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Lymphocyt es expr ess t wo t ypes of TCRs, ei t her a/ f ( 1- 3) or y/ b ( 4) . The genes

encodi ng t he TCRy and b chai ns ar e composed of V, D, J, and C r egi ons t hat un-

der go somat i c r ear r angement dur i ng devel opment ( 5, 6) . Ther e ar e onl y ei ght f unc-

t i onal Vy gene segment s and per haps 5- 10 f unct i onal VS gene segment s i dent i f i ed

i n humans ( 6) . Whi l e t he speci f i ci t y of t he TCR- , y/ b i s poor l y under st ood, t he l i mi t ed

ger ml i ne di ver si t y suggest ed t hat TCR- y/ b- bear i ng l ymphocyt es mi ght r ecogni ze an-

t i gen i n t he cont ext of r el at i vel y nonpol ymor phi c ant i gen- pr esent i ng mol ecul es ( 6) .

Recent l y, al l or eact i ve TCR- ,y/ b cel l s speci f i c f or MHCcl ass I and cl ass I I gene pr od-

uct s, as wel l as cl ass I - l i ke gene pr oduct s ( Tl a and Qa) , have been descr i bed ( 7- 9) .

The di st i nct nat ur e of t he TCR- y/ b, t he f act t hat l ymphocyt es t hat bear i t f r equent l y

l ack CD4 and CD8, and t he non- MHC- r est r i ct ed r ecogni t i on of t umor t ar get s by

some TCR- , y/ b cel l s ( 10) , l ed us t o suggest t hat t hese TCRs mi ght r ecogni ze cel l

sur f ace mol ecul es not encoded i n t he MHC( 10) . I t was r ecent l y demonst r at ed t hat

a human TCR- , y/ b cl one can r ecogni ze non- MHC- encoded CD1 ant i gens t hat mi ght

ser ve as novel ant i gen- pr esent i ng mol ecul es f or CD4 - 8- T cel l s ( 11) . I n addi t i on,

some of t he speci f i c ant i gens t hat y/ b T cel l s can r ecogni ze have been i dent i f i ed,

such as mycobact er i al ant i gens ( i ncl udi ng heat - shock- pr ot ei ns) ( 12- 16) and t et anus

t oxoi d ( 17) . TCR- , y/ 6' l ymphocyt es expand mar kedl y i n number i n l ymphoi d

or gans and i n t i ssue l esi ons i n r esponse t o t he mycobact er i al ant i gens ( 13, 15) .

TCR- ,y/ b cel l s compr i se t i 5% ( 0 . 5- 20%) of t he CD3+ cel l s i n human per i pher al

bl ood and i n l ymphoi d t i ssues ( 18- 20) . However , i n mi ce, TCR- ,y/ b cel l s pr ef er en-
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t i al l y l ocal i ze and const i t ut e t he pr edomi nant subset at epi t hel i al sur f aces, such as

i n t he ski n ( dendr i t i c epi der mal cel l s [ dEC] ' ) ( 21) and i n t he i nt est i ne ( i nt r aepi t hel i al

l ymphocyt es [ I EL] ) ( 22, 23) . dEC expr ess a si ngl e Vy/ Vb pai r ( Vy3/ Vbl ) and have

ver y l i mi t ed di ver si t y at t hei r V( D) J j unct i ons, r esul t i ng i n a popul at i on of T cel l s

t hat expr ess vi r t ual l y i dent i cal r ecept or s i n t hi s l ocat i on ( 24) . I n cont r ast , gut I EL

expr ess pr edomi nant l y t wo di f f er ent Vy/ VS pai r s ( V75/ V64 or Vy5/ V66) and have

much gr eat er j unct i onal di ver si t y ( 23) . I n t he mouse t hymus, Vy and VS gene r ear -

r angement s appear i n a sequent i al or der ( 25) . Thi s or der ed pat t er n i n devel opment

may account f or t he nonr andomexpr essi on of speci f i c pai r s of Vy and VS gene seg-

ment s obser ved at di f f er ent anat omi cal si t es . Al t er nat i vel y, or i n addi t i on, var i ous

t ypes of t hymi c sel ect i on, di f f er ent i al homi ng, or per i pher al expansi on mi ght i nf l uence

t he V gene pai r s ut i l i zed and t hei r per i pher al l ocat i ons . The si t e- speci f i c l ocal i zat i on

of y/ b T cel l s bear i ng cer t ai n V gene pai r s and t he di f f er ences i n di ver si t y of t he

j unct i onal r egi ons has l ed t o t he hypot hesi s t hat each cel l popul at i on mi ght per f or m

di st i nct f unct i ons r el at ed t o t hei r anat omi cal si t e .

I n humans, t he mar ked epi t hel i al l ocal i zat i on seen i n t he mouse has not been

obser ved ( 18) . However , t he r el at i vel y smal l per cent age of TCR' Y/ b cel l s i n gut wer e

not ed pr ef er ent i al l y t o l ocal i ze t o t he epi t hel i umr at her t han t he l ami na pr opr i a i n

one st udy ( 26) . Yet , sel ect i ve Vy and VS gene pai r i ng and di f f er ences i n V gene

usage at var i ous anat omi cal si t es have been obser ved i n man . The Vy2/ VS2 chai n

pai r occur s i n most i ndi vi dual s on >70%of t he ci r cul at i ng y/ b T cel l s ( 27, 28) . I n

cont r ast , VS1' cel l s ar e pr eval ent i n l at e f et al and post nat al t hymus and i n t he r ed

pul p of spl een ( 28, 29) . To gai n i nsi ght i nt o t he di f f er ent i al TCRy/ b var i abl e chai n

usage i n t hymus compar ed wi t h per i pher al bl ood, i n t hi s r epor t , bot h t hymi c and

ext r at hymi c i nf l uences on t he TCR- 7/ 6 r eper t oi r e wer e st udi ed. The r esul t s pr ovi de

evi dence t hat a mar ked ext r at hymi c expansi on of y/ 6 T cel l s bear i ng cer t ai n V gene

segment s occur s and i s an i mpor t ant f eat ur e i n det er mi ni ng t he per i pher al TCR- y/ S

r eper t oi r e i n man .

Mat er i al s and Met hods

mAbs.

	

mAbs used wer e SPVT3b ( ant i - CD3) ( 30) , ant i TCR- S1 ( pan- r eact i ve ant i TCR-
b) ( 31) , 6TCSI ( ant i - V61- J61, whi ch appear s t o r epr esent t he most f r equent V61 r ear r ange-
ment expr essed i n per i pher al bl ood) ( 29, 32) , BB3 ( ant i - V62) ( 33, 34) , ant i Ti ya ( ant i Vy2
[ al so cal l ed Vy9, f or nomencl at ur e see r ef er ence 6] ) ( 35) , ant i - CyMl ( pan- r eact i ve ant i TCRy)
( 36) , BMA 031 ( pan- r eact i ve ant i TCR- a/ O; ki nd gi f t of Dr . Kur r l e at Behr i ngwer ke AG,
Mar bur g, FRG) , and UCHLI ( ant i - CD45RO) ( 37) . I sot ype- mat ched mAbs t hat do not r eact
wi t h human l eukocyt es wer e used as cont r ol s .

