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Endot hel i umr egul at es vascul ar homeost asi s, i ncl udi ng coagul at i on and per me-
abi l i t y, by modul at i ng t he expr essi on of cel l sur f ace mol ecul es and secr et ed pr oduct s
i n r esponse t o bl ood- bor ne medi at or s and t hose emanat i ng f r omt he vessel wal l . Re-
cent st udi es have emphasi zed t he r esponses of endot hel i um t o cyt oki nes, such as
TNF/ cachect i n and I L- 1, whi ch per t ur b a r ange of homeost at i c endot hel i al f unc-
t i ons ( 20, 46, 48) .

The pr ogr essi ve accumul at i on of i r r ever si bl e advanced gl ycosyl at i on end pr od-
uct s ( AGE) ' ( 8, 10, 11) on bot h pl asma and subendot hel i al t i ssues, such as vascul ar
basement membr ane pr ot ei ns, may const i t ut e a pot ent i al l y si gni f i cant per t ur bant
of endot hel i al cel l f unct i on . Recent st udi es have f ocussed on t hese bi ol ogi cal l y i m-
por t ant coval ent pr oduct s of t he nonenzymat i c gl ycosyl at i on r eact i on, whi ch der i ve
sl owl y f r om t he ear l y Amador i pr oduct af t er a sequence of f ur t her r eact i ons and
r ear r angement s ( 8, 10, 11, 33) . These adduct s ar e char act er i st i cal l y f l uor escent , yel l ow-
br own pi gment s t hat can cr ossl i nk pr ot ei ns and nucl ei c aci ds ( 8) . Accumul at i on of
AGES on l ong- l i ved pr ot ei ns i n vi vo has been f ound t o i ncr ease l i near l y wi t h age
( 33) , i s accel er at ed i n pat i ent s wi t h di abet es, and i s t hought t o be an i mpor t ant con-
t r i but or t o t he devel opment of a host of compl i cat i ons, such as vascul ar and r enal
di sease ( 11) . The i dent i f i cat i on and i sol at i on of a r ecept or on human and mur i ne
macr ophages t hat sel ect i vel y r ecogni zes AGE adduct s on pr ot ei ns ( 41) suppor t t he
concept t hat t hese modi f i ed macr omol ecul es may exer t speci f i c ef f ect s on t i ssue or
cel l ul ar t ar get s ( 50, 51, 53) . I n t hi s cont ext , i nt er act i on of AGE- BSA wi t h macr o-
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phages has been shown t o i nduce t he el abor at i on of TNF/ cachect i n and I L- 1, t her eby
i ni t i at i ng a sequence of event s by whi ch macr ophages r emove and or chest r at e t he
r epl acement of senescent pr ot ei ns ( 54) . Under pat hol ogi c condi t i ons, such as i n di a-
bet es or at her oscl er osi s, AGEs may cont r i but e t o t he pat hogenesi s of pr ol i f er at i ve
vascul ar l esi ons ( 10) .

These consi der at i ons, and t he f act t hat endot hel i um i s i n di r ect cont act wi t h suben-
dot hel i al , as wel l as ci r cul at i ng AGEs, l ed us t o exami ne t he i nt er act i on of endot hel i um
wi t h AGE- BSA, as a pr ot ot ype of t hi s cl ass of nonenzymat i cal l y gl ycosyl at ed pr o-
t ei ns . The r esul t s i ndi cat e t hat AGE- BSA bi nds i n a sat ur abl e manner t o t he cel l
sur f ace wi t h subsequent upt ake by endocyt osi s, whi ch l eads t o ei t her t r anscyt osi s
or event ual t r ansf er t o a l ysosomal compar t ment . Funct i onal consequences of AGE-
BSA- endot hel i al i nt er act i on i ncl ude i ncr easi ng per meabi l i t y of t he monol ayer and
al t er at i on of cel l sur f ace coagul ant pr oper t i es, pot ent i al l y pr omot i ng cl ot f or mat i on .
These dat a i ndi cat e t hat AGE der i vat i ves of pr ot ei ns, ubi qui t ous component s of t he
vascul ar mi l i eu i n di abet es ( 11, 33) and al so i n nor mal agi ng ( 29) , i nt er act di r ect l y
wi t h t he endot hel i um, pot ent i al l y cont r i but i ng t o t he pat hogenesi s of subsequent
vascul ar dysf unct i on .

Mat er i al s and Met hods
Cel l Cul t ur e.

	

Bovi ne aor t i c endot hel i al cel l s wer e gr own f r om aor t as of newbor n cal ves
i n MEMsuppl ement ed wi t h peni ci l l i n- st r ept omyci n ( 50 U/ ml , 5 hg/ ml ) , gl ut ami ne, and FCS
( 10%) as descr i bed ( 6, 44) . Cul t ur es wer e char act er i zed as endot hel i al based on mor phol ogi c
cr i t er i a, i mmunof l uor escence f or pr ot ei n S, von Wi l l ebr and f act or , and t hr ombomodul i n ( 17,
25, 47) . Cel l s wer e separ at ed f or subcul t ur e wi t h t r ypsi n/ EDTA. For exper i ment s, cel l s f r om
di f f er ent aor t as wer e gr own t o conf l uence i n 9 . 6- , 2- , or 0 . 32- cm2 wel l s ( 1 . 1- 1 . 5 x 10 5
cel l s/ cm2) and used f r om passages 3- 16, wi t hi n 48 h of havi ng achi eved conf l uence . For per -
meabi l i t y st udi es, cul t ur es wer e gr own as descr i bed pr evi ousl y ( 7) on 6 . 5- mmdi amet er pol y-
car bonat e membr anes ( por e si ze 0 . 4 Am) , mount ed on pol yst yr ene i nser t s ( Tr answel l pl at es ;
Cost ar , Cambr i dge, MA) , and used f or st udi es 10 d af t er pl at i ng.

Pr epar at i on and Radi ol abel i ng of AGE- BSA.

	

AGE- BSA was pr epar ed by i ncubat i ng BSA ( f r ac-
t i on V; Boehr i nger - Mannhei m Bi ochemi cal s, I ndi anapol i s, I N) i n 10 mMPBS buf f er , pH
7 . 4, wi t h 50 mMgl ucose at 37° C f or 6 wk i n t he pr esence of pr ot ease i nhi bi t or s ( 1 . 5 mM
PMSF and 0 . 5 mMEDTA) and ant i bi ot i cs ( 100 U/ ml peni ci l l i n and 40 pg/ ml gent ami ci n)
as descr i bed pr evi ousl y ( 41) . The amount of AGE f or med on al l BSA pr epar at i ons was as-
sessed by char act er i st i c absor pt i on and f l uor escence spect r a ( 29) and quant i t at ed by RI A
usi ng 2- f ur oyl - 4- ( 5) - ( 2- f ur anyl ) - 1H- i mi dazol e ( FFI , a chemi cal l y synt hesi zed AGE) ( 12, 39) ,
whi ch has been shown t o be r ecogni zed by t he macr ophage AGE r ecept or ( 51- 53) , as a st an-
dar d . Accor di ng t o t hi s assay, our r out i nel y pr epar ed AGE- BSA conj ugat es have +360 pmol
FFI equi val ent s/ mg BSA. SDS- PAGE showed a si ngl e maj or band wi t h M, " 67, 000 ( dat a
not shown) . Radi ol abel i ng was accompl i shed by t he l act oper oxi dase met hod ( 15) usi ng En-
zymobeads ( Bi o- Rad Labor at or i es, Sacr ament o, CA) by i ncubat i ng AGE- BSA ( 50 ug) wi t h
50 pl of beads f or 3 mi n at 4° C. The r eact i on was st opped by t he addi t i on of azi de, beads
wer e pel l et ed by cent r i f ugat i on, and f r ee i odi ne was r emoved by gel f i l t r at i on on a Sephadex
G- 25 col umn pr e- equi l i br at ed wi t h MEMcont ai ni ng 1% FCS. The speci f i c r adi oact i vi t y
of t he t r acer was 1 . 5 x 103 cpm/ ng over f our i odi nat i ons and aut or adi ogr ams pr epar ed f r om
SDS- pol yacr yl ami de gel s ( 30) ( 10%; nonr educed) demonst r at ed a si ngl e band cor r espondi ng
t o Mr - 67, 000 . Nongl ycosyl at ed al bumi n, used f or cont r ol s, was pr epar ed i n an i dent i cal
f ashi on except t hat gl ucose and gl ucose 6- phosphat e wer e omi t t ed f r omt he i ncubat i on buf f er .
Mur i ne r i bonucl ease and hemogl obi n ( Si gma Chemi cal Co. , St . Loui s, MO) wer e gl ycosyl at ed
and char act er i zed as descr i bed f or AGE- BSA ( 51, 53 54) .

Pr epar at i ons of AGE- BSAused f or speci f i c exper i ment s wer e pr epar ed under endot oxi n-
f r ee condi t i ons, and passed over an af f i ni t y PAK col umn ( Det oxi gel ; Pi er ce Chemi cal Co. ,
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Rockf or d, I L) . Al l sol ut i ons wer e assessed f or cont ami nat i ng endot oxi n by a st andar d Li mul us
amoebocyt e assay ( Si gma Chemi cal Co. ) and f ound t o be negat i ve ( 54) . I n some exper i ment s
pol ymyxi n B ( 100 ng t o 10 hg/ ml ) was added t o det er mi ne whet her any r esponses r ef l ect ed
t r ace amount s of LPS undet ect abl e by Li mul us assay.

Bi ndi ng and I nt er nal i zat i on St udi es.

