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Summar y

Funct i onal i nt er act i ons bet ween T and B l ymphocyt es ar e necessar y f or opt i mal act i vat i on of

an i mmune r esponse . Recent l y, t he T l ymphocyt e r ecept or CD28 was shown t o bi nd t he B7

count er - r ecept or on act i vat ed B l ymphocyt es, and subsequent l y t o cost i mul at e i nt er l euki n 2

pr oduct i on and T cel l pr ol i f er at i on . CTLA- 4 i s a pr edi ct ed membr ane r ecept or f r om cyt ot oxi c

T cel l s t hat i s homol ogous t o CD28 and whose gene maps t o t he same chr omosomal band as

t he gene f or CD28 . I t i s not known, however , i f CD28 and CTLA- 4 al so shar e f unct i onal pr oper t i es .

To i nvest i gat e f unct i onal pr oper t i es of CTLA4, we have pr oduced a sol ubl e genet i c f usi on bet ween

t he ext r acel l ul ar domai n of CTLA- 4 and an i mmunogl obul i n Cy chai n . Her e, we show t hat

t he f usi on pr ot ei n encoded by t hi s const r uct , CTLA4I g, bound speci f i cal l y t o B7- t r ansf ect ed

Chi nese hamst er ovar y cel l s and t o l ymphobl ast oi d cel l s. CTLA4I g al so i mmunopr eci pi t at ed

B7 f r om cel l sur f ace 1251- l abel ed ext r act s of t hese cel l s . The avi di t y of 1251- l abel ed B7I g f usi on

pr ot ei n f or i mmobi l i zed CTLA4I g was est i mat ed ( Kd - 12 nM) . Fi nal l y, we show t hat CTLA4I g

was a pot ent i nhi bi t or of i n vi t r o i mmune r esponses dependent upon cel l ul ar i nt er act i ons bet ween

T and B l ymphocyt es . These f i ndi ngs pr ovi de di r ect evi dence t hat , l i ke i t s st r uct ur al homol ogue

CD28, CTLA4 i s abl e t o bi nd t he 137- count er - r ecept or on act i vat ed B cel l s. Lymphocyt e i nt er act i ons

i nvol vi ng t he B7 count er - r ecept or ar e f unct i onal l y i mpor t ant f or al l oant i gen r esponses i n vi t r o .

T
he hal l mar k of a ver t ebr at e i mmune syst em i s t he abi l i t y

t o di scr i mi nat e bet ween sel f and nonsel f . Thi s pr oper t y

has l ead t o t he evol ut i on of a syst em r equi r i ng mul t i pl e si gnal s

t o achi eve opt i mal act i vat i on of i mmunocompet ent cel l s ( 1) .

I t was pr oposed >20 yr ago t hat B l ymphocyt e act i vat i on

r equi r es t wo si gnal s ( 2) . Now i t i s bel i eved t hat al l l ympho-

cyt es r equi r e bot h an ant i gen- speci f i c si gnal , as wel l as a second

nonspeci f i c one ( 1) .

The si gnal s r equi r ed f or a Th cel l ant i geni c r esponse ar e

usual l y pr ovi ded by APC. The f i r st si gnal i s i ni t i at ed by i n-

t er act i on of t he TCR compl ex ( 3) wi t h ant i gen pr esent ed

i n t he cont ext of cl ass I I MHC mol ecul es on t he APC ( 4) .

Thi s ant i gen- speci f i c si gnal i s not suf f i ci ent t o gener at e a f ul l

r esponse, and i n t he absence of a second si gnal may l ead t o

cl onal i nact i vat i on or aner gy ( 5) . The r equi r ement f or a second

" cost i mul at or y" si gnal pr ovi ded by t he APChas been demon-

st r at ed i n a number of exper i ment al syst ems ( 5, 6) . The mo-

l ecul ar nat ur e of t hese second si gnal ( s) i s not compl et el y un-

der st ood, al t hough bot h sol ubl e mol ecul es, such as I L- 1 ( 6) ,

and membr ane- bound adhesi on r ecept or s ( 7) can pr ovi de

cost i mul at or y si gnal s i n some syst ems .

St udi es wi t h mAbs have i ndi cat ed t hat t he homodi mer i c

T cel l sur f ace mol ecul e CD28 may al so pr ovi de a cost i mul a-

t or y si gnal t o T l ymphocyt es ( 8) . CD28 appear s t o f unct i on

as a r egul at or of T cel l - der i ved cyt oki nes ( 9) , pr i mar i l y by

st abi l i zi ng t hei r mRNAs ( 10) , but al so by r egul at i ng t r an-

scr i pt i on of t hese genes ( 8, 11) . Ear l i er st udi es f r omour l ab-

or at or y have shown t hat CD28 i s a count er - r ecept or f or t he

B cel l act i vat i on ant i gen B7 ( 12) . Mor e r ecent l y, we have

char act er i zed t he i nt er act i ons bet ween CD28 and B7 usi ng

genet i c f usi ons of t he ext r acel l ul ar por t i ons of B7 and CD28,

and I g C71 chai ns ( 13) . I mmobi l i zed B7I g f usi on pr ot ei n,

as wel l as B7+ CHOcel l s, cost i mul at ed T cel l pr ol i f er at i on.

T cel l st i mul at i on wi t h B7+ CHO cel l s al so speci f i cal l y

st i mul at ed i ncr eased l evel s of 11, 2 t r anscr i pt s . An i ndi cat i on

of t he r ol e of CD28/ B7 i nt er act i ons i n t he f unct i onal col l ab-

or at i on bet ween Th and B l ymphoi d cel l s was pr ovi ded by

t he demonst r at i on t hat mAbs t o bot h CD28 and B7 speci f i cal l y

bl ocked Th- medi at ed I g pr oduct i on by B cel l s ( 14) . Addi -

t i onal st udi es by ot her s have shown t hat ant i - CD28 mAb

i nhi bi t ed I 1r 2 pr oduct i on i nduced i n cer t ai n T cel l l eukemi a

cel l l i nes by cel l ul ar i nt er act i ons wi t h a B cel l l eukemi a l i ne ( 15) :

St r uct ur al l y, CD28 i s a member of t he I g super f ami l y,

havi ng a si ngl e ext r acel l ul ar V- l i ke domai n ( 16) . A homol o-

gous mol ecul e, CTLA4, was i dent i f i ed by di f f er ent i al

scr eeni ng of a mur i ne cyt ol yt i c T cel l cDNA l i br ar y ( 17) .
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Tr anscr i pt s f or t hi s mol ecul e wer e f ound i n T cel l popul a-

t i ons havi ng cyt ot oxi c act i vi t y, suggest i ng t hat CTLA4 mi ght

f unct i on i n t he cyt ol yt i c r esponse ( 17, 18) . Agene f or t he

human count er par t of CTLA4 has al so been cl oned and

mapped ( 19) t o t he same chr omosomal r egi on ( 2833- 34) as

CD28 ( 20) . Sequence compar i son bet ween human CTLA- 4

and CD28 pr ot ei ns r eveal ed si gni f i cant homol ogy bet ween

t he pr ot ei ns, wi t h t he gr eat est degr ee of homol ogy bei ng

i n t he j uxt amembr ane and cyt opl asmi c r egi ons ( 18, 19) .

