i vel y ex-
pr essed on endot hel i al cel l s f r ommi cr ovascul at ur e, and not
on endot hel i al cel l s f r oml ar ge vessel s such as t he aor t a and
f emor al and umbi l i cal vei ns . Mor eover , endot hel i um f r om
umbi l i cal vei n can expr ess i nt egr i n al phal / bet al when ex-
posed t o TNFal pha, r et i noi c aci d, or PMA. The r est r i ct ed
expr essi on of al phal / bet al compl ex and i t s i nduct i on by
TNFal pha suggest s a speci f i c r ol e of t hi s i nt egr i n i n endo-
t hel i al cel l f unct i on .

1 . Abbr evi at i ons used i n t hi s paper : EC, endot hel i al cel l s ; FN- R, human

f i br onect i n r ecept or ; I FNgamma, i nt er f er on gamma; PAP, per oxi dase ant i -

per oxi dase; TNFal pha, honor necr osi s f act or al pha .
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Fi gur e 1 . I mmunopr eci pi t a-

t i on of i nt egr i ns f r om mi cr o-

vascul ar and umbi l i cal EC.

Conf l uent cul t ur es of mi cr o-

vascul ar EC and umbi l i cal

vei n EC wer e l abel ed wi t h
[ 3sS] met hi oni ne f or 15 h .

Cel l s wer e det er gent ext r act ed

and subj ect ed t o i mmunopr e-

ci pi t at i on wi t h i nt egr i n ant i -

bodi es . ( A) Umbi l i cal vei n

( l ane a) and mi cr ovascul ar EC

( l ane b) wer e i mmunopr eci pi -

t at ed wi t h FN- R ant i bodi es .

( B) Mi cr ovascul ar EC and

( C) umbi l i cal vei n EC wer e

i mmunopr eci pi t at ed wi t h an-

t i bodi es speci f i c f or t he di f f er -

ent al pha subuni t s . Lanes a,

al phal monocl onal ant i body

TS2/ 7; l ane b, al pha2 mono

cl onal ant i body 1OGl l ; l anes c, al pha3 pol ycl onal ant i body ; l anes d, al phas pol ycl onal ant i body ; l anes e, al pha6 monocl onal ant i body

GOH3 ; l anes f al pha monocl onal ant i body NKI - M9. The r adi oact i ve ant i gens wer e separ at ed by 6%SDS- PAGE i n nonr educi ng condi -

t i ons and vi sual i zed by f l uor ogr aphy . Ar r owheads i ndi cat e t he posi t i on of t he al phal subuni t . Not e t he absence of al phal i n A, l ane a and

C, l ane a . Ast er i sks i ndi cat e t he i mmat ur e f or ms of t he bet a and al pha subuni t s as det er mi ned by pr evi ous pul se- chase exper i ment s .

Mat er i al s and Met hods

Cel l Cul t ur e and Tr eat ment s

Endot hel i al cel l s ( EC, wer e i sol at ed by col l agenase ( Boehr i nger Mann-

hei m GmBH, Mannhei m, Ger many) t r eat ment f r omhuman umbi l i cal vei n

accor di ng t o t he met hod of Gi mbr one ( 1976) . Cel l s pool ed f r om t hr ee t o

si x cor ds wer e cul t ur ed on gel at i n coat ed 90 mmpl ast i c t i ssue cul t ur e di shes

( Fal con Labwar e, Oxnar d, CA) , i n medi um 199 ( Fl ow Labor at or i es, I r vi ne,

Ayr shi r e, Scot l and) suppl ement ed wi t h 20 %FCS ( Fl ow Labor at or i es) , 100

pg/ ml bovi ne br ai n ext r act , 100 14g/ ml por ci ne hepar i n ( Si gma Chemi cal
Co. , St . Loui s, MO) , 100 U/ ml peni ci l l i n, and 100 Wg/ ml st r ept omyci n .

The cel l s wer e used f or t he exper i ment s bet ween passages 2 and 6. Human

f or eski n mi cr ovascul ar EC wer e i sol at ed as descr i bed by Davi son et al .

( 1980) and cul t ur ed on f i br onect i n coat ed di shes i n medi um 199 sup-

pl ement ed wi t h 20% human ser um, 20 mM Hepes, and peni ci l l i n/ st r ep-

t omyci n . Pr i mar y cul t ur es wer e i ncubat ed f or 4 h wi t h Di l ( 3, 3' - di oct adecyl -

i ndocar bocyani ne) - l abel ed acet yl at ed LDL, subsequent l y det ached f r om

t he di sh and separ at ed by f l uor escence act i vat ed cel l sor t i ng, as descr i bed

by Voyt a et al . ( 1984) . Af t er pur i f i cat i on t he cel l s wer e pr opagat ed on gel a-

t i n coat ed di shes i n M199 medi um wi t h 10%human ser um, 10%newbor n

cal f ser um, 150, ug/ ml bovi ne br ai n ext r act , and 100 Wg/ ml por ci ne hepar i n,

20 mMHepes, peni ci l l i n, and st r ept omyci n . The medi umwas r epl aced ev-

er y 2- 3 d . At conf l uence t he cel l s wer e di vi ded wi t h a spl i t r at i o 1 : 2 . 5 . The

cel l s wer e char act er i zed f or t he pr esence of von Wi l l ebr and f act or , t he bi nd-

i ng of Ul ex eur opeus l ect i n I , t he bi ndi ng of t he endot hel i um- speci f i c mono-

cl onal ant i body Pal - E and t he upt ake of Di I - acet yl at ed LDL, as pr evi ousl y

descr i bed ( van Hi nsber g et al . , 1987a) . Conf l uent cel l s bet ween passages

7 and 11 wer e used f or t he exper i ment s . Endot hel i al cel l s f r omhuman aor t a

and f emor al vei n wer e i sol at ed as pr evi ousl y descr i bed ( van Hi nsber g et al . ,

1987b) . They wer e gr own on gel at i n coat ed di shes i n t he same medi umas

gi ven above . Conf l uent cel l s at passage 8 wer e used f or t he exper i ment s .

Tr eat ment s wi t h t he medi at or s wer e per f or med on conf l uent cul t ur es .