	

The bi ndi ng of 125 1- AGE- BSA t o endot hel i al cel l
monol ayer s was st udi ed af t er washi ng cel l s f our t i mes i n a bal anced sal t sol ut i on ( 10 MM
Hepes, pH 7 . 45, 137 mMNaCl , 4 mMKCI , 11 mMgl ucose) over 15 mi n and t he addi t i on
of MEMcont ai ni ng 5 %FCS. Radi ol abel ed AGE- BSA al one or i n t he pr esence of a 100- f ol d
mol ar excess of unl abel ed mat er i al , each i n a vol ume of 5 1 . 1, was t hen i ncubat ed wi t h t he
cel l s f or t he i ndi cat ed t i mes at VC. Wher e i ndi cat ed, ot her compet i t or s wer e added t o t he
i ncubat i on mi xt ur e. Bi ndi ng was t er mi nat ed by 10 r api d washes ( over _30 s) wi t h MEM
cont ai ni ng 1%FCS, and bound mat er i al was t hen el ut ed by exposi ng t he cul t ur es t o buf f er
cont ai ni ng EDTA ( 5 mM) , hepar i n ( 10 mg/ ml ) , and BSA ( 1 mg/ ml ) i n a bal anced sal t sol u-
t i on f or 5 mi n at 37oC. Wher e i ndi cat ed, cel l s wer e el ut ed by i ncubat i on wi t h NP- 40 ( 1%)
f or 5 mi n at 37° C. Speci f i c bi ndi ng was def i ned as t he di f f er ence of bi ndi ng obser ved i n wel l s
i ncubat ed wi t h 1251- AGE- BSA al one and bi ndi ng obser ved i n wel l s i ncubat ed wi t h 125 1- AGE-
BSA i n t he pr esence of a 100- f ol d mol ar excess of unl abel ed AGE- BSA ( 51) . No speci f i c bi ndi ng
was obser ved i n wel l s wi t hout cel l s . Dat a f r ombi ndi ng exper i ment s wer e f i t t o t he equi l i b-
r i um bi ndi ng equat i on B = nKA/ ( 1 + KA) , wher e B i s t he amount of speci f i cal l y bound
l i gand, n i s t he number of bi ndi ng si t es per cel l , A i s t he concent r at i on of f r ee r adi ol i gand,
and Ki s t he associ at i on const ant ( 28) . A nonl i near l east - squar es pr ogr amwas used t o obt ai n
t he best f i t cur ve, t o sol ve f or n and K, and t o det er mi ne t he st andar d er r or .

Di ssoci at i on st udi es used t he met hod of i nf i ni t e di l ut i on ( 31) ; af t er bi ndi ng of l i gand t o
t he cel l sur f ace, cul t ur es wer e washed 10 t i mes and t hen f r esh MEMwi t h FCS was added .
At t he i ndi cat ed t i mes, wel l s wer e washed agai n and bound r adi oact i vi t y was det er mi ned .
I n pi l ot st udi es, si mi l ar r esul t s wer e obser ved usi ng ei t her t hi s met hod or by st udyi ng di ssoci -
at i on i n t he pr esence of excess unl abel ed l i gand .

Endocyt osi s exper i ment s wer e per f or med at 37° C as descr i bed pr evi ousl y ( 37) by i ncubat i ng
t he cel l s wi t h 125 1- AGE- BSA al one or i n t he pr esence of excess unl abel ed mat er i al . Cel l -
associ at ed r adi ol i gand was di vi ded i nt o t wo pool s : sur f ace- bound mat er i al , el ut ed wi t h hepar i n
( 10 mg/ ml ) / EDTA ( 5 mM) - cont ai ni ng buf f er ( 5 mi n at 37' C) , and i nt er nal i zed mat er i al ,
el ut ed af t er sol ubi l i zi ng t he cel l s i n buf f er cont ai ni ng NP40 ( 1%; 5 mi n at 37' C) . Degr aded
r adi ol i gand pr esent i n t he cul t ur e super nat ant was assessed by ser i al pr eci pi t at i on of al i quot s
of cul t ur e medi um i n t r i chl or oacet i c aci d ( 5%) dur i ng t he i ncubat i on per i od .

Assessment of Endot hel i al Monol ayer Per meabi l i t y af t er Exposur e t o AGE- BSA.

	

Conf l uent endot hel i al
monol ayer s pl at ed on Tr answel l i nser t s ( see above) wer e washed wi t h Ear l e' s bal anced sal t
sol ut i on and MEMcont ai ni ng FCS ( 5%) and ei t her AGE- BSA, heat - t r eat ed AGE- BSA ( 10
mi n at 90° C) , or nor mal BSA was added f or t he i ndi cat ed t i mes . At t he end of t hi s i ncubat i on
per i od, per meabi l i t y of t he endot hel i al monol ayer was assessed by st udyi ng t he passage of
[ 3 H] i nul i n ( 271 mCi / p, g ; New Engl and Nucl ear , Bost on, MA) acr oss t he membr anes as de-
scr i bed pr evi ousl y ( 7, 16, 45) . I n br i ef , f r esh medi umwas added t o bot h t he i nner and out er
( cor r espondi ng t o upper and l ower ) chamber s such t hat t he oncot i c and hydr ost at i c pr essur es
i n t he t wo chamber s wer e equal . A r adi ol abel ed mar ker , [ 3 H] i nul i n, was t hen added i n t r ace
amount s ( _3 pg/ ml ) t o t he upper chamber . Tr ansf er of t r acer acr oss t he monol ayer was as-
sessed by ser i al sampl i ng of t he l ower chamber ( t he vol ume i n t he chamber s was not changed
si gni f i cant l y, <5%, as a r esul t of sampl i ng) and was expr essed as t he quot i ent of r adi oact i vi t y
emer gi ng i n t he out er wel l di vi ded by r adi oact i vi t y r emai ni ng i n t he i nner wel l .

Assessment of Endot hel i al Coagul ant Pr oper t i es af t er Exposur e t o AGE- BSA. .

	

Cul t ur es wer e i n-
cubat ed wi t h AGE- BSA i n MEMcont ai ni ng 5%FCS and pol ymyxi n B ( 1 f i g/ ml ) f or t he
i ndi cat ed t i mes at 37° C and cel l sur f ace t hr ombomodul i n and t i ssue f act or wer e assessed .
Wher e i ndi cat ed, nongl ycosyl at ed BSA or heat - t r eat ed AGE- BSA ( 10 mi n at 90 ° C) r epl aced
AGE- BSA. Pur i f i ed r ecombi nant human TNFa ( _108 U/ mg, gener ousl y pr ovi ded by
Hof f man- LaRoche, Nut l ey, NJ) was al so added t o t he cul t ur es i n cer t ai n exper i ment s . For
t hr ombomodul i n f unct i onal assays ( 38) , cul t ur es wer e washed f our t i mes i n bal anced sal t
sol ut i on and t hen i ncubat ed f or 15 mi n at 37° C i n 10 mMHepes, pH 7 . 45, 137 mMNaCl ,
11 mMgl ucose, 4 mMKCI , 2 mMCaC12, and 2 mg/ ml BSA cont ai ni ng pr ot ei n C ( 100
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l Ag/ ml ) and t hr ombi n ( 0 . 1 U/ ml ) . For mat i on of act i vat ed pr ot ei n C was t er mi nat ed by t he

addi t i on of ant i t hr ombi n I I I ( 100 wg/ ml ) and t he amount of enzyme f or med was det er mi ned

usi ng a chr omogeni c assay, hydr ol ysi s of t he subst r at e Lys- Pr o- Ar g- p- ni t r oani l i de ( Spect r o-

zyme ; Amer i can Di agnost i ca, New Yor k, NY) . Enzyme concent r at i on was det er mi ned by

compar i son wi t h a st andar d cur ve made i n t he pr esence of known amount s of act i vat ed pr o-

t ei n C. Thr ombomodul i n ant i gen was det er mi ned by a RI A wi t h a monospeci f i c pol ycl onal
ant i bovi ne t hr omobomodul i n ant i body . Thi s ant i body was pr oduced i n r abbi t s by st andar d
met hods ( 22) . RI A was car r i ed out by a modi f i cat i on of t he pr ocedur e descr i bed f or human

f act or I X ( 49) . I n br i ef , t he assay was per f or med i n 1 . 5- ml mi cr ocent r i f uge t ubes by addi ng
125 1- t hr ombomodul i n ( 5 pl ) , ant i t hr ombomodul i n ant i ser um ( 10 t d) , and i ncubat i on buf f er

( 20 Wl ; Tr i s, 20 mM, pH 7 . 4, NaCl , 0 . 1 M, and NP- 40, 1%) . Sel ect ed t ubes cont ai ned ei t her
sampl es or t hr omobomodul i n st andar d di l ut ed i n t he assay buf f er ( 20 JAI ) . Al l di l ut i ons wer e

made wi t h i ncubat i on buf f er . Tubes wer e i ncubat ed over ni ght at 4° C af t er whi ch 50 t l of

a 10% suspensi on of St aphyl ococcus pr ot ei n A ( I gGSor b ; Enzyme Cent er , I nc . , Wal den, MA)

was added t o each t ube f or 30 mi n at 21 ° C. I ncubat i on buf f er ( 500 pl ) was added next , and
t he t ubes wer e cent r i f uged f or 3 mi n at 13, 000 r pm. The super nat ant was aspi r at ed and di s-

car ded, t he bot t omof each t ube cont ai ni ng t he pel l et was cut of f wi t h a hot wi r e, and count ed .
Bovi ne t hr ombomodul i n was pur i f i ed f r om l ungs by t he met hod of Jakubowski et al . ( 26)
and r adi ol abel i ng of pr epar at i ons was car r i ed out by t he l act oper oxi dase pr ocedur e ( 15) , as

descr i bed above f or 1251- AGE- BSA. The sensi t i vi t y of t hi s assay was 10 ng/ ml , whi ch cor -

r esponded t o 80 %bi ndi ng on t he st andar d cur ve . The t hr ombomodul i n cont ent of unt r eat ed

endot hel i al cul t ur es was - 40- 60 ng/ 10 6 cel l s .
Ti ssue f act or act i vi t y of endot hel i al cel l monol ayer s was det er mi ned usi ng a coagul ant assay

af t er det achi ng cel l s f r om t he gr owt h sur f ace by scr api ng. I n br i ef , af t er washi ng monol ayer s,
cel l s wer e scr aped wi t h a r ubber pol i ceman and suspended i n bar bi t al - buf f er ed sal i ne . A t wo-
st age coagul ant assay was t hen car r i ed out as descr i bed pr evi ousl y ( 36) . Wher e i ndi cat ed,

cel l s wer e pr ei ncubat ed wi t h a mAb t o bovi ne t i ssue f act or at 10 wg/ ml f or 30 mi n at 37° C

( t hi s ant i body was gener ousl y pr ovi ded by Dr . R. Bach, Mt . Si nai Medi cal Cent er , NewYor k,

NY) . Quant i f i cat i on of t i ssue f act or was accompl i shed by compar i ng cl ot t i ng t i mes wi t h a
st andar d cur ve gener at ed wi t h known amount s of pur i f i ed t i ssue f act or ( 2) . I n cer t ai n exper i -
ment s, endot hel i um was i ncubat ed wi t h AGE- BSA i n t he pr esence of t he i ndi cat ed concen-

t r at i on of TNF.