The hi gh degr ee of homol ogy bet ween CD28 and CTLA4,

t oget her wi t h t he col ocal i zat i on of t hei r genes, r ai ses ques-

t i ons as t o whet her t hese mol ecul es ar e al so f unct i onal l y

r el at ed . However , si nce a pr ot ei n pr oduct of CTLA4 has not

yet been i dent i f i ed, t hese quest i ons r emai n unanswer ed . I n

t hi s paper , we have exami ned t he abi l i t y of CTLA- 4 t o bi nd

t he B7 count er - r ecept or . We have t aken t he appr oach of con-

st r uct i ng a genet i c f usi on encodi ng CTLA4I g, a sol ubl e mol -

ecul e compr i si ng t he ext r acel l ul ar domai n of CTLA- 4 j oi ned

t o an I g Cy1 chai n . We have st udi ed bi ndi ng pr oper t i es of

CTLA 4I g and have det er mi ned i t s f unct i onal ef f ect s on i n

vi t r o T and B l ymphocyt e r esponses.

Mat er i al s and Met hods

mAbs and I g Fusi on Pr ot ei ns .

	

Mur i ne mAbs 9. 3 ( ant i - CD28)

and G19- 4 ( ant i - CD3) , G3- 7 ( ant i - CD7) , BB- 1 ( ant i - B7 ant i gen) ,

and r at mAb 187. 1 ( ant i - mouse t c chai n) have been descr i bed pr evi -

ousl y ( 21- 23) , and wer e pur i f i ed f r om asci t es bef or e use . The hy-

br i doma pr oduci ng mAb OKT8 was pur chased f r om t he Amer -

i can Type Cul t ur e Col l ect i on ( Rockvi l l e, MD) and t he mAb was

al so pur i f i ed f r om asci t es bef or e use. mAb 4G9 ( ant i - CD19) was

gener ousl y pr ovi ded by Dr . E. Engl eman ( St anf or d Uni ver si t y) .

Pur i f i ed human- mouse chi mer i c mAb L6 ( havi ng human Cyl Fc

por t i on) was a gi f t of Mar gi t Gayl e and Dr . Per r y Fel l ( Oncogen,

Seat t l e, WA) . Recept or I g Cy f usi on pr ot ei ns B7I g, CD5I g, and

CD28I g wer e pr epar ed as pr evi ousl y descr i bed ( 13) .

Cel l Cul t ur e and Tr ansf ect i ons.

	

COScel l s wer e t r ansf ect ed wi t h

expr essi on pl asmi ds as descr i bed ( 13) . I g f usi on pr ot ei ns wer e pur i f i ed

f r om ser um- f r ee condi t i oned medi umf r om t r ansf ect ed COS cel l s

by pr ot ei n A af f i ni t y chr omat ogr aphy ( 13) . 137' CHO and

CD28' CHOhave been pr evi ousl y descr i bed ( 13) . CD7' CHO

cel l s wer e i sol at ed by cot r ansf ect i on and ampl i f i cat i on of an ex-

pr essi bl e CD7 cDNA cl one ( 24) as descr i bed ( 12) . CHOt r ansf ec-

t ant s wer e mai nt ai ned i n DMEMsuppl ement ed wi t h 10%FCS,

0. 2 mMpr ol i ne, and 1 AMmet hot r exat e . The EBVt r ansf or med

l ymphobl ast oi d cel l l i nes ( LCL) , ' PMand T51, wer e mai nt ai ned

i n RPMI 1640 suppl ement ed wi t h 10%FCS.

Pol ymer ase Chai n React i on .

	

DNAf r agment s wer e ampl i f i ed by

PCR( 25) , usi ng pr i mer pai r s descr i bed bel ow. PCRr eact i ons ( 0 . 1

ml f i nal vol ume) wer e r un i n Taq pol ymer ase buf f er ( St r at agene,

Tor r ey Pi nes, CA) , cont ai ni ng 20 Amol each dNTP; 50- 100 pmol

of t he i ndi cat ed pr i mer s; t empl at e ( 1 ng pl asmi d or cDNA synt he-

si zed f r om<1 Ag t ot al RNAusi ng r andomhexamer pr i mer ; r ef er -

ence 26) ; and Taq pol ymer ase ( St r at agene) . React i ons wer e r un on

a t her mocycl er ( Per ki n El mer - Cet us) f or 16- 30 cycl es ( a t ypi cal cycl e

consi st ed of st eps of 1 mi n at 94° C, 1- 2 mi n at 50° C, and 1- 3

mi n at 72° C) .

Pl asmi d Const r uct i on.

	

cDNAs encodi ng CD7 ( 24) , CD28 ( 16) ,

' Abbr evi at i on used i n t hi s paper . LCL, l ymphobl ast oi d cel l l i nes.
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CTLA- 4 Bi nds t he B7 Ant i gen

and B7 ( 27) have been descr i bed pr evi ousl y . Const r uct i on of

OMCD28, a CD28 cDNA modi f i ed f or mor e ef f i ci ent expr essi on

by r epl aci ng t he si gnal pept i de wi t h t he anal ogous r egi on f r om

oncost at i n M( 28) , and t he B7I g and CD28I g expr essi on pl asmi ds

have al so been descr i bed ( 13) .

Agenet i c f usi on encodi ng CTLA4I g const r uct was made es-

sent i al l y as descr i bed pr evi ousl y f or t he CD28I g const r uct ( 13) .