Human r ecombi nant t umor necr osi s f act or al pha ( TNFal pha) ( 1Os cyt o-

t oxi c U/ mg) , was a ki nd gi f t f r omDr . M. Br ockhaus ( Hof f mann La Roche,

Basel , Swi t zer l and) . Human r ecombi nant i nt er f er on gamma ( I FNgamma)

( 1Os I U/ mg) , a ki nd gi f t f r omDr . G. Gar ot t a ( Hof f mann La Roche, Basel ,

Swi t zer l and) , was used at 100 I U/ ml . Human r ecombi nant i nt er l euki n 6

( I L- 6) ( 2 x 108 I U/ mg) , a ki nd gi f t f r om Dr . J . Cont ent ( I nst i t ut Past eur

du Br abant , Br uxel l es, Bel gi um) , was used at 5 ng/ ml . Human r ecombi nant

I L- bbet a ( I mmunex Cor p . , Seat t l e, WA) ( 5 x 10' I U/ mg) and gr anul ocyt e

col ony st i mul at i ng f act or ( G- CSF) ( 10' I U/ mg) ( Bachem Fei nchemi kal i en

AG, Bubendor f , Swi t zer l and) wer e used at 5 ng/ ml and 1, 000 U/ r nl , r e-

spect i vel y . Ret i noi c aci d and PMAwer e f r omSi gma Chemi cal Co. Dur i ng

t r eat ment t he medi umwas changed ever y day . Al l t he t r eat ment s of ECwer e
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per f or med i n medi um 199 suppl ement ed wi t h 20% FCS, i n t he pr esence

of 5 ng/ ml of r ecombi nant basi c f i br obl ast gr owt h f act or ( bFGF) ( Amer -

sham I nt er nat i onal , Bucki nghamshi r e, Engl and) as t r ophi c f act or .

Ant i bodi es and I mmunopr eci pi t at i on of I nt egr i ns

The pol ycl onal ant i body t o t he human f i br onect i n r ecept or ( FN- R) , was
pr epar ed by i mmuni zi ng a goat wi t h af f i ni t y- pur i f i ed f i br onect i n r ecept or
f r om human pl acent a ( Pyt el a et al . , 1985) . The ant i ser um was pr evi ousl y
char act er i zed and shown t o r eact wi t h bot h bet al and al phas subuni t s ( Con-
f or t i et al . , 1989 ; Thr one et al . , 1990) . I t s r eact i vi t y wi t h bet al al l ows t he
i dent i f i cat i on of al l r ecept or s of gr oup 1 i nt egr i ns . The pol ycl onal ant i ser a

t o t he bet al , al pph3, and al phas i nt egr i n subuni t s wer e pr epar ed i n our l abo-

r at or y by i mmuni zi ng r abbi t s agai nst synt het i c pept i des r epr oduci ng ami no

aci d sequences f r omt he cyt opl asmi c domai ns of each subuni t . The f ol l ow-

i ng pept i des, obt ai ned f r omMul t i pl e Pept i de Syst em( San Di ego, CA) , wer e
used : bet al , CTTVVNPKYEGK; al pha3, CRI QPSETERLTDDY al phas,
KRSLPYGTAMEKAQLKPPATSDA. Pept i des wer e coupl ed t o hemocya-
ni n wi t h gl ut ar al dehyde ( appr oxi mat e pept i de t o car r i er mol ar r at i o of 50 : 1)
and r abbi t s wer e i nj ect ed wi t h 500 ug of t he conj ugat e i n compl et e Fr eund

adj uvant . Ant i bodi es r eact ed speci f i cal l y wi t h t he pept i de sequence used f or

i mmuni zat i on as det er mi ned by ELI SA assay on pept i de- BSA conj ugat es.

The ant i bodi es wer e speci f i c t o t he appr opr i at e subuni t and di d not show
cr oss- r eact i on wi t h ot her i nt egr i n subuni t s as demonst r at ed by i mmunopr e-
ci pi t at i on assays on di f f er ent cel l l i nes .

Mouse monocl onal ant i bodi es t o human i nt egr i n al phal ( mAb TS2/ 7)
and t o i nt egr i n bet al ( mAb AI A5) wer e a ki nd gi f t f r omDr . Mar t i n Heml er
( Dana- Far ber Cancer I nst i t ut e, Bost on, MA) . The monocl onal ant i body
NKI - M9 t o i nt egr i n al phaV subuni t , t he monocl onal ant i body I OGI l t o i nt e-
gr i n al pha2 and t he monocl onal ant i body GOH3 t o i nt egr i n al pha6 subuni t
wer e ki nd gi f t s f r omDr . A. Sonnenber g ( Cent r al Labor at or y of t he Net her -
l ands Red Cr oss, Amst er dam, The Net her l ands) . Si nce t he i nt egr i n al -
pha/ bet a compl exes ar e not di ssoci at ed under t he exper i ment al condi t i ons
used, ant i bodi es, al t hough speci f i c f or one subuni t , i mmunopr eci pi t at e bot h
of t hem.

Umbi l i cal vei n and mi cr ovascul ar ECwer e gr own at conf l uence, t r eat ed
as i ndi cat ed and met abol i cal l y l abel ed wi t h [ 33S] met hi oni ne or sur f ace l a-
bel ed wi t h i 2' I . [ 3sS] Met hi oni ne l abel i ng was per f or med by over ni ght i ncu-

bat i on i n met hi oni ne- f r ee medi um ( Fl ow Labor at or i es) wi t h 5 %ser umand
40, uC/ ml of [ " S] met hi oni ne ( 800 Ci / mM; Amer shamI nt er nat i onal ) i n t he
pr esence of t he medi at or s . I ' l l l abel i ng was per f or med as descr i bed pr evi -
ousl y ( Rossi no et al . , 1990) . Br i ef l y, cel l s wer e r el eased f r omcul t ur e di shes

by 5 mMEDTA t r eat ment i n PBS and washed t hr ee t i mes by cent r i f ugat i on
wi t h cul t ur e medi um. Cel l s wer e r esuspended i n PBS cont ai ni ng CaC12
( 1 mM) and MgC12 ( 1 mM) and l abel ed wi t h 1 MCi of 125 1 i n t he pr esence
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of l act oper oxi dase ( 200 14g/ ni l ) and H202 ( 0. 002%) . To anal yze i nt egr i ns
f r om cel l ext r act s, l abel ed cel l s wer e washed wi t h col d PBS and t he cel l s

wer e ext r act ed f or 20 mi n at 4° C wi t h 0. 5 %Tr i t on X- 100 ( BDHChemi cal s

Lt d . , Essex, Engl and) i n 20 mMTr i s- HCI pH 7. 4, 150 mM NaCI ( TBS)

wi t h 1 mMCaCI 2, 1 MMM9C12, 10 j i g/ ni l l eupept i n, 4 Ag/ ml pepst at i n,

and 0 . 1 TI U/ ml apr ot i ni n ( al l f r omSi gma Chemi cal Co . ) Af t er cent r i f uga-

t i on at 10, 000 g f or 10 mi n, ext r act s wer e i ncubat ed wi t h t he speci f i c ant i -

bodi es f or 1 h at 4° C wi t h gent l e agi t at i on . Sol ubl e i mmunocompl exes wer e

bound t o pr ot ei n A- Sephar ose beads ( Phar maci a, Uppsal a, Sweden) and

r ecover ed by cent r i f ugat i on . Af t er washi ng, bound mat er i al was el ut ed by
boi l i ng beads i n 1%SDS ( Pi er ce Chemi cal Co . , Rockf or d, I L) , anal yzed

by 6% SDS- PAGE ( Laemml i , 1976) , and f l uor ogr aphed ( Chamber l ai n,
1979) .

