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The TCRhas been i dent i f i ed i n sever al speci es as a het er odi mer of t wo var i abl e
chai ns ( r evi ewed i n r ef er ence 1) t hat i s associ at ed wi t h a set of i nvar i ant pol ypep-
t i des col l ect i vel y r ef er r ed t o as CD3 . MHC- r est r i ct ed ant i gen r ecogni t i on by bot h

cyt ot oxi c ( most l y CD8' ) and hel per ( most l y CD4' ) T cel l s i s medi at ed by cl ono-
t ypi c het er odi mer s of t he a/ ß t ype, whi l e a second t ype of CD3- associ at ed TCR,

t er med y/ S, has r ecent l y been di scover ed on a smal l subpopul at i on of human ( 2)
and mouse ( 3) T cel l s .

mAbs t o t he TCR and CD3 mol ecul es have been i nst r ument al t o t he di scover y
and anal ysi s of t he TCRcompl ex . Recent wor k i n t he mouse syst em has especi al l y
pr of i t ed f r om t he gener at i on of mAbs t o Vß segment s expr essed at a f r equency de-
t ect abl e i n uni mmuni zed T cel l popul at i ons ( 4- 7) , and t o t he i nvar i ant CD3E chai n
( 8) . No mAb t o . a const ant det er mi nant of t he mouse TCR- a/ ß i s avai l abl e, how-
ever , t hat coul d be used t o di scr i mi nat e TCR- a/ ß and TCR- ,y/ 8 expr essi ng T cel l s
and t hymocyt es . I n t he r at syst em, anal ysi s of T cel l mat ur at i on and act i vat i on has
been hamper ed by a compl et e l ack of TCR- and CD3- speci f i c monocl onal r eagent s,
despi t e an ot her wi se excel l ent col l ect i on of mAbs t o cel l sur f ace mol ecul es .

Her e, we descr i be a new mAb, t er med R73, t hat det ect s a r at pan T cel l sur f ace
ant i gen wi t h t he pr edi ct ed pr oper t i es of t he TCR- a/ ß on mat ur e and i mmat ur e cel l s
of t he T cel l l i neage and r epor t s i t s f unct i onal ef f ect s on r est i ng T l ymphocyt es .

Mat er i al s and Met hods

Ani mal s .

	

Young adul t Wi st ar and Lewi s r at s of bot h sexes wer e obt ai ned f r omt he ani mal
quar t er s of t he Max Pl anck I nst i t ut e f or Bi ochemi st r y, Mar t i nsr i ed, FRG, or f r omt he Zen-
t r al i nst i t ut f ür Ver suchst i er zucht , Medi zi ni sche Hochschul e Hannover , FRG. Resul t s obt ai ned
di d not var y si gni f i cant l y bet ween bot h st r ai ns .

I mmuni zat i on and Cel l Fusi on .

	

Spl een cel l s f r om a BALB/ c mouse al t er nat el y i mmuni zed
i nt r aper i t oneal l y wi t h r at T bl ast s and r at er yt hr ocyt es ( i t was al so i nt ended t o gener at e an
mAb t o r at LFA- 3) wer e f used 3 d af t er an i nt r avenous i nj ect i on of 10' r at er yt hr ocyt es wi t h

Thi s wor k was f unded by a gr ant f r omt he Bundesmi ni st er i um f ür For schung und Technol ogi e . Gener a-
t i on of t he R73 cel l l i ne was f unded by Genzent r um e. V.
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I DENTI FI CATI ON OF THE RAT T CELL RECEPTOR

t he nonpr oducer cel l l i ne X63- Ag 8 . 653 usi ng pol yet hyl ene gl ycol . Super nat ant s of hybr i d-

omas obt ai ned af t er sel ect i on i n azaser i ne/ hypoxant hi ne- cont ai ni ng medi umwer e scr eened

f or bi ndi ng t o r at T cel l bl ast s by i ndi r ect i mmunof l uor escence and f l ow cyt omet r y . Posi t i ve

super nat ant s wer e scr eened at a 1 : 4 f i nal di l ut i on f or t he i nduct i on of DNA synt hesi s i n 105

unf r act i onat ed r at spl enocyt es ( see bel ow) . R73, t he onl y posi t i ve cul t ur e among - 4, 000 hy-

br i domas, was subcl oned by l i mi t i ng di l ut i on.

mAbs and Fl uor ochr ome Conj ugat i on .

	

mAbs OX- 35, W3/ 25 ( bot h ant i - CD4, r ef er ence 9) ,
OX- 8 ( ant i - CD8, r ef er ence 10) , OX- 52 ( pan T cel l , r ef er ence 11) , OX- 39 ( ant i - I L- 2- R, r ef er -
ence 12) OX- 44 ( 13) , and R73 wer e pur i f i ed f r om asci t i c f l ui d usi ng pr ot ei n A- sephar ose
( Phar maci a Fi ne Chemi cal s, Uppsal a, Sweden) . mAb L180/ 1 t o sheep LFA- 3 ( 14) i s of t he
same i sot ype ( y, ) as R73 and was used as a negat i ve cont r ol . Al l OX ant i bodi es wer e t he
ki nd gi f t of Dr . A. Wi l l i ams, Oxf or d, Engl and . They wer e conj ugat ed wi t h FI TC ( Si gma
Chemi cal Co. , St . Loui s, MO) accor di ng t o st andar d pr ocedur es . Secondar y ant i bodi es wer e
FI TC- l abel ed RaMI g Fabz and bi ot i nyl at ed RaMI g ( bot h f r om Dakopat t s GmbH, Ham-
bur g, FRG) . Avi di n- phycoer yt hr i n was obt ai ned f r omBect on Di cki nson GmbH, Hei del ber g,
FRG.

I mmune Hi st ol ogy .