The ext r acel l ul ar domai n o£ CTLA4 was cl oned by PCR usi ng

synt het i c ol i gonucl eot i des cor r espondi ng t o t he publ i shed sequence
( 19) . Si nce a si gnal pept i de f or CTLA- 4 was not i dent i f i ed i n t he

CTLA- 4 gene, t he NHz t er mi nus of t he pr edi ct ed sequence of

CTLA- 4 was f used t o t he si gnal pept i de of oncost at i n M( 28) i n

t wo st eps usi ng over l appi ng ol i gonucl eot i des . For t he f i r st st ep,

t he ol i gonucl eot i de CTCAGTCTGGTCCTTGCACTCCTGTTT

CCAAGCATGGCGAGCATGGCAATGCACGTGGCCCAGCC

( whi ch cor r esponded t o t he COOH- t er mi nal 15 ami no aci ds f r om

t he oncost at i n Msi gnal pept i de f used t o t he NHz- t er mi nal seven

ami no aci ds of CTLA- 4) was used as f or war d pr i mer , and TTT

GGGCTCCTGATCAGAATCTGGGCACGGTTC ( cor r espond-

i ng t o r esi dues 119- 125 of CTLA- 4 and cont ai ni ng a Bc1I r est r i c-

t i on enzyme si t e) as r ever se pr i mer . The t empl at e f or t hi s st ep was

cDNA synt hesi zed f r om t ot al RNA f r om H38 cel l s ( an HTLV I I -

i nf ect ed T cel l l eukemi c cel l l i ne ki ndl y pr ovi ded by Dr s. Z. Sal a-
hudi n and R. Gal l o, Nat i onal Cancer I nst i t ut e) . A por t i on of t he

PCRpr oduct f r omt he f i r st st ep was r eampl i f i ed, usi ng an over l ap-

pi ng f or war d pr i mer , cor r espondi ng t o t he NHz- t er mi nal por -

t i on of t he oncost at i n Msi gnal pept i de and cont ai ni ng a Hi ndI I I

r est r i ct i on endonucl ease si t e, CTAGCCACTGAAGCTTCACCA-

ATGGGTGTACTGCTCACACAGAGGACGCTGCTCAGTCTG-

GTCCTTGCACTC and t he same r ever se pr i mer . The pr oduct of

t hi s PCRr eact i on was di gest ed wi t h Hi ndI I I and BcI I and l i gat ed

t oget her wi t h a Bcl I / XbaI - cl eaved cDNA f r agment encodi ng t he
hi nge, CH2, and CH3 r egi ons of I g Cyl ( 13) i nt o t he Hi ndI I I /

XbaI - cl eaved expr essi on vect or CDM8 ( I nvi t r ogen, San Di ego,

CA) .

The sequence of t he r esul t i ng CTLA4I g f usi on was det er mi ned

and f ound t o cor r espond exact l y t o t he publ i shed sequence of

CTLA- 4, except t hat t he codon f or ami no aci d 111 was det er mi ned

t o be ACC r at her t han GCC as or i gi nal l y publ i shed ( 19) ; t hi s

di f f er ence was al so conf i r med on an i ndependent cl one spanni ng

t hi s r egi on . The r esul t of t hi s di f f er ence i s t hat t he codon f or

ami no aci d 111 speci f i es t hr eoni ne r at her t han al ani ne, as pr evi -

ousl y descr i bed .

To r econst r uct f ul l - l engt h human CTLA- 4, a cDNA f r agment

encodi ng t he t r ansmembr ane and cyt opl asmi c domai ns was cl oned

by PCRand t hen j oi ned wi t h a f r agment f r omCTLA4I g encodi ng

t he oncost at i n Msi gnal pept i de f used t o t he NHz t er mi nus of

CTLA- 4 . For t hi s pur pose, t he ol i gonucl eot i de GCAATGCAC-

GTGGCCCAGCCTGCTGTGGTACTG( cor r espondi ng t o t he f i r st

11 ami no aci ds i n t he pr edi ct ed codi ng sequence) was used as a

f or war d pr i mer , and TGATGTAACATGTCTAGATCAATTGAT

GGGAATAAAATAAGGCTG ( cor r espondi ng t o t he l ast ei ght

ami no aci ds i n CTLA4 and cont ai ni ng an XbaI si t e) as r ever se

pr i mer . Templ at e agai n was cDNA synt hesi zed f r om H38 cel l s .

Pr oduct s of t he PCRr eact i on wer e cl eaved wi t h t he r est r i ct i on

endonucl eases Ncol and XbaI , and t he r esul t i ng 316- bp pr oduct

was gel pur i f i ed . A - 340- bp Hi ndI I I / Ncol f r agment f r om t he

CTLAI g f usi on descr i bed above was al so gel pur i f i ed, and bot h

r est r i ct i on f r agment s wer e l i gat ed i nt o Hi ndI I I / Xba- I cl eaved

CDM8 . The r esul t i ng const r uct encoded f ul l - l engt h CTLA4 and

i s desi gnat ed OMCTLA4. CTLA- 4 encoded by t hi s const r uct al so

cont ai ned t hr eoni ne at posi t i on 111, r at her t han al ani ne as r epor t ed

pr evi ousl y ( 19) .



Li gat i on pr oduct s wer e t r ansf or med i nt o MC1061/ p3 cel l s and
col oni es wer e scr eened f or t he appr opr i at e pl asmi ds . Sequences of

t he r esul t i ng const r uct s wer e conf i r med by DNA sequence anal -

ysi s usi ng a commer ci al ki t ( Uni t ed St at es Bi ochemi cal Cor p. , Cl eve-
l and, Ohi o) .

I mmunost ai ni ng and FACS®Anal ysi s .

	

Tr ansf ect ed cel l s or LCL

wer e anal yzed by i ndi r ect i mmunost ai ni ng. Bef or e st ai ni ng, COS
and CHOcel l s wer e r emoved f r om t hei r cul t ur e vessel s by i ncuba-

t i on i n PBS cont ai ni ng 10 mMEDTA. Cel l s wer e f i r st i ncubat ed
wi t h mAbs or I g f usi on pr ot ei ns at 10 hg/ ml i n DMEMcont ai ni ng

10%FCS f or 1- 2 h at 4° C. Cel l s wer e t hen washed and i ncubat ed
f or an addi t i onal 0 . 5- 2 h at 4° C wi t h FI TC- conj ugat ed goat

ant i - mouse I g or wi t h FI TC- conj ugat ed goat ant i - human I g Cy
ser um ( bot h f r om Tago Cor p. , Bur l i ngame, CA) . When bi ndi ng

of bot h mAbs and I g f usi on pr ot ei ns was measur ed i n t he same
exper i ment , FI TC- conj ugat ed ant i - mouse and ant i - human second

st ep r eagent s wer e mi xed t oget her bef or e use. Fl uor escence on a
t ot al of 10, 000 cel l s was t hen anal yzed by FACS® ( Bect on Di ck-
i nson & Co . , Mount ai n Vi ew, CA) .