I mmunoper oxi dase Pr ocedur e

I mmunohi st ochemi cal st ai ni ngs wer e per f or med usi ng t he per oxi dase

ant i - per oxi dase ( PAP) pr ocedur e ( St er nber ger et al . , 1970) . Muscl e t i ssue
was obt ai ned by quadr i ceps bi opsi es of adul t subj ect s wi t h nor mal hi st ol ogi -

cal pat t er n . Umbi l i cal cor ds wer e obt ai ned f r omt he del i ver y r oom of t he
l ocal hospi t al . Der mi s sampl es wer e obt ai ned by ski n bi opsi es f r omvol un-

t eer heal t hy donor s . Hi st ol ogi cal l y nor mal par t s of br ai n and ki dney wer e

obt ai ned by sur ger y f r om pat i ent s wi t h br ai n or r enal cancer and i mmedi -

at el y f r ozen.

Cr yost at sect i ons ( 7 um) wer e f i xed wi t h acet one f or 5 mi n at - 20° C,
and t r eat ed wi t h 3 %H202 f or 5 mi n at r oomt emper at ur e t o bl ock endoge-
nous per oxi dase . Sect i ons wer e i ncubat ed over ni ght at 4° C wi t h opt i mal di -

l ut i on of t he pr i mar y ant i body f ol l owed by 30 mi n at r oomt emper at ur e wi t h
t he secondar y ant i body . Ant i bodi es t o synt het i c pept i des wer e af f i ni t y

pur i f i ed on BSA- pept i de conj ugat es coupl ed t o Sephar ose and used at con-
cent r at i ons r angi ng f r om1 t o 10 ug/ ml . Sampl es wer e t hen i ncubat ed wi t h

per oxi dase ant i - per oxi dase compl ex ( Si gma Chemi cal Co . ) and t he r eact i on
was devel oped wi t h di ami nobenzi di ne t et r ahydr ochl or i de ( 0. 05%) .

Adhesi on Assay

Fi br onect i n was pur i f i ed f r omhuman pl asma by af f i ni t y chr omat ogr aphy on
gel at i n- Sephar ose as pr evi ousl y descr i bed ( Engval l and Ruosl aht i , 1977 ;
Thr one et al . , 1982) . Lami ni n f r om EHS t umor and i t s cel l bi ndi ng f r ag-
ment s PI and E8 wer e a ki nd gi f t of Dr . R. Ti mpl ( Max Pl anck I nst i t ut f ur
Bi ochemi e, Mar t i nsr i ed, Ger many) . Col l agen t ype I V was f r om Si gma
Chemi cal Co. Adhesi on assay was per f or med as descr i bed pr evi ousl y

( Def i l i ppi et al . , 1991) . 96- wel l mi cr ot i t er di shes ( Cost ar , Cambr i dge, MA)
wer e coat ed wi t h opt i mal concent r at i ons of var i ous subst r at es and post -

coat ed wi t h BSA ( Eur obi o, Par i s, Fr ance) . Cel l s wer e r el eased f r omcul t ur e

di shes by gent l e 5 mMEDTA t r eat ment i n PBS and pl at ed i n ser um- f r ee
DMEMmedi um( Fl ow Labor at or i es) on coat ed wel l s f or di f f er ent t i mes at

Def i l i ppi et al . Al phal l Bet al I nt egr i n Expr essi on i n Endot hel i al Cel l s
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Fi gur e 2. I mmunopr eci pi t at i on of
i nt egr i ns f r omaor t a ( A) and f emor al
vei n ( B) EC. Cel l s wer e l abel ed wi t h
[ 35S] met hi oni ne f or 15 h, ext r act ed
wi t h det er gent , and i mmunopr eci pi -
t at ed wi t h ant i bodi es speci f i c f or t he
di f f er ent al pha subuni t s . Lanes a,

ant i - al pha2 ; l anes b, ant i - al pha3 ;
l anes c, ant i - al pha5 ; l anes d, ant i -
al phal ; l anes e, ant i - al pha. The r a-
di oact i ve ant i gens wer e separ at ed
by 6% SDS- PAGE i n nonr educi ng
condi t i ons and vi sual i zed by f l uo-
r ogr aphy. Ant i bodi es t o al pha6 ar e
mi ssi ng f r om t hi s panel . A separ at e
exper i ment , however , showed t hat
t he r el at i ve amount of al pha6/ bet al
compl ex i n t hese t wo EC t ypes i s
compar abl e t o t hat det ect ed i n um-
bi l i cal EC. Ast er i sks i ndi cat e t he i m-
mat ur e f or mof t he al pha subuni t as
det er mi ned by pr evi ous pul se- chase
exper i ment s .

37° C. To el i mi nat e t he cont r i but i on of pr ot ei n synt hesi s and secr et i on i n cel l

adhesi on, cel l s wer e pr et r eat ed 2 h bef or e det achment wi t h t he pr ot ei n syn-

t hesi s i nhi bi t or cycl ohexi mi de ( 20 mM) ( Si gma Chemi cal Co. ) , and pl at ed

i n t he adhesi on assay i n t he pr esence of 1 uMmonensi n ( Si gma Chemi cal

Co. ) and 20 uMcycl ohexi mi de. Cel l adhesi on was eval uat ed by a col or i met -

r i c assay f or aci d phosphat ase act i vi t y, by modi f yi ng t he met hod descr i bed

by Connol l y et al . ( 1986) . Adher ent cel l s wer e washed t wo t i mes wi t h PBS,

and aci d phosphat ase act i vi t y i n each wel l was measur ed by i ncubat i ng cel l s

f or 90 mi n at 37° C, i n t he pr esence of 200 ul of 10 mMp- ni t r ophenyl phos-

phat e ( Si gma Chemi cal Co. ) , 0. 1%Tr i t on X- 100, 0. 1 Msodi umacet at e, pH

5. 5. The col or i met r i c r eact i on was devel oped by addi ng 20 ul of 1 NNaOH.

The opt i cal absor benci es at 405 r un wer e r ead wi t h a Mi cr opl at e Reader

( Bi oRad 450; Bi o- Rad Labor at or i es, Ri chmond, CA) . A pr el i mi nar y ex-

per i ment showed t hat t he opt i cal densi t y was l i near l y cor r el at ed wi t h t he

number of vi abl e cel l s .