	

Det ect i on of t he R73 ant i gen i n 5- umcr yost at sect i ons of l ymphoi d
or gans was ki ndl y per f or med by Dr . Loui se Beyer s, Oxf or d, f ol l owi ng publ i shed pr ocedur es
( 13) .

Pr epar at i on of Cel l s .

	

Cel l suspensi ons f r om t hymus, spl een, and pool ed l ymph nodes wer e

pr epar ed by passi ng t he or gans t hr ough a met al gr i d i nt o i ce- col d bal anced sal t sol ut i on .

Bone mar r ow was ej ect ed i nt o bal anced sal t sol ut i on f r om f emur s and t i bi as wi t h a syr i nge.

Rest i ng T cel l s wer e i sol at ed f r om l ymph node cel l suspensi ons by passage over nyl on wool

and by col l ect i ng t he 50 : 60% Per col l ( Phar maci a Fi ne Chemi cal s) i nt er phase af t er densi t y

cent r i f ugat i on . Thymocyt e subset s wer e i sol at ed by t wo cycl es of " panni ng" ( 15) on r abbi t

ant i - mouse I g ( RaMI g) ' - coat ed pl at es t o bi nd t hymocyt es t hat had been t r eat ed wi t h mouse

mAb t o var i ous sur f ace mar ker s . I mpur i t i es i n t he subpopul at i ons t hus obt ai ned wer e de-

t ect ed by l abel i ng wi t h RaMI g- bi ot i n and avi di n- phycoer yt hr i n, per mi t t i ng t hei r excl usi on

by el ect r oni c gat i ng when r eact i vi t y wi t h FI TC- conj ugat ed R73 mAb was st udi ed ( see bel ow) .

I mmunoj l uor escence and Fl ow Cyt omet r y .

	

Al l l abel i ng r eagent s wer e used at sat ur i ng concen-

t r at i ons . For di r ect i mmunof l uor escence, 2 x 105 cel l s i n PBS/ 0. 1%BSA/ 0 . 02 %NaN3 wer e

kept f or 15 mi n on i ce, and washed . For t wo- col or f l uor escence, t he cel l s wer e r eact ed wi t h

unconj ugat ed mAb t o t he f i r st mar ker as above, f ol l owed by sequent i al 15- mi n exposur es

t o RaMI g- bi ot i n ( i n t he pr esence of 10% nor mal r at ser um t o bl ock ant i - r at I g cr ossr eac-

t i vi t y) , avi di n- phycoer yt hr i n pl us 10 wg/ ml nor mal mouse I g, and FI TC- l abel ed mAb t o t he

second mar ker . 2 x 104 cel l s per sampl e wer e anal yzed i n a FACScan f l ow cyt omet er ( Bect on

Di cki nson) . Li ght scat t er gat es wer e set t o excl ude dead cel l s and er yt hr ocyt es . I nst r ument

set t i ngs wer e i dent i cal f or al l exper i ment s shown . Resul t s ar e di spl ayed as hi st ogr ams or con-

t our pl ot s gener at ed wi t h t he FACScan and Consor t 30 sof t war e ( Bect on Di cki nson) , r espec-
t i vel y .

Radi oi r nmunopr eci pi t at i on .

	

Nyl on wool - pur i f i ed l ymph node cel l s wer e sur f ace l abel ed wi t h
" I ( Amer shamBuchl er GmbH, Br aunschwei g, FRG) by t he l act oper oxi dase met hod as pr e-

vi ousl y descr i bed ( 14) . Cel l s wer e l ysed i n l ysi s buf f er ( ei t her PBS cont ai ni ng 1% NP- 40 and

i mMPMSF or TRI S- buí f er ed sal i ne, pl 4 7 . 5, cont ai ni ng 1 t hMEDTA, 0 . 0236 NaN3, 1

mMPMSF, and 1% di gi t oni n [ Si gma Chemi cal Co. ] ) . Af t er cent r i f ugat i on, t he l ysat e was

pr eabsor bed wi t h nor mal mouse I gG ( Si gma Chemi cal Co. ) , coupl ed t o cyanbr omi de- act i vat ed

sephar ose beads ( Phar maci a Fi ne Chemi cal s) . The l ysat e was t hen i ncubat ed wi t h t he r espec-

t i ve mAbs coupl ed t o pr ot ei n A- sephar ose f or 2 h at 4° C. The beads wer e washed f our t i mes
i n l ysi s buf f er cont ai ni ng 0 . 5 MKCl ( NP40 l ysat es onl y) and t wo t i mes wi t h l ysi s buf f er ,

boi l ed f or 5 mi n i n nonr educi ng or r educi ng Laemml i sampl e buf f er , r espect i vel y ( 16) , and
t he pr eci pi t at ed i mmune compl exes wer e anal yzed on SDS pol yacr yl ami de gel s .

Cel l Cul t ur e.

	

For T cel l st i mul at i on assays, 10 5 r esponder cel l s ( unf r act i onat ed spl een cel l s

or pur i f i ed T cel l s) wer e cul t ur ed i n 0. 1- ml mi cr ocul t ur es f or 3 d i n RPMI 1640 wi t h 5%

FCS i n t he pr esence or absence of var i ous di l ut i ons of R73 cul t ur e super nat ant s . I n some

' Abbr evi at i on used i n t hi s paper : RaMI g, r abbi t ant i - mouse I g.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://ru

p
re

s
s
.o

rg
/je

m
/a

rtic
le

-p
d
f/1

6
9
/1

/7
3
/1

0
9
8
7
7
8
/7

3
.p

d
f b

y
 g

u
e
s
t o

n
 2

5
 A

u
g
u

s
t 2

0
2
2



gr oups, t he mi cr owel l pl at es ( Cost ar , Cambr i dge, MA) wer e pr ecoat ed over ni ght wi t h RaMI g
( [ Dakopat t s GmbH] ; 40 ug/ ml i n car bonat e buf f er , pH 9 . 5) , whi l e ot her s r ecei ved 10'
x- i r r adi at ed ( 1, 200 r ad) spl een cel l s as accessor y cel l s. Wher e i ndi cat ed, 50 U/ ml human r I L- 2
( Hoechst AG, Fr ankf ur t , FRG) was added . 1 gCi [ ' H] t hymi di ne ( Amer sham, Br aunschwei g,
FRG; 5 Ci / mMsp act ) was pr esent i n each wel l f or t he l ast 16 h of cul t ur e bef or e det er mi ni ng
t he i ncor por at ed r adi oact i vi t y by st andar d pr ocedur es .

