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A microvascular endothelial cell line (CD clone 4) 
isolated from murine lung adheres to and spreads 
well on fibronectin, vitronectin, and fibrinogen, 
but poorly on collagen type IV and laminin. Ligat- 
ing cell surface cxv, [~3, c~4, c~5, or 131 integrin 
receptors with monospecific antibodies promoted a 
dramatic cell spreading and motility on vitronectin 
or collagen IV. Antibodies directed to other 
adhesion molecules, including cdIb, PECAM-1, 
and P-selectin were ineffective. Ligation with 
monoclonal anti-czv or -l~3, but not -0(4, -c(5, or -131 
antibodies, induced a rapid, and dose-dependent 
tyrosine phosphorylation of a -30 kD protein, 
which preceded CD clone 4 endothelial cell spread- 

ing and motility and was partially inhibited by 
genistein and completely inhibited by BAPTA. All 
other antibodies tested did not induce the tyrosine 
phosphorylation of the 30 kD protein as well  as cell 
spreading and motility. The present results suggest 
that [~1 and 1~3 integrins employ different bio- 
chemical mechanisms in signaling endothelial cell 
spreading and motility and that the tyrosine 
phosphorylation of the 30 kD protein (and prob- 
ably other proteins) may play an important role in 
signaling 133 integrin-mediated endothelial cell 
interaction with other cells (e.g., tumor cells) and 
extracellular m a t r i x .  ( P a t h o l o g y  O n c o l o g y  R e s e a r c h  
Vol 2, N o l - 2 ,  21-29,  1996) 

Key wo/zts: integrin; motili ty: spreading: tyrosin phosphorylat ion;  extracellular  matrix 

Introduction 

Vascular endothelial cells express six members of the 131 
integrin subfanfily (i.e.. c~1-6/1~1), three o~v-couplcd hetero- 
dimers (i.e., o~v~l, c~v133, o:vJ35), and o~,6134.1 ~ These 
integrin receptors, together with other adhesion molecules 
such as cadherins and PECAM-I  (platclct endothelial cell 
adhesion molecule- l ) ,  play an essential role in establishing 
endothelial cell - endothelial cell adhesion, maintaining the 
physical integrity of cndothclial cell monolayers,  and medi- 
atin~ endothelial cull matrix ' . 4 mteractxons. " Some of these 
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integrin receptors (e.g., o~v133) also are involved in 
heterologous ccll-cell interactions such as tumor cell- 
endothelial cell, leukocyte - endothelial cell, and platelct 
endothelial cell adhesion. "'<~ More recently, vascular integ- 
rins have been demonstrated to transduce a diversity of 
biological, biochemical, and biomechanical  signals across 
fine endothelial cell membrane, among which are calcium 
transients, cytoplasmic alkalinization, protein tyrosine 
phosphorylat ion,  and cytoskclctal  rearrangements,  m ~ 
These intcgrin-transmitted signals, in coordination with 
signals delivered from various sohiblc growth factor,,,, 
motility factors, and cytokines, modulate phcnotypic prop- 
erties of vascular endothelial cells inchlding adhesion, spre- 
ading, nfigration/motility, proliferation, apoptosis, and 
differentiation angiogenesis, etc. ~ ~v 

Occupation of integrins by their ligands or clustering the 
integrin receptors with antibodies (Abs) has previously been 
shown to induce tyrosinc phosphorylation of some proteins 
including, among others, pp125JAK, > >  paxi l l in]  ~ and ten- 
sin. -'~ l lsing a mouse puh-nonary microwtsculature-derived 
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endothelial  cell line (i.e., CD clone 4), we rcport hcrc a ~30 
kD protein which is tyrosine phosphoryhtted Following 
ligation ol: integrin (xx or ~3 with nxmospecil:ic antibodies. 
The tyrosinc phosphorylation of the 30 kD protein teinporai- 
ly precedes the antibody induced endothelial  cell spreading 

and motility on matrix proleins. 