Al phal l Bet al I nt egr i n I s Expr essed on Mi cr ovascul ar
but Not on Lar ge Vessel Endot hel i umi n Cul t ur e

I nt egr i n compl exes of human f or eski n mi cr ovascul ar EC

wer e i mmunopr eci pi t at ed wi t h ant i bodi es t o t he FN- R
whi ch r eact pr edomi nant l y wi t h t he bet al subuni t ( Thr one et

al . , 1990) . As shown i n Fi g . 1 A ( l ane b) t hese ant i bodi es
pr eci pi t at e t he bet a subuni t ( 120 kD) as wel l as associ at ed

al pha subuni t s t hat ar e r esol ved i n t wo bands wi t h mol ecul ar

masses of 180 and 160 MThe f our t h band of 100 kDr epr e-
sent an i mmat ur e f or mof t he bet al subuni t as det er mi ned by

pul se- chase exper i ment s ( Def i l i ppi , P. , and G. Thr one, un-
publ i shed dat a ; Hei no et al . , 1989) . The copr eci pi t at i on of
al pha subuni t s wi t h bet al ant i bodi es i s due t o associ at i on of
t hese mol ecul es i n noncoval ent compl exes at t he cel l sur f ace
( Ruosl aht i and Pi er schbacher , 1987; Hynes, 1987; Heml er ,

1990) . The i nt egr i n pat t er n descr i bed above i s i dent i cal t o
t hat of umbi l i cal vei n EC ( Fi g . 1 A, l ane a) except f or t he
180- kD band whi ch i s uni que t o mi cr ovascul ar EC. Thi s
mol ecul e has a mol ecul ar mass cor r espondi ng t o t hat of t he
al phal subuni t ( Heml er , 1990) . To mor e pr eci sel y i dent i f y
t hi s component , as wel l as t he ot her al pha subuni t s t hat
comi gr at e i n t he 160- kD band, ant i bodi es speci f i c f or each

known al pha subuni t wer e used . As shown i n Fi g . 1 B ( l ane
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Fi gur es 3 and 4. ( Fi g . 3) I mmunohi st ochemi cal st ai ni ng of human skel et al muscl e t i ssue sect i ons wi t h ant i bodi es t o i nt egr i ns . Fr ozen sec-
t i ons of st r i at ed skel et al muscl e t i ssue wer e i ncubat ed wi t h al phal monocl onal ant i body TS2/ 7 ( a, b, d, and f ) , wi t h bet al monocl onal
ant i body AI A5 ( c and e) or wi t h pol ycl onal ant i bodi es t o von Wi l l ebr and f act or ( g) , f ol l owed by t he appr opr i at e secondar y ant i bodi es

The Jour nal of Cel l Bi ol ogy, Vol ume 114, 1991
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a) t he 180- kD subuni t i s r ecogni zed by al phal - speci f i c mono-

cl onal ant i bodi es . I n addi t i on, mi cr ovascul ar EC al so ex-

pr ess al pha2, al pha3, al pha5, al pha6, and al phaV ( Fi g . 1 B,

l anes bf ) . A1phaV subuni t associ at es wi t h bet a3 t o f or mt he

vi t r onect i n r ecept or , whi l e t he ot her al phas ar e al l associ at ed

wi t h bet al . Pr el i mi nar y exper i ment s showed t hat EC do not

expr ess al pha4 subuni t and t hi s ant i body was t hus omi t t ed

f r om t he panel s i n Fi g . 1 .

The use of al pha subuni t speci f i c ant i bodi es conf i r med t he

absence of al phal subuni t f r omumbi l i cal vei n EC ( Fi g . 1 C,

l ane a) . These cel l s, l i ke mi cr ovascul ar EC, expr ess al pha2,

al pha3, al pha5, al pha6, and al phaV ( Fi g . 1 C) . Quant i t at i ve

di f f er ences wer e det ect ed i n t he r el at i ve amount of al pha3

and al pha6 subuni t s bet ween t he t wo EC t ypes : whi l e al pha3

i s abundant i n mi cr ovascul ar EC, i t i s onl y poor l y expr essed

i n umbi l i cal vei n endot hel i um; t he opposi t e i s t r ue f or

al pha6.

To det er mi ne whet her t he l ack of expr essi on of al phal i nt e-

gr i n was a pr oper t y uni que t o endot hel i um f r omumbi l i cal

vei n, we al so anal yzed EC i sol at ed f r om human aor t a and

f emor al vei n . As shown i n Fi g . 2, t hese EC do not expr ess

t he al phal subuni t and di spl ay an i nt egr i n pat t er n si mi l ar t o

t hat of umbi l i cal vei n EC. Thus, t he l ack of al phal expr essi on

i s t ypi cal of var i ous l ar ge bl ood vessel s.

Al phal I nt egr i n I s Expr essed i n Mi cr ovascul ar , but Not
i n Umbi l i cal Vessel Endot hel i umI n Si t u

To t est whet her t he di f f er ent i al expr essi on of al phal i nt egr i n

descr i bed above was al so det ect abl e i n si t u, we st ai ned f r o-

zen human t i ssue sect i ons wi t h al phal i nt egr i n speci f i c ant i -

bodi es . As shown i n Fi g. 3 ( a, b, d, and f ) , t he ant i bodi es

i nt ensel y st ai ned capi l l ar i es as wel l as vessel s wi t h l ar ger di -

amet er s ( 50- 150 Am) . These st r uct ur es wer e al so posi t i ve

wi t h i nt egr i n bet al ant i bodi es ( Fi g . 3, c and e) . I n addi t i on

t o skel et al muscl e ( Fi g . 3) capi l l ar i es and smal l vessel s i n

t he der mi s, ki dney, and br ai n wer e al so posi t i ve f or bot h

al phal and bet al ant i bodi es .

Di f f er ent r esul t s wer e obt ai ned wi t h endot hel i um f r om

umbi l i cal cor d sect i ons . As shown i n Fi g . 4 ( d- g) , t he en-

dot hel i al l ayer of umbi l i cal vei n and ar t er i es was negat i ve f or

al phal i nt egr i n ant i bodi es, whi l e t he under l yi ng smoot h

muscl e cel l s of t he vessel wal l wer e st r ongl y posi t i ve. Si m-

i l ar sect i ons wer e al so st ai ned wi t h bet al ant i bodi es. I n

t hi s case, st r ong posi t i ve r eact i on was vi si bl e i n t he en-

dot hel i al l ayer as wel l as i n t he under l yi ng smoot h muscl e

( Fi g . 4, a- c) . These dat a f ul l y conf i r med t he r esul t s ob-

ser ved wi t h i n vi t r o cul t ur ed EC.