For phenot ypi c anal ysi s of R73- act i vat ed T cel l s, 5 x 10 5 pur i f i ed T cel l s wer e cul t ur ed
i n 2 ml RPMI 1640 and 5%FCS i n t i ssue cul t ur e wel l s ( Cl ust er 12 ; Cost ar ) t hat had f i r st
been coat ed wi t h RaMI g as descr i bed above, f ol l owed by a 1- h i ncubat i on wi t h a 1 : 200 di l u-
t i on of R73 or L180/ 1 asci t i c f l ui d i n medi um, and t hr ee washes .

Resul t s

I sol at i on of mAb R73.

	

Spl een cel l s f r om a BALB/ c mouse i mmuni zed wi t h r at

T cel l bl ast s and r at er yt hr ocyt es ( see Mat er i al s and Met hods) wer e f used wi t h a
nonpr oducer myel oma cel l l i ne accor di ng t o st andar d pr ocedur es . Cul t ur e super na-
t ant s wer e f i r st scr eened f or bi ndi ng t o r at l eukocyt es by i ndi r ect i mmunof l uor es-
cence, and posi t i ve cul t ur es wer e t est ed f or t he i nduct i on of DNA synt hesi s i n un-
f r act i onat ed r at spl een cel l s . One hybr i doma, t er med R73, scor ed posi t i ve and a
subcl one yi el di ng a hi gh- t i t er ed t i ssue cul t ur e super nat ant was i sol at ed .

Ti ssue Di st r i but i on of t he R73 Ant i gen.

	

The t i ssue di st r i but i on of t he R73 ant i gen
was i nvest i gat ed by i mmunof l uor escence and f l owcyt omet r y and by i mmune hi st ol ogy .
Fi g. 1 shows t hat i n young adul t ani mal s, t he ant i gen i s expr essed on - 46%of spl eno-
cyt es, - 63%of l ymph node cel l s, and N3oj o of bone mar r ow cel l s . Thymocyt es di s-
pl ayed a t r i phasi c di st r i but i on of R73 st ai ni ng . 13 %st ai ned wi t h t he same i nt ensi t y
as t he posi t i ve cel l s f ound i n spl een and l ymph nodes, whi l e t he maj or i t y of t hymo-
cyt es ( 68%) f or med a di st i nct subpopul at i on wi t h l ower but cl ear l y measur abl e an-

t i gen expr essi on, and a t hi r d popul at i on ( 19%) was R73 - .
I mmune hi st ol ogy of spl eni c ( Fi g . 2 A) and l ymph node ( Fi g . 2 B) sect i ons r e-

veal ed t hat spl eni c R73 + cel l s r esi de i n t he T cel l ar eas of t he whi t e pul p and
par acor t ex, r espect i vel y. Thi s pat t er n was i ndi st i ngui shabl e f r om t hat obt ai ned i n
ser i al sect i ons f or t he pan T cel l mar ker OX- 52 ( not shown) . I n t he t hymus ( Fi g.
2 C) , al most al l medul l ar y cel l s r eact ed wi t h R73, wher eas t he cor t ex cont ai ned onl y

scat t er ed R73+ cel l s, many of whi ch st ai ned l ess i nt ensel y t han medul l ar y
t hymocyt es.

l og gr een f l uor escence

HLÎ NI G ET AL.
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FI GURE 1 .

	

React i vi t y of mAb R73 wi t h cel l

suspensi ons pr epar ed f r om spl een, l ymph

nodes, bone mar r ow, and t hymus of young

adul t r at s . Cel l s wer e st ai ned wi t h FI TC-

conj ugat ed mAb R73, and wi t h L180/ 1- FI TC

as an i sot ype- mat ched negat i ve cont r ol .

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://ru

p
re

s
s
.o

rg
/je

m
/a

rtic
le

-p
d
f/1

6
9
/1

/7
3
/1

0
9
8
7
7
8
/7

3
.p

d
f b

y
 g

u
e
s
t o

n
 2

5
 A

u
g
u

s
t 2

0
2
2



76

	

I DENTI FI CATI ON OF THE RAT T CELL RECEPTOR
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Di st r i but i on of t he R73 Ant i gen on Subset s of Per i pher al Lymphocyt es.