I n Vi t r o Tr anscr i pt i onl Tr ansl at i on.

	

A t r uncat ed TCR- S i nser t was pr epar ed f r om t he I DP2
TCRS cDNA cl one ( 38) cont ai ni ng sequences downst r eamof t he FnuD I I si t e at t he codon
encodi ng ami no aci d 106 i n t he D r egi on . The t r uncat ed CS i nser t was l i gat ed i nt o t he vect or
pSP73 downst r eamf r omt he SP6 pr omot er t o yi el d t he pSP73 . Cb . I n t hi s const r uct , t he f i r st
met hi oni ne codon i s at ami no aci d r esi due 138 wi t hi n t he const ant r egi on of t he TCRS chai n .
Ther ef or e, i n vi t r o t r anscr i pt i on and t r ansl at i on of t hi s const r uct shoul d yi el d a pr ot ei n t hat
onl y i ncl udes ami no aci ds encoded by t he CS gene segment . Const r uct s encodi ng t he f ul l -
l engt h I DP2- b pr ot ei n ( pGEM3- 0240/ 38) and t he I DP2 y pr ot ei n ( pSP65 . I DP2y) have been

' Abbr evi at i ons used i n t hi s paper : CBL, umbi l i cal cor d bl ood l ymphocyt es; CBMC, cor d bl ood
mononucl ear cel l s ; dEC, dendr i t i c epi der mal cel l s ; I EL, i nt r aepi t hel i al l ymphocyt es.
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descr i bed pr evi ousl y ( 31, 39) . These t hr ee cDNA const r uct s wer e l i near i zed wi t h appr opr i at e
r est r i ct i on endonucl eases, t r anscr i bed, and t r ansl at ed i n vi t r o. The r esul t i ng pr ot ei n pr od-
uct s wer e t hen i mmunopr eci pi t at ed ut i l i zi ng mAb ant i - C- yM1, ant i TCR- 81, and an I gGI
i sot ype- mat ched cont r ol ant i body.

I mmuno. l uor escence Anal ysi s of Cel l Suspensi ons .

	

Hepar i ni zed bl ood was obt ai ned f r omum-
bi l i cal cor ds of uncompl i cat ed del i ver i es at t he Br i gham and Women' s Hospi t al . Cor d bl ood
mononucl ear cel l s ( CBMC) wer e i sol at ed by cent r i f ugat i on at 1, 340 g wi t h 45%sepr acel l -
MN( Sepr at ech, Okl ahoma Ci t y, OK) , 55%cor d bl ood . When necessar y, r esi dual RBC wer e
l ysed wi t h ammoni umchl or i de ( 40) . PBMC f r omper i pher al bl ood wer e i sol at ed usi ng Fi col l -
Paque ( Phar maci a Fi ne Chemi cal s, Uppsal a, Sweden) . Thymocyt e suspensi ons wer e pr e-
par ed by gent l y t easi ng t hymi c t i ssue i nt o si ngl e cel l suspensi ons usi ng t he ent i r e l obul e t o
ensur e t hat cor t i cal and medul l ar y t hymocyt es wer e accur at el y r epr esent ed . Tonsi l - der i ved
l ymphocyt es wer e pr epar ed by gent l y t easi ng ent i r e t onsi l t i ssue i nt o a si ngl e cel l suspensi on.
For si ngl e- col or anal ysi s t hymocyt es, PBMC, CBMC, or t onsi l l ar l ymphocyt es wer e r e-
suspended at 2- 4 x 106 cel l s/ ml i n st ai ni ng buf f er ( PBS/ 5% human ser um/ 1% BSA/ 0 . 02%
NaN3) cont ai ni ng sat ur at i ng amount s of mAbs and i ncubat ed f or 1 h at 4° C. Af t er t hr ee
washes wi t h st ai ni ng buf f er , cel l s wer e i ncubat ed wi t h FI TC- l abel ed F( ab' ) 2 goat ant i - mouse
I g ( Tago I nc . , Bur l i ngame, CA) . Two- col or st ai ni ng was per f or med usi ng unconj ugat ed mAbs
f ol l owed by FI TC- conj ugat ed goat ant i - mouse I g, t hen f ol l owed by an i ncubat i on wi t h
sat ur at i ng amount s of nor mal mouse ser um. Bi ot i n- conj ugat ed mAbs f ol l owed by PE- con-
j ugat ed st r ept avi di n ( Bect on Di cki nson & Co . , Mount ai n Vi ew, CA, or Tago I nc . ) wer e used
as t he second- st ep r eagent s . Label ed cel l s wer e anal yzed wi t h ei t her a Facscan f l ow cyt omet er
( Bect on Di cki nson & Co. ) or Epi cs C ( Coul t er El ect r oni cs I nc. , Hi al eah, FL) .

T Cel l Li nes.

	

PBMC f r oma nor mal donor wer e i sol at ed by densi t y gr adi ent cent r i f uga-
t i on wi t h Fi col l - Paque ( See above) . The PBMC wer e depl et ed of cdo T cel l s by i ncubat i on
wi t h ant i TCR- a/ ( 3 ( BMA 031) f ol l owed by goat ant i - mouse I g- conj ugat ed magnet i c beads
( M450 ; Dynal , Osl o, Nor way) . Cel l s wi t h at t ached beads wer e r emoved by adher ence t o a
magnet . TCRa/ l 3- depl et ed l ymphocyt es wer e t hen enr i ched f or TCR- y/ b cel l s by i ncubat i on
wi t h t he panr eact i ve ant i TCR- y/ b ant i body ( ant i TCR61) f ol l owed by i ncubat i on wi t h t he
goat ant i - mouse I g- conj ugat ed magnet i c beads and magnet sel ect i on . The y/ 6 T cel l - en-
r i ched l i ne was cul t ur ed wi t h i r r adi at ed PBL f eeder cel l s and mai nt ai ned i n cul t ur e by per i -
odi c r est i mul at i on wi t h PHA as pr evi ousl y descr i bed ( 4) . Af t er 4 wk of cul t ur e, t he cel l s i n
t hi s l i ne st ai ned homogeneousl y wi t h t he pan- r eact i ve TCR- y/ b mAb ; 7 . 6% of t he cel l s i n
t hi s l i ne st ai ned wi t h t he V61- speci f i c mAb and 93 . 5% st ai ned wi t h t he V52- speci f i c mAb .
Posi t i ve sel ect i on wi t h an ant i - CD8 mAb ( OKT8) and magnet i c beads pr oduced a homogene-
ousl y V61' cel l l i ne. I n l ong- t er m cul t ur e, >99% of t he l ymphocyt es i n t he OKT8- sel ect ed
l i ne wer e posi t i ve wi t h t he ant i V61 mAb, and >99%of t he l ymphocyt es i n t he or i gi nal TCR
y/ b- enr i ched l i ne wer e r eact i ve wi t h t he ant i - V62 mAb .