Fi gur e 5. I nduct i on of al phal subuni t expr essi on on umbi l i cal vei n
EC. Conf l uent cul t ur es of umbi l i cal vei n EC wer e t r eat ed f or 72 h

wi t h di f f er ent medi at or s, and l abel ed wi t h [ 3' Sl met hi oni ne i n t he
l ast 15 h of t r eat ment . Cel l s wer e det er gent ext r act ed and subj ect ed
t o i mmunopr eci pi t at i on wi t h FN- R pol ycl onal ant i bodi es . Un-
t r eat ed cel l s ( l ane a) ; cel l s t r eat ed wi t h : 5 ng/ ml TNFal pha ( l ane
b) ; 100 I U/ ml I FNgamma ( l ane c) ; 5 ng/ ml I L- l bet a ( l ane d) ; 5 ng/
ml I L- 6 ( l ane e) ; 1, 000 U/ ml G- CSF ( l ane f ) ; 10

- s Mr et i noi c aci d
( l ane g) ; 10 nMPMA ( l ane h) . The r adi oact i ve ant i gens wer e sep-
ar at ed by 6%SDS- PAGE i n nonr educi ng condi t i ons and vi sual i zed
by f l uor ogr aphy . Ast er i sks i ndi cat e i mmat ur e f or ms of al pha and
bet a subuni t s .

Umbi l i cal Vei n ECExpr ess Al phal I nt egr i n When
Exposed t o TNFal pha, Ret i noi c Aci d, or PMA

To t est whet her l ar ge vessel endot hel i um can be i nduced t o

expr ess al phal i nt egr i n, umbi l i cal vei n EC wer e exposed t o

var i ous t r eat ment s i n vi t r o. As shown i n Fi g. 5 ( l ane b) , ex-

posur e of t he cel l s t o TNFal pha r esul t ed i n synt hesi s of

al phal subuni t . Ot her i nf l ammat or y cyt oki nes and gr owt h

f act or s, i ncl udi ng I L- l bet a, I FNgamma, I L- 6, G- CSF, and

bFGF, wer e i nact i ve ( Fi g . 5) , i ndi cat i ng a r at her speci f i c

ef f ect of TNFal pha . When scr eeni ng sever al compounds f or

t hei r abi l i t y t o af f ect al phal i nt egr i n expr essi on, we f ound

t hat , i n addi t i on t o TNFal pha, r et i noi c aci d and t he t umor

pr omot er PMA wer e al so act i ve ( Fi g . 5, l anes g and h) . The

i nduct i on of al phal i nt egr i n wi t h TNFal pha, r et i noi c aci d or

and t he PAP compl ex . The sect i ons wer e count er st ai ned wi t h hemat oxyl i n . Not e t he posi t i ve st ai ni ng wi t h al phal ant i body of mi cr ovessel s

i n l ongi t udi nal ( a) and t r ansver se ( b) sect i ons ( ar r owheads) . Ar t er i ol es ( d) and venul es ( f ) wer e al so posi t i ve wi t h al phal ant i body . Ser i al

sect i ons of t he vessel i n d wer e al so st ai ned wi t h bet al ( e) or von Wi l l ebr and ( g) ant i bodi es f or compar i son . Muscl e f i ber s wer e st ai ned

onl y wi t h bet al ant i body ( c and e) . Bar , 30 l Am. ( Fi g . 4) I mmunohi st ochemi cal st ai ni ng of umbi l i cal vei n and ar t er y sect i ons wi t h i nt egr i n

ant i bodi es . Fr ozen sect i ons of umbi l i cal cor d wer e i ncubat ed wi t h bet al pol ycl onal ant i bodi es ( a- c) , or wi t h al phal monocl onal ant i body

TS2/ 7 ( d- g) , f ol l owed by t he appr opr i at e secondar y ant i bodi es and t he PAP compl ex . The sect i ons wer e count er st ai ned wi t h hemat oxyl i n .

Not e t he l ack of r eact i on of al phal ant i body wi t h EC i n t he vei n ( e- g) and i n t he ar t er y ( d) . Thi s i s par t i cul ar l y evi dent by compar i son
wi t h sect i ons st ai ned wi t h bet al ant i bodi es wher e EC f r om bot h vei n ( a and b) and ar t er y ( c) ar e st r ongl y st ai ned . Ar r owheads poi nt t o

t he endot hel i al cel l l ayer . Not e t hat t he smoot h muscl e cel l s under neat h EC and i n t he under l yi ng l ayer s of t he vessel wal l s ar e st r ongl y
posi t i ve wi t h bot h al phal and bet al ant i bodi es . The l umen of t he ar t er y i n c and d ( ast er i sks) , can be bar el y appr eci at ed due t o t he col l apsed

vessel wal l s . Bar s : ( a, b, and e- g) 45 14m; ( c and d) 30 l i m.

Def i l i ppi et al . Al phal l Bet al I nt egr i n Expr essi on i n Endot hel i al Cel l s
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Fi gur e 6. Ki net i cs of i nduct i on of al phal subuni t by TNFal pha i n

umbi l i cal vei n EC. Umbi l i cal vei n ECwer e t r eat ed f or t he i ndi cat ed

t i mes wi t h 5 ng/ ml TNFal pha, and l abel ed wi t h [ ASS] met hi oni ne i n

t he l ast 6 h of t r eat ment . Cel l s wer e det er gent ext r act ed and i m-

munopr eci pi t at ed wi t h FN- R ant i bodi es . The r adi oact i ve ant i gens

wer e separ at ed by 6 %SDS- PAGE i n nonr educi ng condi t i ons and

vi sual i zed by f l uor ogr aphy . Ar r owhead i ndi cat es t he posi t i on of al -

phal subuni t . Ast er i sks i ndi cat e i mmat ur e f or ms of bet a and al pha

subuni t s .