	

The above r esul t s

suggest ed t hat R73 det ect s a pan Tcel l ant i gen . I t was t her ef or e at t empt ed t o def i ne
t he exact subset ( s) of per i pher al l ymphoi d cel l s r eact i ve wi t h R73 usi ng t wo- col or
i mmunof l uor escence and f l ow cyt omet r y. I n t he exper i ment shown i n Fi g . 3, l ymph
node l ymphocyt es wer e anal yzed f or coexpr essi on of t he R73 ant i gen wi t h OX- 52
( pan T cel l ) , and t he CD4 and CD8 mar ker s f ound on MHCcl ass I I and cl ass I
r est r i ct ed per i pher al T cel l s, r espect i vel y . Fi g . 3 A i ndi cat es t hat al l but a ver y smal l
subpopul at i on ( 2- 3%) of unsepar at ed OX- 52+ l ymph node cel l s r eact ed wi t h R73,
and t hat al l R73+ cel l s al so expr essed OX- 52, i ndi cat i ng t hat R73 det ect s a T
cel l - speci f i c ant i gen . Accor di ngl y, pur i f i ed l ymph node T cel l s wer e anal yzed f or
coexpr essi on of R73 wi t h CD4 and CD8 ( Fi g . 3, B- D) . Vi r t ual l y al l ( 99. 5%) l ymph
node T cel l s expr essi ng CD4 ( Fi g . 3 C) and - 95 17c of CD8+ cel l s ( Fi g . 3 B) r eact ed
wi t h R73 . Si mul t aneous st ai ni ng wi t h bot h ant i - CD4 and ant i - CD8 i n one f l uor es-
cence channel vs . R73 i n t he ot her r eveal ed t hat R73 expr essi on i s r est r i ct ed t o l ym-
phocyt es expr essi ng CD4 or CD8 ( Fi g . 3 D) . I t i s of i nt er est i n t hi s cont ext t hat
r at NK cel l s ar e CD8+ ( 17) , r ai si ng t he possi bi l i t y t hat R73 det ect s an ant i gen on
al l hel per and cyt ot oxi c T cel l s, but not on NK cel l s .

Ver y si mi l ar r esul t s wer e obt ai ned wi t h r at spl enocyt es, except t hat an addi t i onal
popul at i on of l ar ger cel l s was f ound t hat expr essed CD4 but was R73 - ( not shown) .
These cel l s wer e negat i ve f or t he pan T cel l mar ker OX- 52 and expr essed CD4 at
a l evel bel ow t hat char act er i st i c of per i pher al T cel l s . Si nce r at spl eni c macr ophages
have pr evi ousl y been shown t o expr ess t he CD4 ant i gen ( 9) , we concl ude t hat t hese
wer e macr ophages and t hat , l i ke i n l ymph nodes, R73 expr essi on i n t he spl een i s
r est r i ct ed t o T l ymphocyt es .
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FI GURE 3 .

	

Expr essi on of t he
R73 det er mi nant on subset s of
l ymph node cel l s. Unsepar at ed
( A) l ymph node cel l s or pur i f i ed
Tcel l s ( B- D) wer e st ai ned wi t h
t he r eagent s as i ndi cat ed i n t he
f i gur e . For det ai l s see Mat er i al s
and Met hods . Lowest l evel
shown i n cont our pl ot s i s f i ve
cel l s, gr aduat i on i s 30 cel l s/ l i ne.
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I DENTI FI CATI ON OF THE RAT T CELL RECEPTOR

Bi ochemi cal Char act er i zat i on of t he R73 Ant i gen .

	

Lymph node cel l s wer e enr i ched

f or T cel l s by nyl on wool f i l t r at i on, wer e sur f ace i odi nat ed, and wer e l ysed wi t h t he

noni oni c det er gent NP- 40 . Radi oi mmunopr eci pi t at es obt ai ned wi t h R73 and, as

a cont r ol , nor mal mouse I gGwer e anal yzed by SDS- PAGE i n t he absence or pr es-

ence of a r educi ng agent ( Fi g . 4 A) . R73 pr eci pat es a br oad band char act er i st i c of

gl ycopr ot ei ns wi t h a mol ecul ar mass of 87 kD wi t hout r educt i on, and t wo bands

of 40 and 46 kD mol ecul ar mass upon r educt i on . Mi nor bands wer e al so obser ved

t hat ar e pr esent l y unexpl ai ned . Thi s r esul t was consi st ent wi t h t he hypot hesi s t hat

mAb R73 i s speci f i c f or t he r at TCR- a/ p . I f so, i mmunopr eci pi t at i on f r oma l ysat e

pr epar ed wi t h a mi l der det er gent such as di gi t oni n, known t o pr eser ve TCR/ CD3

compl exes i n ot her speci es, shoul d yi el d one or sever al bands of smal l er mol ecul ar

mass der i ved f r omt he i nvar i ant CD3 chai ns noncoval ent l y associ at ed wi t h t he TCR.

Fi g . 4 Bshows t hat under t hese condi t i ons, an addi t i onal band of 26 kD was i ndeed

obser ved . I t i s l i kel y t hat t hi s band r epr esent s t he CD3 S and/ or s chai ns t hat comi -

gr at e as t he maj or det ect abl e CD3 component s upon pr eci pi t at i on of t he mouse

TCR/ CD3 compl ex wi t h an ant i cl onot ypi c ant i body ( 8) .

Requi r ement s f or T Cel l Act i vat i on by mAb R73.

	

The T cel l speci f i ci t y of mAb R73

suggest ed t hat i t s st i mul at or y ef f ect on r at spl enocyt es was di r ect ed at T cel l s . Ac-

cor di ngl y, we compar ed t he i nduct i on of DNAsynt hesi s by R73 i n unsepar at ed spl een

cel l s and i n pur i f i ed T l ymphocyt es ( Fi g. 5) . Ti t r at i on of R73 cul t ur e super nat ant

st i mul at ed a dose- dependent r esponse i n unf r act i onat ed spl een cel l s ( Fi g. 5 A) . I n

t he exper i ment shown i n Fi g . 5 B, 105 nyl on wool - pur i f i ed l ymph node T cel l s ( 98%

OX- 52 + , 95%R73+ ) wer e cul t ur ed i n t he pr esence of ser i al di l ut i ons of t he same

R73 cul t ur e super nat ant . As j udged by cel l sur f ace st ai ni ng, t he mAb i n t hi s super -

FI GURE 4 .