Resul t s

Ant i - 7CR61 mAb Recogni zes a Cb- encoded Det er mi nant .

	

Four mAbs di r ect ed agai nst

di st i nct TCRy/ b det er mi nant s wer e ut i l i zed . mAb MCS1 det ect s a Vbl j bl - encoded

det er mi nant ( cal l ed ant i - V61 i n t hi s st udy) ( 29, 32) , mAb BB3 ( det ect s a V62- encoded

det er mi nant ( ant i V62) ( 33, 34) , and ant i Ti yAdet ect s a Vy2- encoded det er mi nant

( ant i Vy2) ( 35) . I n addi t i on, mAb ant i TCR- 61 has br oad r eact i vi t y agai nst y/ 6 T

cel l s and i s t hought t o be panr eact i ve . Her e, a cDNAconst r uct was t r anscr i bed and

t r ansl at ed i n vi t r o t o pr oduce a pr ot ei n pr oduct i ncl udi ng onl y t he C r egi on of t he

TCR6 pr ot ei n, and t hi s pr ot ei n pr oduct was r ecogni zed by t he ant i TCR- 61 mAb

( Fi g . 1) . Thi s demonst r at es di r ect l y t hat t he ant i TCR- 61 mAb r ecogni zes a det er -

mi nant i n t he Cb- encoded por t i on of t he TCR 6 chai n and t hus shoul d r ecogni ze

al l TCR- 6- bear i ng l ymphocyt es ( See Mat er i al s and Met hods, and Fi g. 1) .

Age- r el at ed Changes i n TCR- y/ 6 VGene Usage i n t he Per i pher y .

	

Seven umbi l i cal cor d

bl ood sampl es and 27 t hymi wer e anal yzed f or y/ 6 T cel l number and var i abl e chai n
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FI GURE 1 .

	

Ant i TCR61 r ecogni zes a
C6- encoded epi t ope .

	

Ant i TCR61
mAb i mmunopr eci pi t at ed t he i n vi t r o
t r ansl at ed pr oduct whose synt hesi s was
di r ect ed by a f ul l - l engt h TCR6 con-
st r uct ( see TCR6 const r uct panel ) . To
det er mi ne i f t hi s mAb r eact ed wi t h a
det er mi nant i n t he const ant r egi on of
t he S chai n, i n vi t r o t r anscr i pt i on and
t r ansl at i on of a t r uncat ed C6 const r uct
was per f or med t o pr oduce a Cr egi on
pept i de. The ant i TCR61 mAb i mmu-
nopr eci pi t at ed t hi s C r egi on pept i de
( see C6 const r uct panel ) . I sot ype-
mat ched cont r ol mAb and ant i - CyMl
( ant i TCR- y) mAb f ai l ed t o r ecogni ze
t hese 6 chai n- encoded pr oduct s . The
ant i TCR- y mAb di d i mmunopr eci p-
i t at e t he pr ot ei n pr oduct of t heTCRy
const r uct ( see TCRy const r uct panel ) ,
whi l e ant i TCR61 di d not i mmunopr e-
ci pi t at e t he TCRy pr ot ei n pr oduct .
Thus, ant i TCR- 61 r eact s speci f i cal l y
wi t h a det er mi nant encoded i n t he C6
r egi on of t he TCR6 pr ot ei n, i ndi cat i ng
t hat i t shoul d be r eact i ve wi t h al l TCR- 6-
bear i ng T cel l s ( see Mat er i al s and
Met hods f or exper i ment al det ai l s) .

usage. The TCR- y/ 6 V gene usage i n cor d bl ood and i n t hymus was qui t e si mi l ar ,
but di f f er ed f r omadul t per i pher al bl ood . Cor d bl ood TCRy/ S cel l s used pr edomi -
nant l y V61- encoded pr oduct s ( 50% of y/ 6 T cel l s) and l ess f r equent l y expr essed
V62- encoded pr oduct s ( 25% of y/ S T cel l s) . Si mi l ar l y, i n t he t hymus, V61 expr es-
si on was pr edomi nant as i t was f ound on 65% of t he y/ 6 T cel l s, whi l e VS2 was
expr essed on onl y 10- 15% of t hymi c y/ S T cel l s . I n cont r ast t o t hymus and cor d
bl ood, adul t ( >21 yr ol d) per i pher al bl ood V gene usage was char act er i zed by pr e-
domi nant expr essi on of V62- encoded subuni t s ( >70%of y/ S T cel l s) , whi l e a smal l er
number of cel l s bor e V61- encoded r ecept or s ( on <30%of y/ 6 T cel l s) i n most i ndi -
vi dual s . I n addi t i on, t he pr opor t i on of T cel l s expr essi ng TCRy/ S i n cor d bl ood
was qui t e si mi l ar i n al l t he i ndi vi dual s t est ed ( mean of 1 . 73% [ SEM = 0. 18] of
CD3 ` cel l s) , and was on aver age t hr eef ol d l ower t han t he pr opor t i on of T cel l s ex-

pr essi ng TCRy/ 6 i n adul t per i pher al bl ood ( 5 . 7% [ SEM = 1 . 4] of CD3+ cel l s) .

These pr el i mi nar y st udi es t hus conf i r med ear l i er r epor t s ( 19, 20, 29) showi ng t hat
a di f f er ence exi st ed bet ween y/ S V gene usage i n t hymi c and per i pher al l ocat i ons .
Fur t her mor e, t he obser vat i on t hat per i pher al umbi l i cal cor d bl ood at bi r t h was si mi l ar
t o t hymus, but di st i nct f r om adul t per i pher al bl ood suggest ed t he exi st ence of a
si gni f i cant age- r el at ed ext r at hymi c expansi on o£ ci r cul at i ng ' r / 6 T cel l s associ at ed
wi t h a change i n t he pr edomi nant V genes t hey expr essed . Thi s obser vat i on was
exami ned i n det ai l her e .