PMA f ol l owed r at her sl ow ki net i cs as t he pr ot ei n was ap-

pr eci abl e at 24 h and r eached maxi mal l evel s af t er 48- 72 h

of t r eat ment ( Fi g. 6) . Expr essi on of al phal r emai ned con-

st ant i n t he pr esence of t he medi at or s f or at l east 120 h . A

dose- r esponse anal ysi s was per f or med wi t h t he t hr ee act i ve

agent s at 48 h of t r eat ment . Ret i noi c aci d was used f r om

10- ° t o 10- 9 M, and t he r esponse r eached maxi mal l evel s at

10- 5 M. TNFal pha was used bet ween 0. 1 and 50 ng/ ml and

t he r esponse r eached a pl at eau at 5 ng/ ml . PMA was used

at concent r at i ons bet ween 0. 5 nMand 1 uM, and t he opt i mal

dose was f ound t o be 10 nM. When PMA was used at con-

cent r at i ons above 500 nM, a pr ogr essi ve decr ease i n al phal

i nduct i on was obser ved, wi t hout any t oxi c ef f ect on cel l vi a-

bi l i t y, as measur ed by met hi oni ne i ncor por at i on i n TCA-

pr eci pi t abl e mat er i al s . The l evel of i nduced al phal subuni t

i n umbi l i cal vei n ECt r eat ed wi t h opt i mal doses of TNFal pha

or PMA, was compar abl e t o t hat f ound i n mi cr ovascul ar EC.

v

0

Y
v

a

30

20

10 .

n 11 F- 1
Fi gur e 7. Syner gi st i c i nduct i on of al phal subuni t . Umbi l i cal vei n

EC wer e t r eat ed f or 48 h wi t h 1 nMPMA ( 1) , 0. 5 ng/ ml TNFal pha

( 2) , 10-6 Mr et i noi c aci d ( 3) , 1 nMPMA pl us 0. 5 ng/ ml TNFal -

pha ( 4) , and 1 nMPMA pl us 10-6 Mr et i noi c aci d ( 5) . The bar s

r epr esent t he absol ut e val ues of t he peak ar ea, expr essed i n ar bi -

t r ar y uni t s, obt ai ned by densi t omet r i c anal ysi s of t he aut or adi o-

gr ams.

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

Fi gur e 8. Expr essi on of al -

phal subuni t on t he cel l sur -

f ace. Conf l uent cul t ur es of un-

t r eat ed umbi l i cal vei n EC

( l anes a and c) , and of umbi l i -

cal vei n EC t r eat ed f or 72 h

wi t h 5 ng/ ml TNFal pha ( l anes

b and d) , wer e har vest ed and

l abel ed wi t h ' I I I , as i ndi cat ed

i n Mat er i al s and Met hods .

Label ed cel l s wer e det er gent

ext r act ed and subj ect ed t o i m-

munopr eci pi t at i on wi t h FN- R.

ant i bodi es panes a and b) or

al phal monocl onal ant i body
panes c and d) . Radi oact i ve
ant i gens wer e separ at ed by

6% SDS- PAGE i n nonr educ

i ng condi t i ons and vi sual i zed by f l uor ogr aphy. Ar r owhead i ndi cat es

t he posi t i on of t he al phal subuni t .

Ret i noi c aci d was sl i ght l y l ess pot ent compar ed wi t h TNFal -

pha and PMA. To i dent i f y a possi bl e cooper at i on bet ween

t he act i ve medi at or s, combi ned t r eat ment s wer e t est ed . As

shown i n Fi g . 7, when subopt i mal doses wer e used, a syner -

gi st i c i nduct i on of al phal subuni t was obser ved i n cel l s

cost i mul at ed wi t h PMAand TNFal pha or PMA and r et i noi c

aci d . The i nduced al phal subuni t was exposed at t he cel l sur -

f ace, as i ndi cat ed by i mmunopr eci pi t at i on of sur f ace i odi -

nat ed cel l s ( Fi g . 8, l anes b and d) .

Al phal I nt egr i n Expr essi on I ncr eases Adhesi veness

of Umbi l i cal Vei n EC

To t est whet her t he descr i bed i nduct i on of al phal i nt egr i n on

umbi l i cal vei n EC has any ef f ect on t he adhesi ve pr oper t i es

of t hese cel l s, adhesi on exper i ment s wer e per f or med . The

adhesi ve r esponse of umbi l i cal vei n ECt r eat ed f or 48 h wi t h

r et i noi c aci d wer e compar ed t o t hat of unt r eat ed cel l s . Ret -

i noi c aci d was chosen t o i nduce al phal , because TNFal pha

and PMAt r eat ment s i nduced modi f i cat i ons of expr essi on of

ot her i nt egr i n compl exes, besi des al phal , and t hi s coul d

compl i cat e t he i nt er pr et at i on of t he r esul t s ( Def i l i ppi , P. , and

G. Thr one, unpubl i shed dat a) . As shown i n Fi g . 9, r et i noi c

aci d- t r eat ed EC showed i ncr eased adhesi on t o mi cr ot i t er

pl at es coat ed wi t h col l agen I V ( a) , and l ami ni n ( b) , whi l e

t hey r et ai ned nor mal adhesi on t o f i br onect i n ( d) . When cel l s

wer e pl at ed on l ami ni n f r agment s Pl and E8, t r eat ed cel l s ad-

her ed f ast er t o PI f r agment compar ed t o unt r eat ed cel l s,

whi l e t hey behaved si mi l ar l y on E8 f r agment ( Fi g . 9 c) .

These dat a ar e consi st ent wi t h t he l i gand speci f i ci t y of

al phal / bet al i nt egr i n ( I gnat i us and Rei char dt , 1988 ; Kr amer

and Mar ks, 1989 ; Rossi no et al . , 1990 ; Hal l et al . , 1990) .

Di scussi on

The dat a r epor t ed i n t hi s paper show t hat i nt egr i n al phal /

bet al i s sel ect i vel y expr essed by EC f r ommi cr ovascul at ur e

but not f r oml ar ge bl ood vessel s such as t he aor t a, f emor al

vei n, and umbi l i cal ar t er i es and vei n. Mor eover , t he expr es-

si on of t hi s i nt egr i n can be i nduced i n l ar ge vessel endo-

t hel i um by t he i nf l ammat or y cyt oki ne TNFal pha as wel l as

by ot her sel ect ed agent s .
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Expr essi on of al phal / bet al seems t o be a gener al pr oper t y

of mi cr ovascul ar endot hel i um i n di f f er ent t i ssues . We have

det ect ed posi t i ve capi l l ar y and mi cr ovascul ar endot hel i um i n

skel et al muscl e, f or eski n, der mi s, br ai n, and ki dney. Al phal

posi t i ve capi l l ar y endot hel i um i n der mi s, br ai n, and ki dney

has al so been r epor t ed by ot her s ( Kont er et al. , 1989 ;

McGeer et al . , 1990 ; Kor honen et al . , 1990) . The st r ong

st ai ni ng of mi cr ovascul ar endot hel i um i n si t u al so excl uded

t he possi bi l i t y t hat synt hesi s and expr essi on of al phal subuni t

i n cul t ur ed mi cr ovascul ar EC was due t o ar t i f act s or cont am-

i nat i on of cel l cul t ur e . At t he same t i me, l ack of al phal i nt e-

gr i n on EC f r om l ar ge vessel s al so seems t o be a gener al

pr oper t y . Negat i ve r esul t s wer e obt ai ned on cul t ur ed cel l s

f r om aor t a, f emor al vei n and umbi l i cal vei n, and absence of

al phal i n bot h ar t er i es and vei ns was conf i r med by t i ssue

st ai ni ng of t he bl ood vessel s i n t he umbi l i cal cor d . Thus our

r esul t s demonst r at e t hat al phal / bet al i nt egr i n cl ear l y l abel s

onl y EC i n mi cr ovascul at ur e .