Mi cr oscopy.

	

AGE- BSA col l oi dal gol d conj ugat es wer e pr epar ed and used by t he gener al

met hod descr i bed pr evi ousl y ( 37) . I n br i ef , suspensi ons of col l oi dal gol d wer e pr epar ed ( 18)

wi t h an aver age di amet er of 12 nm( 1) and conj ugat ed t o al bumi n at pH 6 . 0 . Compl et e sur -

f ace l abel i ng was achi eved, as det er mi ned by t he ser i al el ect r ol yt e t est ( 24) and l abel ed col -

l oi ds wer e eval uat ed f or st abi l i t y as pr evi ousl y descr i bed ( 21) . Exper i ment s wi t h gol d- l abel ed
AGE- BSA wer e car r i ed out accor di ng t o t he same gener al pr ot ocol s out l i ned above f or r adi o-

l abel ed AGE- BSA. Af t er bi ndi ng of gol d par t i cl es t o t he sur f ace, unbound par t i cl es wer e r e-

moved by washi ng and sampl es wer e pr epar ed f or el ect r on mi cr oscopy ; sampl es wer e f i xed

i n 2 . 5% gl ut ar al dehyde i n 0 . 1 Mcacodyl at e buf f er f or 30 mi n, post f i xed i n 2° Jo osmi um

t et r oxi de, dehydr at ed i n et hanol , and embedded i n EPON. Sect i ons wer e vi ewed i n a Phi l l i ps

300 el ect r on mi cr oscope .
The ef f ect s of AGE- BSA on t he endot hel i al act i n- based cyt oskel et on and cel l shape wer e

assessed by f l uor escence mi cr oscopy, usi ng r hodami ne phal l oi di n st ai ni ng t o di spl ay F- act i n .

These met hods have been descr i bed pr evi ousl y ( 7) . I ndi r ect i mmunof l ur oescence f or t hr om-

bomodul i n was car r i ed out by pr ocedur es descr i bed pr evi ousl y ( 37, 47) .

Resul t s

Bi ndi ng of Cel l ul ar Pr ocessi ng of AGE- BSA by Endot hel i um.

	

At 4° C, speci f i c bi ndi ng

of
125 1- AGE- BSA t o cul t ur ed bovi ne aor t i c endot hel i al cel l s ( t he di f f er ence bet ween

bi ndi ng of
1251- AGE- BSA t o endot hel i um i ncubat ed wi t h t r acer al one and bi ndi ng

i n t he pr esence of excess unl abel l ed l i gand) was obser ved when cel l - bound mat er i al

was el ut ed wi t h a buf f er cont ai ni ng NP- 40 ( 1%) ( Fi g . 1 A) . Si nce det er gent - t r eat -

ment of cel l monol ayer s r emoves bot h cel l sur f ace and i nt er nal i zed l i gand, a met hod
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FI GURE 1 .

	

Bi ndi ngof I 25I - AGE-
BSAt o endot hel i al cel l monol ayer s :
met hods of el ut i on . Bi ndi ng was
st udi ed at 4° C( A) and at 37° C( B) .
Endot hel i um was i ncubat ed wi t h
1251- AGE- BSA ( 100 nM) al one
( open bar s) or i n t he pr esence of a
100- f ol d mol ar excess of unl abel ed
AGE- BSA ( shaded bar s) f or 4hat t he
i ndi cat ed t emper at ur e. Cul t ur es
wer e t hen washed 10 t i mes and
el ut ed wi t h one of t he f ol l owi ng
agent s : hepar i n- hepar i n ( 10 mg/
ml ) / EDTA ( 5 mM) ; NP- 40 = I %

NP- 40. Dat a shown i n A- B ar e a per cent of t ot al ' 251- AGE- BSA bi ndi ng el ut abl e wi t h NP- 40 when
t he bi ndi ng exper i ment was car r i ed out at 37 ° C. ( C) Cul t ur es wer e i ncubat ed f or 4 h at 37 ° C wi t h

I 251- AGE- BSA( 80 nM) al one or i n t he pr esence of unl abel ed AGE- BSA( 10 pM) , washed 10 t i mes and
el ut ed f i r st wi t h hepar i n/ EDTA as above and t hen wi t h NP- 40 . The dat a shown r epr esent speci f i cal l y
cel l - bound 125 I - AGE- BSA( t he di f f er ence of r adi ol i gand el ut ed f r omcul t ur es i ncubat ed wi t h t r acer al one
and r adi ol i gand el ut ed f r om cul t ur es i ncubat ed wi t h t r acer i n t he pr esence of unl abel ed AGE- BSA)
af t er sequent i al el ut i on : f i r st wi t h hepar i n/ EDTA ( hepar i n) and t hen wi t h NP- 40 . The mean t SD
i s shown i n each case .

f or sel ect i ve el ut i on of cel l sur f ace- bound mat er i al was devel oped . Based on r epor t s

t hat hepar i n coul d pr event t he bi ndi ng of AGE- BSA t o mur i ne per i t oneal macr o-

phages ( 52) , a buf f er cont ai ni ng hepar i n ( 10 mg/ ml ) / EDTA ( 5 mM) was used t o el ut e

cel l - associ at ed I 25I - AGE- BSA. Speci f i cal l y bound 1251- AGE- BSA el ut ed i n t he pr es-

ence of hepar i n/ EDTA was t he same as t hat obser ved af t er el ut i on wi t h det er gent

at 4° C ( Fi g . 1 A) , and pr obabl y r epr esent ed sel ect i ve el ut i on f r om t he cel l sur f ace.

St udi es i n whi ch endot hel i um wi t h bound 125I - AGE- BSA was exposed t o t r ypsi n

( 5 wg/ ml f or 5 mi n at 21 ° C) conf i r med t hat el ut i on wi t h hepar i n/ EDTA r epr esent ed

compl et e r emoval of speci f i cal l y bound cel l sur f ace mat er i al ( dat a not shown) . At

37 ° C, endocyt osi s of AGE- BSAoccur r ed and i n addi t i on t o t he sur f ace- bound ma-

t er i al obser ved at 4° C, an i nt er nal i zed pool f or med ( see bel ow, 37° C st udi es, and

Fi g . 1 B- C) .

To compl ement t he r adi ol i gand bi ndi ng exper i ment s, i nt er act i on of AGE- BSA

col l oi dal gol d conj ugat es wi t h endot hel i umwas st udi ed at 4° C. I ncubat i on of AGE-

BSA- gol d par t i cl es wi t h endot hel i umr esul t ed i n bi ndi ng of gol d par t i cl es t o t he cel l

sur f ace whi ch coul d be el ut ed by br i ef exposur e t o hepar i n/ EDTA ( Fi g . 2, A- B) .

Fur t her mor e, a 100- f ol d mol ar excess of AGE- BSA not bound t o gol d par t i cl es bl ocked

bi ndi ng of AGE- BSA col l oi dal gol d conj ugat es by >95%. Si nce t hese st udi es wer e

car r i ed out i n t he pr esence of FCS( 5%) , whi ch cont ai ns BSAbut not AGEadduct s

of pr ot ei ns ( dat a not shown) , t he obser ved bi ndi ng does not r epr esent BSA- endot hel i al

cel l i nt er act i on . Fur t her mor e, i dent i cal bi ndi ng was obser ved i n t he pr esence of excess

nor mal al bumi n ( I %; dat a not shown) . These r esul t s suggest ed t hat r adi ol i gand bi ndi ng

st udi es at 4° C coul d be done t o assess par amet er s of 115I - AGE- BSA bi ndi ng t o en-

dot hel i al cel l sur f ace .

Bi ndi ng of " ' I - AGE- BSA t o endot hel i um at 4° C was t i me dependent , r eachi ng

an appar ent maxi mumby 3 h, even at t he l owest concent r at i ons of t r acer used ( Fi g .

3 A) . The appar ent second or der r at e const ant f or associ at i on, cal cul at ed f r om t he

dat a i n Fi g . 3 A, was - 0 . 13 x 10' / M/ mi n . The concent r at i on of bi ndi ng si t es used

i n t hi s cal cul at i on was t aken f r om t he dat a i n Fi g . 3 C. Di ssoci at i on st udi es ( Fi g .
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FI GURE 2 .

	

Bi ndi ng of AGE- BSA- col l oi dal gol d conj ugat es t o endot hel i al monol ayer s . ( A- B) .
Endot hel i al cel l monol ayer s wer e i ncubat ed at 4°Cwi t h AGE- BSA- gol d ( 100 nM) f or 2 h, washed,
and t hen ei t her f i xed f or el ect r on mi cr oscopy ( A) or el ut ed wi t h hepar i n ( 10 wg/ ml ) / EDTA
( 5 mM) and t hen pr epar ed f or el ect r on mi cr oscopy ( B) . ( C- D) Monol ayer s wer e i ncubat ed wi t h
AGE- BSA- gol d ( 100 nM) f or 2 h at 4° C, washed, f ur t her i ncubat ed at 37° C f or 2 h ( C) or 20 h
( D) , and t hen pr epar ed f or el ect r on mi cr oscopy. Af t er t he 4° C i ncubat i on, AGE- BSA- col l oi dal
gol d par t i cl es wer e bound t o t he cel l sur f ace ( A) . Cel l s t r eat ed wi t h hepar i n/ EDTA di d not di spl ay
gol d par t i cl es on t he cel l sur f ace ( B) . Af t er 2 h at 37° C, AGE- BSA gol d par t i cl es wer e pr i mar i l y
associ at ed wi t h mul t i vesi cul ar bodi es wi t hi n t he cyt opl asmand bound t o subcel l ul ar mat r i x com-
ponent s ( C) . By 20 h at 37 ° C, l ar ge accumul at i ons of AGE- BSA gol d par t i cl es wer e f ound i n
associ at i on wi t h t he ext r acel l ul ar mat r i x ( D) . Bar , 0. 1 Am.