The pr opor t i on of T cel l s expr essi ng y/ 6 TCRs ( ant i TCR61 +) gr adual l y r ose
f r om a mean of 1. 73% of t he T cel l s at bi r t h, t o a mean of 10% of t he T cel l s at
6 yr of age, af t er whi ch t he mean f el l t o a l ower l evel , wi t h a wi de r ange of i ndi vi dual
val ues i n adul t hood ( Fi g . 2 A, t op) . Var i abl e gene segment usage was anal yzed i n
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FI GURE 2 . ( A) Age- r el at ed
var i at i on i n t he per cent age of T
cel l s expr essi ng TCRy/ 4 VS1,
or VS2 i n human per i pher al
bl ood . The per cent age of pe-
r i pher al bl ood CD3' cel l s ex-
pr essi ng TCR- y/ b ( ant i TCR
bl * ) , VSl ( STCS- 1' ) , and V62
( BB3' ) was det er mi ned by
si ngl e- col or FACS anal ysi s ( see
Mat er i al s and Met hods) , and
pl ot t ed ver sus age. Umbi l i cal
cor d bl ood i s r epr esent ed by
open t r i angl es adj acent t o t he
y- axi s ( t hese val ues wer e t i ght l y
gr ouped so t hat many open t r i -
angl es ar e over l ayi ng one an-
ot her ) , and sampl es f r om chi l -
dr en and adul t s ar e r epr esent ed
by open squar es . The l i nes on
t he pl ot s wer e gener at ed usi ng
a l owess smoot her comput er
anal ysi s ( f = 0. 2) ( 51) . The per -
cent age of cel l s posi t i ve f or a
gi ven mAb was cal cul at ed usi ng
t he f or mul a: 100 x ( per cent of
PBL posi t i ve wi t h mAb shown
on t hey axi s/ per cent of PBL
posi t i ve wi t h mAb SPVT3b) .
( B) Age- r el at ed var i at i on i n t he
per cent age of y/ b T cel l s t hat
bear V61- or V62- encoded
r ecept or s i n per i pher al bl ood .
The per cent age of per i pher al
bl ood ant i TCR- bl ' cel l s ex-
pr essi ng Vbl or VS2 was det er -
mi ned by si ngl e- col or FACS
anal ysi s and pl ot t ed ver sus age .
Umbi l i cal cor d bl ood det er mi -
nat i ons ar e r epr esent ed by open
t r i angl es adj acent t o t hey- axi s,
chi l d and adul t sampl es by open
squar es . The l i nes on t he pl ot s
wer e gener at ed usi ng a l owess
smoot her comput er anal ysi s ( f
= 0. 5) ( 51) . Per cent age of cel l s
posi t i ve f or a gi ven mAb was
cal cul at ed usi ng t he f or mul a:
100x ( per cent of PBL posi t i ve
wi t h mAb shown on t hey- axi s/
per cent of PBL posi t i ve wi t h
ant i TCR- S1) .
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t hese i ndi vi dual s by st ai ni ng wi t h ant i - V61 and ant i - V62 mAbs . Dur i ng t hi s t i me

per i od, t he pr opor t i on of T cel l s expr essi ng Vbl r emai ned near l y const ant whi l e

t he per cent age of T cel l s expr essi ng Vb2 i ncr eased st r i ki ngl y ( Fi g. 2 A, mi ddl e and

bot t om) . I n addi t i on t o t he age- r el at ed i ncr ease i n t he number of y/ b T cel l s, a shi f t

f r oma V61 pr edomi nance t o a VS2 pr edomi nance over t he f i r st 6 yr of l i f e was al so

obser ved ( Fi g . 2 B, t op and bot t om) . Thus, bot h t he i ncr ease i n cel l number ( Fi g .

2 A) and t he change i n V gene pr edomi nance ( Fi g . 2 B) coul d be account ed f or

by an age- r el at ed expansi on of t he V62- bear i ng T cel l subset .

V32 Expansi on i n t he Per i pher y Occur s i n t he Absence of a Par al l el Thymi c Wave.

	

Toad-

dr ess whet her a post nat al t hymi c wave of TCR V62- expr essi ng cel l s coul d expl ai n

t he r i si ng number of V62- bear i ng cel l s i n t he per i pher y wi t h advanci ng age, 29 t hymi

bet ween 3 wk and 8 yr of age wer e exami ned by FACS st ai ni ng f or TCRy/ b cel l

number and V gene segment expr essi on . I n addi t i on, pai r ed sampl es of per i pher al

bl ood wer e obt ai ned at t he same poi nt i n t i me f r om 18 of t hese i ndi vi dual s and ana-

l yzed f or TCR- , y/ b cel l number and V gene segment expr essi on . I n cont r ast t o t he

per i pher al bl ood wher e an age- r el at ed i ncr ease i n t he pr opor t i on of T cel l s expr essi ng

t he TCR- y/ b was obser ved ( Fi g. 2 A, t op) , i n t he t hymus, t he pr opor t i on of T cel l s

expr essi ng t he TCR- y/ b r emai ned const ant wi t h i ncr easi ng age, up t o t he age of

8 yr . Thi s r esul t ed i n a r i se i n t he r at i o of T cel l s expr essi ng TCRy/ b i n t he per i ph-

er al bl ood compar ed wi t h t he t hymus i n t he pai r ed t hymus/ per i pher al bl ood sampl es

over t i me ( Fi g . 3 A) . I n addi t i on, t hymus sampl es showed no change i n t he per -

cent age of TCR- - y/ b cel l s bear i ng ei t her Vbl - or V62- encoded r ecept or s over t i me .

I n none of t he t hymi di d we obser ve >30% Vb2+ cel l s ( mean = 12%) , i ncl udi ng

t hymi f r omi ndi vi dual s i n whomt he Vb2 expansi on ( of t en t o >85% of t he y/ b cel l s)

had al r eady occur r ed i n t he pai r ed per i pher al bl ood sampl e ( Fi g . 3 B) . Si nce t he

per cent age of y/ b T cel l s and usage of V gene segment s was unchanged over t i me

f or al l t hymus sampl es exami ned, no evi dence t o suppor t t he occur r ence of a post -

nat al t hymi c wave of V62- bear i ng cel l s was f ound . I nst ead, i t seemed mor e l i kel y

t hat t he expansi on of TCR- y/ b cel l s bear i ng Vb2 i n t he per i pher y may have r esul t ed

f r om a post nat al ext r at hymi c expansi on of t hi s subset , whi l e t he V61- bear i ng cel l s

r emai ned const ant i n number .

Age- r el at ed Expr essi on of CD45ROon M52- bear i ng Cel l s.

	

The CD45 t r ansmembr ane

pr ot ei n i s f ound on al l T cel l s and occur s i n di st i nct i sof or ms as a r esul t of al t er na-

t i vel y spl i ced exons ( 41) . The smal l est i sof or m, CD45RO, l acks al l of t he di f f er en-

t i al l y spl i ced exons and i s r ecogni zed by mAb UCHLI ( 42) . Near l y al l T cel l s ( >95%)

f r omneonat al per i pher al bl ood ar e negat i ve or expr ess onl y l ow l evel s of CD45RO

( 43, 44) . Wi t h i ncr easi ng age, t he per cent age of T cel l s t hat expr ess hi gh l evel s of