The absence of al phal / bet al compl ex i n l ar ge vessel EC

i s not a const i t ut i ve pr oper t y, si nce we show t hat di f f er ent

medi at or s can i nduce al phal i nt egr i n expr essi on i n umbi l i cal

vei n EC. Among t hose t est ed, t he i nf l ammat or y cyt oki ne

TNFal pha, t he t umor - pr omot er PMA, and r et i noi c aci d

wer e f ound t o be act i ve . Ret i noi c aci d i s a nat ur al l y occur -

r i ng mor phogen i nvol ved i n t i ssue di f f er ent i at i on and pat t er n

f or mat i on dur i ng ver t ebr at e devel opment ( Br ockees, 1989) .

I t i s t hus possi bl e t hat r et i noi c aci d af f ect s endot hel i al cel l

f unct i on dur i ng devel opment and i t s abi l i t y t o i nduce al phal

i nt egr i n i n t hese cel l s shoul d pr obabl y be consi der ed i n t he

cont ext of i t s mor phogeni c act i vi t y . Ret i noi c aci d was al so

f ound t o i nduce i ncr eased expr essi on of al phal i nt egr i n i n
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Fi gur e 9. Ki net i cs of adhesi on of unt r eat ed and r et i noi c aci d t r eat ed umbi l i cal vei n EC t o mat r i x pr ot ei ns . Unt r eat ed umbi l i cal vei n EC

( " , A) and umbi l i cal vei n ECt r eat ed wi t h 10 - 5 Mr et i noi c aci d f or 72 h ( o, o) , wer e i ncubat ed i n ser um f r ee medi umat 37° C f or di f f er ent

l engt hs of t i me on di shes coat ed wi t h : ( a) 0. 5 14g/ ml col l agen I V; ( b) 6 p, g/ ml l ami ni n ; ( c) 2 ug/ ml l ami ni n f r agment Pl ( " , o) , 5 j g/ ml

l ami ni n f r agment E8 ( A, o) ; ( d) 3 ug/ ml f i br onect i n . At t he i ndi cat ed t i mes, adher ent cel l s wer e washed t wo t i mes wi t h PBS, and t he num-

ber of cel l s was det er mi ned by assayi ng t he aci d phosphat ase act i vi t y ( see Mat er i al s and Met hods) . Each poi nt i s a mean val ue of a t r i pl i cat e.

neur obl ast oma and t er at ocar ci noma cel l l i nes ( Rossi no, P. ,

and G. Thr one, unpubl i shed r esul t s) , t hus i ndi cat i ng t hat t hi s

i nt egr i n al pha subuni t i s upr egul at ed by r et i noi c aci d i n sev-

er al cel l t ypes .

A second st i mul us f or al phal subuni t i nduct i on i s TNFal -

pha, a wel l char act er i zed cyt oki ne t hat causes sever al bi o-

chemi cal and mor phol ogi cal changes i n EC i n r esponse t o

i nf l ammat or y st i mul i ( Pober , 1988) . I n par t i cul ar TNFal pha

i ncr eases expr essi on of cl ass I hi st ocompat i bi l i t y ant i gens

( Col l i ns et al . , 1986 ; Lapi er r e et al . , 1988) and of t hr ee

adhesi ve pr ot ei ns, I CAM- 1 ( Pober et al . , 1986) , ELAM- 1

( Pober et al . , 1986 ; Bevi l acqua et al . , 1987) , and VCAM- 1

( Osbor n et al . , 1989) . The modul at i on of t he l at t er pr ot ei ns

and of al phal i nt egr i n by TNFal pha di f f er s by sever al

cr i t er i a . Maxi mal l evel s of al phal i nt egr i n ar e r eached af t er

48 h of TNFal pha t r eat ment , whi l e maxi mal expr essi on of

I CAM- 1 and VCAM- 1 occur s wi t hi n 20 h ( Pober et al . , 1986 ;

Osbor n et al . , 1989) and wi t hi n 6 h f or ELAM- 1 ( Pober et

al . , 1986 ; Bevi l acqua et al . , 1987) . Fur t her mor e, i nduct i on

of ELAM- 1 i s t r ansi ent as t he l evel s of t he mol ecul e decl i ne

af t er 6- 8 h of exposur e t o TNFal pha despi t e t he cont i nuous

pr esence of t he cyt oki ne, whi l e t he al phal subuni t r emai ns

const ant over t he t i me per i od measur ed ( 120 h) . The ki net i cs

of i nduct i on of al phal i nt egr i n i s compar abl e t o t hat ob-

ser ved f or t he i nduct i on of cl ass I maj or hi st ocompat i bi l i t y

ant i gens ( Col l i ns et al . , 1986) and i ndi cat es t hat t hese t wo

mol ecul es have a r ol e i n l at er st ages of t he i nf l ammat or y r e-

sponse, as compar ed wi t h I CAM- 1, VCAM- 1, and ELAM- 1 .

The l at t er t hr ee mol ecul es ar e l ocat ed at t he api cal sur f ace

of endot hel i al cel l , and medi at e adhesi on of l eukocyt es t o t he

vessel wal l at i nf l ammat or y si t es. The al phal / bet al i nt egr i n
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i s l i kel y t o be l ocat ed on t he basal sur f ace of t he cel l s t o

medi at e i nt er act i on wi t h basal l ami na .

The pat hway of i nt r acel l ul ar si gnal i ng t hat l eads t o modu-

l at i on of al phal i nt egr i n expr essi on i s l i kel y t o i nvol ve act i va-

t i on of pr ot ei n ki nase C ( Cast agna et al . , 1982 ; Ni shi zuka,

1984) . Thi s i s suggest ed by t he f act t hat l ow doses of PMA

( 10 nM) , known t o act i vat e pr ot ei n ki nase C ( Ni shi zuka,

1984) , i nduce t he expr essi on of al phal i nt egr i n . The act i va-

t i on of pr ot ei n ki nase C has been i mpl i cat ed i n t he si gnal

t r ansduct i on by TNFal pha i n sever al cel l t ypes ( Johnson and

Bagl i oni , 1990 ; Schut ze et al . , 1990) . I n l i ne wi t h t hi s we

f ound t hat PMApot ent i at es t he ef f ect of TNFal pha on al phal

i nduct i on, when t he t wo agent s ar e admi ni st er ed si mul t ane-

ousl y . Fur t her mor e, t r eat ment of umbi l i cal vei n EC wi t h

doses of PMA above 500 nM, known t o depl et e cel l s of pr o-

t ei n ki nase Cact i vi t y ( Adams and Gul l i ck, 1989) , r esul t s i n

a decr eased l evel of i nduct i on of al phal i nt egr i n .

