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THE T CELL ANTI GEN RECEPTOR COMPLEX EXPRESSED ON

NORMAL PERI PHERAL BLOOD CD4- , CD8 -

T LYMPHOCYTES

A CD3- associ at ed Di sul f i de- l i nked y Chai n Het er odi mer

BY LEWI S L . LANI ER, * NANCY A. FEDERSPI EL, * JOYCE J . RUI TENBERG, *

JOSEPH H. PHI LLI PS, * JAMES P. ALLI SON, $ DAN LI TTMAN, § and

ARTHUR WEI SS n

Fr om t he * Bect on Di cki nson Monocl onal Cent er , I nc. , Mount ai n Vi ew, Cal i f or ni a 94043; t he

Cancer Resear ch Labor at or y and Depar t ment of Mi cr obi ol ogy and I mmunol ogy, Uni ver si t y of

Cal i f or ni a, Ber kel ey, Cal i f or ni a 94702; and t he §Depar t ment of Mi cr obi ol ogy and I mmunol ogy

and t he ° Depar t ment of Medi ci ne &Howar d Hughes Medi cal I nst i t ut e, Uni ver si t y of

Cal i f or ni a School of Medi ci ne, San Fr anci sco, Cal i f or ni a 94143

The T cel l ant i gen r ecept or ( TCR) ' expr essed on most T l ymphocyt es i s an

^- 90 kD di sul f i de- l i nked het er odi mer , composed of a and Qgl ycopr ot ei n subuni t s .

The al , # TCRhet er odi mer i s noncoval ent l y associ at ed wi t h CD3, a gl ycopr ot ei n

compl ex cont ai ni ng t hr ee or mor e i nvar i ant pr ot ei ns ( 1- 6, r evi ewed i n r ef er ences

7, 8) . The TCR i s r esponsi bl e f or speci f i c ant i gen r ecogni t i on ; wher eas t he

i nvar i ant CD3 compl ex has been i mpl i cat ed i n si gnal t r ansduct i on ( 7, 8) . Li ke

i mmunogl obul i n genes, t he genes encodi ng TCR- a and - , Q chai ns ar e composed

of var i abl e ( V) , j oi ni ng ( J) , and const ant ( C) genet i c el ement s t hat under go

r ear r angement dur i ng T cel l di f f er ent i at i on ( 9- 12 ; r evi ewed i n r ef er ence 13) .

Sever al mAbs have been gener at ed agai nst t he i nvar i ant CD3 pr ot ei ns and

agai nst i di ot ypi c det er mi nant s of t he TCR. One mAb, WT31, r eact s wi t h a

f r amewor k det er mi nant pr esent on al l af # TCR het er odi mer s ( 14, 15) . Usi ng

mAbs or pr obes f or t he TCR- a and - a gene pr oduct s, i t has been est abl i shed

t hat most mat ur e T l ymphocyt es i n vi vo and most i n vi t r o- cul t ur ed T cel l l i nes

expr ess ant i gen r ecept or s usi ng t he a/ a het er odi mer ( r evi ewed i n r ef er ences 7,

8, 13) .

I n addi t i on t o a and f l , a t hi r d gene, y, has been shown t o r ear r ange i n T

l ymphocyt es ( 16- 21) . y genes ar e al so composed of V, J, and C genet i c el ement s

( 16, 19, 21) . y genes ar e r ear r anged and t r anscr i bed bef or e , Q and a genes dur i ng

T cel l ont ogeny and di f f er ent i at i on ( 22- 24) . Recent l y, T l ymphocyt es expr essi ng

y mRNA, but not a mRNA, have been i dent i f i ed ( 25- 27) . PEER, a T l eukemi a

cel l l i ne, expr esses a non- di sul f i de- l i nked - 55- 60 kD gl ycopr ot ei n t hat i s non-

coval ent l y associ at ed wi t h t he CD3 compl ex on t he pl asma membr ane ( 25) . Lack

J . P. Al l i son was suppor t ed by gr ant 40041 f r om t he Nat i onal I nst i t ut es of Heal t h . D. Li t t man was

suppor t ed by t he Amer i can Cancer Soci et y gr ant I M- 443 and by t he Chi cago Communi t y
Tr ust / Sear l e Schol ar s Pr ogr am. A. Wei ss i s an assi st ant i nvest i gat or of t he Howar d Hughes Medi cal

I nst i t ut e and i s a r eci pi ent of an Ar t hr i t i s I nvest i gat or Awar d f r om t he Ar t hr i t i s Foundat i on .

' Abbr evi at i ons used i n t hi s paper :

	

Chaps, 3( 3- chol ami dopr opyl - di met hyl ammoni o) - I - pr opane sul -

f onat e ; NEPHGE, nonequi l i br i um pH gr adi ent el ect r ophor esi s ; PE, phycoer yt hr i n ; PHA- M, phyt o-
hemaggl ut i ni n- M; TCR, Tcel l ant i gen r ecept or .
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of a mRNA, t he pr esence of appar ent l y f unct i onal y mRNA, and r eact i vi t y of

t he CD3- associ at ed ^- 55- 60 kD gl ycopr ot ei n wi t h an ant i - - y pept i de ant i ser um

cl ear l y i ndi cat e t hat t he ant i gen r ecept or compl ex on PEER uses y, r at her t han

a or 0 gene pr oduct s ( 28) . I L- 2- dependent T cel l l i nes est abl i shed f r ompat i ent s
wi t h i mmunodef i ci ency di seases ( 26) and CD4- , CD8 - t hymocyt es ( 27) al so ex-
pr ess CD3- associ at ed, non- di sul f i de- l i nked gl ycopr ot ei ns of - 55 and - 40 kD on
t he cel l sur f ace . Li ke t he PEER cel l l i ne, t hese I L- 2- dependent cel l l i nes t r an-
scr i bed y mRNA, but not a mRNA, and ant i ser um agai nst y pept i des r eact ed
wi t h t he CD3- associ at ed ^- 55 kD st r uct ur e ( 26, 27) . Al l of t hese cel l l i nes r eact ed
wi t h ant i bodi es agai nst CD3, but di d not r eact wi t h WT31, an mAb di r ect ed

agai nst t he a/ ( 3 TCR het er odi mer ( 25- 27) .

The exi st ence of CD3+, WT31 - ( TCR- a/ 0 - ) cel l l i nes pr ompt ed us t o exami ne

whet her T l ymphocyt es wi t h t hi s phenot ype wer e pr esent i n per i pher al bl ood

and t hymus obt ai ned f r om nor mal i ndi vi dual s . CD3' ' , WT31 - T l ymphocyt es

wer e pr esent at l ow f r equency i n per i pher al bl ood ( ^zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 3% of PBL/ T cel l s) and

t hymus ( - 0 . 5% of t hymocyt es) ( 29) . Sur pr i si ngl y, essent i al l y al l CD3' , WT31 -

PBL/ T cel l s and t hymocyt es expr essed nei t her t he CD4 nor CD8 T cel l di f f er -

ent i at i on ant i gens ( 29) . I n cont r ast , al l CD3' ' , WT31' T l ymphocyt es and t hy-

mocyt es expr essed CD4 and/ or CD8 ( 29) . I n pr evi ous st udi es ( 30) , we est abl i shed
I L- 2- dependent T cel l l i nes f r om CD3' ' ' , 4- , 8- PBL/ T l ymphocyt es whi ch st abl y
mai nt ai ned t hi s phenot ype i n cul t ur e . These I L- 2- dependent CD3' , 4- , 8 - T cel l
l i nes ar e f unct i onal l y compet ent and medi at e non- MHC- r est r i ct ed cyt ot oxi ci t y
agai nst a var i et y of NK- sensi t i ve and NK- i nsensi t i ve t umor cel l t ar get s ( 30) . I n
t he pr esent st udy, we demonst r at e t hat t hese CD3' , 4 - , 8 - T cel l l i nes est abl i shed
f r om t he per i pher al bl ood of nor mal , heal t hy adul t donor s do not expr ess a/ a
TCR, but i nst ead expr ess di sul f i de- l i nked ant i gen r ecept or s usi ng y gene-
encoded pr ot ei ns .