CD45RO r i ses unt i l - 60To of al l of t he ci r cul at i ng T cel l s ar e UCHLI h ` i n adul t -

hood ( 43) . A si mi l ar r i se has al so been demonst r at ed f or y/ b T cel l s i n per i pher al

bl ood ( 43) . To conf i r m t hat bot h Vbl + and Vb2 + y/ b T cel l s wer e capabl e of ex-

pr essi ng CD45RO af t er act i vat i on, i n vi t r o cul t ur ed cel l l i nes expr essi ng t hese V

genes wer e exami ned by FACS anal ysi s ; whi ch r eveal ed t hat bot h expr essed i ncr eased

l evel s of CD45RO. The Vb2+ l i ne expr essed CD45RO at hi gh l evel s, whi l e Vbl

cel l l i nes expr essed CD45RO at moder at e l evel s . I n addi t i on, bot h Vb1- and V62-

expr essi ng t hymocyt es and t onsi l - der i ved l ymphocyt es expr essed moder at e or hi gh

l evel s of CD45RO ( dat a not shown) .
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( A) Age- r el at ed change i n t he TCR- ,y/ S per cent age i n t hymus compar ed wi t h pe-

r i pher al bl ood . The per cent age of CD3' ( SPVT3b' ) cel l s expr essi ng TCR- y/ S ( ant i TCRSl ' )

i n t he t hymus and i n per i pher al bl ood i n t he same i ndi vi dual at t he same poi nt i n t i me was det er -

mi ned. The r at i o of t he TCRy/ S per cent age i n t hymus compar ed wi t h per i pher al bl ood was

cal cul at ed usi ng t he f or mul a: ( per cent of PBL posi t i ve wi t h mAb ant i TCR- S1/ per cent of PBL

posi t i ve wi t h mAb SPVT3b) / ( per cent of t hymocyt es posi t i ve wi t h ant i TCRSl / per cent of t hyr t t o-

cyt es posi t i ve wi t h SPVT3b) . The l i ne on t he pl ot was gener at ed usi ng a l owess smoot her com-

put er anal ysi s ( f = 0. 5) ( 51) . ( B) Age- r el at ed change i n TCRSvar i abl e gene segment usi ng i n t hymus

compar ed wi t h per i pher al bl ood . The per cent age of CD3' ( SPVT3b' ) cel l s expr essi ng VSl

( STCS- 1' , t op) or VS2 ( 13133' , bot t om) i n t he t hymus and i n per i pher al bl ood was det er mi ned by

si ngl e- col or FRCS anal ysi s and pl ot t ed ver sus age . Per i pher al bl ood det er mi nat i ons ar e r epr e-

sent ed by sol i d symbol s whi l e t hymus det er mi nat i ons ar e di spl ayed as open symbol s. Ci r cl es r ep-

r esent t hymus sampl es wi t hout apai r ed per i pher al bl ood sampl e. Tr i angl es r epr esent pai r ed sampl es

of t hymus and per i pher al bl ood obt ai ned f r om t he same i ndi vi dual at t he same poi nt i n t i me.

The per cent age of cel l s posi t i ve wi t h a gi ven mAb was cal cul at ed as i n Fi g. 2 A. Comput er - gener at ed

l i nes r eveal age- r el at ed t r ends .
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Si nce an i ncr ease i n expr essi on of CD45RO occur s when nai ve T cel l s ar e act i -

vat ed, t hi s ant i gen may ser ve as a di f f er ent i at i on mar ker f or pr evi ousl y act i vat ed

or " memor y" T cel l s ( 44, 45) . We t her ef or e exami ned whet her t he expansi on of V62-

bear i ng cel l s obser ved her e ( Fi g. 2 A, bot t om) cor r el at ed wi t h expansi on of nai ve

( CD45RO- or CD45RO10 ) or of pr evi ousl y act i vat ed ( CD45ROh' ) cel l s . I n umbi l -

i cal cor d bl ood l ymphocyt es ( CBL) , t wo popul at i ons of l ymphocyt es wer e obser ved,

one t hat was unr eact i ve ( CD45RO- ) and one t hat was weakl y r eact i ve ( CD45RO' O)

wi t h UCHLI mAb ( Fi g . 4 A) . Ver y f ew ( <5%) of neonat al T cel l s st ai ned br i ght l y

wi t h UCHLI . On PBL f r omchi l dr en of i ncr easi ng age, a t hi r d popul at i on of cel l s

was obser ved t hat st ai ned br i ght l y ( CD45ROh' ) . The CD45RO10 popul at i on was

smal l i n adul t PBL, whi l e t he CD45ROht popul at i on pr edomi nat ed ( Fi g . 4 A) . I n

t wo- col or FAGS anal ysi s, bot h Vbl + and Vb2 + Tcel l s i n umbi l i cal cor d bl ood l acked

t he CD45ROht phenot ype . By 1 yr of l i f e, CD45ROh' was expr essed on - 30% of

t he TCR- , y/ b* cel l s . Thi s per cent age cont i nued t o r i se bet ween 1 and 18 yr of l i f e

t o r t i 60% of t he VS2* cel l s, suggest i ng t hat a si gni f i cant pr opor t i on of t hese cel l s

wer e pr evi ousl y act i vat ed ( Fi g . 4 B) . I n cont r ast t o Vb2* l ymphocyt es, Vbl + l ym-

phocyt es r emai ned <20% CD45ROh' even i n adul t hood ( Fi g . 4 B) . Mor eover , no

shi f t f r om CD45RO- t o CD45RÒ 0 coul d be i dent i f i ed on V61- bear i ng T cel l s f r om

chi l dr en of i ncr easi ng age ( t hr ough age 18) ( dat a not shown) . Thus, a st r i ki ng di f f er -
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( A) CD45ROexpr essi on on PBL. CD45ROexpr essi on was anal yzed on PBL at bi r t h

( cor d bl ood) , f r om a 6- yr - ol d chi l d, and f r om an adul t . The 6- yr - ol d chi l d' s pr of i l e was ut i l i zed

t o set cur sor s di vi di ng t he PBL i nt o popul at i ons wi t h negat i ve ( CD45RO- ) , l ow ( CD45ROI ° ) ,

or hi gh ( CD45ROh' ) expr essi on of CD45RO det er mi ned by st ai ni ng wi t h mAb UCHLI and

one- col or FACS anal ysi s . ( B) CD45ROh ' expr essi on of Vbl - or V62- bear i ng T cel l s i n per i ph-

er al bl ood . The per cent age of Vbl ` or VS2* - y/ b T cel l s t hat expr ess CD45ROh ' was det er mi ned

by t wo- col or FACS anal ysi s on CBL ( t r i angl es adj acent t o t hey- axi s) and on PBL ( ci r cl es) and pl ot t ed

ver sus age . Vbl * y/ b cel l s ( 6TCS1* , open symbol s) r ar el y expr ess CD45ROh ' , whi l e VS2* ' Y/ b T

cel l s ( BB3* , cl osed symbol s) showed an age- r el at ed i ncr ease i n t he per cent age t hat expr ess

CD45ROh' . The per cent age of Vbl * or VS2* cel l s t hat expr ess CD45ROh' was det er mi ned i n

t wo- col or FACS anal ysi s by gat i ng on t he cel l s posi t i ve wi t h t he V&speci f i c mAb and t hen det er -

mi ni ng t he per cent age of t he gat ed cel l s t hat wer e i n each of t he t hr ee r egi ons of UCHLI st ai ni ng

det er mi ned i n Fi g. 4 A. The per cent age of cel l s expr essi ng CD45ROh ' was cal cul at ed usi ng t he

f or mul a : number of V61' or VS2* cel l s i n t he CD45ROh ' r egi on/ t ot al number of Vbl * or VS2*

cel l s . The l i nes on t he pl ot wer e gener at ed usi nga l owess smoot her comput er anal ysi s ( f = 0 . 5) ( 51) .