Materials and Methods  

Cell ('uhure 

CD clone 4 endothelial  cells were cloned from pooled 

mouse hmg microvasculatt~res and characterized and eel- 

lured as previously dctailed. =2 Cells were routinely cuhured 

in D M E M  supl)lementcd with 1 0 q  FBS. 0.019; gelatin, and 

various antibiotics in a humidifiecl a tmosphere with 5% CO~. 

('el~ idatin2 (m nlatri.v proteins am/xulJemlolhel ia l  

malrix (5"EM) 

Coating of coverslips with various malrix proteins (i.e_ 

vitronectin, l]bronectin, lanlinin, type IV collagen, and fibri 
nogen), preparation of intact SEM. and endothelial  cell phi- 

ring were perfornled essentially as described previously. 47 

Antiboc[v /iA, alion and Western blollMg q f  O'rosine 
lUtO,~yd~o#3'laled proteMs 

l tal l  a mill ion of  CD clone 4 cells were phlted onto coaled 

&well  culture dishes (2.5 x 105/well) and incubated for vari- 

ous time periods in serum-flee DMEM.  Thereafter  cells 

were incubated al 37"C with different concentrat ions of  Abs 

(~U;le 1) for various intervals as indicated in the Results. In 
some experiments cells were further incubaled with a scc 

ondary Ab. In another  set of experiments,  cells were pretre 

ated with genistcin or B A P T A - A M  Ibis (2-aminophenoxy)-  

ethane-N, N, N', N'-tctraacetate,  acetoxymethyl  ester] after 

initial cell adhesion and bel'ore Ab ligation. The cell nior- 

phology was monitored using phase contrast microscopy. 

For immunoblot t ing,  after extensive washing fol lowing Ab 

treatment  cells were lysed in situ with 1 ml of boiling lysis 

buffer (10 mM Tris-HCl,  pH 7.4, 1% SDS) and aliquols 

taken for protein concentrat ion measurement  using the 

Lowry method (Bio-Rad).  Equal amounts  of proteins were 

separated on denaturing 12% SDS-PAGE under  reducing 

conditions. Following transfer, blots were incubated with 

either monochoncl  PY 20-derived RC20H anti-phosl)lloty- 

rosine Ab conjugated to I tRP (Transduction Laboratories,  

Ky) or monoclonal  ant i -phosphotyrosinc Ab 4 G I 0  (Upstate 
Biotech). Tl-ie tyrosinc phosphorylated proteins were then 

detected with ECL (Amershant) .  l o  control protein loading, 

lhe membrane  blot was stripped and reprobed with a 
monoclonal  antibody (mAb)  to myosin lighl chain (MLC). 

In some experiments ,  the blot was reprobed with a mAb to 
focal adhesion kinase (FAK; Upstate Biotcch). 

P/la~,okincHc track #noH/itv as.~av 

CD clone 4 cell molilily ~ a s  assessed using Ihe method 

described previously. :~ B oily. glass coverslips coaled with 

vilroneclin (1 btg/ml) or collagen IV (25 ug/ml)  were 

coated with a layer e l g o l d  particles. Then CD clone 4 cells 
(50,000 c011s/18 innl" coverslip) were plated ill sertlli i-llcc 
DMEM for 1 h afler which different concentrations of vari- 
otis Abs ,acre directly addcd to the medium. Cell moti l i ly 
was nlonitorcd Oil a phase contrast nlicroscopc (dark field) 
;is the area cleared h 3, motile cells. The degree of cell 

motility was semi-quanti tated as described in Results. 

Table 1. S u m m a r y  of  ant ibod ies  and their effects  

Ab Nature ot Sln ead ~ 30kD pro 
awin, t  Ai~ ,qlmrcd' inN/Moll- tl'itl phos 
< litJl< phor,llhHion 

rxv[33 pAb Gib{o 
(12119-012) + + / +  

(x5/:~l pAb Gibco 
(12118-014) ~ ~/+ - 

we mAb G ibco 
(VNR 147;12{)84- 
018) ++++ /++  

[33 mAb dr. T. 
(OPG-2) Kuniczki r'* + + + + / ~ .  + 

o5 mlXb Oncogene 
(CP12) + + / +  - 

[~,1 mAb Gibco 
(P4(~10;12086 013) + + + / + +  

(x4 mAb Gibco 
(P4C2;12077-012) 5 + + / +  

P-sclectin Accurate 
mAb {M AS-543P) 