	

Radi oi mmunopr e-
ci pi t at i on of t he R73 ant i gen
anal yzed by SDS- PAGE. ( A)
mAb R73 ( l anes 2 and 3) , or
nor mal mouse I gG( l ane 1) wer e
used f or pr eci pi t at i on f r om an
NP- 40 l ysat e of sur f ace-
i odi nat ed l ymph node T cel l s .
( Lanes 1 and 2) Reduced,
12 . 517o acr yl ami de ; ( l ane 3) non-
r educed, 10%acr yl ami de. ( B)
mAb R73 ( l anes 2 and 4) or
i sot ype- mat ched cont r ol mAb
L180/ 1 ( l anes 1 and 3) wer e used
f or pr eci pi t at i on f r om a di gi -
t oni n ( l anes 1 and 2) or NP40
( l anes 3 and 4) l ysat e. 15%
acr yl ami de, r educed .
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l og 3 di l ut i on of R73 super nat ant

FI GURE 5 .

	

T cel l act i vat i on by mAb R73 . Spl een cel l s ( A) , or pur i f i ed l ymph node T cel l s ( B
and C) wer e i ncubat ed f or 3 d wi t h t he addi t i ons i ndi cat ed . For det ai l s see Mat er i al s and Met hods .
Cr ossl . , wel l s wer e coat ed wi t h RaMI g t o cr ossl i nk mAb R73 . Sol . , wi t hout cr ossl i nki ng ant i bodi es .

nat ant was abl e t o sat ur at e t he R73 bi ndi ng si t es avai l abl e on t hese T cel l s wi t h a

t i t er of 1 : 500 ( not shown) . Wi t hout f ur t her addi t i ons, no pr ol i f er at i on was obser ved .

Even i n t he pr esence of r I L- 2, t he l owl evel of DNAsynt hesi s i nduced by I L- 2 al one

was onl y sl i ght l y enhanced by sol ubl e R73. I f , however , t he cul t ur e wel l s had been

pr ecoat ed wi t h RaMI g ant i bodi es t o cr ossl i nk t he mAb, a cl ear - cut r esponse above

backgr ound was obser ved t hat was enhanced by >10- f ol d by t he addi t i on of r I L- 2 .

Under t hese exper i ment al condi t i ons, a maxi mumr esponse was obser ved at a 1, 000-

f ol d di l ut i on of t he R73 cul t ur e super nat ant , i ndi cat i ng t hat sol ubl e, noncr ossl i nked

ant i body i nt er f er ed wi t h T cel l act i vat i on by ant i body bound t o t he sol i d phase.

I t i s shown i n Fi g. 5 Ct hat T cel l s f r omt he same pr epar at i on di d r espond t o sol ubl e

R73 i n t he pr esence of i r r adi at ed spl een cel l s as a sour ce of accessor y cel l s . Al t hough

exogenous I L- 2 was al so abl e t o enhance t he pr ol i f er at i ve r esponse suppor t ed by

spl eni c accessor y cel l s, t he di f f er ence obser ved i n cul t ur es wi t h and wi t hout r I L- 2

was not as pr onounced as i n cul t ur es st i mul at ed by ant i body cr ossl i nked at t he pl ast i c

sur f ace ( Fi g. 5 B) .
I nduct i on of I L- 2- R Expr essi on and Modul at i on of t he R73 Ant i gen .

	

Fi g . 6 shows t hat

pur i f i ed T cel l s cul t ur ed over ni ght i n t he pr esence of cr ossl i nked mAb R73 r esponded

at a hi gh f r equency ( >807o) wi t h an i ncr ease i n cel l si ze ( A) and t he expr essi on of

60

C T cel l s. o
40-

+ i r r ad . spl een cel l s

9 - pl us I L- 2

e
30-

Ä
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I DENTI FI CATI ON OF THE RAT T CELL RECEPTOR

I L- 2

r ecept or

	

FI GURE 6 .

	

Phenot ypi c changes i n T
cel l s af t er over ni ght i ncubat i on wi t h
cr ossl i nked mAb R73 . Pur i f i ed l ymph
node T cel l s wer e cul t ur ed f or 16 h i n
t he pr esence of cr ossl i nked mAb R73
( dot t ed l i ne) or i sot ype- mat ched mAb
L180/ 1 as a cont r ol ( sol i d l i ne) . ( A) f or -
war d l i ght scat t er ( l i near ) ; ( B- D) i m-
munof l uor escence ( l og scal e) . ( B) OX-
39- FI TC ( ant i - I L- 2- R) ; ( C) R73 pl us
RaMI g- bi ot i n pl us avi di n- PE ; ( D) OX-
52- FI TC . Negat i ve st ai ni ng cont r ol s
( not shown) wer e wi t hi n t he f i r st l og
decade .

OX 52

I L- 2- Rs ( B) . Conver sel y, expr essi on of t he R73 ant i gen ( C) , but not of t he OX- 52
ant i gen ( D) was 3- 5- f ol d r educed on t hese cel l s as compar ed wi t h cont r ol cel l s cul -
t ur ed i n t he pr esence of a cr ossl i nked i sot ype- mat ched ant i body t hat does not r eact
wi t h r at cel l s . Cr ossl i nki ng of t he r at CD2 ant i gen di d not af f ect R73 ant i gen expr es-
si on ( not shown) .

Expr essi on of t he R73 Det er mi nant on Subpopul at i ons of Thymocyt es .