ence exi st ed i n per i pher al bl ood bet ween t he Vb2 + TCRy/ b cel l s, whi ch expanded

i n an age- r el at ed f ashi on and expr essed s phenot ype char act er i st i c of " memor y

T cel l s" ' and t he Vbl + cel l s, whi ch f ai l ed t o expand i n number or t o expr ess t hi s

memor y phenot ype . Acqui si t i on of t he memor y phenot ype on Vb2+ y/ b T cel l s oc-

cur r ed dur i ng t he age per i od i n whi ch t he pr opor t i on of TCR- y/ b cel l s bear i ng Vb2

i n per i pher al bl ood was i ncr easi ng ( compar e Fi g . 2 B, bot t om, wi t h Fi g . 4 B) , sug-

gest i ng t hat t he i ncr ease i n cel l number mi ght be r el at ed t o act i vat i on and pr ol i f er a-

t i on of t hese cel l s .

I ndi vi dual Var i at i on i n TCR- y/ S V Gene Reper t oi r e.

	

The obser vat i ons not ed above

appl y t o t he popul at i on of i ndi vi dual s i n gener al . I t has been r epor t ed t hat i n most

adul t s, >70% of t he TCRy/ b r eper t oi r e i n per i pher al bl ood can be account ed f or

by a si ngl e Vy2/ VS2 chai n pai r ( 46) . The anal ysi s her e conf i r med t hi s gener al i za-

t i on, but al so i dent i f i ed a number of subj ect s who di spl ayed a di f f er ent pat t er n of

expr essi on of Vy and Vb genes i n t hei r per i pher al bl ood. Four r epr esent at i ve ex-

ampl es of heal t hy adul t s wi t h di f f er i ng TCRb Vgene- def i ned phenot ypes ar e shown

( Fi g . 5) . I n per i pher al bl ood f r om subj ect 1, Vb2 was expr essed on 947o of t he - Y/ 6

cel l s, wi t h V61 expr essed on near l y al l t he r emai ni ng TCRy/ b cel l s. I n t hi s i ndi vi dual ,

Vb2 was pai r ed pr edomi nant l y wi t h Vy2, whi l e V61 was al most never pai r ed wi t h

Vy2. Thi s cor r esponds t o t he pr edomi nant phenot ype pr evi ousl y r epor t ed by ot her s

( 46) . I n subj ect 2, Vb2 was expr essed on 77% of t he y/ b T cel l s ; t he maj or i t y of

t he r emai ni ng y/ b cel l s expr essed Vbl . Li ke subj ect 1, Vb2 pai r ed pr edomi nant l y

wi t h Vy2; i n cont r ast t o subj ect 1, V61 pai r ed wi t h Vy2 on N60%of Vb1 + T cel l s .

Subj ect s 3 and 4 di f f er ed st r i ki ngl y f r omsubj ect s 1 and 2 si nce VS2 expr essi on was

f ound on onl y 40 and 7% of t he per i pher al bl ood y/ b T cel l s, r espect i vel y .

Cor r espondi ngl y, i n t hese l at t er subj ect s V61 expr essi on pr edomi nat ed and was

pr esent on 41 and 82%of per i pher al bl ood y/ b T cel l s, r espect i vel y. I n t he maj or i t y

t o
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FI GURE 5 .

	

Vy and VS gene segment usage
di f f er s i n f our adul t i ndi vi dual s. TCRy/ b var i -
abl e chai n usage was det er mi ned on t he pe-
r i pher al bl ood of f our i ndi vi dual s by t wo- col or
FRCS anal ysi s . For each i ndi vi dual , t he per -
cent age of y/ 6 Tcel l s expr essi ng V61 or Vb2
i s r epr esent ed by t he hei ght of t he bar . Of t he
cel l s t hat expr ess ei t her V6l or V62, t he
pr opor t i on t hat pai r s wi t h Vy2 i s r epr esent ed
by t he par t of t he bar t hat i s shaded. Not e t hat
bot h t he pr opor t i on of cel l s t hat expr ess each
VS gene segment and t he f r equency of pai r i ng
of Vy2 wi t h Vbl var y st r i ki ngl y f r om subj ect
t o subj ect . Vbl , Vb2, and Vy2 wer e det ect ed
wi t h mAbs STCSI , BB3, and Ti ya, r espec-
t i vel y . The per cent age of CD3' cel l s posi t i ve
f or t he VS chai ns was cal cul at ed as i n Fi g. 2
A . The per cent age of Vbl ' or VS2' cel l s
posi t i ve wi t h ant i Vy2 was cal cul at ed f r om
t wo- col or FRCS by gat i ng on t he cel l s st ai ned
wi t h ei t her ant i - V61 ( 6TCSI ) or ant i - V82

per cent age of t he gat ed cel l s t hat wer e posi t i ve wi t h t he ant i Vy2
or VS2' cel l s expr essi ng Vy2 was cal cul at ed usi ng t he f or mul a :
Vy2' r egi on/ t ot al number of Vbl ' or VS2' cel l s .
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of i ndi vi dual s, Vb2 usage pr edomi nat ed ( subj ect s 1 and 2) , whi l e i n t he ot her cases,

Vbl and VS2 wer e used about equal l y or V61 pr edomi nat ed ( t he l east f r equent oc-
cur r ence) ( subj ect s 3 and 4, r espect i vel y) . Thus, whi l e t he maj or i t y of TCR- ' y/ b cel l s

i n al l subj ect s expr essed ei t her Vbl or VS2, t he r el at i ve pr opor t i on of cel l s t hat ex-
pr essed each of t hese TCRb chai ns var i ed . To conf i r mt hat an i ndi vi dual measur e-

ment i n a per son r ef l ect ed a st abl e phenot ype, f our adul t s wer e exami ned on at l east

f our occasi ons over a per i od of 18 mo . These anal yses r eveal ed a modest var i at i on

over t i me i n t he per cent age of T cel l s expr essi ng TCR- , y/ 4 but no si gni f i cant var i a-

t i on i n t he r el at i ve expr essi on and pai r i ng of Vb1, Vb2, and Vy2. Thi s suggest ed

t hat t he TCR- y/ b r eper t oi r e i n adul t s i s r el at i vel y st abl e over a per i od of mont hs

t o year s .
The y/ b Gene Reper t oi r e I s Not Sol el y Det er mi ned by I nher i t ed Fact or s .