PECAM-1 dr. P, Newman  = 
mAb 1.3 

MIb mAb dr. T. Kmdczki 
(AP4) 

NIOPC mAb Sigma 
21 (IgGI) 

lgG pAb ICN 

"pAb - polyclonal antibody (rabbit); rnAb - nronoclonal antibody 
(mouse) 
t%peciticity of these antibodies has been characterized. 
' For spreading ,assay CD4 ckmc 4 ceils were plated elite vitronectin 
lot 15 rain followed by incubation with mAbs (5 Vg/ml) or pAb t l0 
r ig/el)  lot 15 rain. At the end of the experiment, cells were fixed in 
4G paraformaldehyde and 400 cells were assessd for" spreading, l'he 
relative percentage of spread cells, i.e. minimal spreadine, (< 10~{ ), q0- 
75t; spreading, 75-95G spreading, and >c~5~A spreading, was 
arbitrarily assigned with , ++, +++, and +4 ~ t, respectively. For 
motility assays, 511000 CD clone 4 cells were plated on collagen IV or 
Vn coated covcrslips. The extent ot cell motility was evaluatd bv the 
size of cleared areas and number of migrating cells, > l'he signs oi , +, 
and I I indicate minimal motility (as observed ~xith MOPC control), 
moderate motility (30 80',4 of cells migrated with easily identifiable 
cleared zoues), and higln motility {>g0q calls migrated xxith promi 
nelrt cleared zones). 
dCD clone 4 cells were seeded onto Vn (1 p<g/mll tor 15 rain followed 
by incubation with either pAbs (10 t.tg/ml) or mAbs (q pg/ml) for 15 
n~in. Cull ]v~;ates were then prepard  and immunoblotfillg performed 
with anti-phosptu)tyrosine Ab RC2011. 
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Fi5.~ure 7./~'Doviof ~!,~ (20 ct~wTe 4 r,~ic~'ovrrsclUar clsdottselicTl cell,= ~l,, :7i~'~~'~it ~:t/.~stl,Ttc.;. 2..~ .x 7() ~ CD < lore' 4 < ,'ti., ,~,cJ<' >~ cUc,d cml<, 
covevslips coot~,d r~,ith LTSA (A, 7017 lS\,,isHl), flbr~titc'cths (/7, 25 tzk,/'pJil), col/a<ocst tylJe IV (C, 25 ts,g/m/), lamis~i~i (D, 20 ltN,,'ml), Vst 
fF, I VN,Imt) or/il~ri~io,g~'Jz (F, 20 fJN,,'ml). ,,ldhcsioH aJ~tt spn'adi~.,~ ~,~'n' m~,~it~r,',t m~dc~" /~tsasc co~#r,~st microscope. Shozt,,~ m'e 
micr(t~,,raF/~s la/ceH ot 1 Is yost cell VlatiH N. OriscDzol maNs~i/icaUom v 2#0. 

Resttlt,v 

CD clone 4 cells, plated on fibronectin (25 bigtml). 
\ i t roneci in (Vii: 1 J.lJml ). fihrinogen (20 ~tg/ml). collagen 
type IV (25 b~gtml) or I~lminfin (20 btgtml) demonstrated 

significant diffcrences with rcspect to adhesion and sprea- 
ding. On fil)ronectin, nearly all cells adhered wilhin 5 rain 
rind spie~ld within l0 rain at 37"C (Fi.k,.IB). The majority 
of the cells (>9()w adhered onto Vn and fibrinogen within 
15 rnin and spolltaneous spreading was observed approxi 
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Figure 2. CD clone 4 e~idothelial cells were plated on Vu (15 
rain; 37"C) aml iJtcubated with various mAb (5 l~,07fl) or pAh 
(I0 t,x/ml) for 15 mira After cxteHsiPe washing, cell lysates 
a,ere prepared and used for immlmoblottin X with RC20I I. The 
30 kD prnteiu band was ilzdicated with all arrow amt a loop 
m.w. species (-  20 kd) was imticated with ml arrowhead. The 
lower panel represented the same blot stripped aud reprobed 
with uMb to myosin light chaia h} denloltstrate eqlml proteiJ~ 
Ioadin,~;. 