We have pr evi ousl y shown t hat t r eat ment of umbi l i cal vei n

EC wi t h a combi nat i on of bot h TNFal pha and I FNgamma

al t er s t he expr essi on of t he vi t r onect i n r ecept or ( i nt egr i n

bet a3) ( Thr one et al . , 1990 ; Def i l i ppi et al . , 1991) . I n t hi s

case t he t wo cyt oki nes caused a downr egul at i on of t hi s

r ecept or by speci f i cal l y af f ect i ng t he synt hesi s of t he bet a3

subuni t . A t hi r d i nt egr i n compl ex, al pha6/ bet al , i s down-

r egul at ed by TNFal pha ( Def i l i ppi , P , and G. Thr one, unpub-

l i shed r esul t s) , t hus showi ng t hat al t er at i on of t he en-

dot hel i um- mat r i x i nt er act i ons i s l i kel y t o pl ay an i mpor t ant

r ol e i n t he vascul ar r esponse dur i ng i nf l ammat i on .

I nt egr i n al phal / bet al i s expr essed on sever al cel l t ypes and

bi nds bot h col l agens and l ami ni n ( I gnat i us and Rei char dt ,

1988 ; Kr amer and Mar ks, 1989 ; Tur ner et al . , 1989 ; Ros-

si no et al . , 1990 ; Hal l et al . , 1990) . Recent l y Kr amer et al .

( 1990) r epor t ed t he expr essi on of al phal / bet al i nt egr i n i n

mi cr ovascul ar EC and showed t hat t hi s r ecept or can bi nd

l ami ni n . Mor eover , pr evi ous dat a i ndi cat e t hat t he i nt er ac-

t i on of EC wi t h l ami ni n and col l agens i nvol ves mul t i pl e

r ecept or s, i ncl udi ng al pha2/ bet al , al pha3/ bet al , al pha6/

bet al , and al pha/ bet a3 ( Langui no et al . , 1989 ; Kr amer et

al . , 1990) , and t he pr eci se r ol e of each of t hem i s not yet de-

t er mi ned. An i nt er est i ng f unct i onal pr oper t y of t he al phal /

bet al i nt egr i n i s i t s abi l i t y t o bi nd t o a l ami ni n r egi on di st i nct

f r om t hat r ecogni zed by ot her i nt egr i n compl exes . Lami ni n

st r uct ur e has been ext ensi vel y i nvest i gat ed usi ng t he pr ot ei n

pr oduced by t he mouse EHS t umor . Thi s pr ot ei n i s a cr oss-

shaped mol ecul e of 900 kD, consi st i ng of t hr ee pol ypept i de

chai ns, A, Bl , and B2 ( Ti mpl , 1989) , and can be spl i t i nt o

t wo maj or f r agment s by pr ot eol ysi s . These ar e t he E8 f r ag-

ment , obt ai ned by el ast ase di gest i on and cor r espondi ng t o

t he l ower por t i on of t he l ong ar mof t he cr oss ( Paul sson et

al . , 1985) , and t he Pl , or El , f r agment , obt ai ned by ei t her

pepsi n or el ast ase di gest i on, and cor r espondi ng t o t he cen-

t r al r egi on of t he mol ecul e at t he j unct i on of t he t hr ee shor t

ar ms ( Ti mpl , 1989) . The t hr ee l ami ni n r ecept or s, al pha2/

bet al , al pha3/ bet al , and al pha6/ bet al al l bi nd t o t he l ong

ar mr egi on ( Fr agment E8) ( Langui no, L . , and E. Ruosl aht i ,

per sonal communi cat i on ; Gehl sen et al . , 1989 ; Sonnenber g

et al . , 1990 ; Hal l et al . , 1990) , whi l e t he bi ndi ng si t e of t he

r ecent l y i dent i f i ed l ami ni n bi ndi ng al pha/ bet a3 compl ex

( Kr amer et al . , 1990) has not yet been mapped . The al phal /

bet al r ecept or , on t he ot her hand, bi nds t o t he cent r al cr oss

r egi on of l ami ni n ( PI f r agment ) ( Hal l et al . , 1990 ; Rossi no

et al . , 1990) . I n agr eement wi t h t he bi ndi ng speci f i ci t y, we

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

f ound t hat expr essi on of al phal i nt egr i n on umbi l i cal vei n
EC, pot ent i at es t he adhesi on of ECt o col l agen, l ami ni n, and
l ami ni n f r agment P1, but not t o l ami ni n f r agment E8 or t o
f i br onect i n . I t i s al so possi bl e t hat t he al phal / bet al r ecept or
r ecogni zes a speci f i c l ami ni n i sof or m di f f er ent f r omt he A,

BI , B2 mol ecul e used i n our exper i ment s . I n f act , i n addi t i on
t o t he mouse EHS l ami ni n, di f f er ent i sof or ms of t he mol e-

cul e have been descr i bed, wi t h di st i nct subuni t composi t i on

and t i ssue di st r i but i on ( Edgar et al . , 1988 ; Lei vo and Eng-

val l , 1988 ; Hunt er et al . , 1989) . These i sof or ms, however ,

ar e not yet avai l abl e i n pur e f or m f or exper i ment al t est .

The adhesi ve behavi or of al phal - expr essi ng EC may be

f unct i onal l y i mpor t ant under speci f i c ci r cumst ances, such as

angi ogenesi s ( new bl ood vessel f or mat i on) . TNFal pha and

PMA, t hat i nduce al phal expr essi on, wer e al so f ound t o

st i mul at e angi ogenesi s i n an i n vi t r o assay wher e endot hel i al

cel l s ar e i nduced t o penet r at e a t hr ee- di mensi onal col l agen

gel ( Lei bovi ch et al . , 1987 ; Mont esano and Or ci , 1987) . An-

gi ogenet i c st i mul i shoul d i nduce sever al bi ochemi cal changes

i n endot hel i um, i ncl udi ng pr ol i f er at i on, cyt oskel et al assem-
bl y and pr ot ease secr et i on . Dur i ng t hi s pr ocess, EC shoul d

swi t ch f r om a st at i onar y t o a mi gr at or y behavi or and i t i s

qui t e l i kel y t hat such t r ansi t i on i n adhesi ve pr oper t i es r e-

qui r es changes of i nt egr i n expr essi on such as t hose descr i bed

her e and i n pr evi ous wor k ( Def i l i ppi et al . , 1991) .

We woul d l i ke t o t hank Mar t i n Heml er and Ar noud Sonnenber g f or t he

gener ous gi f t of t he monocl onal ant i bodi es . We al so t hank Ni no Fer r ar o
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