	

To det er mi ne

i f backgr ound genet i c di f f er ences coul d account f or t he di st i nct ,y/ b Vgene r eper -

t oi r es obser ved among i ndi vi dual s, f ami l y and t wi n st udi es wer e per f or med . I n f ami l y

1 ( Fi g . 6 A) , bot h par ent s expr essed a l ess common phenot ype, i n whi ch Vb1 gene

segment usage pr edomi nat es over Vb2 gene segment expr essi on ( >50%V61, <30%

Vb2) . However , al l of t he chi l dr en di spl ayed t he common phenot ype, expr essi ng Vb2

on >70%of t hei r TCR- y/ b cel l s . Thus, none of t he pr ogeny di spl ayed t he par ent al

y/ b phenot ype, despi t e t he f act t hat each MHC hapl ot ype car r i ed by t he par ent s

was i nher i t ed by at l east one of t he chi l dr en . I n f ami l y 2 ( Fi g . 6 B) , one par ent ex-

FI GURE 6 .

	

V6 gene usage i n f ami l i es . VB gene usage was det er mi ned f or t he member s of t wo

f ami l i es, as descr i bed i n Fi g . 4 . The ext ended MHC hapl ot ypes ar e r epr esent ed wi t hi n t he ci r cl es

or squar es by A, B, C, and D. The hi st ogr am r epr esent s TCRy/ b cel l s, t he l owest ( sol i d) sect i on
r epr esent s t he pr opor t i on of TCRy/ 6 cel l s expr essi ng V61 gene segment s, t he mi ddl e ( shaded)
sect i on r epr esent s t he pr opor t i on of TCR- y/ 6 cel l s expr essi ng t he V62 gene segment , and t he

t op ( open) sect i on r epr esent s t he pr opor t i on of TCR- y/ b cel l s expr essi ng nei t her V61 nor V62

gene segment s ( VBX) . The ages of f ami l y 1 ( A) member s 1, 2, 3, 4, 5, and 6 ar e 62, 68, 34,

36, 42, and 33 yr , r espect i vel y, and t he per cent s of CD3' cel l s expr essi ng TCRy/ 6 ar e 1. 13, 4. 12,

2 . 78, 3 . 69, 8 . 48, and 10 . 64%, r espect i vel y. MHC hapl ot ypes i n f ami l y 1 ar e ( A) A2, B5, DR5 ;

( B) Aw24, B39, DR7 ; ( C) Aw31, B7, DR4; and ( D) Al , B41 . I ndi vi dual 6 has j uveni l e r heumat oi d

ar t hr i t i s . The ages of f ami l y 2 ( B) member s 1, 2, 3, 4, and 5 ar e 69, 69, 39, 43, and 24 yr , r espec-

t i vel y, and t he per cent s of CD3' cel l s expr essi ng TCR- y/ b ar e 17 . 64, 0 . 60, 4 . 80, 2 . 51, and 2 . 71%,

r espect i vel y . MHC hapl ot ypes i n f ami l y 2 ar e ( A) A3, B14, DR6, DQwl ; ( B) A2, B60, DR4 ;

( C) A32, B60, C3, DR4 ; and ( D) A29, B44, DR7, DQw2 . I ndi vi dual 2 has r heumat oi d ar t hr i t i s .



pr essed V61 on 40%of t he y/ S cel l s whi l e t he ot her par ent expr essed VSl on 11%

of t he y/ b T cel l s . I nt er est i ngl y, t wo of t he pr ogeny of t hi s pai r ( subj ect s 3 and 4)

i nher i t ed i dent i cal MHChapl ot ypes, yet wer e mar kedl y di f f er ent f r omeach ot her

i n t hei r expr essi on of TCR- ,y/ b var i abl e gene segment s . I ndi vi dual 3 expr essed VS2

on >90%and V61 on ver y f ewof t hey/ b T cel l s . I n cont r ast , i ndi vi dual 4 expr essed

VS2 on onl y 27% and VS1 on - 25% of t he TCR- , y/ b cel l s . These r epr esent at i ve

f ami l y st udi es r eveal no si mpl e or di r ect cor r el at i on bet ween i nher i t ance of a MHC

hapl ot ype and TCR- , y/ b phenot ype i n PBL. Thi s suggest ed t hat f act or s ot her t han

t he MHCt ype must i nf l uence TCR- , y/ b V gene usage by per i pher al bl ood T cel l s .

These may i ncl ude ot her genet i c f act or s not encoded i n t he MHC, or envi r onment al ,

i nf l uences .

To addr ess whet her ot her genet i c el ement s besi des t hose encoded i n t he MHC

mi ght det er mi ne t he TCR- y/ SV gene r eper t oi r e, seven set s of i dent i cal t wi ns wer e

eval uat ed ( Fi g. 7) . I n f our set s, bot h t wi ns showed near l y i dent i cal ' y/ S V gene r eper -

t oi r es, expr essi ng t he common phenot ype wi t h VS2 on a maj or i t y of t hei r . y/ S T

cel l s. However , sever al set s r eveal ed di ver gent V gene usage. I n bot h t wi n set s A

and B, one i ndi vi dual ut i l i zed VS1 on - 25% of t he y/ S T cel l s i n per i pher al bl ood,

whi l e t he ot her i ndi vi dual ut i l i zed VS1 on <10% of t hey/ S T cel l s. The t wi ns al so

di f f er ed i n VS2 usage, si nce one member of t wi n set A ut i l i zed VS2 on 85%of t he

y/ S T cel l s, whi l e t he ot her i ndi vi dual ut i l i zed VS2 on 60%of t he y/ S T cel l s . Set

Bdi f f er ed mor e dr amat i cal l y i n V82 usage; one i ndi vi dual expr essed V62 on 30%

of t he y/ S T cel l s, whi l e t he ot her i ndi vi dual expr essed V62 on 93%of t he y/ S T

cel l s . I n each t wi n set , i ndi vi dual 1 has di abet es mel l i t us and i ndi vi dual 2 i s heal t hy.

However , i t does not appear t hat t he di sease account s f or t hese di f f er ences i n t he

expr essi on of VS gene segment s, as t he VSI usage i s hi gh i n t he di abet i c i ndi vi dual

of one t wi n set , but i n t he nondi abet i c i ndi vi dual of t he ot her t wi n set . The di f f er ent

TCR- y/ 6 Vgene r eper t oi r e i n t he per i pher al bl ood of such i dent i cal t wi ns suppor t s

t he hypot hesi s t hat t her e ar e nongenet i c i nf l uences t hat af f ect TCR' r / Svar i abl e chai n

expr essi on on per i pher al bl ood T cel l s .

Di scussi on

The r eper t oi r e of TCR- y/ S var i abl e gene segment s expr essed on l ymphocyt es i n

t he t hymus at bi r t h was ver y si mi l ar t o t hat expr essed i n per i pher al bl ood ( umbi l i cal
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FI GURE 7 .