lnately I h after plating (Fig. lE  and F, respectively). In 
contrast, CD clone 4 cells adhered poo,ly (<50%) Io 
collagen IV and laminin, and demonstrated low spreading 
(in both the percentage of spread cells and the extent of 
spreading) on collagen type IV and essentially no spread- 
ing on hnninin (Fig. lC  a~d D, respcctively). Subsequ 
ently, Vn was chosen as the adhesion substrate to explore 
the potential effect of ligating surface integrin receptors on 
cell spreading, since spontaneous spreading of CD clone 4 
cells on Vn did not occur until ~ I h after plating. CD clone 
4 cells were seeded onto Vn and allowed to adhere for 15 
rain, and then were treated with either mAbs (5 lug/ml) or 
pAbs (10 btg/ml) against various adhesion molecules for 
15 rain (Table 1). The specificities of these Abs have been 
well characterized (sec Table 1). Ligating the cell surface 
{xv, [33, o~5, [31, or {z4 integrin subunits with correspon- 
ding mAbs induced significant cell spreading, compared 
to control Abs MOPC or RblgG (lahh, I) treated cells. 
Rabbit pAb against o{5131 or {zv133 induced a similar, yet 
less dramatic spreading (Tbble I). The effect on enhanced 
spreading was specific for integrin receptors since a mAb 
against PECAM-1 (mAb 1.3; ,x) did not promote sprcad- 

ing. Similarly, mAb against P-selectin (whose expression 
on endothelial cell surface generally requires cell activa- 
tion) and mAb to mtegrin r (which endothelial cells do 
not express) were also without effect (TMde 1). When CD 
clone 4 cells were plated on collagen type IV, very similar 
patterns of  changes in cell spreading were observed with 
the whole panel of Abs. 

To explore the involvement of protein tyrosine 
phosphorylation m integrm ligation induced cell spread- 
ing, whole cell lysales were harvested for imnmnoblotting 
using anti-phosphotyrosine Abs. As presented in t:i~.2, 
Abs directed to various adhesion molccules demonstrated 
ditferent eftcots on tyrosine phosphorylation of CD chine 
4 cells plated on Vn. Most significantly, incubation of CD 
clone 4 cells with mAb against either o{v or ]B3 induced 
prominent tyrosine phosphorylation of a ~3{} kD protein 
(k'ig.2; arrow). All the other Abs, including mAbs against 
o.5, ~4, or [~1 which also promoted cell spreading, {lid not 
induce the tyrosine phosphorylation of this protein (Fig.3}, 
suggesting that [31 and ~3 integrin receptors may employ 
difl'erent signaling mechanisms in Facilitating cell spread- 
ing. Interestingly Abs against c,5, PECAM-I,  and P- 
selectin appeared to have a slight down-rcgulating effect 
on the overall protein tyrosine phosphorylation (l"ig.2). 
Less dramatically, Abs against ow, ~3, [Jl, and cz5Jdl 
appeared to slightly increase the tyrosine phosl)horylation 
o f  a - 2 0  kD protein, which comigrated with  myosin light 
chain {Fig.d; arrowhead). When CD clone 4 cells were 
plated on collagen IV and treated with the above Abs, the 
induction of the -30 kD tyrosine-phosphorylated protein 
was also observed with anti-[~}3 but not with anti-~l or 
other antibodies (see Fig.4 D). 