Mat er i al s and Met hods

Monocl onal Ant i bodi es . Leu ser i es mAbs wer e pr oduced by t he Bect on Di cki nson
Monocl onal Cent er , I nc . ( Mount ai n Vi ew, CA) . The CD3, CD4, CD5, and CD8 di f f er -
ent i at i on ant i gens wer e det ect ed by usi ng ant i - Leu- 4, ant i - Leu- 3, ant i - Leu- 1, and ant i -
Leu- 2 mAbs, r espect i vel y ( 31) . The WT31 mAb, di r ect ed agai nst t he TCR- a/ 0 het er o-
di mer , was gener ousl y pr ovi ded by Dr . Wi l Tax, Uni ver si t y of Ni j megen, The Net her l ands
( 14, 15) . An mAb agai nst a f r amewor k det er mi nant of t he TCR 0 chai n ( 0171) was
gener ousl y pr ovi ded by Dr . Mi ke Br enner , Dana- Far ber Cancer I nst i t ut e, Bost on, MA
( 26) .

I mmunof uor escence and Fl ow Cyt omet r y .

	

Met hods of i mmunof l uor escence, f l ow cyt om-
et r y, and dat a anal ysi s have been descr i bed pr evi ousl y ( 32) . Fl uor ochr ome- conj ugat ed,
i sot ype- mat ched I g t hat do not r eact wi t h human l eukocyt es wer e used t o cont r ol f or
nonspeci f i c bi ndi ng i n t he i mmunof l uor escence assays . Fl uor escence was measur ed by
usi ng a FACS 440 or FACSt ar f l ow cyt omet er and dat a wer e anal yzed by usi ng a Consor t
30 or Consor t 40 Dat a Anal ysi s Syst em ( Bect on Di cki nson I mmunocyt omet r y Syst ems,
Mount ai n Vi ew, CA) .

I sol at i on and Cul t ur e of Per i pher al Bl ood CD3+, 4 - , 8 - T Lymphocyt es .

	

Mononucl ear cel l s
f r omnor mal per i pher al bl ood ( St anf or d Bl ood Cent er , St anf or d, CA) wer e i sol at ed usi ng
Fi col l / Hypaque . Monocyt es wer e depl et ed by pl ast i c adher ence . Nonadher ent cel l s wer e
st ai ned wi t h a mi xt ur e of FI TC- conj ugat ed ant i - Leu- 2 ( CD8) , FI TC- conj ugat ed ant i - Leu-
3 ( CD4) , and phycoer yt hr i n ( PE) - conj ugat ed ant i - Leu- 4 ( CD3) . Af t er ext ensi ve washi ng
i n i ce- col d PBS( 0 . 01 Mphosphat e, pH 7. 2) , t he cel l s wer e r esuspended i n PBS cont ai ni ng
1 %FCS. Lymphocyt es expr essi ng CD3, but l acki ng bot h CD4 and CD8, t her ef or e
demonst r at ed speci f i c r ed ( PE) f l uor escence, but not gr een ( FI TC) f l uor escence .
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CD3' , 4 - , 8 - cel l s wer e i sol at ed t o >95%pur i t y by cel l sor t i ng usi ng a FACS. Cel l s wer e
cul t ur ed i n RPMI 1640 suppl ement ed wi t h 10% FCS ( KC Bi ol ogi cal s, Lexena, KS) , 1
mMgl ut ami ne, 100 kg/ ml gent ami ci n, and 1, 000 U/ ml r I L- 2 ( Cet us Cor p . , Emer yvi l l e,
CA) .

Mi t ogeni c St i mul at i on .

	

PBMC wer e cul t ur ed at 106 cel l s/ ml i n RPMI 1640 medi um
suppl ement ed wi t h 10%FCS, 1 mMgl ut ami ne, 100 Pg/ ml gent ami ci n, and 2 gg/ ml PRA-
M( Gi bco Labor at or i es, Gr and I sl and, NY) . Cel l s wer e har vest ed af t er 3 d and washed
ext ensi vel y i n PBS.

Cel l Li nes.

	

The HPB- ALL T l eukemi a cel l l i ne was gener ousl y pr ovi ded by Dr . J .
Mi nowada ( Fuj i saki Cel l Cent er , Okayama, Japan) , t he HUT 78 T l eukemi a cel l l i ne was
obt ai ned f r omt he Amer i can Type Cul t ur e Col l ect i on ( Rockvi l l e, MD) , and t he DAUDI

B cel l l i ne was obt ai ned f r om t he NI GMS Human Genet i c Mut ant Cel l Reposi t or y
( Camden, NJ) . The cl oned, I L- 2- dependent NK cel l l i ne, NKI A3, was gener ousl y pr o-
vi ded by Dr s . B. Geml o and A. Rayner , Uni ver si t y of Cal i f or ni a, Los Angel es, CA.

I mmunopr eci pi t at i on and SDS- PAGE Anal ysi s .

	

Cel l s wer e l abel ed wi t h " ' I ( Amer sham
Cor p. , Ar l i n t on Hei ght s, I L) by usi ng t he gl ucose oxi dase/ l act oper oxi dase met hod ( 33) .
1- 5 x 10 6 "El - l abel ed cel l s wer e washed t hr ee t i mes i n 1 ml PBS cont ai ni ng 10 mM
i odoacet ami de, and wer e l ysed i n 0 . 5 ml l ysi s buf f er ( 0 . 05 M Tr i s- HCl , 0 . 15 M NaCl ,
0 . 02% NaN3 , pH 8 . 0) cont ai ni ng 20 KI uni t s/ ml apr ot i ni n ( Si gma Chemi cal Co . , St .
Loui s, MO) , 10 mMi odoacet ami de, and 5 mMChaps ( 3[ 3- chol ami dopr opyl - di met hyl am-
moni o] - I - pr opane sul f onat e) ( Cal bi ochem- Behr i ng Cor p . , San Di ego, CA) ) f or 45 mi n at
4 0 C. Cel l s wer e pel l et ed by cent r i f ugat i on at 13, 000g f or 5 mi n . For r emoval of unbound
1251, t he l ysat es wer e passed t hr ough a 0. 2 ml ( bed vol ume) col umn of Dowex I X8- 400

( chl or i de f or m; Si gma Chemi cal Co . ) , equi l i br at ed i n l ysi s buf f er . Af t er t hi s pr ocedur e,

>85% of t he r adi oi sot ope pr esent i n t he l ysat e was pr eci pi t at ed by 10%TCA. Bef or e

speci f i c i mmunopr eci pi t at i on, l ysat es wer e pr ecl ear ed t wi ce by i ncubat i on wi t h 10 mg of
packed f or mal i n- f i xed St aphyl ococcus aur eus ( Pansor bi n ; Cal bi ochem- Behr i ng Cor p . )
coat ed wi t h r abbi t ant i - mouse I gG ( Pel - Fr eeze Bi ol ogi cal s, Roger s, AR) . For speci f i c
i mmunopr eci pi t at i on, 50 A1 S. aur eus ( Pansor bi n, 10%wt / vol sol ut i on) wer e i ncubat ed
f or 15 mi n at 4° C wi t h sat ur at i ng amount s of r abbi t ant i - mouse I gG ant i ser um, washed

t wi ce i n l ysi s buf f er by cent r i f ugat i on at 13, 000 g f or 15 s, t hen i ncubat ed f or 1- 2 h wi t h
1- 5 Rg of speci f i c mAb i n a t ot al vol ume of 100 u1 of l ysi s buf f er . mAb- coat ed S. aur eus
wer e washed once i n l ysi s buf f er , t hen 50- 100 Xl of " ' I - l abel ed cel l l ysat e was added t o
t he mAb- coat ed S. aur eus pel l et . Af t er 2 h of i ncubat i on at 4° C, t he S. aur eus wer e washed

f i ve t i mes i n l ysi s buf f er cont ai ni ng 0 . 5 MNaCl . Bound mat er i al was el ut ed by boi l i ng i n

sampl e buf f er cont ai ni ng 2 . 3% SDS wi t h or wi t hout 5%2- ME ( 34) . Sampl es wer e anal yzed

by SDS- PAGE usi ng a di scont i nuous buf f er syst em ( 34) . Two- di mensi onal gel el ect r opho-

r esi s, usi ng nonequi l i br i um pH gr adi ent el ect r ophor esi s ( NEPHGE) i n t he f i r st di mensi on
and SDS- PAGE usi ng 10%acr yl ami de gel s i n t he second di mensi on, was per f or med as
descr i bed by Jones ( 35) . pH 3 . 5- 10 amphol i nes ( LKB I nst r ument s I nc . , Gai t her sbur g,

MD) wer e used i n NEPHGE anal ysi s . Two- di mensi onal di agonal gel el ect r ophor esi s, usi ng

SDS- PAGE under nonr educi ng condi t i ons i n t he f i r st di mensi on, f ol l owed by SDS- PAGE

under r educi ng condi t i ons i n t he second di mensi on, was per f or med as descr i bed ( 1) .