	

The avai l abi l i t y
of an mAb t hat i s l i kel y t o det ect al l TCRa/ ß has pr ompt ed us t o i nvest i gat e t he
expr essi on of t he R73 ant i gen on subpopul at i ons of r at t hymocyt es . I n par t i cul ar ,
we wer e i nt er est ed t o i nvest i gat e a possi bl e cor r el at i on bet ween t he t r i phasi c pr of i l e
not ed bef or e wi t h r egar d t o R73 st ai ni ng i nt ensi t y ( Fi g . 1) and subpopul at i ons of
r at t hymocyt es pr evi ousl y def i ned by t he mar ker s CD4, CD8, and OX- 44. I n t he
t hymus, t he l at t er ant i gen i s excl usi vel y expr essed on f unct i onal l y mat ur e CD4 or
CD8 si ngl e- posi t i ve and on CD4 - 8- doubl e- negat i ve cel l s, whi l e t he maj or
CD4+8+ doubl e- posi t i ve and t he smal l CD4 - CD8 + popul at i on f r om whi ch t hese
doubl e- posi t i ve cel l s mat ur e ar e OX- 44 - ( 13) .

The t wo par amet er f l ow cyt ogr ams di spl ayed i n Fi g . 7 make sever al i nt er est i ng
poi nt s wi t h r egar d t o R73 expr essi on on t hymocyt e subpopul at i ons . Fi g . 7 A, r el at i ng
cel l si ze t o R73 st ai ni ng, def i nes at l east t hr ee maj or subpopul at i ons of adul t t hymo-
cyt es : l ar ge cel l s, most of whi ch ar e R73- ; i nt er medi at e ( l ymphocyt e) - si zed cel l s
t hat expr ess a hi gh l evel of t he ant i gen ; and a l ar ge popul at i on t he si ze of smal l cor -
t i cal t hymocyt es t hat cont ai ns some negat i ve, but most l y R73I ° ` " cel l s . Fi g. 7, B and
Cdemonst r at e t he exi st ence of a CD4- and of a CD8- t hymocyt e subpopul at i on
t hat expr esses R73 at a l evel char act er i st i c of per i pher al Tcel l s . I t wi l l become cl ear
f r omt he f ol l owi ng exper i ment s t hat t hese ar e t he t wo f unct i onal l y mat ur e t hymo-
cyt e subset s.

Next , t hymocyt e subset s wer e pr epar ed by t he panni ng t echni que and compar ed
wi t h unf r act i onat ed t hymocyt es wi t h r egar d t o R73 st ai ni ng ( Fi g . 8) . Not e t hat t he
di f f er ences i n backgr ound st ai ni ng of t he t hymocyt e subpopul at i ons t hus i sol at ed
i s due t o t he di f f er ences i n cel l si ze . Posi t i vel y sel ect ed OX- 44+ cel l s, shown i n Fi g.
8 B, cont ai n t he CM- 8- cel l s, and i n addi t i on, t he t wo f unct i onal l y mat ur e T cel l
subpopul at i ons ( 13) . St ai ni ng wi t h R73 r eveal ed a negat i ve subpopul at i on ( t i 30%) ,
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FI GURE 7 .

	

Expr essi on of t he R73 det er mi nant on subpopul at i ons det ect ed i n unsepar at ed t hymo-
cyt es. Cel l s wer e st ai ned and anal yzed as gi ven i n Mat er i al s and Met hods . Lowest l evel i n con-
t our pl ot s shown i s f i ve cel l s, gr aduat i on i s 40 cel l s/ l i ne .

whi l e - 6717o of OX- 44+ t hymocyt es expr essed t he ant i gen at t he same l evel as pe-

r i pher al T cel l s . As shown i n Fi g. 8 C, t he R73- subpopul at i on coul d be at t r i b-
ut ed t o t he CD4- 8- cel l s cont ai ned i n t hi s pr epar at i on . Thus, t he vast maj or i t y
( 93 . 5%) of pur i f i ed CD4 - 8- t hymocyt es wer e f ound t o be negat i ve f or t he put at i ve
TCRa/ ß . I n cont r ast t o t he maj or i t y of R73 - CD4- 8- cel l s, whi ch wer e al l l ar ge
bl ast s, t he smal l subpopul at i on of CD4- 8- cel l s t hat expr essed R73 ( 6 . 5%) con-
si st ed most l y of l ymphocyt e- si zed cel l s ( not shown) . OX- 44- t hymocyt es ( Fi g. 8 D) ,
consi st i ng of N90% CD4+ 8 + doubl e- posi t i ve cel l s ( 13, and dat a not shown) , wer e
most l y R731° " , but al so cont ai ned 25%R73- cel l s as wel l as a smal l subpopul at i on
( 5 . 1%) whose ant i gen densi t y appr oached t hat of mat ur e T cel l s .

Fi nal l y, t he CD4- 8+ OX- 44- t hymi c bl ast cel l s, whi ch ar e t he di r ect pr ogeni t or s
of doubl e- posi t i ve t hymocyt es, wer e i sol at ed ( 18) . These cel l s expr essed f r omunde-
t ect abl e t o ver y l owbut si gni f i cant amount s of t he put at i ve TCR- a/ ß ( Fi g . 8 E) . Thi s

l og gr een f l uor escence

HUNI G ET AL .

	

8 1

FI GURE 8 .

	

Expr essi on of t he R73 det er mi nant on i sol at ed t hymocyt e subset s . Thymocyt es wer e
separ at ed by t he panni ng t echni que i nt o subset s as i ndi cat ed and st ai ned wi t h FI TC- R73 ( sol i d
l i ne) or FI TC- L180/ 1 ( negat i ve cont r ol , dot t ed l i ne) .

/ 1, unsspar at ed - 0x44' CD4-CD8'

1 t hymocyt es

1

1

13 . 1% 6 . 6%

s 0x44 8 . 1 Ox44 - CD4-

69. 4% 5. 1%
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I DENTI FI CATI ON OF THE RAT T CELL RECEPTOR

l ow but si gni f i cant l evel of R73 st ai ni ng was obser ved i n al l of f i ve i ndependent ex-
per i ment s usi ng var i ous st ai ni ng pr ot ocol s .