The above results suggest that ligation of {33 integrin on 
CD clone 4 microvascular cndothelial cells induces a cell 
spreading process that might depend on the tyrosine 
phosphorylation of certain proteins such as the 30 kD 
protein. We thus subsequently perlk)nned a dose study of 
the antibody effect. Monoclonal anti ~3 Ab (OPG-2) 
demonstrated a dose-dependent effect in promoting CD 
clone 4 cell spreading on Vn (Fig.3 A-F). Microscopic 
observations revealed a dose-related transition of CD 
clone 4 cells plated {}ll Vn from a rouncled-up shape, to 
arborized, partially spread, and finally to a full spread 
morphology {Fi{;.3 A-F). Accompanying these morphol- 
ogical changes indt, ced by mAb to IB3, a dose-dependent 
tyrosine phosphorylation of lhe ~(} kD protein was 
observed (Fits.4 A). The CD clone 4 cell spreading and 

Figun" 3. Dose-depemteJlt C?fi'ct or ~3 mAb (OPG-2) on promotiHq CD cloJte 4 cell spreodi~(~ on Vn mid the iuhibit{vi! efieets of 
genisteil7 aJM BAU1T~. CD clone 4 cells were plated oJz 1 ]lg/ml c,itroueetiu m~d alh}wed to adhere for 15 Iniu be.bye treated with 
increasi~tg doses off OPG-2 (A, 0 ll~/ml; B, 0.1 pg/ml; C, 0.5 Itg/ml; D, 1.0 ttyml; E, 5.0 p~/ml; F, 10.0 ttg/ml) for 15 mi~l. A, 
MOPC eoutrol (5 ttg/ml). G. CD clone 4 cells ~Pere pretreated with 50 ttg/ml genisteM (10 mira 37'C) before i~kubated with 5.0 
It2/ml OPG-2.11, CD clone 4 cells were pretreated with 10 pM off BAPTA-AM (10 miu; 37C)  bcfore i~icubated with 5.0 Iq~,/ml of 
OPG-2. Original magHification: x 200. 
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Figure 4. A, Dose dcpcltdel;l imhtclioll of the 30 kD protcipl (indio~tc'd hy t/c a "  ~w) tyn)gilc /q~ostdlorylatioi~ b!l lig ni N i~+te~IiH 
[~3 with OPG 2. LaJ~es 1=6 corresponds to saJHpIcs ?rcpared from micro/rnph,~ A / ilz Fig..3. The prim,lrt! ~?~#it~ody i~scd wos 
RC2OH. The lower pglm'l rcpf'cscJlts thc sin,to blot stril~pCd ct,~d icpnd~cd with mAb to lu~fosin liNhf chaiH to co,lfirm cql+ol loodi~ilg off 
protcitts. (B): hd6bitio~t ~f attti [~,3 Ab induced 31~ feD pn~tci11 (illdicotcd by t/~c' orrozp} t.tlrosi~lc t~hosphon/latio~ l~y /cHis/ci~ m d  
BA PTA. CD clone 4 cells h~ sltspc~lsion (huw 1 ) or odhe,vd to VII f~,r 15 tniH (logics 2-5) a,crc Frctrcotcd for 10 mit~. with cittlcr the 
vehich' (DMSC)) control (lone 2) or 25/tN/ml (la~c 3) or 50 144/ml (lane 4) {~(,qetti>teiH, or 10 tIM ot BAPTA-AM (tm~c 5) [~dloa,cd 
by incubalion w#h 5 l~//nd OPG-2 riot 15 ram. Cell lysatcs a,c;c prcporcd riot imnmlmblotting with RC2#H. The hm,i'r Fancl 
rcpn'sents the same [dot stt'it~ped ~Htd rcprobcd wft/~ mAb to ~llyosi~1 /~s/It chilies. (C): Time course q~ the iHdl~ctio~ ol [[~e 30 kl) 
protci~ tyt'osim' tdmst~horylation by OPG 2. CD clone 4 cells i~i sllspe~tsioi~ (lone i) or ~dated oH Vt~ (1 ]tSml) fi!r 15 tuiH (hines 2- 
8) wen' i~cHbah'd with either MOPC control ni~tibody (taue 2) or wi~h 5 iG/'ml OPG 2 fi~r ~1 rain (In~lc 3L 5 rain !1~ c 4), 15 rain 
(/a*k's I tllld 5), 30 illitl (1~1 C 6),  0() tllill (latlt' 7), Or 120 rain dam' 8). /<dlowhlg cxtcnsivt? wasl~i~ N, cell/ysatcs wen' prcpon'd and 
l~scd in imnmnoblottiH g with Hther RC20H (the ~q~per pal~cl) m 4G10 <t/ ? lower/:anclL The 30 kD protcht wns i,~dic,~tcd with 
solid arl'o,t,s, the 1976 protein with on arrow]lcalt, al~d FAK pn~/cii~ with <>pc~l ;~r/ows. (D): huhtctDn tg the 30 kD pr,>tcin tyn~sinc 
phosphoryh~tion hi~ OPG-2 iu CD c/ore? 4 ccll> plated ou collaRcn IV. CD clone 4 cells adhcrvd h~ coll~gclt IV (25 l~g/ml) for 30 n~hl 
were ii~cltbatcd with MOPC ascites (15 ,ira; lone i),  5 gg/ ~10PG-2  for 5 (lizzie 2), 15 (lain: 3i ~v 60 rain (la~c 4), or mAb to ~i 
(15 ,Hin: lane 5). Cell lysatcs ~l~t't'r prPpfll'cd o~ld etscd i~ ilmtt!~obh~tti~ N wilh RC2(tt1. The 3() kD prolci~ waq indio#cd with ai~ 
arrow. The lower p~nc'l rcFn'sc~tts the same blot stril~l;cd am/re?robed wit]l IttAb to Hl ltosilt lig/It c/loin. 