3 B) i ndi cat ed t hat t he i nt er act i on of 12' 1- AGE- BSA wi t h endot hel i um was r ever s-

i bl e wi t h an appar ent f i r st - or der di ssoci at i on const ant of - 0 . 07/ mi n . Al t hough - 90

mi n was r equi r ed f or compl et e di ssoci at i on, dur i ng t hi s t i me cel l - associ at ed AGE-

BSA r emai ned on t he cel l sur f ace, si nce a 3- mi n exposur e t o buf f er cont ai ni ng

hepar i n/ EDTA r esul t ed i n r api d el ut i on of bound 1251- AGE- BSA, but di d not di s-

r upt t he i nt act monol ayer. SDS- PAGE of cel l - bound r adi ol i gand el ut ed wi t h hepa-
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FI GURE 3 .

	

Bi ndi ng of 125I - AGE- BSAt o endot hel i al cel l monol ayer s at 4° C. ( A) Ti me cour se .
Monol ayer s wer e i ncubat ed wi t h 121 I - AGE- BSA ( 1, 25 nM; 2, 10 nM; 3, 1 nM) al one or i n t he
pr esence of a 100- f ol d mol ar excess of unl abel ed AGE- BSAf or t he i ndi cat ed t i mes. Cul t ur es wer e
t hen washed 10 t i mes and el ut ed wi t h hepar i n/ EDTA as descr i bed i n t he t ext . Speci f i c bi ndi ng,
t ot al bi ndi ng ( obser ved i n t he pr esence of 1251- AGE- BSA al one) mi nus nonspeci f i c bi ndi ng ( ob-
ser ved i n t he pr esence of 125 1- AGE- BSAand excess unl abel ed l i gand) i s shown ( t he mean of dupl i -
cat es) . Low concent r at i ons of r adi ol i gand wer e used i n t hi s st udy t o al l ow det er mi nat i on of i ncu-
bat i on t i mes necessar y t o achi eve appar ent maxi mal bi ndi ng wi t h t hese amount s of 1251-

AGE- BSA ( t hi s i nf or mat i on was necessar y t o car r y out t he exper i ment i n C) . ( B) Rever si bi l i t y .
Monol ayer s wer e i ncubat ed wi t h 125 1- AGE- BSA ( 100 nM) al one ( t ot al bi ndi ng) or i n t he pr es-
ence of a 100- f ol d mol ar excess of unl abel ed AGE- BSA( nonspeci f i c bi ndi ng) f or 4 h and washed
10 t i mes . At t hi s poi nt ( t i me 0) , cul t ur es wer e i ncubat ed f or t he i ndi cat ed addi t i onal t i mes at
4°C. Cul t ur es wer e t hen washed andel ut ed wi t h hepar i n/ EDTA- cont ai ni ng buf f er . Maxi mal speci f i c
bi ndi ng ( t i me 0) was 85 f mol per wel l . The aver age of dupl i cat e det er mi nat i ons of speci f i c bi ndi ng
i s shown as a per cent of maxi mal speci f i c bi ndi ng and i s pl ot t ed ver sus t i me. ( C) Sat ur abi l i t y
of bi ndi ng . Endot hel i al cel l monol ayer s wer e i ncubat ed wi t h t he i ndi cat ed concent r at i ons 1251-

AGE- BSA al one or i n t he pr esence of a 100- f ol d mol ar excess of unl abel ed AGE- BSA f or 4 h
at 4° C. Cul t ur es wer e t hen washed and el ut ed wi t h hepar i n/ EDTA. Speci f i c bi ndi ng ver sus t he
concent r at i on of f r ee t r acer i s pl ot t ed . Dat a wer e anal yzed by t he nonl i near l east squar es pr o-
gr am and t he cur ve i ndi cat es t he best f i t l i ne . ( D) Compet i t i ve bi ndi ng st udi es. Endot hel i al
monol ayer s wer e i ncubat ed wi t h 1251- AGE- BSA ( 100 nM) al one or i n t he pr esence of t he i ndi -
cat ed concent r at i on of ei t her unl abel ed AGE- BSA ( ci r cl es) or nor mal BSA ( di amonds) f or 4 h at
4°C. Maxi mal bi ndi ng ( 90 f mol / wel l ) was def i ned as t he amount of 125I - AGE- BSAbound when
1251- AGE- BSA was i ncubat ed wi t h cul t ur es al one mi nus t he amount of 1251- AGE- BSA bound
i n t he pr esence of a 100- f ol d mol ar excess of unl abel edAGE- BSA. The aver age of dupl i cat e det er -
mi nat i ons i s shown . Det ai l s of exper i ment al pr ocedur e ar e descr i bed i n t he t ext .
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r i n/ EDTA demonst r at ed a si ngl e band t hat mi gr at ed i dent i cal l y t o t he i ni t i al t r acer

wi t h Mr - 67, 000 ( dat a not shown) . Thi s i ndi cat es t hat cel l sur f ace- bound 1251- AGE-

BSAhas not f or med coval ent compl exes wi t h cel l ul ar pr ot ei ns and has not been cl eaved

dur i ng or as a consequence of bi ndi ng, based on compar i son wi t h t he i ni t i al t r acer

by el ect r ophor et i c anal ysi s .

Usi ng t hese condi t i ons f or equi l i br i um bi ndi ng, t he associ at i on of 125 1- AGE- BSA

wi t h endot hel i um was f ound t o be sat ur abl e ( Fi g . 3 C) . Bi ndi ng was hal f - maxi mal

at 99 t 18 nM, and at sat ur at i on t her e wer e 2 . 6 t 0. 3 x 10 6 mol ecul es bound/ cel l .

Exper i ment s i n whi ch 1251- AGE- BSA was di l ut ed wi t h unl abel ed AGE- BSA showed

compar abl e bi ndi ng par amet er s, i ndi cat i ng t hat unl abel ed and l abel ed AGE- BSA

i nt er act ed wi t h endot hel i umsi mi l ar l y. Consi st ent wi t h t hi s i nt er pr et at i on, unl abel ed

AGE- BSA was an ef f ect i ve compet i t or f or 1251- AGE- BSA- endot hel i al cel l bi ndi ng,

wher eas unmodi f i ed BSA was not ( Fi g . 3 D) . These r esul t s suggest ed t hat t he cel l

sur f ace bi ndi ng si t es f or AGE- BSAwer e speci f i c f or t he AGEadduct of t he pr ot ei n .

Thi s l ed us t o exami ne i f AGE adduct s of ot her pr ot ei ns coul d compet e wi t h
125 1- AGE- BSA f or occupancy of t he bi ndi ng si t es ( Fi g. 4) . Al t hough nongl ycosyl at ed

r i bonucl ease and hemogl obi n f ai l ed t o i nhi bi t t he bi ndi ng of 12 ' I - AGE- BSA t o en-

dot hel i um, t he AGE- modi f i ed f or ms of t hese pr ot ei ns wer e compet i t or s . Fur t her evi -

dence emphasi zi ng t he i mpor t ance of AGEmoi et i es f or i nt er act i on wi t h t he cel l ul ar

r ecept or i s der i ved f r om exper i ment s i ndi cat i ng t hat nei t her addi t i on of gl ucose ( at

a concent r at i on of 45 or 90 mM) nor al bumi n i ncubat ed wi t h gl ucose or gl ucose

6- phosphat e f or 1, 3, or 6 d, at whi ch t i me l i t t l e, i f any, AGE i s pr esent ( 29) , i n-

hi bi t ed bi ndi ng of 12 ' I - AGE- BSA t o endot hel i um( Fi g . 4) . However , af t er i ncuba-

t i on of al bumi n wi t h gl ucose or gl ucose 6- phosphat e f or 16 d or mor e, whi ch r esul t s

i n suf f i ci ent AGE adduct f or mat i on ( 9) , t hi s modi f i ed f or m of t he pr ot ei n became

a compet i t or of 12 ' I - AGE- BSA bi ndi ng t o t he cel l sur f ace . These r esul t s suggest ed

t hat t he cel l sur f ace bi ndi ng si t e r ecogni zes t he AGE- modi f i ed der i vat i ves of a va-

r i et y of pr ot ei ns and l ed us t o exami ne subsequent pr ocessi ng of sur f ace bound l i gand .
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FI GURE 4. The ef f ect of AGE-
r i bonucl ease, AGE- hemogl obi n,
and gl ucose on t he bi ndi ng of 1251_

AGE- BSA t o endot hel i um. Endo-
t hel i al monol ayer s wer e i ncubat ed
f or 4 h at 4° C wi t h 1251- AGE- BSA

al one ( 100 nM; f i r st bar ) ( 0) or i n
t he pr esence of one of t he f ol l owi ng
unl abel ed compet i t or s : AGE- BSA
( 10 AM) , AGE- r i bonucl ease ( 10
AM) , r i bonucl ease ( 10 AM) , AGE-
hemogl obi n ( 10 AM) , hemogl obi n

( 10 - ÁM) , or BSA ( al bumi n) i ncu-

bat ed wi t h gl ucose f or t he i ndi cat ed

number of days ( each at a concen-
t r at i on of 20 AM) . Wher e i ndi cat ed

8

	

( gl ucose) , t he i ncubat i on medi um
f or cel l bi ndi ng st udi es was sup-

At DI HD

	

pl ement ed wi t h addi t i onal gl ucose,
ei t her 4, 5 or 90 mM. Dat a shown,
t he aver age of dupl i cat e det er mi na-
t i ons, ar e expr essed as per cent max-

i mal bi ndi ng of 1251- AGE- BSA.



Sever al pi eces of evi dence i ndi cat ed t hat at 37 ° C, bi ndi ng of 1251- AGE- BSA t o

t he cel l sur f ace was f ol l owed by ent r y i nt o an i nt r acel l ul ar compar t ment , pr esum-

abl y by endocyt osi s . Fi r st , i n cont r ast t o t he compl et e el ut i on of r adi ol abel ed AGE-

BSA speci f i cal l y associ at ed wi t h endot hel i umby hepar i n/ EDTA at 4° C, at t he hi gher

t emper at ur e sequent i al t r eat ment of cul t ur es wi t h hepar i n/ EDTA f ol l owed by NP-

40 demonst r at ed an addi t i onal pool of cel l - associ at ed 1251- AGE- BSA onl y el ut abl e

wi t h det er gent ( Fi g . 1, B- C) . Second, di ssoci at i on st udi es demonst r at ed onl y i ncom-

pl et e di ssoci at i on of 1251- AGE- BSA at 37 ° C. Resi dual bound l i gand was not acces-
si bl e on t he cel l sur f ace ; br i ef exposur e of cul t ur es t o t r ypsi n, whi ch r emoves sur f ace-

bound 1251- AGE- BSA ( see above) , onl y achi eved par t i al el ut i on at 37° C. Taken

t oget her , t hese dat a poi nt ed t o t he f or mat i on of an i nt r acel l ul ar pool of 1251- AGE-

BSA at 37 ° C, whi ch f ol l owed i nt er act i on of t he l i gand wi t h a l i mi t ed number of
r ecept or s si nce t he pr esence of excess unl abel ed AGE- BSA pr event ed i t s appear ance .