Di scussi on

The concl usi on t hat mAb R73 det ect s a const ant det er mi nant on t he r at TCR-

a/ p, al t hough awai t i ng def i ni t e pr oof f r om t r ansf ect i on exper i ment s or pr ot ei n se-

quence anal ysi s, i s based on sever al i ndependent obser vat i ons t hat wer e compar ed

wi t h t he r esul t s pr evi ousl y r epor t ed f or mouse and human TCRs ( 1) . Thus, R73

det ect s a T cel l - speci f i c het er odi mer i c ( 40- and 46413) cel l sur f ace pr ot ei n t hat i s

expr essed on t he vast maj or i t y of ( 97- 98%) , but not on al l , per i pher al r at T cel l s .

Thi s i s anal ogous t o t he di st r i but i on of Ti - a/ p vs . - y/ 8 expr essi ng T cel l s i n humans

( 2, 19) . The expr essi on of t he R73 det er mi nant on al l CD4+ but onl y - 90- 95%

of CD8+ r at T cel l s i s al so i n agr eement wi t h t he r epor t ed CD8* phenot ype of r at

( 17) ( and, i n par t , human, r ef er ence 20) NK cel l s, whi ch ar e hi ghl y enr i ched i n

CD8 + R73- spl een cel l s ( A. Lawet zky and T. Hüni g, manuscr i pt i n pr epar at i on) .

I n addi t i on, at hymi c r at s, whi ch have a hi gher r at i o of NK t o " cl assi cal " T cel l s,

cont ai n up t o 75% of R73 - l ymphocyt es among t hei r CD8+ spl een cel l s ( A.

Lawet zky and T. Hüni g, manuscr i pt i n pr epar at i on) . I t r emai ns t o be det er mi ned,

however , what f r act i on of CD8+ R73" cel l s ar e NK cel l s and/ or expr ess Ti - y/ 8

r ecept or s as was r epor t ed f or some human NK cel l cl ones ( 21) .

The T cel l speci f i ci t y of R73 st ai ni ng obser ved wi t h i sol at ed l eukocyt es was i n

f ul l agr eement wi t h i t s r eact i vi t y i n t hi n sect i ons of l ymphoi d or gans ( Fi g . 2) . These

exper i ment s al so pr ovi ded t he i mpor t ant i nf or mat i on t hat i n t he t hymus, st r ongl y

R73 + cel l s r esi de al most excl usi vel y i n t he medul l a. Thi s agai n cor r el at ed wel l wi t h

t he CD4 or CD8 si ngl e- posi t i ve, OX- 44' phenot ype of t hymocyt es expr essi ng R73

at t he l evel of per i pher al T cel l s ( Fi gs. 7 and 8) . Fi nal l y, t he r equi r ement s f or T

cel l act i vat i on wi t h mAbR73 f ul l y mat ched t hose r epor t ed f or mAbs t o component s

of t he mouse ( 22) and human ( 23) Ti / CD3 compl ex i n t hat ant i body cr ossl i nki ng

on an ar t i f i ci al sur f ace or by Fc r ecept or s on accessor y cel l s was r equi r ed f or st i mul a-

t i on . Thus, pur i f i ed r at T cel l s r esponded t o cr ossl i nked R73 mAb at a hi gh f r e-

quency wi t h bl ast oi d t r ansf or mat i on and I L- 2- R expr essi on ( Fi g. 6) , but r equi r ed

exogenous I L- 2 f or pr ol i f er at i on ( Fi g . 5 B) . I t may be added t hat usi ng cr ossl i nked

R73, Tcel l cl ones can be gr own f r omsmal l number s of Tcel l s of unknown speci f i ci t y,

an appr oach t hat wi l l be hel pf ul f or t he est abl i shment of cl ones f r omscar ce sour ces

such as t he cer ebr ospi nal f l ui d or t he synovi al f l ui d, wher e speci f i ci t y anal ysi s of

T cel l s act i ve i n exper i ment al aut oi mmune di sease i s amenabl e onl y af t er cl onal

expansi on .
Recent exper i ment s on t hymocyt e mat ur at i on and r eper t oi r e sel ect i on have r ai sed

a number of chal l engi ng quest i ons, some of whi ch can now be addr essed wi t h t he

hel p of t he pr esent l y descr i bed mAb t o a const ant det er mi nant of t he r at TCRa/ p .

The r esul t s pr esent ed her e show t hat t he vast maj or i t y of t he CD4- 8- cel l s known

f r om ot her syst ems t o cont ai n t he most i mmat ur e t hymocyt es ( 24- 26) ar e R73 - .

Onl y 6% of R73+ cel l s wer e det ect ed i n t hi s subpopul at i on, and t hey expr essed t he

put at i ve TCRa/ p at a l evel char act er i st i c of per i pher al T cel l s . Mor eover , t wo t hi r ds

of t hi s mi nor subpopul at i on was of l ymphocyt e, and not of bl ast si ze, l eavi ng onl y

2%CD4- 8- t hymi c bl ast s t hat expr ess t he R73 det er mi nant . The TCR- a/ 0 has

been i dent i f i ed wi t h t he Vß8- speci f i c mAb F23. 1 on a consi der abl y hi gher pr opor -
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t i on ( up t o 27%, r ef er ence 27) of adul t mouse CD4- 8- t hymocyt es ( 27- 29) . Al i n-

eage assi gnment of t hese cel l s i n t hymi c di f f er ent i at i on schemes i s not possi bl e yet ,

but t hey ar e cer t ai nl y di st i nct f r om t he i nt r at hymi c st emcel l popul at i on as j udged
by t hei r l at e appear ance i n ont ogeny ( 29) and t hei r i nabi l i t y t o r epopul at e t hymus

or gan cul t ur es ( 28) .