PBL Separ at i on and St i mul at i on .

	

PBL wer e i sol at ed by cent r i f u-

gat i on t hr ough Lymphocyt e Separ at i on Medi um( Li t t on Bi onet i cs,

Kensi ngt on, MD) . Al l or eact i ve T cel l s wer e i sol at ed by st i mul a-

t i on of PBL i n a pr i mar y MLR. PBL wer e cul t ur ed at 106/ ml i n

RPMI 1640 suppl ement ed wi t h 10%FCS i n t he pr esence of 0 . 25
x 106/ ml i r r adi at ed ( 5, 000 r ad) T51 LCL . Af t er 6 d, al l or eact i ve

" bl ast s" wer e cr yopr eser ved . Secondar y MLRwer e conduct ed by
cul t ur i ng t hawed al l or eact i ve bl ast s t oget her wi t h f r esh i r r adi at ed

T51 LCL i n t he pr esence and absence of mAbs and I g f usi on pr o-
t ei ns. Cel l s wer e cul t ur ed i n 96- wel l f l at - bot t omed pl at es ( 4 x 104

al l or eact i ve bl ast s and 104 i r r adi at ed T51 LCL cel l s/ wel l ) i n a

vol ume of 0 . 2 ml of RPMI 1640 cont ai ni ng 10% FCS. Cel l ul ar

pr ol i f er at i on of quadr upl i cat e cul t ur es was measur ed by upt ake of
[ 3H] t hymi di ne dur i ng t he l ast 6 h of a 2- 3- d cul t ur e.

CD4 * T cel l s wer e i sol at ed f r om PBL as descr i bed ( 29) . B cel l s
wer e pur i f i ed by posi t i ve sel ect i on f r om per i pher al bl ood by pan-

ni ng ( 30) wi t h ant i - CD19 mAb 4G9 . To measur e Th- i nduced I g
pr oduct i on, 106 CD4* T cel l s wer e mi xed wi t h 106 al l ogenei c

CD19+ B cel l s i n 1 ml of RPMI 1640 cont ai ni ng 10% FCS. Af t er
cul t ur e f or 6 d at 37° C, pr oduct i on of human I gMwas measur ed

i n t he cul t ur e super nat ant s as descr i bed ( 14) .
Bi ndi ng Assays .

	

B71g was l abel ed wi t h " 1I t o a speci f i c act i vi t y

of - 2 x 106 cpm/ pmol . 96- wel l pl ast i c di shes wer e coat ed f or

16- 24 h wi t h a sol ut i on cont ai ni ng CTLA4I g ( 0. 5 l Ag i n a vol ume

of 0 . 05 ml of 10 mMTr i s, pH 8) . Wel l s wer e bl ocked wi t h bi ndi ng
buf f er ( DMEMcont ai ni ng 50 mMBES [ Si gma Chemi cal Co . ] ,

pH 6. 8, 0 . 1% BSA, and 10% FCS) bef or e addi t i on of a sol ut i on
( 0. 09 ml ) cont ai ni ng ' s1 I - B7I g ( - 5 x 101 cpm) i n t he pr esence

or absence of compet i t or . Af t er i ncubat i on f or 2- 3 h at 23° C, wel l s
wer e washed once wi t h bi ndi ng buf f er and f our t i mes wi t h PBS.

Bound r adi oact i vi t y was t hen sol ubi l i zed by addi t i on of 0 . 5 N
NaOH, and quant i f i ed by gamma count i ng.

Resul t s

Const r uct i on of a Sol ubl e CTLA- 41g Cy Fusi on Pr ot ei n .

	

We

pr evi ousl y have shown t hat CD28I g, t he sol ubl e pr oduct of

a genet i c f usi on bet ween t he ext r acel l ul ar domai n of CD28

and an I g Cyl domai n, bound t he B7 count er - r ecept or ( 13) .

To det er mi ne whet her CTLA4 al so bound B7, we const r uct ed

an anal ogous genet i c f usi on bet ween t he ext r acel l ul ar domai n

of CTLA- 4 and an I g Cy1 domai n ( Fi g. 1 A) .

Si nce t he expr essi on of CTLA4 i n human l ymphoi d cel l s
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Li nsl ey et al .

has not been r epor t ed, i t was necessar y t o f i r st f i nd a sour ce

of CTLA- 4 mRNA. We t her ef or e scr eened by PCRcDNA

made f r omt ot al cel l ul ar RNA of di f f er ent human l eukemi a

cel l l i nes usi ng as pr i mer s ol i gonucl eot i des der i ved f r omt he

publ i shed sequence of t he CTLA- 4 gene ( 19) . Of t he cDNAs

t est ed, H38 cel l s ( an HTLV 11- associ at ed l eukemi a l i ne) gave

t he best yi el d of PCR pr oduct s havi ng t he expect ed si ze . A

cDNA cont ai ni ng t he pr edi ct ed codi ng sequence of t he ex-

t r acel l ul ar domai n of CTLA- 4 was t hen assembl ed f r omt wo

PCRf r agment s ampl i f i ed f r omH38 cDNA, as descr i bed i n

Mat er i al s and Met hods . Thi s f r agment was di gest ed wi t h ap-

pr opr i at e r est r i ct i on enzymes and l i gat ed t oget her wi t h a

cDNAencodi ng t he hi nge, CH2, and CH3 domai ns of human

I g Cy1, i nt o t he mammal i an expr essi on vect or , CDM8 . Sev-

er al i sol at es wer e t r ansf ect ed i nt o COS cel l s, and super na-

t ant s wer e t est ed by i ndi r ect i mmunof l uor escence and FACS®

anal ysi s f or t he pr esence of pr ot ei ns t hat bound t o B7'

CHO cel l s . Pr el i mi nar y exper i ment s i ndi cat ed t hat sever al

i sol at es encoded pr ot ei ns t hat bound t o B7+ CHOcel l s ( see

bel ow) . The DNA sequence of one such i sol at e was t hen de-

t er mi ned and f ound t o encode CTLA4I g, as shown i n Fi g.

1 A . CTLA4I g cont ai ned a si ngl e base pai r di f f er ence wi t h

t he publ i shed sequence of CTLA- 4 ( 19) , such t hat an al ani ne

r esi due at posi t i on 111 was changed t o t hr eoni ne. Thr eoni ne

i s al so pr esent at t hi s posi t i on i n t he al i gned sequences of

mur i ne CTLA- 4 ( 17) , mur i ne CD28 ( 30) , and human CD28

( 16, 31) .