Based on t hese r esul t s, f ur t her st udi es wi t h 1251- AGE- BSA wer e per f or med t o
char act er i ze t he nat ur e of cel l ul ar pr ocessi ng of t he l i gand at 37' C. For t hese exper i -
ment s, cel l - associ at ed 1251- AGE- BSA was di vi ded i nt o t wo pool s ; sur f ace- bound
r adi ol i gand, el ut ed by br i ef ( 3 mi n) exposur e of t he cel l s t o buf f er cont ai ni ng
hepar i n/ EDTA, and i nt er nal i zed 1251- AGE- BSA, el ut ed by det er gent sol ubi l i zat i on
of monol ayer s wi t h NP- 40 ( 1%) af t er sur f ace- bound mat er i al had been r emoved.
At 37° C, 1251- AGE- BSA ( 160 nM) was bound t o t he cel l sur f ace, r eachi ng a max-
i mumby about 4 h and was al so i n an i nt er nal i zed pool . For mat i on of t he i nt er nal -
i zed pool cor r el at ed wi t h evi dence of endocyt osed l i gand based on vi sual i zat i on of
AGE- BSA col l oi dal gol d conj ugat es ( see bel ow and Fi g . 2, C- D) . I n addi t i on,
1251- AGE- BSA i n cul t ur e super nat ant s at 37° C was appar ent l y becomi ng degr aded,

evi denced by decr eased pr eci pi t at i on of r adi ol abel ed mat er i al i n t r i chl or oacet i c aci d

( Fi g . 5) . Appear ance of degr aded mat er i al i n cul t ur e super nat ant s coul d be pr event ed

by t he addi t i on of excess unl abel ed AGE- BSA, i ndi cat i ng t hat upt ake of t he l i gand

occur r ed by a l i mi t ed number o£ cel l sur f ace bi ndi ng si t es . Taken t oget her , t hese

dat a i ndi cat e t hat endocyt osi s of AGE- BSAwi t h subsequent l ysosomal - medi at ed degr a-

dat i on i s one pat hway by whi ch i nt r acel l ul ar pr ocessi ng occur s . However , degr ada-

t i on coul d al so be occur r i ng i n ot her compar t ment s, such as at t he basal cel l sur f ace

af t er t r anscyt osi s . St udi es wi t h chl or oqui ne, an i nhi bi t or of i nt r acel l ul ar aci di f i cat i on
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FI GURE 5. Bi ndi ng and cel l ul ar pr ocessi ng of 125I -

AGE- BSA by endot hel i al cel l monol ayer s at 37° C. En-
dot hel i al cel l monol ayer s wer e i ncubat ed wi t h 125I -

AGE- BSA( 160 nM) f or t he i ndi cat ed t i mes at 37 0C. The
amount of sur f ace- bound ( hepar i n/ EDTA el ut abl e) ( t r i -
angl e) , i nt er nal i zed ( di amond; NP- 40 el ut abl e af t er pr e-
vi ous hepar i n/ EDTA el ut i on) , and degr aded ( ci r cl e ; ma-
t er i al i n cul t ur e super nat ant s whi ch r emai ned i n t he
sol ubl e phase af t er pr eci pi t at i on of pr ot ei ns i n t r i chl o-
r oacet i c aci d) l i gand was det er mi ned as descr i bed i n t he
t ext . Each poi nt i s t he aver age of dupl i cat e wel l s .
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t hat bl ocks degr adat i on of a var i et y of i nt er nal i zed l i gands ( 13) wer e car r i ed out next
t o pr ovi de addi t i onal suppor t f or a mechani smof AGE- BSApr ocessi ng by a l ysosomal -
dependent mechani sm. The r esul t s wer e i nconcl usi ve, however , si nce t hi s agent al -

t er ed AGE- BSA bi ndi ng t o t he cel l sur f ace and t hus per t ur bed f or mat i on of t he i n-

t r acel l ul ar pool of l i gand . Thus, al t hough t he r adi ol i gand and mor phol ogi c st udi es
bot h suppor t a r ol e f or i nt r acel l ul ar degr adat i on of AGE- BSA, l i gand may al so be

degr aded i n ot her l ocat i ons af t er r ecept or - dependent upt ake by t he cel l s, such as
t he subendot hel i al space.

Ul t r ast r uct ur al st udi es al so i ndi cat ed t hat ent ocyt osi s was occur r i ng at 37° C ( Fi g.

2, C- D) . AGE- BSAcol l oi dal gol d conj ugat es bound t o t he cel l sur f ace wer e i nt er nal -

i zed wi t h t r ansf er of l i gand t o a vesi cul ar compar t ment . Thi s was f ol l owed by ac-

cumul at i on of AGE- BSA gol d par t i cl es i n mul t i vesi cul ar bodi es, l ysosomal - l i ke st r uc-

t ur es, and/ or t r ansf er of gol d par t i cl es t hr ough t he cel l wi t h deposi t i on on t he subcel l ul ar

mat r i x . Af t er 2 h at 37° C, AGE- BSA gol d par t i cl es had accumul at ed pr i mar i l y i n

mul t i vest i cul ar bodi es al t hough smal l cl ust er s and i ndi vi dual par t i cl es wer e associ at ed

wi t h component s of t he ext r acel l ul ar mat r i x ( Fi g. 2 C) . By 20 h, l ar ge aggr egat es

of AGE- BSA gol d par t i cl es wer e associ at ed wi t h mat r i x component s . AGE- BSA gol d

par t i cl es wer e never obser ved wi t hi n i nt er cel l ul ar j unct i ons . Unl abel ed AGE- BSA

coul d bl ock cel l ul ar pr ocessi ng of AGE- BSA gol d par t i cl es, pr esumabl y by bl ocki ng

i t s bi ndi ng t o t he cel l sur f ace . I n addi t i on, gol d par t i cl es conj ugat ed t o nat i ve BSA

di d not demonst r at e si mi l ar i nt r acel l ul ar upt ake and deposi t i on i n t he mat r i x ( dat a

not shown) .

Modul at i on of Endot hel i al Cel l Bar r i er Funct i on by AGE- BSA.

	

I n vi ew of t he associ a-

t i on of advanced gl ycosyl at i on endpr oduct s wi t h vascul ar compl i cat i ons, i n whi ch

i ncr eased vascul ar per meabi l i t y i s of t en evi dent , especi al l y i n di abet es, pet ur bat i on

of endot hel i al bar r i er f unct i on by AGE- BSA was assessed ( Fi g . 6) . Conf l uent en-

FI GURE 6.

	

Ef f ect of AGE- BSAon t he
per meabi l i t y of endot hel i al monol ayer s .
( A) Endot hel i al monol ayer s on f i l t er s
wer e i ncubat ed i n I % FCS al one ( I I I )
or suppl ement ed wi t h AGE- BSA( 250
nM; I I ) f or 48 h and t hen t r ansf er of
[ 3 H] i nul i n acr oss t he monol ayer over
4 h was assessed as descr i bed i n t he t ext .
Passage of [ 3H] i nul i n acr oss a f i l t er
wi t hout cel l s i s shown ( 1) . ( B) Ti me
cour se . Endot hel i al monol ayer s on
f i l t er s wer e i ncubat ed i n gr owt h medi -
umcont ai ni ng 1%FCS suppl ement ed
wi t h AGE- BSA( 500 nM) f or t he i ndi -
cat ed t i mes . Then, cul t ur es wer e
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dot hel i al monol ayer s on f i l t er s f or ma bar r i er r est r i ct i ng t he passage of macr omol ecul es

and l ower mol ecul ar wei ght sol ut es ( Fi g . 6 A) ( 7, 16, 45) . Usi ng t hi s exper i ment al

syst em, cul t ur es i ncubat ed wi t h AGE- BSA demonst r at ed an i ncr ease i n t hei r per -

meabi l i t y ; af t er a 48- h i ncubat i on wi t h AGE- BSA( 250 nM) t her e was a t i me- dependent

i ncr ease i n t he passage of t he i ner t macr omol ecul ar t r acer [ 3H] i nul i n evi dent by 3

h ( Fi g. 6 A) . Per t ur bat i on of endot hel i al bar r i er f unct i on depended on t he amount

of t i me cul t ur es wer e exposed t o AGE- BSA, r equi r i ng - 24 h t o be si gni f i cant l y i n-

cr eased above t he basel i ne ( Fi g. 6 B) . I ncr eased per meabi l i t y of monol ayer s i n r e-

sponse t o AGE- BSA was r ever si bl e, wi t h bar r i er f unct i on bei ng r est or ed by 72 h

af t er r emoval of AGE- BSA and addi t i on of f r esh medi um ( dat a not shown) . The

ef f ect of AGE- BSA on per meabi l i t y was al so dose dependent , bei ng hal f - maxi mal

at 100- 300 nMover sever al exper i ment s, whi ch appr oxi mat el y cor r esponds t o AGE-

BSA concent r at i ons r esul t i ng i n hal f - maxi mal occupancy of t he cel l sur f ace bi ndi ng

si t es . I n cont r ast , addi t i on of excess nor mal BSA ( i n addi t i on t o t hat pr esent i n t he

ser um- cont ai ni ng medi um pr esent i n t he i ncubat i on mi xt ur e) had no ef f ect on

monol ayer per meabi l i t y . These dat a suggest t hat AGE- BSA- i nduced i ncr ease i n en-

dot hel i al per meabi l i t y i s a consequence of AGE- BSA i nt er act i on wi t h t he cel l sur -

f ace r ecept or .