Pr ot ei n st andar ds ( r educi ng: Si gma Chemi cal Co . ; nonr educi ng, Phar maci a Fi ne Chemi -

cal s, Pi scat away, NJ) wer e i ncl uded f or mol ecul ar wei ght det er mi nat i on . Gel s wer e dr yed

and aut or adi ogr aphed at - 70 ° C on Kodak XR f i l m usi ng i nt ensi f yi ng scr eens ( Cr onex

Li ght eni ng Pl us ; DuPont Co. , Wi l mi ngt on, DE) .
Ant i - - y Ant i ser um.

	

A pept i de cor r espondi ng t o t he pr edi ct ed ami no aci d sequence of

C, yl der i ved f r om nucl eot i des 237- 281 was synt hesi zed usi ng a sol i d- phase pept i de

synt hesi zer ( Peni nsul a Labor at or i es, I nc . , Bel mont , CA) ( 36) . The pept i de was pur i f i ed

by HPLC and coupl ed t o KLH at a r at i o of 5 mg : l mg ( car r i er / pept i de) . Rabbi t s wer e

i mmuni zed subcut aneousl y wi t h 100 r ug of speci f i c pept i de conj ugat e emul si f i ed i n CFA

and boost ed t wi ce at 3- wk i nt er val s bef or e bl eedi ng . Speci f i c r eact i vi t y of t he ant i pept i de

ant i ser um was demonst r at ed i n an enzyme- l i nked i mmunoassay .
I mmunopr eci pi t at i on of . y Chai n .

	

The CD3/ TCR compl ex was i mmunopr eci pi t at ed

f r om Chaps det er gent l ysat es of . 2 . I - l abel ed cel l s usi ng f or mal i n- f i xed S. aur eus coat ed

wi t h ant i - Leu- 4 mAb ( as descr i bed above) . The CD3/ TCR compl ex was el ut ed f r om t he
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i mmunoabsor bent by i ncubat i on f or 30 mi n at 56° C i n 100 Al of l ysi s buf f er cont ai ni ng
1 %SDS and 2 mMDTT ( 26) . Sampl es wer e al kyl at ed and par t i al l y r enat ur ed by di l ut i on
i n f our vol umes of Tr i s- buf f er ed sal i ne ( 0 . 05 MTr i s, 0 . 15 MNaCl , pH 7 . 4) cont ai ni ng
1 . 5% NP- 40 det er gent and 20 mMi odoacet ami de . Sampl es wer e subsequent l y di vi ded
i nt o al i quot s and i ncubat ed wi t h 50 ul f or mal i n- f i xed S. aur eus ( Pansor bi n ; 10% vol / vol
sol ut i on) pr ecoat ed wi t h ei t her 10 Fcl r abbi t ant i - Cy pept i de ser umor nor mal r abbi t ser um.
Af t er i ncubat i on f or 2 h at 4° C, t he i mmunoabsor bent was washed i n l ysi s buf f er . Bound
mat er i al was el ut ed i n sampl e buf f er cont ai ni ng 2 . 3% SDS and 5%2- ME. Sampl es wer e

anal yzed by SDS- PAGE usi ng 10%acr yl ami de gel s .

Pr obes .

	

A mur i ne , B cDNA pr obe ( TM86T5) ( 37) and a mur i ne Ca pr obe ( 38) wer e
gener ousl y pr ovi ded by Dr . M. Davi s ( St anf or d Uni ver si t y, St anf or d, CA) and Dr . L .
Hood ( Cal Tech, Pasadena, CA) , r espect i vel y . A human genomi c Jy pr obe ( pH60) ( 18)
was gener ousl y pr ovi ded by Dr . T. Rabbi t t s ( Medi cal Resear ch Counci l , Cambr i dge,
Uni t ed Ki ngdom) . A mur i ne y cDNA pr obe ( 8A2) was i sol at ed f r om a cDNA l i br ar y
const r uct ed f r oma C57BL/ 6 mur i ne T l eukemi a cel l l i ne, C6VL ( 1) , and was subdoned
i nt o pUC8 . A 0 . 6- kb Pvu I I / Ava I i nser t , cor r espondi ng t o a J- C r egi on segment of t he 7

gene ( nucl eot i des 444- 1, 028 i n t he 7 cDNA sequence [ 16] ) was i sol at ed and was used as
pr obe f or Nor t her n bl ot anal ysi s .

Sout her n and Nor t her n Bl ot Anal ysi s .

	

Cel l s wer e washed wi t h PBS and pel l et ed i n a
mi cr of uge t ube . Cyt opl asmi c RNA was i sol at ed as descr i bed by Faval or o et al . ( 39) , wi t h
mi nor modi f i cat i ons . Nucl ei wer e pel l et ed and used f or subsequent genomi c DNA pur i -
f i cat i on accor di ng t o t he met hod of Law et al . ( 40) , wi t h t he addi t i on of 40 ' Ul 5%
Sar kosyl / 0 . 5 MEDTA t o t he usual l ysi s buf f er t o ensur e compl et e l ysi s . Genomi c DNA
was di gest ed wi t h r est r i ct i on enzymes ( New Engl and Bi ol abs, Bever l y, MA) and was
el ect r ophor esed i n 0 . 8% agar ose gel s ( 41) . Af t er el ect r ophor esi s, t he gel s wer e st ai ned
wi t h et hi di um br omi de t o ver i f y t he i nt egr i t y of t he DNA and t o conf i r m t hat compar abl e
amount s of DNA wer e pr esent i n al l l anes . RNA was el ect r ophor esed i n 1 . 0% agar ose
gel s ( 41) . RNA and DNA wer e t r ansf er r ed t o ni t r ocel l ul ose membr anes ( Bi o- Rad Labo-
r at or i es, Ri chmond, CA) and baked f or 2 h i n a vacuumoven at 80° C ( 41) . Pr obe i nser t s
wer e i sol at ed and wer e l abel ed wi t h [ " P] dCTP ( Amer sham Cor p . ) ( >10 9 cpm/ , Ug DNA)

by t he met hod of Fei nber g and Vogel st ei n ( 42) . Membr anes wer e hybr i di zed at 65° C

f or 24 h wi t h ^- 2 x 10 7 cpm of [ " P] dCTP- l abel ed pr obe i n 35 ml hybr i di zat i on buf f er

( 5x SSPE [ 1X SSPE: 0 . 15 NaCl , 10 mMNaH2 PO4 - H2 O, 1mM EDTA, pH 7 . 4] , 1x
Denhar dt ' s, 0 . 3% SDS, 10% dext r an sul f at e, and 100 ag/ ml denat ur ed sal mon sper m
DNA) . Af t er hybr i di zat i on, membr anes wer e washed t wi ce f or 15 mi n and t wi ce f or 30
mi n ( r oomt emper at ur e) i n 10 mMsodi um phosphat e, 1 mMdi sodi um EDTA, and 0 . 2%
SDS. Af t er a f i nal wash f or 45 mi n at 65° C, t he membr anes wer e aut or adi ogr aphed .
Fr agment si zes wer e det er mi ned based on st andar ds pur chased f r omBet hesda Resear ch
Labor at or i es ( Bet hesda, MD) .

Resul t s and Di scussi on

I L- 2- dependent CD3+, 4 - , 8' Cel l Li nes Lack React i vi t y wi t h WT31 mAb .

	

^- 3% of

nor mal per i pher al bl ood CD3+ T l ymphocyt es expr ess nei t her CD4 nor CD8

di f f er ent i at i on ant i gens ( 30) . CD3' ' , 4- , 8- per i pher al bl ood T l ymphocyt es wer e

i sol at ed t o >95%pur i t y and wer e est abl i shed i n cul t ur e usi ng HL- 2 as gr owt h

f act or ( 30) . CD3 + , 4- , 8- T cel l l i nes have been est abl i shed f r om >15 nor mal

donor s, and >90%of l ymphocyt es st abl y mai nt ai ned t he phenot ype, CD3* , 4- , 8- .