CTLA4I g was pur i f i ed by pr ot ei n A chr omat ogr aphy f r om

ser um- f r ee cul t ur e super nat ant s of t r ansf ect ed COScel l s ( Fi g.

1 B) . Under nonr educi ng condi t i ons CTLA4I g mi gr at ed as

a MI - 100, 000 speci es, and as a M, - 50, 000 speci es under

r educi ng condi t i ons ( Fi g . 1 B) . CTLA4I g t her ef or e behaves

dur i ng SDS- PAGE as a di sul f i de- l i nked di mer . Si nce t he I g

Cy hi nge di sul f i des wer e el i mi nat ed dur i ng const r uct i on, a

nat i ve di sul f i de l i nkage i n CTLA4 i s most l i kel y i nvol ved

i n t hi s bond f or mat i on . CD28I g al so behaves as a di sul f i de-

l i nked di mer dur i ng SDS- PAGE ( 13) .

Bi ndi ng Act i vi t y of CTLA4I g.

	

The bi ndi ng act i vi t i es of

pur i f i ed CTLA4I g and CD28I g ( 13) on B7+ CHOcel l s and

on a l ymphobl ast oi d cel l l i ne ( PM LCL) wer e compar ed i n

t he exper i ment shown i n Fi g . 2 . Tr ansf ect ed CHOcel l l i nes

and PMLCL wer e i ncubat ed wi t h equi val ent concent r at i ons

( 10 Ag/ ml ) of CD51g, CD28I g, or CTLA4I g, and bi ndi ng

was det ect ed by FACS® af t er addi t i on of an FI TC- conj ugat ed
second- st ep r eagent . CD28I g bound weakl y but si gni f i cant l y

t o B7+ CHO cel l s and not at al l t o PM LCL . The B7+

CHOcel l s used i n t hi s exper i ment expr essed l ower amount s

of B7 t han t hose used i n pr evi ous exper i ment s ( 13) and bound

cor r espondi ngl y l ower l evel s of CD28I g. CTLA4I g bound

mor e st r ongl y t o bot h cel l l i nes t han CD28I g. The di f f er -

ence bet ween CD28I g and CTLA4I g bi ndi ng t o B7+ CHO

cel l s was mai nt ai ned when concent r at i ons of t he f usi on pr o-

t ei ns wer e t i t r at ed ( dat a not shown) . Nei t her CD28I g nor

CTLA4I g bound t o cont r ol CD28+ CHO cel l s .

To t est whet her CTLA4 expr essed on t he cel l sur f ace mem-

br ane bound t he B7 ant i gen, we cl oned by PCR a cDNA

( OMCTLA4) encodi ng f ul l - l engt h mat ur e human CTLA- 4

f used t o t he oncost at i n Msi gnal pept i de ( see Mat er i al s and
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Const r uct i on and expr essi on of CTLA4I g. ( A) Map of CTLA4I g const r uct s . A cDNA const r uct encodi ng t he i ndi cat ed por t i ons of on-

cost at i n M( dar k shaded r egi ons) , CTLA- 4 ( unshaded r egi ons) , and human I g Cyl ( st i ppl ed r egi ons) was const r uct ed as descr i bed i n Mat er i al s and Met hods .

Sequences di spl ayed show t he j unct i ons bet ween CTLA- 4 ( capi t al l et t er s) , and t he si gnal pept i de ( SP) of oncost at i n M, and t he hi nge ( H) of I g C- yl .

The ami no aci d i n par ent heses was i nt r oduced dur i ng const r uct i on . Ast er i sks denot e cyst ei ne t o ser i ne mut at i ons i nt r oduced i n t he I g Cy hi nge r egi on.

The I g super f ami l y V- l i ke domai n pr esent i n CTLA- 4 i s i ndi cat ed, as ar e t he CH2 and CH3 domai ns of I g Cy1. ( B) Pur i f i cat i on of CTLA4I g. An

expr essi on pl asmi d const r uct encodi ng CTLA4I g was t r ansf ect ed i nt o COS cel l s, and I g Cy- cont ai ni ng pr ot ei ns wer e pur i f i ed f r omser um- f r ee- condi t i oned

medi um. Concent r at i ons of CTLA4I g wer e det er mi ned assumi ng an ext i nct i on coef f i ci ent at 280 nmof 1 . 6 ( exper i ment al l y det er mi ned by ami no

aci d anal ysi s of a sol ut i on of known absor bance) . Mol ecul ar wei ght st andar ds ( l anes 1 and 3) and sampl es ( 1 p, g) of CTLA4I g ( l anes 2 and 4) wer e

subj ect ed t o SDS- PAGE ( 4- 12%acr yl ami de gr adi ent ) under nonr educi ng

	

l anes 1 and 2) or r educi ng ( + WE, l anes 3 and 4) condi t i ons . Pr ot ei ns

wer e vi sual i zed by st ai ni ng wi t h Coomassi e br i l l i ant bl ue.

Met hods) . COS cel l s wer e t r ansf ect ed wi t h expr essi on pl asmi ds

CD7, OMCD28, and OMCTLA4, and 48 h l at er , cel l s wer e

t est ed f or expr essi on of t he appr opr i at e cel l sur f ace mar ker s

by FRCS® anal ysi s ( dat a not shown) . The B7I g f usi on pr o-

t ei n ( but not cont r ol CD5I g f usi on pr ot ei n) bound t o bot h

CD28- and CTLA4 t r ansf ect ed cel l s. mAb 9 . 3 bound t o

CD28- t r ansf ect ed COS cel l s, but not t o CTLA4- t r ansf ect ed

cel l s. CD7- t r ansf ect ed COS cel l s bound nei t her mAb 9 . 3 nor

No Addi t i on

CD5 I g

CD28I g

CTLA4I g

CD28+CHO

	

B7+ CHO

	

PM LCL

Fi gur e 2 .

	

CTLA4I g bi nds speci f i cal l y t o cel l s t hat expr ess t he B7 an-

t i gen . Ampl i f i ed t r ansf ect ed CHOcel l s expr essi ng CD28 or B7, and PM

LCL cel l s wer e i ncubat ed wi t h medi um onl y ( no addi t i on) , or human I g

Cyl - cont ai ni ng pr ot ei ns CD5I g, CD28I g, or CTLA4I g, f ol l owed by FI TC-

conj ugat ed goat ant i - human I g second- st ep r eagent s . A t ot al of 10, 000

st ai ned cel l s was t hen anal yzed by FRCS®.
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ei t her of t he f usi on pr ot ei ns . Thus, membr ane- bound CTLA4

and sol ubl e CTLA4 I g bot h bound t he B7 count er - r ecept or .