Si nce endot oxi n can al so modul at e endot hel i al per meabi l i t y ( 23) , and t hi s agent

coul d pot ent i al l y be pr esent as a cont ami nant i n t he AGE- BSApr epar at i ons, st udi es

wer e car r i ed t o excl ude t hi s possi bi l i t y ( Fi g . 6 B) . Heat t r eat ment of AGE- BSA

pr event ed i t s ef f ect on endot hel i al per meabi l i t y under condi t i ons t hat we have pr evi -

ousl y f ound not t o af f ect endot oxi n- i nduced al t er at i ons i n a r ange of endot hel i al f unc-

t i ons ( 38; dat a not shown) . I n addi t i on, t he LPS cont ent of AGE- BSA pr epar at i ons

was f ound t o be negat i ve, as moni t or ed by a st andar d l i mul us amoebocyt e assay,

and i n t he pr esence of pol ymyxi n B ( 3) .

Concomi t ant wi t h AGE- BSA- i nduced per t ur bat i on of monol ayer bar r i er f unc-

t i on, t her e was an al t er at i on i n cel l shape/ cyt oskel et al or gani zat i on ( Fi g . 7) . Conf l uent

endot hel i al cul t ur es f or m a cont i guous monol ayer wi t h act i n- based cyt oskel et ons

char act er i zed by var i abl e cent r al st r ess f i ber ar r ays and pr omi nent ci r cumf er ent i al

st r ess f i ber bundl es ( Fi g. 7 A) . Af t er exposur e t o AGE- BSA at 10 nMf or 48 h, a

dose t hat r esul t s i n mi ni mal al t er at i on of bar r i er f unct i on, cel l s wer e cont i guous and

t i ght l y apposed, but bot h per i pher al and cent r al st r ess f i ber ar r ays wer e r educed,

and punct at e act i n f oci appear ed i n t he per i nucl ear cyt opl asm( Fi g . 7 B) . At a hi gher

dose of AGE- BSA ( 100 nMf or 48 h) , or gani zed act i n st r uct ur es wer e al most com-

pl et el y di sr upt ed, r emant s of ci r cumf er ent i al and cent r al st r ess f i ber ar r ays, r epr e-

sent ed by act i n aggr egat es, wer e scat t er ed t hr oughout t he cyt opl asm( Fi g. 7 C) . Con-

comi t ant wi t h t hese advanced changes i n t he act i n- based cyt oskel et on, r et r act i on

of cel l ul ar mar gi ns r esul t ed i n f or mat i on of i nt er cel l ul ar gaps bet ween cont i guous
cel l s . These gaps pr ovi de a par acel l ul ar pat hway f or escape of i nt r avascul ar cont ent s

i nt o t he vessel wal l .

Modul at i on of Endot hel i al Cel l Coagul ant Pr oper t i es by AGE- BSA.

	

Al t er at i ons i n vas-

cul ar per meabi l i t y ar e cl osel y l i nked t o per t ur bat i on of t he coagul at i on mechani sm,

si nce access of pl asma pr ot ei ns t o subendot hel i um, such as woul d r esul t f r omr et r ac-

t i on of endot hel i al cel l s, upr egul at es t he pr ocoagul ant r esponse . Conver sel y, act i va-

t i on of coagul at i on on t he endot hel i al sur f ace l eads t o t he f or mat i on of pr ot eases
and f i br i n t hat can al t er endot hel i al cel l shape and i ncr ease vascul ar per meabi l i t y
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( 16, 27) . These consi der at i ons l ed us t o exami ne i f exposur e of endot hel i umt o AGE-

BSA coul d al t er cer t ai n cel l sur f ace ant i - and pr ocoagul ant pr oper t i es .

Si nce t he cent r al ant i coagul ant pr ot ei n C/ pr ot ei n S pat hway i s cl osel y l i nked t o

endot hel i um, we began our st udi es by exami ni ng modul at i on of t hr omobomodul i n

by AGE- BSA. Thr ombomodul i n i s an endot hel i al cel l sur f ace cof act or pr omot i ng

t hr ombi n- medi at ed f or mat i on of t he ant i coagul ant enzyme act i vat ed pr ot ei n C( 17) .

I ncubat i on of endot hel i al cul t ur es wi t h AGE- BSA at 37° C l ed t o a t i me- dependent

decl i ne i n cel l sur f ace t hr ombomodul i n act i vi t y ( Fi g. 8 A) . Suppr essi on of t hr om-

bomodul i n act i vi t y was evi dent by 1 h, r eached a maxi mumby 20 h, and per si st ed

up t o t he l ongest t i me poi nt s t est ed ( 48 h) . AGE- BSA- i nduced suppr essi on of t hr om-

bomodul i n act i vi t y was al so dependent on t he dose of AGE pr ot ei n added, bei ng

hal f - maxi mal at - 70- 100 nM( Fi g. 8 B) . I n cont r ast , pr ol onged i ncubat i ons or hi gh

concent r at i ons of nat i ve BSA di d not depr ess t hr ombomodul i n act i vi t y ( Fi g . 8, A

and B) . Thi s i ndi cat es t hat t he ef f ect of AGE- BSAon t hi s cel l ul ar ant i coagul ant pr op-

er t y was due t o t he AGEf or mof t he pr ot ei n and par al l el ed occupancy of cel l sur f ace

bi ndi ng si t es ( Fi g . 3 C) , suggest i ng t hat t he cel l - bound l i gand i s medi at i ng t he cel -

l ul ar ef f ect .

I n cont r ast t o t he f al l i n t hr ombomodul i n act i vi t y on t he cel l sur f ace, t ot al cel l ul ar

t hr ombomodul i n ant i gen was not suppr essed ( Fi g. 8 C) , suggest i ng t hat r edi st r i bu-

t i on, possi bl y maki ng i t i naccessi bl e t o t hr ombi n, r at her t han degr adat i on or shed-

di ng, had occur r ed . Vi sual i zat i on of t hr ombomodul i n by i mmunof l uor escence dur i ng

t he i ncubat i on wi t h AGE- BSA( under condi t i ons i n whi ch t he ant i t hr ombomodul i n

ant i body was i ncubat ed wi t h nonper meabi l i zed cel l s so t hat onl y cel l sur f ace l i gand

FI GURE 8.

	

Ef f ect of AGE- BSA on endot hel i al t hr ombomodul i n . ( A) Ti me cour se. Cul t ur es wer e
i ncubat ed wi t h AGE- BSA ( 200 nM) ( open ci r cl es) or medi um suppl ement ed wi t h nor mal BSA
( 200 nM) ( cl osed ci r cl es) at 37° C f or t he i ndi cat ed t i mes and t hen t hr ombomodul i n act i vi t y was
det er mi ned by assessi ng t hr ombi n- medi at ed act i vat i on of pr ot ei n C. ( B) Dose r esponse. Cul t ur es
wer e i ncubat ed wi t h t he i ndi cat ed concent r at i ons of AGE- BSA ( open ci r cl es) or nor mal BSA ( cl osed

ci r cl es) and af t er 5 h at 37 ° C, t hr ombomodul i n act i vi t y was assessed . Dat a i n A- Bar e expr essed
as per cent maxi mal t hr ombomodul i n act i vi t y . ( C) RI A f or t hr ombomodul i n ant i gen. Cul t ur es
wer e i ncubat ed i n medi um suppl ement ed wi t h nor mal BSA ( 250 nM; Co) or AGE- BSA ( 250
nM; AGE- BSA) f or 24 h . Monol ayer s wer e t hen sol ubi l i zed wi t h NP- 40 i n t he pr esence of i nhi bi -
t or s and t hr ombomodul i n ant i gen was assessed by r adi oi mmunoassay . Thr ombomodul i n ant i gen
per 106 cel l s, t he mean t SD, i s shown i n each case, and det ai l s of exper i ment al met hods ar e
descr i bed i n t he t ext .



1400

	

ENDOTHELI UM AND GLUCOSE- MODI FI ED PROTEI NS

FI GURE 9.

	

I mmunof l uor escence st udy of t hr ombomodul i n : ef f ect of AGE- BSA. Endot hel i al cel l
monol ayer s wer e i ncubat ed i n nor mal medi um ( A) or medi um suppl ement ed wi t h AGE- BSA
( 100 nM) ( B) f or 48 h and t hr ombomodul i n was vi sual i zed by i mmunof l uor escence as descr i bed
i n t he t ext . The mi cr ogr aph of t he t r eat ed cul t ur es i n Bdemonst r at es r educed f l uor escence i nt en-
si t y compar ed wi t h t he unt r eat ed cont r ol s i n A. Bar , 10 / Am.

was accessi bl e) , demonst r at ed a decr ease i n f l uor escence i nt ensi t y ( Fi g . 9) . No evi -

dence of i ncr eased t hr ombomodul i n sheddi ng was det ect abl e by i mmunof l uor es-

cence or RI A of super nat ant s f r omAGE- BSA- t r eat ed endot hel i al cul t ur es . Fur t her -

mor e, AGE- BSA di d not have a di r ect ef f ect on t hr ombomodul i n act i vi t y when

exper i ment s wer e per f or med wi t h pur i f i ed t hr ombomodul i n . These dat a suggest t hat

sequest r at i on of t hr ombomodul i n at an i naccessi bl e si t e, wi t h r espect t o enzyme and

subst r at e pr esent i n t he ext r acel l ul ar compar t ment , may be t he pr edomi nant mech-

ani sm of AGE- BSA- medi at ed downr egul at i on of t hi s cel l sur f ace ant i coagul ant .

Al t hough LPShas been r epor t ed t o downr egul at e endot hel i al cel l t hr ombomodul i n

( 34) , pol ymyxi n B ( whi ch was pr esent i n t he i ncubat i on buf f er f or st udi es of en-

dot hel i al coagul ant f unct i on) had no ef f ect on AGE- BSA- medi at ed suppr essi on of

t hr ombomodul i n and heat - t r eat ed AGE- BSA was i nact i ve ( dat a not shown) . Fur -

t her mor e, as descr i bed above, no LPS was det ect abl e i n t he AGE- BSA pr epar at i ons

used .