To char act er i ze t he TCR, I L- 2- dependent CD3 + , 4 - , 8 - cel l l i nes der i ved f r om

15 i ndependent donor s wer e st ai ned wi t h WT31, an mAb di r ect ed agai nst t he

TCR- a/ # het er odi mer . None of t hese CD3 + , 4 - , 8 - cel l l i nes r eact ed wi t h WT31,

al t hough al l cel l l i nes r eact ed wi t h ant i - Leu- 4, an mAb di r ect ed agai nst CD3 .

Dat a f r om a r epr esent at i ve CD3' ' , 4- , 8- cel l l i ne i s pr esent ed i n Fi g . 1 . As not ed

pr evi ousl y ( 30) , a smal l f r act i on of cel l s wi t hi n t hese I L- 2- dependent CD3 + , 4 - , 8 -

cel l l i nes expr essed ver y l ow l evel s of CD8 ant i gen ( appr oxi mat el y one- t ent h t he
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y CHAI N ANTI GEN RECEPTOR ON CD4 - , CD8- T CELLS

FI GURE 1 . I L- 2- dependent pe-

r i pher al bl ood CD3* , 4- , 8 - T cel l

l i nes l ack r eact i vi t y wi t h ant i body

WT31 ( ant i - TCR- a/ , B) . I L- 2- de-

pendent CD3` , 4 - , 8 - per i pher al

bl ood T cel l l i nes wer e st ai ned

wi t h: ( A) FI TC- conj ugat ed I gG

and PE- conj ugat ed I gG cont r ol

mAb ; ( B) FI TC- conj ugat ed

WT31 and PE- conj ugat ed ant i -

Leu- 4 ( CD3) ; ( C) FI TC- conj u-

gat ed ant i - Leu- 2 ( CD8) pl us

FI TC- conj ugat ed ant i - Leu- 3

( CD4) and PE- conj ugat ed WT31 ;

and ( D) FI TC- conj ugat ed ant i -

Leu- 2 ( CD8) and PE- conj ugat ed

ant i - Leu- 3 ( CD4) . Sampl es wer e

anal yzed by f l ow cyt omet r y . Cor -

r el at ed gr een ( FI TC: absci ssa,

f our decade scal e) and r ed ( PE:

or di nat e, f our decade scal e) f l uo-

r escence wer e di spl ayed as con-

t our pl ot s . Based on t he cont r ol

sampl e, cont our pl ot s wer e di -

vi ded i nt o quadr ant s t o r epr esent

unst ai ned cel l s ( l ower l ef t ) , cel l s

st ai ned onl y wi t h PE ( upper l ef t ) ,

cel l s st ai ned onl y wi t h FI TC

( l ower r i ght ) , and cel l s st ai ned wi t h

bot h FI TC and PE ( upper r i ght ) .

amount of CD8 ant i gen expr essed on most per i pher al bl ood T l ymphocyt es) .

However , as shown i n Fi g . 1, even t hese di m CD8+ cel l s f ai l ed t o r eact wi t h

WT31 . We suspect t hat t hese di mCD8' l ymphocyt es wer e gener at ed f r om t he

CD3+ , 4 - , 8 - popul at i on as a consequence of i n vi t r o cul t ur e ; however , we cannot

excl ude t he possi bi l i t y t hat t hese cel l s wer e a cont ami nant i n t he i sol at i on of

per i pher al bl ood CD3+ , 4 - , 8` l ymphocyt es . CD4+ cel l s wer e never det ect ed i n

t hese cel l l i nes . These r esul t s ar e consi st ent wi t h our r ecent st udi es ( 29) demon-

st r at i ng t hat WT31 mAb f ai l s t o r eact wi t h t he ^r 3% of nor mal per i pher al bl ood

CD3+ T l ymphocyt es t hat coexpr ess nei t her CD4 nor CD8. Hence, t hese cul t ur ed

cel l l i nes appear t o be der i ved f r omand r epr esent at i ve of t he CD3+, 4- , 8" nor mal

PBL/ T cel l subset .

Bi ochemi cal Char act er i zat i on of t he CD3- associ at ed Pr ot ei ns Expr essed on CD3+,

4 - , 8 - ( WT31 - ) T Cel l Li nes . Pr i or st udi es have demonst r at ed t hat t he TCR- a/ ( 3

het er odi mer i s noncoval ent l y associ at ed wi t h t he CD3 gl ycopr ot ei n compl ex ( 1-

8) . Usi ng cer t ai n det er gent syst ems, e . g . , Chaps ( 25) and di gi t oni n ( 43) , i t has

been possi bl e t o pr eser ve t hi s associ at i on and coi mmunopr eci pi t at e t he i nt act

CD3/ TCRcompl ex usi ng ant i bodi es ei t her agai nst CD3 or TCR. Thi s t echni que

was used t o i dent i f y t he CD3- associ at ed st r uct ur es expr essed on I L- 2- dependent

CD3+, 4 - , 8- cel l l i nes . CD3+, 4 - , 8` cel l s ( >95%WT31 - ) wer e r adi ol abel ed wi t h
' 251, sol ubi l i zed i n Chaps det er gent l ysi s buf f er , and i mmunopr eci pi t at ed wi t h

ant i - Leu- 4 ( CD3) mAb. I mmune compl exes wer e anal yzed by SDS- PAGE. I L- 2-

dependent CD3+, 4- , 8 - ( WT31 - ) cel l l i nes est abl i shed f r om f i ve i ndependent

nor mal i ndi vi dual s wer e assayed . Repr esent at i ve dat a f r om t wo cel l l i nes ar e

shown i n Fi g . 2 . A di sul f i de- l i nked st r uct ur e of ^zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 90 kD was coi mmunopr eci pi -
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FI GURE 2 . I mmunopr eci pi t at i on and SDS- PAGE anal ysi s of t he CD3/ TCR compl ex ex-
pr essed on CD3+, 4 - , 8- T cel l l i nes . I L- 2- dependent CD3+, 4 - , 8 - cel l l i nes f r om t wo di f f er ent
donor s ( No . I , l anes 1- 6 ; and No . 2, l anes 7, 8, 11, 12) and nor mal per i pher al bl ood T
l ymphocyt es ( PBL- T; l anes 9, 10, 13, 14) wer e r adi ol abel ed wi t h 125 1 and wer e det er gent
sol ubi l i zed . Bot h CD3+, 4 - , 8- cel l l i nes wer e >95%WT3I - ; wher eas nor mal PBL- T cel l s wer e
- 97% WT31 +, as det er mi ned by f l ow cyt omet r y . Lysat es wer e i mmunopr eci pi t at ed usi ng S.
aur eus coat ed wi t h cont r ol I g ( l anes 1, 4, 7, 11, and 13) , ant i - Leu- 4 ( CD3) ( l anes 2, 5, 8, 10,
12, and 14) , or ant i - Leu- 1 ( CD5) ( l anes 3 and 6) . I mmune compl exes wer e el ut ed f r om S.
aur eus i n sampl e buf f er cont ai ni ng 2 . 3% SDS, ei t her wi t h or wi t hout 5%2- ME. I mmunopr e-
ci pi t at es wer e anal yzed usi ng 12 . 5% ( A) or 10% ( B) acr yl ami de gel s. Not e t hat t he - 38- kD
band seen i n l ane 2 has not been consi st ent l y obser ved and may be t he r esul t of par t i al sampl e
r educt i on i n t hi s exper i ment .

t at ed wi t h t he CD3 compl ex ( 22- 29 kD) . Under r educi ng condi t i ons, t he 90- kD

st r uct ur e di ssoci at ed i nt o t hr ee subuni t s of - 45, ^- 40, and ^zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 37 kD. The CD3-

associ at ed - 90 kD het er odi mer expr essed on t wo of t he f i ve CD3+, 4- , 8 -

( WT31 - ) cel l l i nes exami ned di ssoci at ed i nt o onl y t wo subuni t s of - 45 and ^" 40

kD upon r educt i on ( not shown) . These st r uct ur es wer e not coi mmunopr eci pi -

t at ed wi t h ant i - Leu- 1 ( CD5) or cont r ol mAb ( Fi g. 2A) . Fur t her mor e, t hese CD3-

associ at ed st r uct ur es wer e not coi mmunopr eci pi t at ed wi t h ant i - Leu- 4 i n det er -

gent syst ems ( e . g . , NP- 40) t hat di ssoci at ed t he CD3/ TCR compl ex ( not shown) .