We measur ed t he appar ent avi di t y of i nt er act i on bet ween

CTLA4I g and B7I g usi ng a sol i d phase bi ndi ng assay. B7I g

was r adi ol abel ed wi t h 1251, and bound t o i mmobi l i zed

CTLA4I g i n t he pr esence or absence of i ncr easi ng concen-

t r at i ons of var i ous compet i t or s ( Fi g. 3 A) . Onl y ant i - B7 mAb

BB- 1 and unl abel ed B7I g compet ed si gni f i cant l y f or 125I -

B7I g bi ndi ng ( hal f - maxi mal ef f ect s at - 175 and - 22 nM,

r espect i vel y) . The sl ope of t he i nhi bi t i on cur ve f or mAb BB- 1

was di f f er ent t han t he sl ope of t he cur ve f or B7I g, and does

not appear t o r each t he same maxi mal i nhi bi t i on . The i nef f i -

ci ency of mAb BB- 1 ( an I gM mAb) at 1251- B7I g bi ndi ng

compet i t i on was al so obser ved i n ot her exper i ment s and may

i ndi cat e t hat t he mAb has l ower af f i ni t y f or B7I g or t hat

t he BB- 1 epi t ope does not exact l y coi nci de wi t h t he bi ndi ng

si t e f or CTLA4I g . Nei t her chi mer i c mAb L6 ( a nonbi ndi ng

cont r ol I g mol ecul e) , nor ant i - CD28 mAb 9 . 3 compet ed ef f ec-

t i vel y, al t hough t he hi ghest concent r at i on of mAb 9 . 3 used

was suf f i ci ent t o i nhi bi t bi ndi ng 1251- B7I g t o i mmobi l i zed

CD28I g or t o cel l sur f ace expr essed CD28 by r 90% ( 13) .

The compet i t i on dat a f r om Fi g. 3 A wer e pl ot t ed i n t he

Scat char d r epr esent at i on, and a Kd - 12 nMwas cal cul at ed

f or bi ndi ng of 1251- B7 t o i mmobi l i zed CTLA4I g ( Fi g. 3 B) .

I mmunopr eci pi t at i on Anal ysi s of Cel l Sur f ace Pr ot ei ns Bi ndi ng

CTLA4I g. We next compar ed by i mmunopr eci pi t at i on anal -

ysi s t he abi l i t i es of CD28I g, CTLA4I g, and CD5I g t o bi nd

sol ubi l i zed B7 f r om 125 1- sur f ace l abel ed cel l s. As shown i n

Fi g . 4, a di f f usel y mi gr at i ng ( Mr - 50, 000- 75, 000 ; cent er at

- 60, 000) r adi ol abel ed pr ot ei n was i mmunopr eci pi t at ed by
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12 51- l abel ed B7I g bi nds wi t h hi gh avi di t y t o i mmobi l i zed
CTLA4I G. ( A) Compet i t i on bi ndi ng anal ysi s of 1251- B7I g . 96- wel l pl ast i c
di shes wer e coat ed wi t h CTLA4I g as descr i bed i n Mat er i al s and Met hods .
1251- l abel ed B7I g ( 5 x 10 5 cpm, 2 x 106 cpm/ pmol ) was t hen added t o
a concent r at i on of 4 nMi n t he pr esence of t he i ndi cat ed concent r at i ons
of unl abel ed chi mer i c mAb L6, mAb 9 . 3, mAb BB- 1, or B7I g. Pl at e- bound
r adi oact i vi t y was det er mi ned and i s expr essed as a per cent age of r adi oac-
t i vi t y bound t o wel l s t r eat ed wi t hout compet i t or ( 28, 300 cpm) . Each poi nt
r epr esent s t he mean of t r i pl i cat e det er mi nat i ons; r epl i cat es var i ed f r omt he
mean by 420%. Concent r at i ons wer e cal cul at ed based on a M, of 75, 000
per bi ndi ng si t e f or mAbs and 51, 000 per bi ndi ng si t e f or B7I g. ( B) Scat char d
anal ysi s of 125I g bi ndi ng t o i mmobi l i zed CTLA4I g . Dat a f r om t he unl a-
bel ed B7I g compet i t i on bi ndi ng exper i ment shown i n A wer e r epl ot t ed
i n t he Scat char d r epr esent at i on and a bi ndi ng const ant ( Ka) was est i mat ed
f r omt he sl ope of t he l i ne best f i t t i ng t he exper i ment al dat a ( r = - 0 . 963) .

CTLA4I g f r om B7+ CHO cel l ext r act s . On l onger ex-

posur e, a pr ot ei n of t hi s si ze was al so vi si bl e i n sampl es i m-

munopr eci pi t at ed wi t h CD28I g, but not CD5I g. I n anot her

exper i ment , t hi s pr ot ei n was agai n pr eci pi t at ed by CTLA4I g

f r om B7+ CHO cel l s, but not f r om sur f ace- l abel ed 125J_

l abel ed CD28+ CHO cel l s ( dat a not shown) . CTLA4I g,

but not CD28I g or CD5I g, al so i mmunopr eci pi t at ed a mol -

ecul e of t he same si ze f r om ext r act s of 125 1- l abel ed l ympho-

bl ast oi d cel l s.
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I mmunopr eci pi t at i on of B7 f r om t r ansf ect ed CHOand l ym-
phobl ast oi d cel l l i nes by CTLA4I g . B7+ CHOand PMl ymphobl ast oi d
cel l s wer e sur f ace l abel ed wi t h 1251, and ext r act ed wi t h a noni oni c det er -
gent sol ut i on ( 13) . Al i quot s cont ai ni ng - 1 . 5 x 10 1 cpm wer e subj ect ed
t o i mmunopr eci pi t at i on anal ysi s ( 13) wi t h no addi t i on, or 2 Ft g each of
CD28I g, CTLA4I g, or CD5I g . Washed i mmunopr eci pi t at es wer e t hen
anal yzed by SDS- PAGE ( 10- 20% acr yl ami de) under r educi ng condi t i ons.
The gel was t hen dr i ed and exposed t o X- r ay f i l m f or 1 d ( l ef t ) or 10 d
( cent er and r i ght ) .