I n par al l el wi t h suppr essi on of t he cel l sur f ace act i vi t y of t he ant i coagul ant cof act or

t hr ombomodul i n, exposur e of endot hel i umt o AGE- BSA l ed t o an i ncr ease i n en-

dot hel i al cel l pr ocoagul ant act i vi t y, whi ch was t i ssue f act or , based on i t s i nhi bi t i on

i n t he pr esence of a neut r al i zi ng monocl onal ant i body ( Fi g . 10) . I nduct i on of t i ssue

f act or occur r ed st eadi l y over sever al days and coul d be i nhi bi t ed i n t he pr esence of

cycl ohexi mi de, i ndi cat i ng t he i mpor t ance of de novo pr ot ei n synt hesi s f or expr es-

si on of t hi s pr ocoagul ant act i vi t y ( Fi g . 10 A) . The ef f ect of AGE- BSA on t i ssue f act or

was al so dependent on t he dose of AGE- BSA added, bei ng hal f - maxi mal at t i 100- 150

nM( Fi g. 10 B) . As wi t h AGE- BSA- medi at ed suppr essi on of t hr ombomodul i n, heat -

t r eat ed AGE- BSAwas i nef f ect i ve and pol ymyxi n B ( t he l at t er was added t o cul t ur e

medi um i n al l exper i ment s exami ni ng endot hel i al t i ssue f act or expr essi on) had no
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FI GURE 10 . Ef f ect of AGE-
BSA on endot hel i al cel l t i ssue
f act or act i vi t y. ( A) Ti me cour se .
Endot hel i al monol ayer s wer e i n-
cubat ed f or t he i ndi cat ed t i mes
i n medi um suppl ement ed wi t h
AGE- BSA ( 220 nM) . Wher e
i ndi cat ed, cycl ohexi mi de was
added t o cul t ur es si mul t ane-
ousl y wi t h AGE- BSA ( x) . Ti s-
sue f act or act i vi t y was t hen as-
sessed as descr i bed i n t he t ext .
( B) Dose r esponse . Endot hel i al
cel l monol ayer s wer e i ncubat ed

f or 48 h i n medi um suppl ement ed wi t h t he i ndi cat ed amount of AGE- BSA and t i ssue f act or act i vi t y
was assessed . ( C) Ef f ect of TNF on AGE- BSA- i nduced t i ssue f act or act i vi t y . Endot hel i al cel l monol ayer s

wer e i ncubat ed wi t h nor mal medi um or medi um suppl ement ed wi t h AGE- BSA ( 55 nM) . Then t he
i ncubat i on per i od was cont i nued f or 6 h usi ng ei t her t he same medi umor medi um suppl ement ed wi t h
TNF ( 0. 03 nM) . Wher e i ndi cat ed, AGE- BSA was r epl aced by heat - t r eat ed AGE- BSA ( 0 . 5 wM) ( heat ) .
Ti ssue f act or act i vi t y of monol ayer s was t hen assessed . Det ai l s of exper i ment al pr ocedur e ar e descr i bed

i n t he t ext . The aver age of dupl i cat e det er mi nat i ons i s shown . 0, cul t ur es i ncubat ed i n nor mal medi um
al one; AGE- BSA, cul t ur es i ncubat ed i n medi umsuppl ement ed wi t h AGE- BSA; TNF, cul t ur es i ncubat ed
i n nor mal medi um f or 48 h f ol l owed by a 6- h i ncubat i on wi t h TNF; AGE- BSA + TNF, cul t ur es i n-
cubat ed wi t h medi um suppl ement ed wi t h AGE- BSA f or 48 h f ol l owed by a 6- h i ncubat i on wi t h TNF.

Dat a shown ar e t he means t SD.

ef f ect . Fur t her mor e, nat i ve BSA had no ef f ect on endot hel i al t i ssue f act or act i vi t y .

Taken t oget her , t hese dat a i ndi cat e t hat AGE- BSA bound t o i t s speci f i c bi ndi ng si t es

was t he act i ve speci es f or i nduct i on of t i ssue f act or i n t hese st udi es .

I n vi ew of t he sust ai ned i nduct i on of l owamount s of t i ssue f act or i n endot hel i um

by AGE- BSA, we exami ned whet her AGE- BSA coul d pr i me t he cel l s t o r espond

t o a chal l enge wi t h TNF, an agent t hat r esul t s i n t he i nduct i on of gr eat er amount s

of t i ssue f act or act i vi t y, but wi t hi n hour s ( 5, 38) . Addi t i on of TNF ( 0 . 03 nM) t o

cul t ur es i ncubat ed wi t h AGE- BSA ( 55 nM) gave enhanced i nduct i on of pr ocoagul ant

act i vi t y compar ed wi t h ei t her agent al one ( Fi g . 10 C) . Exper i ment s car r i ed out wi t h

endot hel i al cul t ur es pr ei ncubat ed f or 3 d wi t h AGE- BSA and t hen exposed t o sev-

er al l ow concent r at i ons of TNF ( 0 . 05- 0 . 2 nM) al so demonst r at ed i ncr eased t i ssue

f act or i nduct i on, compar ed wi t h t hat obser ved when ei t her agent was pr esent al one.

Di scussi on

The r esul t s of t hi s st udy i ndi cat e t hat endot hel i umexpr esses a bi ndi ng si t e t hat

sel ect i vel y i nt er act s wi t h gl ucose- modi f i ed BSA( AGE- BSA) , and pr obabl y ot her AGE-

modi f i ed pr ot ei ns as wel l , i n a manner di st i nct f r om nor mal al bumi n ( 32, 42, 43) .

Al bumi n, whi ch has a hal f - l i f e i n t he ci r cul at i on of - 19 d, has det ect abl e AGEs wi t hi n

3 d of exposur e t o hi gh gl ucose concent r at i ons ( 12) and has suf f i ci ent AGEs wi t hi n

16 d t o i nt er act wi t h t he endot hel i al cel l bi ndi ng si t e ( Fi g . 4) . I t i s t her ef or e l i kel y

t hat smal l amount s of ci r cul at i ng gl ucose- modi f i ed ( AGE) pl asma pr ot ei ns ( such

as I gs, al bumi n, and l i popr ot ei ns) ar e bound by t he vascul ar endot hel i um i n vi vo .

The pr esence of t hese bi ndi ng si t es or put at i ve r ecept or s f or AGE adduct s of pr o-

t ei ns on t he vessel sur f ace suggest s t hat t hei r i nt er act i on wi t h endot hel i um coul d

r esul t i n cl ear ance f r omt he i nt r avascul ar space and/ or modul at i on of vascul ar f unc-

t i on . Consi st ent wi t h t hi s concept , cel l sur f ace bi ndi ng of r adi ol abel ed AGE- BSA
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i s f ol l owed by endocyt osi s wi t h subsequent degr adat i on and/ or t r anscyt osi s . Of l ar ger

i n vi vo si gni f i cance, however , may be t he i nt er act i on of endot hel i al AGE- bi ndi ng

si t es wi t h subendot hel i al AGEpr ot ei ns i n t he mat r i x, whi ch accumul at e due t o t hei r

sl ow t ur nover r at e ( 8, 10, 11, 33) . Al t hough endot hel i ummay pl ay a r ol e i n t he cl ear -
ance of t hese AGEs, our dat a i ndi cat e t hat occupancy of t he endot hel i al AGEbi ndi ng

si t e r esul t s i n per t ur bat i on of endot hel i al bar r i er and coagul ant f unct i on, pot ent i al l y

cont r i but i ng t o t he pat hogenesi s of di abet i c mi cr ovascul ar hyper per meabi l i t y and

hyper coagul abi l i t y .

The bi ndi ng of AGE- BSA t o endot hel i um r epor t ed her e shar es sever al f eat ur es
i n common wi t h t hat pr evi ousl y r epor t ed f or t he i nt er act i on of 1251- AGE- BSA wi t h

macr ophages ( 52) . I n bot h cases a l i mi t ed number of bi ndi ng si t es speci f i c f or t he

AGE moi et y of t he pr ot ei n wer e pr esent wi t h a Kd of - 70- 100 nM. St r uct ur al l y,

i t i s possi bl e t hat di f f er ent bi ndi ng si t es exi st on macr ophages and endot hel i al cel l s

t hat r ecogni ze onl y some of t he l ar ge f ami l y of AGEadduct s . For exampl e, t he chem-

i cal l y def i ned AGEadduct FFI ( 39) i s not r ecogni zed by t he endot hel i al AGE- bi ndi ng

si t e, al t hough i t bi nds t o t he macr ophage wi t h compar abl e af f i ni t y t o AGE- BSAand
can el i ci t f unct i onal al t er at i ons, such as cyt oki ne el abor at i on ( 54) .

Exposur e of endot hel i al cul t ur es t o AGE- BSA r esul t ed i n al t er at i ons i n cel l
shape/ cyt oskel et on al ong wi t h pet ur bat i on of bar r i er and coagul ant f unct i on . I n con-
t r ast t o t he ef f ect of TNF on endot hel i al per meabi l i t y, whi ch was maxi mal wi t hi n

sever al hour s ( 7) , AGE- BSA- i nduced per t ur bat i on of endot hel i al per meabi l i t y r e-

qui r ed sever al days . I ncr eased per meabi l i t y t o [ 3H] i nul i n occur r ed concomi t ant l y

wi t h AGE- BSA- i nduced f or mat i on of i nt er cel l ul ar gaps i n t he monol ayer , pr esum-

abl y due t o t hi s par acel l ul ar pat hway. Enhanced vascul ar per meabi l i t y coul d i ncr ease

access of pl asma pr ot ei ns f r omt he i nt r avascul ar space t o t he subendot hel i um, pot en-
t i al l y pr ovi di ng a basi s f or t he accumul at i on of pr ot ei n i n t he vessel wal l , such as
has been obser ved i n di abet i c and agi ng vascul at ur e ( 8, 10, 11, 33) . I n addi t i on, af t er
bi ndi ng t o t he cel l sur f ace, AGE- BSAwas appar ent l y t r anscyt osed and deposi t ed
wi t hi n hour s on t he endot hel i al - der i ved ext r acel l ul ar mat r i x . Thus, t r anscyt osi s of
AGE- BSAwas pr obabl y al so cont r i but i ng t o t he per meabi l i t y def ect . The pr esence

of t hese mechani sms del i ver i ng AGEs t o t he basement membr ane coul d expl ai n,
at l east i n par t , t hei r deposi t i on i n t hi s l ocus i n vi vo and t hei r pot ent i al cont r i but i on

as l ong- t er m r egul at or s of endot hel i al f unct i on by al t er i ng t he composi t i on of t he

ext r acel l ul ar mat r i x .
Al t hough our f i ndi ngs wi t h AGE- BSA and cul t ur ed bovi ne aor t i c endot hel i um