I mmunopr eci pi t at i on of t he CD3/ TCR- a/ 0 het er odi mer compl ex f r om nor mal

PBL/ T cel l s ( ^ - 97% WT3I ' ) i s shown f or compar i son ( Fi g . 2B) . Nor mal PBL/ T

l ymphocyt es demonst r at ed an ^- 95 kD het er odi mer ( nonr educed) t hat di ssoci at ed

i nt o di f f use bands of ^- 47 and ^- 40 kD upon r educt i on .

Two- di mensi onal " di agonal " gel el ect r ophor esi s was used t o det er mi ne t he

r el at i onshi p of t he ^- 45, ^" 40, and ^- 37 kD ( r educed) subuni t s t o t he si ngl e ^- 90

kD ( nonr educed) st r uct ur e . Ant i - Leu- 4 ( CD3) i mmunopr eci pi t at es wer e sepa-

r at ed by SDS- PAGE under nonr educi ng condi t i ons i n t he f i r st di mensi on,

f ol l owed by r educt i on and separ at i on by SDS- PAGE under r educi ng condi t i ons

i n t he second di mensi on. Usi ng t hi s t echni que, st r uct ur es wi t h i nt er chai n di sul -

f i de bonds wer e di ssoci at ed i n t he second di mensi on, and t hus wer e obser ved

bel ow t he di agonal ; wher eas, non- di sul f i de- l i nked st r uct ur es wer e obser ved on
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FI GURE 3 .

	

Di agonal gel el ect r ophor esi s anal ysi s of t he CD3/ TCR compl ex expr essed on
CD3' , 4- , 8 - T cel l s. Det er gent - sol ubi l i zed l ysat es of " ' I - l abel ed I L- 2- dependent CD3' , 4- , 8 -
( WT31 - ) cel l s ( same sampl e as l ane 2 i n Fi g . 2) ( A) , nor mal PBL- T cel l s ( B) , and t he HPB- ALL

t umor cel l s ( C) wer e i mmunopr eci pi t at ed wi t h ant i - Leu- 4 ( CD3) . Sampl es wer e anal yzed by

t wo- di mensi onal gel el ect r ophor esi s ( I st di mensi on, SDS- PAGE nonr educi ng; 2nd di mensi on,

SDS- PAGE r educi ng) usi ng 10% acr yl ami de gel s . As not ed i n Fi g . 2, t he mi nor band above

t he di agonal pr obabl y r epr esent s het er odi mer t hat was par t i al l y r educed dur i ng pr epar at i on,

si nce t he mobi l i t y of t hi s pr ot ei n i s essent i al l y i dent i cal t o t he ^- 45 kD subuni t bel ow t he

di agonal .

t he di agonal . As shown i n Fi g . 3A, al l t hr ee ^- 45, ^- 40, and ^- 37 kD subuni t s

wer e pr edomi nat el y obser ved di r ect l y bel ow t he di agonal , i ndi cat i ng t hat t he

^- 90 kD ( nonr educed) st r uct ur e i s composed pr i mar i l y of di sul f i de- l i nked di mer i c
pai r s of t hese subuni t s . Car ef ul exami nat i on of t he r el at i ve mobi l i t y of t hese
subuni t s suggest ed t hat t hese pr ot ei ns may f or m di mer s composed of ^- 45/ ^- 40
kD and ^- 45/ ^37 kD; however , f ur t her st udi es wi l l be necessar y t o conf i r m t hi s

not i on . Si nce t he CD3' , 4- , 8 - cel l l i nes used i n t he pr esent exper i ment s wer e not

cl oned, t hi s obser vat i on may r ef l ect het er ogenei t y wi t hi n t he cel l popul at i on .
Thus, we cannot excl ude t he al t er nat i ve possi bi l i t y t hat t hese subuni t s assembl e
as homodi mer s, r at her t han het er odi mer s . Di agonal gel el ect r ophor esi s of t he

CD3/ TCRcompl ex i mmunopr eci pi t at ed f r omHPB- ALL t umor cel l s and nor mal
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PBL/ T l ymphocyt es ar e shown f or compar i son ( Fi g . 3, B and C) . Pr i or st udi es

have est abl i shed t hat HPB- ALL cel l s expr ess a CD3- associ at ed het er odi mer

composed of a and 0 subuni t s t hat r eact s wi t h t he WT31 mAb ( 15, 44) .

The CD3/ TCR compl ex expr essed on CD3' ' , 4- , 8- cel l s was f ur t her anal yzed

by t wo- di mensi onal el ect r ophor esi s usi ng pH- dependent separ at i on i n t he f i r st

di mensi on, f ol l owed by si ze separ at i on i n t he second di mensi on . NEPHGE

anal ysi s r eveal ed t hat t he - 37 and ^- 40 kD subuni t s mi gr at ed wi t h essent i al l y

i dent i cal mobi l i t y, wher eas t he ^- 45 kD st r uct ur e was subst ant i al l y mor e basi c

( Fi g . 4) . I t i s possi bl e t hat t he - 37 and - 40 kD subuni t s ar e di f f er ent i al l y

gl ycosyl at ed speci es of t he same pr ot ei n . The - 45 kD subuni t appear s t o be a

di st i nct pol ypept i de, unr el at ed t o t he - 37 and - 40 kD subuni t s . Fur t her st udi es

suppor t t hi s not i on ( see bel ow) . I t shoul d be not ed t hat no a- l i ke aci di c subuni t s

wer e obser ved i n t he CD3/ TCR compl ex i sol at ed f r om CD3 + , 4' , 8 - cel l s . I n

cont r ast , NEPHGE anal ysi s of t he CD3/ TCR st r uct ur e expr essed on HPB- ALL

demonst r at ed a r el at i vel y aci di c subuni t of ^- 45 kD ( t he a chai n) and a r el at i vel y

basi c subuni t of - 37 kD ( t he # chai n) .

React i vi t y of t he CD3- associ at ed Het er odi mer wi t h Ant i - - y Ant i ser um, But not Ant i -

, Q Fr amewor k mAbs. Det er gent ( Chaps) l ysat es of 125 I - l abel ed CD3' , 4 - , 8 - cel l

l i nes and HPB- ALL t umor cel l s wer e i ncubat ed wi t h S. aur eus coat ed wi t h , 6F1

mAb . Br enner et al . ( 26) have pr evi ousl y demonst r at ed t hat OF I mAb speci f i cal l y

r eact s wi t h a f r amewor k det er mi nant on t he TCR , B chai n . Fur t her mor e, i t has

been shown t hat ant i - #F1 mAb r eact s wi t h >95%of nor mal PBL- T l ymphocyt es,

by i mmunof l uor escent cyt opl asmi c st ai ni ng t echni ques ( 26) . As shown i n Fi g . 5,

ant i - Leu- 4 ( CD3) mAb i mmunopr eci pi t at ed a CD3- associ at ed het er odi mer f r om

bot h HPB- ALL cel l s and t he CD3+, 4 - , 8 - cel l l i ne . However , wher eas OF 1 cl ear l y

r eact ed wi t h t he het er odi mer pr esent on HPB- ALL t umor cel l s, t hi s ant i body

di d not r eact wi t h t he CD3- associ at ed het er odi mer expr essed on t he CD3 + , 4 - , 8 -

cel l l i ne .