tyrosine phosphorylation of the 30 kD protein induced by 
ligating ~3 integrin '~erc not further enhanced by cluster- 
ing (or crosslinking) the reccptor,~ > witla a secondary Ab 
(data not shown). Pretreatment of CD clone 4 ce l l s  wi th  
genislein+ a general tyrosme kina~e inhibitur, partially 
inhibiled OPG-2 induced ce l l  spreading fFig. 3 G) and the 
30 kD protein tyrosine phosphorylation (l:iq.4 I~, lanes 3 
and 4). In contras l ,  pretreatment  wi th  B A P T A - A M ,  a ce l l  
membrane-permeable intraccllular Ca ~' chelator, con> 
plelely inhibited 'the OPG-2 effccls (Yi,V.d I1 and FiA,. 4 I~). 
A time study using RC20H anti-phosphotyrosine Ah 
demonstrated that 'the tyrosine phosphorylation of the 30 
kD protein occured and peaked within 5 rain afl.er Ab 
ligation and remained prominenl by 2 h (Fir.4 (7, upper 

panel), lnterestingl3., immunoblotfing wifll another anti- 
phosphot.wo,dnc Ab 4G 10 detected, in addition [o tl~e 30 
kD protein, another 76 kD tyrosine-phosphorylatcd pro- 
lein after anti-133 Ab treatment (b'iq.4 LL file lower panel). 
Bolh RC2I)H and aGl() delected a ~120 kD protein whose 
tyrosine pho.',phorylation did not change upon integrin 
ligati<>n (l:i.v.4 C: indicated by, open arrows). This protcin 
most l ike ly  represents the FAK (focal adhesion kinasc: 
p p 1 2 5 ~ K ) ,  ~'~'~ since its tyrosinc phosphorylation was 
unique to adherent ceils and reprobing lhe same two blols 
in f+ig.4 C with a mAb to FAK (i.e.. 2A7) revealed a single 
protein band at ttle same position across all the lanes. 
Incubation of both RC20H and 4G 10 with 5 mM phospho- 
tyrosine, but nol  with p h o s p l l o s c r i n c  or phosphothreonine. 
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Figure 5. Intc<,,ris~ liNntioI~ iltducefl CD clmw ,l ccll nlotilitj/ o~1 col/~t,\q'n IV. (7D cloJm 4 cells ~,crc plated for I h ot~ co//aqcn IV oil 
~elticls i7 'hill c~Trpct qf<~>,(,ht pavtich's ~l,os ylol~:,t.'; T/ran ~clls ~,clc lrc~Ttcd ~t,it/z 5 It,q/H#/of/~lO/J(7 (A), or nIAbs to izr, (H), [~3 (C) or 
[}1 (O) tot 75 n.~h~. Ttwr+?olT('r celt., zl,crc tltlttlt'ct7 ill scrltlll-b'cd D M E M  /br up tL! 48 h. R~stl/(m; cclI nn)tilitlf ~(ws (lsst'sst'~l [W Ih+' 
area c('tln hod chwrcd. >~ 5/s0rms +core n#icrrb,,rnldZS ot culls 48 li p~lsl o~#il,odjl trc,~tmclst. OriNinal mo<w~iticatioss7 .vTO0. 

abolished the reactivity o1 these antibodies,  thus conrirm 
ing their specificly towards phosphotyrosine.  