CTLA4I g I s a Pot ent I nhi bi t or of I mmune Responses I n

Vi t m Pr evi ous st udi es showed t hat ant i - CD28 mAb, 9 . 3,

and ant i - B7 mAb, BB- 1, i nhi bi t ed pr ol i f er at i on of al l oant i gen

speci f i c Th cel l s, as wel l as I g secr et i on by al l oant i gen-

pr esent i ng B cel l s ( 14, 32- 34) . These obser vat i ons suggest ed

t hat sol ubl e f or ms of CD28, CTLA- 4, or B7 mi ght al so i n-

hi bi t t hese r esponses . The ef f ect s of CD28I g, CTLA4I g, and

B7I g on T cel l pr ol i f er at i on i n an MLRwer e compar ed i n

t he exper i ment shown i n Fi g. 5 . CTLA4I g i nhi bi t ed t he MLR

r eact i on i n a dose- dependent f ashi on by a maxi mumof 790%,

wi t h hal f - maxi mal r esponse at - 30 ng/ ml ( - 0 . 8 nM) . The

Fab f r agment of mAb 9 . 3, a mor e pot ent i nhi bi t or of MLR

t han whol e mAb 9 . 3 ( 32) , was al so i nhi bi t or y, but at much

hi gher concent r at i ons ( t i 800 ng/ ml or - 30 nM f or hal f -

maxi mal r esponse) . B7I g and CD28I g di d not si gni f i cant l y

i nhi bi t t he MLReven at hi gher concent r at i ons . I n ot her ex-

per i ment s, addi t i on of B71g t oget her wi t h CTLA4I g r ever sed

t he i nhi bi t i on of MLRby CTLA4I g, i ndi cat i ng t hat t he i n-

hi bi t i on was speci f i cal l y due t o i nt er act i ons wi t h B7 ( dat a

not shown) .

The ef f ect s of CTLA4I g on Th i nduced I g secr et i on was

al so exami ned ( Fi g. 6) . CD4+ T cel l s st i mul at ed I gM

pr oduct i on by al l ogenei c CD19+ B cel l s . I n t he absence of

CD4+ T cel l s, I gM l evel s wer e onl y t i 7% of l evel s mea-

sur ed i n t he pr esence of CD4+ T cel l s. As shown pr evi ousl y

( 14) , mAbs 9 . 3 and BB- 1 si gni f i cant l y i nhi bi t ed Th- i nduced
I gM pr oduct i on ( 63% and 65% i nhi bi t i on, r espect i vel y) .

CTLA4I g was even mor e ef f ect i ve as an i nhi bi t or ( 89%i nhi -

bi t i on) t han wer e t hese mAbs . I nhi bi t i on by cont r ol I g mol -

ecul es, mAbs OKT8 and CD5I g, was much l ess. None of
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CTLA4I g i nhi bi t s Tcel l pr ol i f er at i on i n a mi xed l ymphocyt e

r eact i on . Pr i mar y MLRbl ast s wer e st i mul at ed wi t h i r r adi at ed T51 LCL

i n t he absence or pr esence of t he i ndi cat ed concent r at i ons of mur i ne mAb

9 . 3 Fab f r agment s, or B7I g, CD28I g, or CTLA4I g I g Cy f usi on pr ot ei ns .

Cel l ul ar pr ol i f er at i on was measur ed by [ 3 H) t hymi di ne i ncor por at i on af t er

4 d and i s expr essed as t he per cent age of i ncor por at i on by unt r eat ed cul -

t ur es ( 21, 000 cpm) . Shown ar e t he means of quadr upl i cat e det er mi nat i ons

( SEM<10%) .

t hese mol ecul es si gni f i cant l y i nhi bi t ed I g pr oduct i on mea-

sur ed i n t he pr esence of St aphyl ococcus aur eus ent or ot oxi n B

( dat a not shown) . Si mi l ar r esul t s wer e obt ai ned wi t h CD4+

T cel l s and B cel l s der i ved f r om ot her donor s.

Di scussi on

Pr evi ous st udi es showed t hat CTLA- 4 and CD28 f or m a

subgr oup of cl osel y r el at ed mol ecul es bel ongi ng t o t he I g

super f ami l y ( 35) . Her e we have shown t hat CTLA4 and CD28

ar e f unct i onal l y as wel l as st r uct ur al l y r el at ed . Sol ubl e

CTLA4I g bound speci f i cal l y t o t he sur f ace of B7 + CHO

cel l s and t o a LCL ( Fi g. 2) . CTLA4I g al so speci f i cal l y i mmu-

nopr eci pi t at ed i dent i cal l y si zed pr ot ei ns f r omext r act s of t hese

cel l s ( Fi g. 4) , i ndi cat i ng t hat CTLA4I g r et ai ned bi ndi ng ac-

t i vi t y f or sol ubi l i zed B7 . Fi nal l y, t he Kd of bi ndi ng of

sol ubl e 125 1- B7I g f or i mmobi l i zed CTLA4I g was est i mat ed

as r u12 nM( Fi g. 3 B) . Thi s appar ent Kd compar es f avor abl y

wi t h hi gher af f i ni t y mAbs ( Kd 2- 10, 000 nM; r ef er ence 36)

and i s si mi l ar t o or gr eat er t han Kd val ues of i nt egr i n

r ecept or s and t hei r l i gands ( 10- 2, 000 nM; r ef er ences 37- 39) ;

t he bi ndi ng of sol ubl e al l oant i gen t o t he TCR of a mur i ne

T cel l hybr i doma ( N100 nM; r ef er ence 40) ; i nt er act i ons be-

t ween CD2 and LFA3 ( 400 nM; r ef er ence 41) ; and i nt er ac-

t i ons bet ween CD4 and MHCcl ass I I mol ecul es ( 42) . Taken

t oget her , t hese obser vat i ons i ndi cat e t hat CTLA4 i s a r ecept or

f or t he B cel l act i vat i on ant i gen, B7 . Thus, bot h CD28 and

CTLA- 4 bi nd t he same count er - r ecept or .

Si de- by- si de compar i sons wer e made of t he abi l i t i es of

CD28I g and CTLA4I g t o di r ect l y bi nd t o membr ane bound
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CTLA4I g i nhi bi t s hel per T cel l - i nduced I g pr oduct i on by

human B cel l s . CD4' T cel l s wer e mi xed wi t h al l ogenei c CD19' B cel l s

i n t he pr esence or absence of t he i ndi cat ed I g mol ecul es as descr i bed i n

Mat er i al s and Met hods . Mur i ne mAbs OKT8, 9 . 3, and BB- 1 wer e added

at 20 ug/ ml , and I g f usi on pr ot ei ns, at 10 ug/ ml . Af t er 6 d of cul t ur e,

concent r at i ons of human I gM ( SEM <5%) i n cul t ur e super nat ant s wer e

det er mi ned as descr i bed ( 14) . I gM pr oduct i on by B cel l s cul t ur ed i n t he

absence of CD4' T cel l s was 11 ng/ ml .