The CD3- associ at ed het er odi mer expr essed on CD3 +, 4 - , 8 - cel l s di d r eact wi t h

an ant i ser um di r ect ed agai nst a synt het i c Cy- chai n pept i de . The CD3/ TCR

het er odi mer i mmunopr eci pi t at ed f r om CD3' , 4 - , 8 - cel l s was el ut ed f r om ant i -

Leu- 4 ( CD3) i mmunoadsor bent . Af t er denat ur at i on and r educt i on, sampl es wer e

r enat ur ed and al kyl at ed . These pr ot ei ns wer e r epr eci pi t at ed wi t h ant i - Cy pept i de

ser um, or nor mal r abbi t ser um. As shown i n Fi g . 6, ant i - Cy pept i de ser um

speci f i cal l y r eact ed wi t h t he - 37 and ^- 40 kD CD3- associ at ed subuni t s, but not

wi t h t he CD3 pol ypept i des or t he - 45 kD subuni t . Ant i - Cy pept i de ser umf ai l ed

t o r eact wi t h ei t her t he a chai n or ( 3 chai n of t he het er odi mer expr essed on HPB-

ALL or JURKAT t umor cel l s ( not shown) . These r esul t s suggest t hat t he ^zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 37

and - 40 kD subuni t s expr essed on CD3' , 4 - , 8` cel l s ar e y chai n- encoded

pr ot ei ns . The nat ur e of t he hi gher mol ecul ar mass ^- 45- kD subuni t i s unknown .

However , t he possi bi l i t y t hat t hi s pol ypept i de i s a f l chai n pr oduct was excl uded

by t he obser vat i on t hat #F I mAb f ai l ed t o r eact wi t h t hi s st r uct ur e .

Tr anscr i pt i on of TCR Genes i n CD3 +, 4 - , 8 - ( WT31 - ) Cel l Li nes.

	

To f ur t her

char act er i ze t hese CD3' ' , 4- , 8- ( WT31- ) cel l l i nes, RNAwas i sol at ed and anal yzed

by Nor t her n bl ot anal ysi s f or t he pr esence of a, , B, and y t r anscr i pt s . As shown

i n Fi g . 7, CD3+, 4 - , 8 - ( WT31 - ) cel l s cont ai ned abundant ' Y gene t r anscr i pt s of

^- 1 . 6 kb . I n cont r ast , we f ai l ed t o det ect a si gni f i cant amount of f ul l - l engt h 1 . 3-

kD 0 mRNA, al t hough smal l amount s of 1 . 0- kb 0 ( pr esumabl y nonf unct i onal )
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NEPHGE anal ysi s of t he CD3/ TCR compl ex expr essed on CD3' , 4 - , 8 - T cel l s.
Det er gent sol ubi l i zed l ysat es of 12 ' 1- l abel ed I L- 2- dependent CD3' , 4 - , 8- ( WT31 - ) cel l s ( A) and
t he HPB- ALL t umor cel l s ( B) cel l s wer e i mmunopr eci pi t at ed wi t h ant i - Leu- 4 ( CD3) . Sampl es
wer e anal yzed by NEPHGE. 10%acr yl ami de gel s wer e used f or SDS- PAGE anal ysi s i n t he
2nd di mensi on .

mRNA wer e det ect ed . Si mi l ar l y, onl y ver y l ow amount s of 1 . 6- kb a mRNA wer e

det ect ed i n t he CD3+, 4 - , 8 - cel l l i ne . We cannot excl ude t he possi bi l i t y t hat t hi s

smal l amount of a mRNA was t r anscr i bed by a mi nor popul at i on of cont ami nat -

i ng CD3' , WT3I ' T l ymphocyt es ( composi ng 2- 5%of t hese cel l l i nes) . A 1 . 1- kb

a t r anscr i pt was al so obser ved ; t he si gni f i cance of t hi s shor t a t r anscr i pt i s



LANI ER ET AL.

	

1085

FI GURE 5 .

	

I mmunopr eci pi t at i on wi t h ant i - ! B chai n mAb. Det er gent sol ubi l i zed l ysat es of 121I _

l abel ed I L- 2- dependent CD3* , 4 - , 8- ( WT31 - ) cel l s and HPB- ALL t umor cel l s wer e i mmuno-
pr eci pi t at ed wi t h : cont r ol I g ( C) , , BFI , and ant i - Leu- 4 ( CD3) , as i ndi cat ed . I mmune compl exes
wer e el ut ed f r om S. aur eus i n sampl e buf f er cont ai ni ng 2 . 3% SDS, ei t her wi t h or wi t hout 5%
2- ME. Sampl es wer e anal yzed by SDS- PAGE usi ng 10%acr yl ami de gel s .

unknown . As cont r ol s, mRNA f r omPHA- act i vat ed per i pher al bl ood T l ympho-
bl ast s f r omnor mal donor s and HPB- ALL T l eukemi a t umor cel l s wer e anal yzed .
PHA T l ymphobl ast s and HPB- ALL cel l s t hat r eact ed wi t h WT31 mAb ex-
pr essed appar ent l y compet ent 1 . 3- kb f l and 1 . 6- kb a mRNA. y mRNA was not
det ect ed i n PHA- act i vat ed T l ymphobl ast s . Al t hough y mRNA was det ect ed i n
HPB- ALL t umor cel l s, t her e i s no evi dence t hat t hi s t r anscr i pt encodes f unct i onal
pr ot ei n .

Rear r angement of TCR Genes i n CD3 +, 4 - , 8 - ( WT31) Cel l Li nes.

	

I n humans,

t wo Cy genes, each wi t h associ at ed J el ement s, have been i dent i f i ed ( 18, 19) .
Rear r angement of y genes i s r eadi l y det ect ed by Sout her n bl ot anal ysi s usi ng J
r egi on pr obes ( 18, 19) . Genomi c DNA f r om CD3' ' , 4- , 8- ( WT31 - ) cel l s was
i sol at ed, di gest ed wi t h Eco RI r est r i ct i on enzyme, and assayed by Sout her n bl ot
anal ysi s usi ng a Jy pr obe . DNAi sol at ed f r om cl oned T l eukemi a cel l l i nes ( HPB-
ALL and HUT 78) cont ai ned r ear r anged f r agment s consi st ent wi t h monocl onal
cel l popul at i ons . Onl y unr ear r anged, ger ml i ne f r agment s wer e det ect ed i n a B
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I mmunopr eci pi t at i on wi t h ant i - y ant i ser um. Det er gent - sol ubi l i zed l ysat es of ' 25I -
l abel ed I L- 2- dependent CD3+, 4 - , 8- ( WT31 - ) cel l s ( same cel l l i ne as used i n Fi g . 5) wer e
i mmunopr eci pi t at ed wi t h ant i - Leu- 4 ( CD3) . I mmune compl exes wer e el ut ed f r om S. aur eus
and r ei mmunopr eci pi t at ed usi ng r abbi t ant i - y pept i de ser umor nor mal r abbi t ser um( cont r ol )
as descr i bed i n Mat er i al s and Met hods. Sampl es wer e anal yzed by SDS- PAGE ( A) and NEPHGE

( B) usi ng 10%acr yl ami de gel s .

cel l l i ne ( DAUDI ) . y genes wer e r ear r anged i n bot h CD3+, 4 - , 8 - cel l s and nor mal

PBL/ T ( ^- 97% WT31' ) l ymphocyt es ( Fi g . 8) . 2 The r ear r anged f r agment s seen

i n t he CD3' , 4 - , 8 - ( WT31 - ) cel l l i ne wer e si mi l ar t o t he r ear r anged f r agment s

seen i n nor mal pol ycl onal PBL/ T l ymphocyt es i sol at ed f r om t wo i ndependent

donor s . These r esul t s suggest t hat t he CD3+, 4 - , 8- cel l l i ne i s pol ycl onal , r at her

t han monocl onal . Si mi l ar r esul t s wer e al so obt ai ned usi ng CD3* , 4 - , 8 - ( WT31 - )

cel l l i nes est abl i shed f r om t wo di f f er ent donor s ( not shown) . DNA f r om

CD3+, 4 - , 8 - ( WT31 - ) cel l l i nes wer e al so di gest ed wi t h Kpn 1, anot her r est r i ct i on

enzyme t hat al l ows det ect i on of y gene r ear r angement i n pol ycl onal PBL/ T cel l s

( 45) . Pol ycl onal r ear r angement of y genes i n t he CD3+, 4 - , 8 - ( WT31 - ) cel l l i ne

was si mi l ar l y obser ved ( not shown) .