and t hose r ecent l y r epor t ed by Pr edescu et al . ( 40) wi t h gl ycoal bumi n and nat i ve

mur i ne cor onar y endot hel i um ar e i n gener al agr eement , t her e ar e mul t i pl e di f f er -

ences, as wel l . Pr edescu et al . demonst r at ed bi ndi ng of gol d- l abel ed gl ycoal bumi n

t o endot hel i um t hat was par t i al l y i nhi bi t abl e by nat i ve al bumi n and gl ucose, and

al most compl et el y bl ocked by t he combi nat i on of t hese t wo. I n cont r ast , our dat a

i ndi cat e t hat nei t her of t hese agent s af f ect ed AGE- BSA bi ndi ng t o t he sur f ace of

cul t ur ed endot hel i al cel l s . Ther e ar e sever al possi bl e expl anat i ons f or t hese di f f er -

ences. On t he one hand, t he sour ce of endot hel i um i n t he t wo st udi es was qui t e

di f f er ent , i . e. , cul t ur ed l ar ge vessel bovi ne endot hel i um and nat i ve mi cr ovascul ar

endot hel i um. Mor e i mpor t ant l y, t he gl ycoal bumi n used by Pr edescu et al . was pr e-

par ed by i ncubat i ng al bumi n wi t h gl ucose ( at 90 mM) f or 14 d, and was di st i ngui shed

f r omnongl ycosyl at ed al bumi n by t he pr esence of an abundance of ear l y gl ycosyl a-

t i on pr oduct s ( Amador i ; r ef er ence 11) . We have pr evi ousl y f ound t hat det ect abl e
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amount s of AGEf or munder t hese condi t i ons ( 9) , t hus account i ng f or t he compet i -

t i ve i nhi bi t i on shown at 16 d usi ng our pr epar at i ons ( Fi g . 4) . However , our gl ycosyl at ed

al bumi n pr epar at i ons have been shown t o be maxi mal l y modi f i ed by AGEaf t er 6 wk

of i ncubat i on wi t h gl ucose ( unpubl i shed obser vat i on) . Fut ur e st udi es of t he bi ndi ng

of AGE- BSA and ot her f or ms of gl ycosyl at ed al bumi n t o t he vessel sur f ace i n vi vo,

and t o di f f er ent t ypes of endot hel i umi n vi t r o, wi l l be r equi r ed t o r esol ve t hese quest i ons .

I n addi t i on t o i ncr easi ng per meabi l i t y of t he endot hel i al monol ayer t o i nt r avas-

cul ar sol ut es, AGE- BSA modul at ed endot hel i al coagul ant f unct i on, pot ent i al l y

pr omot i ng act i vat i on of t he cl ot t i ng mechani sm on t he vessel sur f ace; expr essi on

of t hr ombomodul i n was suppr essed and i nduct i on of t i ssue f act or was enhanced .

The ef f ect s of AGE- BSAon t hese endot hel i al coagul ant pr oper t i es wer e sl ower i n

t hei r onset and mor e sust ai ned, compar ed wi t h t he mor e r api d ef f ect s of cyt oki nes

such as TNF ( 4, 7, 14, 19, 35, 38) . Fur t her mor e, i n cont r ast t o TNF, whi ch decr eases

t ot al t hr ombomodul i n ant i gen i n par al l el wi t h t he f al l i n cel l sur f ace t hr ombomodul i n

act i vi t y ( 14, 19, 35) , AGE- BSA di d not depr ess t he pool of t ot al t hr ombomodul i n

ant i gen, but r at her exer t ed i t s ef f ect mor e sel ect i vel y on accessi bi l i t y of t he cel l sur -

f ace r ecept or . I nduct i on of t i ssue f act or i n r esponse t o AGE- BSAwas al so qui t e di f f er ent

t han t he r esponse t o cyt oki nes, such as TNF or I L- 1 ( 4, 7, 38, 45) . At l east 2- 3 d

wer e r equi r ed f or i nduct i on of maxi mal t i ssue f act or act i vi t y wi t h AGE- BSA and

t hat act i vi t y was mai nt ai ned f or sever al days when AGE- BSA was al l owed t o r emai n

i n t he cul t ur e medi um. I n cont r ast , t he cyt oki nes i nduce maxi mal t i ssue f act or ac-

t i vi t y by - 6 h, whi ch subsequent l y decays t o t he basel i ne by 24 h, even when pr esent

at l ower concent r at i ons ( 7, 38, 45) . These f i ndi ngs, t aken t oget her wi t h t he r esul t s

descr i bed above, suppor t our concl usi on t hat t he ef f ect s of AGE- BSAon endot hel i um

ar e medi at ed, at l east i ni t i al l y, by mechani sms i nvol vi ng AGE- BSA i nt er act i on di r ect l y

wi t h i t s cel l sur f ace r ecept or . The possi bl e r ol e of AGE- medi at ed i nduct i on of en-

dot hel i al cyt oki ne el abor at i on i n expl ai ni ng l onger - t er m ef f ect s of t hese modi f i ed

pr ot ei ns on endot hel i um r emai ns t o be exami ned . I n t hi s cont ext , i n pi l ot st udi es

we wer e unabl e t o demonst r at e i nduct i on of I L- 1 synt hesi s dur i ng exposur e of en-

dot hel i al cul t ur es t o AGE- BSA.

These st udi es r epr esent an i ni t i al char act er i zat i on of t he i nt er act i on of AGE- pr ot ei ns,

wi t h AGE- BSA as a pr ot ot ype, wi t h endot hel i um. Many i mpor t ant i ssues r emai n

t o be exami ned, such as compar i son of t he endot hel i al cel l r ecept or ( of mi cr o- and

macr ovascul ar - der i ved cel l s) wi t h i t s count er par t r ecent l y descr i bed on macr ophages,

t he abi l i t y of t he r ecept or t o i nt er act wi t h a spect r umof AGE- pr ot ei ns, and t he f ul l

r ange of cel l ul ar pr oper t i es modul at ed by AGE- BSA endot hel i al i nt er act i on . Si nce

AGE- pr ot ei ns accumul at e i n t he basement membr ane, modul at i on of endot hel i al

cel l f unct i on by an abnor mal ext r acel l ul ar mat r i x must be exami ned . I n t hi s con-

t ext , pr el i mi nar y st udi es i ndi cat e t hat modul at i on of coagul ant pr oper t i es can occur

wi t h endot hel i al cel l s seeded on AGEmat r i x . Al t hough t he i n vi vo physi ol ogi c r el e-

vance of t hese f i ndi ngs i n cel l cul t ur e i s not yet cl ear , t hey may pr ovi de a basi s f or

t he i ni t i at i on of ear l y vascul ar pat hol ogy as mani f est ed by i ncr eased per meabi l i t y,

as wel l as wi despr ead coagul opat hy .

Summar y

Advanced gl ycosyl at i on end pr oduct s ( AGE) of pr ot ei ns accumul at e i n t he vas-

cul at ur e wi t h di abet es and agi ng, and ar e t hought t o be associ at ed wi t h vascul ar
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compl i cat i ons . Thi s l ed us t o exami ne t he i nt er act i on of AGE- BSA as a pr ot ot ype
of t hi s cl ass of nonenzymat i cal l y gl ycosyl at ed pr ot ei ns subj ect ed t o f ur t her pr ocessi ng,
wi t h endot hel i um. I ncubat i on of " ' I - AGE- BSA wi t h cul t ur ed bovi ne endot hel i um
r esul t ed i n t i me- dependent , sat ur abl e bi ndi ng t hat was hal f - maxi mal at a concen-
t r at i on of - 100 nM. Al t hough unl abel ed nor mal BSA was not a compet i t or , unl a-
bel ed AGE- BSA was an ef f ect i ve compet i t or of 125 I - AGE- BSA- endot hel i al cel l i n-
t er act i on . I n addi t i on, AGE modi f i cat i on of t wo al t er nat i ve pr ot ei ns, hemogl obi n
and r i bonucl ease, r ender ed t hem i nhi bi t or s of " 5 I - AGE- BSA bi ndi ng t o endot he-
l i um, al t hough t he nat i ve, unmodi f i ed f or ms of t hese pr ot ei ns wer e not . At 37 ° C,
bi ndi ng of " ' I - AGE- BSA or gol d- l abel ed AGE- BSA was f ol l owed by i nt er nal i za-
t i on and subsequent segr egat i on ei t her t o a l ysosomal compar t ment or t o t he
endot hel i al - der i ved mat r i x af t er t r anscyt osi s . Exposur e of endot hel i umt o AGE- BSA
l ed t o per t ur bat i on of t wo i mpor t ant endot hel i al cel l homeost at i c pr oper t i es, coagu-
l ant and bar r i er f unct i on . AGE- BSA downr egul at ed t he ant i coagul ant endot hel i al
cof act or t hr ombomodul i n, and i nduced synt hesi s and cel l sur f ace expr essi on of t he
pr ocoagul ant cof act or t i ssue f act or over t he same r ange of concent r at i ons t hat r esul t ed
i n occupancy of cel l sur f ace AGE- BSA bi ndi ng si t es . I n addi t i on, AGE- BSA i ncr eased
endot hel i al per meabi l i t y, r esul t i ng i n accel er at ed passage of an i ner t macr omol ecul ar

t r acer , [ 3 H] i nul i n, acr oss t he monol ayer . These r esul t s i ndi cat e t hat AGE der i va-

t i ves of pr ot ei ns, pot ent i al l y i mpor t ant const i t uent s of pat hol ogi c vascul ar t i ssue,

bi nd t o speci f i c si t es on t he endot hel i al cel l sur f ace and modul at e cent r al endot hel i al

cel l f unct i ons . The i nt er act i on of AGE- modi f i ed pr ot ei ns wi t h endot hel i ummay pl ay

an i mpor t ant r ol e i n t he ear l y st ages of i ncr eased vascul ar per meabi l i t y, as wel l as

vessel wal l - r el at ed abnor mal i t i es of t he coagul at i on syst em, char act er i st i c of di abet es

and agi ng .

Dr . Godman ( Depar t ment of Pat hol ogy, Col umbi a Uni ver si t y) pr ovi ded i nval uabl e sugges-
t i ons and cr i t i que of t hi s manuscr i pt . We t hank Sam Rover f or hi s gener ous cont r i but i on .

Recei vedf or publ i cat i on 14 June 1989.
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