B7 ( Fi g . 2) , t o i mmunopr eci pi t at e B7 sol ubi l i zed f r omdi f f er ent

cel l t ypes ( Fi g . 4) , and t o i nhi bi t T cel l pr ol i f er at i on i n an

MLR( Fi g. 5) . I n al l cases, CTL4I g was mor e ef f ect i ve t han

CD28I g . We have al so f ound t hat CTL4I g i s a much mor e

ef f ect i ve compet i t or f or bi ndi ng of bi ot i nyl at ed CTLA4I g

t o B7+ CHOcel l s t han i s CD28I g ( dat a not shown) . The

avi di t y of sol ubl e 115 1- l abel ed B7I g f or i mmobi l i zed

CTLA4I g ( Kd - 12 nM) was al so f ound t o be - 20- f ol d

gr eat er t han i t s avi di t y under i dent i cal condi t i ons f or i mmobi -

l i zed CD28I g ( Kd - 200 nM; r ef er ence 13) . A pr eponder -

ance of evi dence suggest s, t her ef or e, t hat CTLA4I g has hi gher

avi di t y f or B7 t han does CD28I g .

Ther e ar e sever al possi bl e expl anat i ons f or t hi s f i ndi ng. Fi r st ,

i t i s possi bl e t hat t he I g f usi on pr ot ei ns do not accur at el y

r ef l ect nat i ve i nt er act i ons bet ween membr ane- bound CTLA4,

CD28, and t he B7 count er - r ecept or . Per haps t he l ow r el at i ve

avi di t y of CD28I g i ndi cat es t hat t hi s pr ot ei n does not r et ai n

f ul l bi ndi ng act i vi t y . We f eel t hi s possi bi l i t y i s unl i kel y si nce

i n pr evi ous st udi es t he avi di t i es of 1251- B7I g f or i mmobi l i zed

CD28I g and CD28I g expr essed on t he membr ane of t r ansf ect ed

cel l s wer e f ound t o be i dent i cal ( 13) . We di d not measur e

avi di t y bet ween 125 1- B7I g and membr ane- bound CTLA4 i n

t he pr esent st udy, so we do not know i f CTLA4I g l i kewi se

r et ai ns most of t he bi ndi ng act i vi t y of membr ane- bound

CTLA- 4 . However , t he hi gh Kd of i nt er act i on bet ween

CTLA4I g and B7I g ar gues i n f avor of t hi s bei ng t he case.

I t i s al so possi bl e t hat t he hi gh appar ent Kd of CTLA4I g

i s t he r esul t of gr eat er val ency of t hi s f usi on pr ot ei n . CTLA4I g

f or ms a di sul f i de- l i nked di mer of Mr " 50, 000 subuni t s ( Fi g .

1 B) . Si nce no i nt er chai n di sul f i des woul d be pr edi ct ed t o

f or m i n t he I g por t i on of t hi s f usi on, i t seems l i kel y t hat



cyst ei nes f r omCTLA4 ar e i nvol ved i n di sul f i de bond f or ma-

t i on . The anal ogous CD28I g f usi on pr ot ei n ( 13) al so con-

t ai ns i nt er chai n di sul f i de l i nkage( s) . The si zes i n sol ut i on of

CTLA4I g and CD28I g wer e al so compar ed by si ze f r act i on-

at i on on a TSKG3000SWcol umn el ut ed wi t h PBS. CTLA4I g

el ut ed wi t h an appar ent Mr of - 200, 000, whi l e CD28I g

el ut ed wi t h an appar ent Mr of - 300, 000 . Bot h CTLA4I g

and CD28I g behave i n sol ut i on as mol ecul es appr oxi mat el y

t wi ce as l ar ge as t hei r appar ent Mr s det er mi ned by SDS-

PAGE ( r ef er ence 13 ; and Fi g. 2) , suggest i ng t hat t hey f or m

hi gher aggr egat es, possi bl y t et r amer s . I t i s not known how

many bi ndi ng si t es f or B7 t hese mol ecul es cont ai n, but t he

di f f er ence i n appar ent avi di t i es of CD28I g and CTLA4I g i s

not easi l y expl ai nabl e by di f f er ences i n t hei r si ze or degr ee

of aggr egat i on i n sol ut i on .

Fi nal l y, i t i s possi bl e t hat t he gr eat er appar ent avi di t y of

CTLA4I g i ndi cat es t hat CTLA4 i s a hi gher avi di t y r ecept or

f or B7 . Pr oof of t hi s poi nt wi l l r equi r e st udi es compar i ng

t he af f i ni t i es of membr ane- bound CD28 and CTLA4 f or

sol ubl e and membr ane- bound B7 . These st udi es ar e t echni -

cal l y di f f i cul t at t he pr esent t i me. The OMCTLA4 cDNA

cl one i s expr essed poor l y i n COS and CHOcel l s ( Li nsl ey,

P. S. , unpubl i shed obser vat i ons) , maki ng bi ndi ng measur e-

ment s t o CTLA4- t r ansf ect ed cel l s mor e di f f i cul t . Li kewi se,

si nce we pr evi ousl y showed by bi ndi ng i nhi bi t i on and i m-

munopr eci pi t at i on exper i ment s t hat CD28 was t he maj or B7I g

bi ndi ng pr ot ei n f r om act i vat ed PBL ( 13) , t he l evel s of ex-

pr essi on of nat i ve CTLA- 4 i n act i vat ed PBL ar e l i kel y t o be

l ess t han l evel s of CD28 . Thi s i s consi st ent wi t h pr el i mi nar y

r esul t s f r omRNA bl ot t i ng exper i ment s showi ng t hat CTLA4

t r anscr i pt s ar e mor e gener al l y pr esent at l ower l evel s i n cel l

l i nes and i n PBL t han CD28 t r anscr i pt s ( Ur nes, M. , and P. S.

Li nsl ey, unpubl i shed obser vat i on) . These f i ndi ngs may i ndi -

cat e t hat CTLA- 4 i s a r ecept or of l ow abundance, but hi gh

avi di t y .
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