The genomi c or gani zat i on of , # genes i n CD3+, 4- , 8 - ( WT31 - ) cel l l i nes was

al so exami ned and compar ed wi t h pol ycl onal PBL/ T l ymphocyt es ( Fi g . 9) . DNA

f r oma B cel l l i ne ( DAUDI ) and a cl oned, CD3- NK cel l l i ne wer e not r ear r anged,

and ser ved as ger ml i ne cont r ol s i n t hese exper i ment s . Usi ng Eco RI r est r i ct i on

enzyme anal ysi s, ^ - 10 and ^zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 3 . 7 kb f r agment s r epr esent i ng ger ml i ne C, #1 and

C, 02 genes, r espect i vel y, wer e det ect ed ( 46) . I n ger ml i ne DNA, t he 10- and 3 . 7-

x Al t hough t he i nt ensi t y of r ear r anged y gene f r agment s var i ed bet ween di f f er ent bl ood donor s,
i dent i cal f r agment s wer e obser ved i n al l PBL/ T cel l popul at i ons exami ned ( 45) . No pol ymor phi sm

has been det ect ed usi ng Eco RI r est r i ct i on enzyme anal ysi s ( 45) .
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Nor t her n bl ot anal ysi s of TCR gene pr oduct s expr essed
by CD3' , 4 - , 8- T cel l s. RNA wer e i sol at ed f r om an I L- 2- dependent
CD3+, 4 - , 8- ( WT31 - ) cel l l i ne ( l anes 1, 4, and 7) , PHA- act i vat ed T
l ymphocyt es f r om nor mal donor s ( l anes 2, 5, and 8) and HPB- ALL T
l eukemi a cel l s ( l anes 3, 6, and 9) . Equal amount s of each RNA ( 12 , ug/
l ane) wer e anal yzed by t he Nor t her n bl ot t echni que, usi ng ' 4P- l abel ed
- y ( A) , 0 ( B) , and a ( C) pr obes . Membr anes B and Cwer e r ehybr i di zed
wi t h 7 pr obe t o ensur e t hat l anes 1, 4, and 7 cont ai ned equi val ent
amount s of RNA ( not shown) .

kb bands wer e appr oxi mat el y equal i n i nt ensi t y ; wher eas, r ear r angement of C, 81
genes r esul t ed i n a r educt i on of t he 10- kb band ( 46) . Consi st ent wi t h pr i or

r epor t s ( 46, 47) , nor mal , pol ycl onal PBL/ T l ymphocyt es demonst r at ed ext ensi ve

r ear r angement of C, Q1 genes, r esul t i ng i n si gni f i cant l oss of t he ger ml i ne 10- kb

f r agment . Li ke PBL/ T l ymphocyt es, CD3+, 4` , 8 - ( WT31 - ) cel l l i nes demon-
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FI GURE 8 .

	

Sout her n bl ot anal ysi s of y gene r ear -
r angement i n CD3+, 4- , 8 - T cel l s . Genomi c DNA
( 10 ug, as det er mi ned by spect r ophot omet r i c de-
t er mi nat i on) f r om an I L- 2- dependent CD3* , 4- , 8 -
( WT31" ) cel l l i ne, a B cel l l i ne ( DAUDI ) , nor mal
PBL/ T l ymphocyt es f r om t wo di f f er ent i ndi vi du-
al s, HUT 78 T l eukemi a cel l s and HPB- ALL T
l eukemi a cel l s wer e di gest ed wi t h Eco RI r est r i c-
t i on enzyme. Gel s wer e st ai ned wi t h et hi di umbr o-
mi de t o ver i f y t he i nt egr i t y of t he DNA and t o
conf i r m t hat compar abl e amount s of DNA wer e
pr esent i n al l l anes . DNA wer e anal yzed by t he
Sout her n bl ot t echni que usi ng ' $ P- l abel ed Jy
pr obe .

st r at ed r ear r angement of Cß 1 genes, as r ef l ect ed by ext ensi ve l oss of t he 10- kb

f r agment . Loss of t he 10- kb f r agment , wi t hout appear ance of di scr et e r ear r anged

f r agment s, suppor t s t he concl usi on t hat CD3' ' ' , 4- , 8- ( WT31- ) cel l l i nes ar e

pol ycl onal . Rest r i ct i on enzyme anal ysi s usi ng Bam HI ( t o det ect Cß2 gene

r ear r angement s [ 46] ) , demonst r at ed t hat CD3+, 4 - , 8 - ( WT31 - ) cel l l i nes wer e

essent i al l y i dent i cal t o pol ycl onal PBL/ T cel l s and di d not cont ai n cl onal r ear -

r angement s ( not shown) .

Rel at i onshi p of Nor mal Per i pher al Bl ood CD+, 4 - , 8 - T Cel l Li nes t o Ot her

CD3+, WT31 - Cel l Li nes. PEER T l eukemi a cel l s ( 25) , I L- 2- dependent

CD3+, 4' , 8 - cl ones est abl i shed f r omcul t ur ed t hymocyt es ( 27) , and I L- 2- depend-

ent CD3+ T cel l l i nes est abl i shed f r om i mmunodef i ci ency pat i ent s wi t h bar e

l ymphocyt e syndr ome and ect oder mal dyspl asi a syndr ome ( 26) al l f ai l ed t o r eact

wi t h WT31 mAb. Bot h t he t hymi c and i mmunodef i ci ent T cel l l i nes demon-

st r at ed t wo non- di sul f i de- l i nked pr ot ei ns of ^- 55 and ^- 40 kD t hat wer e coi m-

munopr eci pi t at ed wi t h ant i - CD3 mAbs . The PEER cel l l i ne expr essed an ^- 55

kD gl ycopr ot ei n . Al t hough an ^- 40- kD pr ot ei n was not vi sual i zed by ' 25 1 r adi ol -

abel i ng, t hi s does not excl ude t he possi bi l i t y t hat PEER al so expr esses a second
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FI GURE 9. Sout her n bl ot anal ysi s of / 3 gene r ear -
r angement i n CD3* , 4- , 8- T cel l s. Genomi c DNA ( 10

l ug, as det er mi ned by spect r ophot omet r i c det er mi na-
t i on) f r om an I L- 2- dependent CD3+, 4- , 8 - ( WT31 - )
cel l l i ne, a B cel l l i ne ( DAUDI ) , nor mal PBL/ T l ym-
phocyt es, and an I L- 2- dependent CD3 - NK cel l cl one
( NKI A3) wer e di gest ed wi t h Eco RI r est r i ct i on en-
zyme . Gel s wer e st ai ned wi t h et hi di um br omi de t o
ver i f y t he i nt egr i t y of t he DNA and t o conf i r m t hat
compar abl e amount s of DNAwer e pr esent i n al l l anes .
DNA wer e anal yzed by t he Sout her n bl ot t echni que
usi ng " P- l abel ed # pr obe.

non- di sul f i de- l i nked subuni t . The non- di sul f i de- l i nked - 55- kd pr ot ei n ex-

pr essed by t he i mmunodef i ci ent T cel l l i nes ( 26) and PEER ( 28) r eact ed wi t h

ant i ser um agai nst 7 pept i des . Si mi l ar l y, t he - 40- and ^- 37- kD subuni t of t he

di sul f i de- l i nked het er odi mer expr essed on CD3+, 4 - , 8 - cel l l i nes est abl i shed f r om

nor mal , adul t per i pher al bl ood r eact ed wi t h ant i - y chai n ant i ser um. I n cont r ast ,

t he ^- 45- kD subuni t of t he di sul f i de- l i nked het er odi mer f ai l ed t o r eact wi t h ant i -
,y ser um. Whet her or not t hi s ^ - 45- kDsubuni t of t he di sul f i de- l i nked het er odi mer

i s r el at ed t o t he ^- 40- kD subuni t of t he non- di sul f i de- l i nked het er odi mer ob-
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ser ved on i mmunodef i ci ent T cel l l i nes i s unknown . Br enner and col l eagues ( 26)

have pr oposed t hat t hi s ^zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 40- kD pr ot ei n may be encoded by a f our t h T cel l

ant i gen r ecept or gene, t ent at i vel y desi gnat ed TCR- S.