The 133 integrin ligation induced tyrosine phosphorylation 
of the 30 kD protein and cell spreaclin.g did not appear to 
depetld 011 the sttl~str:ite OllIO which CD clc, lle 4 cells were 
initially phlted. Cells plated on collagen IV also cleinon 
slrated lhc indt,ction of tile 30 kD protein tyrosinc 
phosl~horylation (Fi<q.4 1)) -llld ;lil enhanced spreading 
(lhl>/+" 1) in rcspon,qe t<~ receptor ligation with OPG-2+ 
which also had a simihir effect on CD clone 4 cell spreading 
on intact SEM (data not showri). Cell spreading ix accom 
partied by the establishment and organization of cytoskcl- 
cton and generally ix considered ti preparatory and prerequi- 
site step Ik)r cell niotilitytmigration. Thus. we subsequently 
eX:.llllil/ed tile cflcct of integliil con.iugation Oil CD clone 4 
motility tiling the phagokinetic track motility ~.tssl.iy. 2k l.igal- 
ing either [~1 or []3 integrins induced r~.tndolll cell nlotJlity 
on both collagen IV (l"i<k,.5) und Vn (TLID[(, 1). Polyclonal 

Abs to ~v~3 and o~5i$1, and a lnAb to (z4 also demon- 
strated nlodcrate motili ty-enhancing cft~cacy while all other 
Abs tested were without effect ( TL#I)I~, I ). 

Dis'clls,~'ion 

The major Iindings of this study wcrc two Fold. Dirst. 
ligation of both []1 and ~3 intcgrin receptors induced sig- 
nificant cndolhelial cell spreading and motilit:,' in a substrate 
indcpendenl manner. Second, only ligation of ,[].3 (but not 
~ l i  integrins induced a prominent ts, rosine phosphorylation 
of 'a 30 kD protein which temporally preceded CD clone 4 
cell spreading and motility', suggesting that these tv,,'o intcg- 
rin receptors may utilize distinct intracellular signaling 
mechanisms in modulating endothelial cell function such as 
spreading and motility. The curren! study provides a poss- 
ible experimental  explanation for previous observations 
thai l~[ and 133 intcgrins phiy distinct roles in tile 
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adhcsiontspreadingtmotility of vascular cells such as 
SlllOOth muscle cells and endothelial cells ~`'~ The spread 
ingtmotility-cnhancing ctlcct appears to he specific for 
vascular integrins (72dde I) since control Ab MOPC. Ab 
against integrin molecule thut endothelial cells rlormally do 
not cxpress (i.e., a l l , l ,  Ab against :_tll adhesion nloleculc 
whose expression on endothelial cell sl,trfacc rccluircs prior 
cclluhir stimulation (i.e.. P-selectin), and Ab against an 
adhesion molecule ttmt CD clone 4 ceils nornlally express 
on the surface (i.e.. PECAM 1) all had uo efi-ect. The induc- 
tion of the tyrosinc phosphorylation of the 30 kD protein is 
unique to the conjugation of integrin o'.v~3 since all other 
antibodics, inchldirlg Abs against [.4, cz5, and [31 which 
bound to CD clone 4 cells +" and induccd cell spre- 
ading/motility ( ~ b l e  l), did not effect the induction, This 
specificity also excludecl the possible iuvolvement of Fc 
receptors. Interestingly, a rabbit polyclonal anti-{zv~3 AD 
did not induce the 30 kD protein tyrosinc phosphorylation 
(see kT,v.3) ahhough it induced cell spreading/motility. The 
reason for this paradox ou remains to be determined. H o w -  
ever, it is quite possible that the tyrosine phosphoryhition of  
the 30 kD protein induced by corljugating the surfiice 
receptor (by the Ab) is epitope- and/or conlormation-depen- 
dent, i.e.. c A b  to ~v or ~3 (but riot pAb to cs, v~3) binds to 
a unique epitope on ~v[33 such that, with or wifllout conlbr- 
mational changes, the receptor is "activated" to initiate the 
signal transduction (i.e.. the tyrosine phospholylatiori of the 
30 kD protcin). The erihanced cell spreading/motility and 
induction of the 30 kD protein tyrosine phosphorylation 
appear to require only bivalent ligation of the inlegrin 
receptor but not crosslinking via a secondary Ab. This type 
of receptor actiwition has previously been observed in a 
variety of experimental systems] k_,5 