The r at r epr esent s a par t i cul ar l y usef ul model f or t he i n vi t r o st udy of t hymocyt e

di f f er ent i at i on due t o t he avai l abi l i t y of a cel l sur f ace mar ker combi nat i on t hat al l ows

t he i sol at i on by negat i ve sel ect i on of t he i mmat ur e CD8 si ngl e- posi t i ve bl ast cel l s

t hat have been shown t o pr ecede CD4' 8+ doubl e- posi t i ve cel l s i n ont ogeny ( 30- 32)

and wer e r ecent l y i dent i f i ed as t hei r di r ect pr ecur sor s ( 18) . Thus, t hymocyt es wi t h

t he phenot ype CD4- 8+ OX- 44- acqui r e t he doubl e- posi t i ve phenot ype upon over -
ni ght i ncubat i on i n suspensi on cul t ur e wi t hout over t st i mul at i on ( 18) , a f i ndi ng t hat
was r ecent l y conf i r med i n t he mouse syst em( 33) . I t i s shown her e ( Fi g. 8) t hat t he
cel l s wi t hi n t hi s commi t t ed popul at i on of i mmat ur e r at CD8 si ngl e- posi t i ve t hymo-

cyt es di spl ay a cont i nuumof R73 ant i gen densi t y f r omnegat i ve t o weakl y posi t i ve .

Thi s i s i n agr eement wi t h t he CD3d" l l phenot ype of CD8 i mmat ur e mouse t hymo-
cyt es r ecent l y r epor t ed by Bl uest one et al . ( 34) but di sagr ees wi t h t he CD3- st at us
of t hese cel l s descr i bed by MacDonal d et al . ( 33) . Exper i ment s i n pr ogr ess ( T Hi i ni g,

manuscr i pt i n pr epar at i on) i ndi cat e t hat upon i n vi t r o cul t i vat i on f or 1- 2 d, most

r at CD8+ i mmat ur e t hymocyt es acqui r e not onl y CD4, but al so Ti l evel s char ac-

t er i st i c of doubl e- posi t i ve t hymocyt es, i . e. , hi gher t han on t hei r pr ecur sor cel l s but

di st i nct l y l ower t han on mat ur e T cel l s . We t her ef or e specul at e t hat i mmat ur e CD8

si ngl e- posi t i ve t hymocyt es have j ust successf ul l y r ear r anged t hei r TCRa and ß l oci

and ar e nowcommi t t ed t o a pat hway wher e coexpr essi on of CD4, CD8, and i nt er -

medi at e amount s of t he TCRmakes t hem avai l abl e f or r eper t oi r e sel ect i on . Thi s

not i on i s i n agr eement wi t h sever al r eeent r epor t s poi nt i ng t o t he expr essi on of a

yet unsel ect ed r eper t oi r e on CD4+ 8+ t hymocyt es ( 7, 35, 36) .

I t i s hoped t hat t he r eagent descr i bed i n t he pr esent communi cat i on wi l l be usef ul
f or moni t or i ng and mani pul at i on of Tcel l mat ur at i on and act i vat i on i n t he r at syst em

i n whi ch t he anal ysi s of l ymphoi d subpopul at i ons i s gr eat l y f aci l i t at ed by t he ext en-

si ve sel ect i on of mAbs t o cel l sur f ace mol ecul es t hat have been pr oduced by ot her

l abor at or i es .

Summar y

mAb R73 det ect s a T cel l - speci f i c sur f ace mol ecul e consi st i ng of t wo di sul f i de-

l i nked subuni t s of 40 and 46 kD, r espect i vel y, on 97%of per i pher al r at T cel l s, as

def i ned by t he OX- 52 mar ker . Of t he f ew OX- 52+ R73 - cel l s, none ar e CD4' but

many expr ess t he CD8 ant i gen known t o be pr esent on r at NK cel l s . mAb R73 i s

mi t ogeni c f or unsepar at ed spl een cel l s and f or pur i f i ed T cel l s . I n t he absence of

non- T " accessor y cel l s" , st i mul at i on by R73 r equi r es ar t i f i ci al er ossl i nki ng of t he mAb
and i s l ar gel y dependent on exogenous I L- 2 . Over ni ght i ncubat i on of pur i f i ed T

cel l s wi t h cr ossl i nked R73 mAb i nduces bl ast oi d t r ansf or mat i on, I L- 2- Rexpr essi on,

and modul at i on of t he R73 ant i gen . I n t he r at t hymus, mat ur e medul l ar y cel l s ex-

pr ess t he R73 det er mi nant at t he same l evel as per i pher al T cel l s, wher eas 94%of

CD4- CD8- t hymocyt es ar e R73 - . The maj or CD4+8+ t hymocyt e popul at i on con-

t ai ns 25%R73 - and 70%R73' cel l s . Thymocyt es of t he CD4- CD8+OX44 - sub-

popul at i on t hat ar e t he di r ect pr ecur sor s of CD4+ CD8+ cel l s di spl ay a cont i nuum
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of R73 ant i gen densi t y f r omundet ect abl e t o ver y l owl evel s . We concl ude t hat R73

i s most l i kel y di r ect ed at a const ant det er mi nant of t he r at a/ ß het er odi mer i c TCR

and suggest t hat CD8+ i mmat ur e t hymocyt es ar e t he f i r st cel l s i n t he T cel l di f f er en-

t i at i on pat hway t o expr ess t hi s mol ecul e at t hei r sur f ace .

We ar e gr eat l y i ndebt ed t o A. F. Wi l l i ams, MRCCel l ul ar I mmunol ogy Uni t , Oxf or d, En-

gl and, f or hel pf ul di scussi ons and essent i al r eagent s ; t o Dr . Loui se Beyer s f r om t he same

l abor at or y f or hi st ol ogi cal st ai ni ng; and t o Dr . E . - L . Wi nnacker at t he Genzent r um f or hi s

cont i nued suppor t .
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