The exi st ence of non- di sul f i de- l i nked het er odi mer s and di sul f i de- l i nked het -

er odi mer s cont ai ni ng y chai n pr ot ei ns may r ef l ect pr ef er ent i al use of t he t wo

di f f er ent Cy genes . Nor mal per i pher al bl ood CD3' , 4 - , 8- ( WT31 - ) T cel l s may

excl usi vel y t r anscr i be t he C- f l gene . The C71 gene has a cyst ei ne r esi due

pr oxi mal t o t he t r ansmembr ane segment t hat i s pot ent i al l y avai l abl e t o f or m

i nt er chai n di sul f i de- l i nked di mer s ( 28, 48) . The Cy2 gene used by PEER ( and

possi bl y t he t hymi c and i mmunodef i ci ent T cel l l i nes) l acks t hi s cyst ei ne r esi due

pr oxi mal t o t he t r ansmembr ane r egi on ( 28, 48) . I t wi l l be of i nt er est t o det er mi ne

whet her di f f er ent i al expr essi on of Cy l and Cy2 genes wi l l cor r el at e wi t h f unc-

t i on, st age of di f f er ent i at i on or t i ssue or i gi n of T l ymphocyt e expr essi ng y chai n

r ecept or s . Pr ef er ent i al expr essi on of Vy genes i n mur i ne f et al t hymocyt es and

mat ur e T l ymphocyt es has been obser ved by Gar man and col l eagues ( 49) .

Li ke CD3 i ' , 4 - , 8 - cel l l i nes est abl i shed f r omadul t per i pher al bl ood, F6C7, an

I L- 2- dependent CD3' ' , WT31 - T cel l cl one est abl i shed f r om f et al bl ood, al so

expr esses an - r 85- kD di sul f i de- l i nked st r uct ur e associ at ed wi t h t he CD3 compl ex

( 50) . Upon r educt i on of t he ~85- kD st r uct ur e, onl y an ^- 44- kD subuni t was

vi sual i zed, suggest i ng t hat t hi s st r uct ur e may be a homodi mer ( 50) . F6C7 cel l s

t r anscr i be appar ent l y f unct i onal 1 . 3- kb , Q mRNA, as wel l as 1 . 6- kb y mRNA, but

not a mRNA ( 50) . Ther e was no i ndi cat i on whet her or not t hi s homodi mer i s a

y gene pr oduct . However , i f t hi s di sul f i de- l i nked ant i gen r ecept or i s encoded by

y, i t i s pr obabl y usi ng t he Cy 1 gene .

At pr esent , t her e i s i nsuf f i ci ent dat a t o expl ai n t he r el at i onshi p bet ween t he

maj or i t y of T l ymphocyt es t hat expr ess an a/ , B ant i gen r ecept or ver sus t he

i nf r equent subset of T l ymphocyt es t hat expr ess a y/ S r ecept or i n associ at i on

wi t h t he CD3 compl ex . Mor eover , t he bi ol ogi cal si gni f i cance of t he pr ef er ent i al

use of CyI and Cy2 genes t o encode non- di sul f i de- l i nked ver sus di sul f i de- l i nked

r ecept or s i s uncl ear . These quest i ons ar e of par t i cul ar i nt er est i n r el at i on t o an

under st andi ng of T cel l ont ogeny and di f f er ent i at i on . I t has been pr oposed t hat

T l ymphocyt es expr essi ng TCR- y pr ot ei ns r epr esent a devel opment al st age of T

cel l mat ur at i on, and t hat i mmat ur e t hymocyt es may expr ess an het er odi mer i c

ant i gen r ecept or composed of y chai n and 0 chai n subuni t s ( 22, 51) . By t hi s

scenar i o, i mmat ur e TCR- 7/ # T l ymphocyt es woul d pr ogr ess t o expr ess a TCR-

a/ , o and CD4 and/ or CD8 ant i gens, as a consequence of di f f er ent i at i on, pr esum-

abl y i n t he t hymus . Our pr esent dat a, as wel l as t he obser vat i ons of ot her s ( 26,

27) , have cl ear l y demonst r at ed t hat t he y chai n het er odi mer s expr essed on bot h

per i pher al and t hymi c T l ymphocyt es do not cont ai n ( 3 chai n subuni t s . Mor eover ,

even i n t he PEER cel l l i ne, i n whi ch 0 chai n pr ot ei n i s det ect ed i n t he cyt opl asm,

no y/ ( 3 het er odi mer s wer e det ect ed on t he pl asma membr ane ( 28) .

T l ymphocyt es expr essi ng y chai n ant i gen r ecept or s ar e mor e abundant i n

adul t per i pher al bl ood t han i n t hymus, i ndi cat i ng t hat cel l s expr essi ng y chai n

ant i gen r ecept or s do not r epr esent a maj or st age of t hymi c devel opment ( 29) .

We have suggest ed t hat T cel l s expr essi ng a f unct i onal CD3/ ant i gen r ecept or

compl ex usi ng TCR- y pr ot ei ns may r epr esent an i ndependent l i neage of T

l ymphocyt es, di st i nct f r om t he maj or i t y of T cel l s expr essi ng an a/ , Q ant i gen

r ecept or ( 29) . Addi t i onal l y, si nce most T l ymphocyt es wi t h cel l sur f ace TCR- y
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r ecept or s expr ess nei t her CD8 nor CD4 ( ant i gens t hat have been i mpl i cat ed i n

cl ass I and cl ass I l MHCi nt er act i ons, r espect i vel y) , ant i gen r ecogni t i on by t hese

cel l s may l ack r est r i ct i on by t he MHC. The abi l i t y t o i sol at e and est abl i sh st abl e

i n vi t r o cul t ur es of T cel l s expr essi ng TCR- ' y ant i gen r ecept or s wi l l pr ovi de t he

oppor t uni t y t o r esol ve t hese quest i ons .

Summar y

I L- 2- dependent cel l l i nes wer e est abl i shed f r om nor mal per i pher al bl ood T

l ymphocyt es t hat expr ess nei t her CD4 nor CD8 di f f er ent i at i on ant i gens .

CD3+, 4 - , 8 - cel l l i nes f r om 15 di f f er ent donor s f ai l ed t o r eact wi t h WT31, an

mAb di r ect ed agai nst t he T cel l ant i gen r ecept or a/ , B het er odi mer . Ant i - Leu- 4

mAb was used t p i sol at e t he CD3/ T cel l ant i gen r ecept or compl ex f r om ' 25 I -

l abel ed CD3+, 4 - , 8 - ( WT31 - ) T cel l s . Usi ng det er gent condi t i ons t hat pr eser ved

t he CD3/ T cel l ant i gen r ecept or compl ex, an - 90 kD di sul f i de- l i nked het er odi -

mer , composed of ^zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 45- and - 40- ( or ^- 37- ) kD subuni t s, was coi mmunopr eci pi -

t at ed wi t h t he i nvar i ant 20- 29- kD CD3 compl ex . Anal ysi s of t hese component s

by nonequi l i br i um pH gr adi ent el ect r ophor esi s i ndi cat ed t hat t he ^ " 40- kD and

^- 37- kD subuni t s wer e si mi l ar , and qui t e di st i nct f r om t he mor e basi c ^ - 45- kD

subuni t . None of t hese t hr ee subuni t s r eact ed wi t h an ant i body di r ect ed agai nst

a 0 chai n f r amewor k epi t ope. Het er oant i ser umagai nst a T cel l r ecept or . y chai n

pept i de speci f i cal l y r eact ed wi t h bot h t he ^- 37- and ^- 40- kD CD3- associ at ed

pr ot ei ns, but not wi t h t he ^ " 45- kD subuni t . CD3+, 4 - , 8 - cel l s f ai l ed t o t r anscr i be

subst ant i al amount s of f unct i onal 1 . 3- kb # or 1 . 6- kb a mRNA, but pr oduced

abundant 1 . 6- kb 7 mRNA. Sout her n bl ot anal ysi s r eveal ed t hat t hese CD3+, 4 - , 8 -

cel l l i nes r ear r anged bot h ' y and , B genes, and i ndi cat ed t hat t he popul at i ons wer e

pol ycl onal . The expr essi on of a CD3- associ at ed di sul f i de- l i nked het er odi mer on

CD3+, 4 - , 8 - T cel l l i nes est abl i shed f r omnor mal , adul t per i pher al bl ood cont r ast s

wi t h pr i or r epor t s descr i bi ng a C133- associ at ed non- di sul f i de- l i nked het er odi mer

on CD3' / WT31- cel l l i nes est abl i shed f r om t hymus and per i pher al bl ood ob-

t ai ned f r om pat i ent s wi t h i mmunodef i ci ency di seases . We pr opose t hat t hi s

di scr epancy may be expl ai ned by pr ef er ent i al usage of t he t wo C7 genes i n T

l ymphocyt es .
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