Tyrt>sine phosphorylation of the 30 kD protein ten-i- 
porally precedes endothelial cell spreading, thus suggest- 
ing a potential cause-and-effect  relationship between the 
two  even t s .  Both  the 30 kD p ro t e in  t y r o s i n e  
phosphorylat ion and Ab-induced CD clone 4 cell sprcad 
ing/motil i ty could he inhibited, iri a dose-dependent  
fashion, by tyrosine kinase inhibitor, gcnistein, therefoi+e 
strenothening the notioll that CD cleric 4 spreading 
induced by conjugation of intcgrin o~v,133 is a tyrosine- 
phosphcwylation dependent process. Also,  both events 
(i .e. ,  tyrosine phosphorylat ion of the 30 kD protein and 
cell spreading) could bc completely blocked by removal of 
intracellular calciulll suggesting th-tt the o~\~33-trans 
mitted signals rely on calcium transients thus confirtning 
previous reports on the role of this integrirl rcccptor in 
ntobilizing intracclhllar calcium. Le ~s The identity of the 30 
kD protein (and some other indttced proteius such as the 
76 kD protein) remains to be established. Suffice it to say 
that the tyrosine phosphorylat ion of the 30 kD protein (and 
p76) appears to be specifically involved in [33 integrin 
signaling pathway aild only occurs, like pp125 ~x~', ill 
adherent cells (see Fig.4 B and C). t lowever,  urllike 

pl t1251 u, which undergoes tyrosinc phosphoryhit ion 
immediate ly  upon cell adhesion to line substrate, fl-~c 
lyrosine phosphoryhll ion of the 30 kD protem is ob~,erved 
only after further ligation of surlace ~3 integrins in acther- 
cnt cells. It will be of interest to determine whelher  the 30 
kD protein is one of the substiates of pp 125 ~ \~'. 

One may wonder why CD clone 4 elldothelial cells plated 
on Vn (via {zv133 and/or czv~5 bindirig) still respond to 
reccptur ligation by anti-ow or anti-133 ADs. Two non-ex- 
clusive possibilities rnay provide the explanation. I;il-Sl, 
unlike most other studies where very high concentrations of 
Vn ( 10-40 lug/ml) were employed.  ]" t~ we ttsed I ILIg/ml o1" 
Vn substrate which would not saturate all cs.v,[33 receplors 
and thus leave a population of o,v[33 receptors on the mem- 
brane. Second. adhesion o1' CD clone 4 cells to matrix pro- 
teins would trigger intracelhtlar mechanisms ,Milch provide a 
positive l'eedback ~' with respect to the adhesive potential. 
This may upreguhltc the cell surface expression of intcgrin 
~v~3. The l'act that the Ab ligation induced protem tyrosine 
phosphorylatiou and cell spreading/motili ty was to a degree 
substrate-indcpendent provides support to the second possi- 
bility. Tlle currcnt study suggests a possible in r ive  scenario 
wher endothelial cell phenotyl)es such as spreading and 
moti l i ty ,  which are impor tan t  parameters  in tumor  
angiogenesis and other diseases such as athcrosclerosis, 
could be modulated when eridothelial cells interact with 
other cell types (tumor cells, smooth ntuscle cells, platclets, 
etc) using inlegrin rcceptors. 
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