	

V6 gene segment usage i n i den-
t i cal t wi ns . Hi st ogr ams f or i ndi vi dual s 1 or
2 of each set of t wi ns ( A and B) show t he per -
cent age of y/ b T cel l s t hat use Vbl ( l ef t , sol i d)
or V62 ( r i ght , open) . Not e t hat t he scal e of t he
l ef t panel and t he r i ght panel ar e di f f er ent . I n-
di vi dual 1 has di abet es mel l i t us, whi l e i n-
di vi dual 2 i s heal t hy i n bot h t wi n set s A and B.
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cor d) at bi r t h . However , wi t h i ncr easi ng age, t he number of TCR- y/ 6- bear i ng T

cel l s i n per i pher al bl ood i ncr eased dur i ng t he f i r st 6 yr of l i f e and t hen f el l sl i ght l y.

Thi s r i se was account ed f or by an i ncr ease i n t he number of V62 expr essi ng TCR

y/ 6 cel l s i n per i pher al bl ood, r esul t i ng i n t he pr evi ousl y descr i bed pr edomi nance

of TCRy/ 6 cel l s bear i ng VS2 i n adul t PBL ( 27, 28) . However , t he number of V61-

bear i ng cel l s i n per i pher al bl ood di d not change wi t h age . Ther ef or e, t he r at i o of

V32/ V61- bear i ng cel l s r ose dr amat i cal l y af t er bi r t h unt i l about age 6. Dur i ng t he

per i od when t he V62 number i n PBL i ncr eased, no change i n V&encoded gene seg-

ment expr essi on was obser ved i n t hymus sampl es, i ncl udi ng det er mi nat i ons per -

f or med on pai r ed human t hymus and per i pher al bl ood sampl es f r omt he same donor.

The aver age r at i o of V62/ V61 as wel l as t he pr opor t i on of T cel l s expr essi ng TCR

y/ 6 r emai ned st abl e i n t he t hymus at al l ages st udi ed, maki ng i t unl i kel y t hat a di s-

t i nct t hymi c wave of cel l s bear i ng V62- encoded r ecept or s occur r ed at t he t i me of

t he obser ved i ncr ease i n per i pher al VS2' cel l s . On t he ot her hand, a cor r el at i on

exi st ed bet ween t he r i si ng number of VS2' cel l s and t hei r hi gh l evel s of expr essi on

of CD45RO. Taken t oget her , t he absence of a di st i nct VS2' post nat al t hymi c wave

and t he CD45ROphenot ype suppor t s t he hypot hesi s t hat t he age- r el at ed changes

i n per i pher al bl ood TCRy/ 6 V gene r eper t oi r e ar e account ed f or by ext r at hymi c

event s, possi bl y ant i gen exposur e . The per i pher al popul at i on of VS2' T cel l s i s pol y-

cl onal , si nce al l of t he genes anal yzed f r omper i pher al bl ood PCR ( 18/ 18 V62' VJC

j unct i ons) ( 47) or Sout her n bl ot anal ysi s ( f our of f our cl ones f r omeach of t wo i ndi -

vi dual s) ( 29) showed di st i nct sequences or gene r ear r angement s . The f act t hat t he

V62 expansi on ( and pr ef er ent i al chai n pai r i ng) di d not occur equal l y i n i ndi vi dual s

and t hat t hese di f f er ences coul d not be account ed f or i n an i nher i t ed f ashi on i n f ami -

l i es or i dent i cal t wi ns suggest ed f ur t her t hat t hese i ndi vi dual var i at i ons mi ght r esul t

f r omnongenet i c envi r onment al ant i gen or super ant i gen chal l enges . I n ot her st udi es,

expansi on of T cel l s bear i ng speci f i c VR gene segment s have been not ed i n vi t r o

af t er st i mul at i on wi t h st aphyl ococcal t oxi ns ( 48) . I n addi t i on, T cel l s expr essi ng speci f i c

V6 gene segment s have been shown t o pr ol i f er at e i n r esponse t o mycobact er i al an-

t i gens ( 12) . Thus, ant i gens l i ke t hese mi ght account f or t he expansi on of V62- expr essi ng

y/ 6 T cel l s and t hei r hi gh l evel s of expr essi on of CD45RO i n per i pher al bl ood.

However , i t i s l i kel y t hat a number of f act or s may pl ay a r ol e i n det er mi ni ng t he

V6 r eper t oi r e . For exampl e, sel ect i ve homi ng coul d i nf l uence t he V gene r eper t oi r e

at each anat omi cal si t e as r ecent st udi es i n bot h mi ce and man suggest t hat V gene

usage var i es at di st i nct anat omi cal si t es . Si mi l ar l y, TCRVy- and V&encoded chai n

pai r s may i nt er act wi t h di st i nct l i gands i n di f f er ent t i ssues and be expanded on t hat

basi s . I n t hi s st udy, V61' T cel l s i n t he per i pher y expr essed a nai ve phenot ype . I t

i s possi bl e t hat t hese V61' cel l s may t hen mi gr at e t o l ocal i zed si t es wher e t hey ar e

act i vat ed, as i s t hought t o occur f or l ymphocyt es i n gener al ( 49) . I nt er est i ngl y, i n

pr evi ous st udi es, VSl ' l ymphocyt es have been shown t o be pr esent at t wof ol d

gr eat er f r equency t han VS2' T cel l s i n t he human i nt est i nal epi t hel i um ( 50) . I n

cont r ast t o nor mal i ndi vi dual s, i n pat i ent s wi t h coel i ac di sease, t he pr opor t i on of

I EL T cel l s expr essi ng V61 i s i ncr eased by mor e t han f i vef ol d, whi l e t he pr opor t i on

of T cel l s expr essi ng V62 i s unchanged ( 50) . Thi s suggest s t hat V61' T cel l s mi ght

be st i mul at ed pr ef er ent i al l y i n t hi s l ocat i on i n cont r ast t o t he r eci pr ocal expansi on

of VS2' cel l s t hat occur s i n t he per i pher al bl ood pool as shown i n t hi s r epor t . I n-

f or mat i on emer gi ng f r omot her st udi es has suggest ed an i mpor t ant r ol e f or devel op-
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ment al l y r egul at ed TCR gene r ear r angement s i n det er mi ni ng t he TCR- y/ b r eper -

t oi r e ( 25) . The dat a pr esent ed her e poi nt t o t he i mpor t ance of ext r at hymi c per i pher al

expansi on of sel ect ed y/ b subset s, i n gener at i ng t he adul t TCR- , y/ b r eper t oi r e.

Summar y

The ger ml i ne r eper t oi r e of var i abl e genes f or t he TCR- , y/ b i s l i mi t ed . Thi s, t o-

get her wi t h t he avai l abi l i t y of sever al Vb- speci f i c and a Cb- speci f i c mAbs, has made

i t possi bl e t o assess di f f er ences i n t he TCRy/ b r eper t oi r e i n man . TCR- ,y/ b cel l s

expr essi ng par t i cul ar V gene segment s have been pr evi ousl y shown t o be l ocal i zed

i n di f f er ent anat omi cal si t es . I n t hi s st udy, anal ysi s of TCRy/ b V gene segment usage

per f or med on subj ect s f r om t he t i me of bi r t h t hr ough adul t hood r eveal ed st r i ki ng

age- r el at ed changes i n t he TCR- y/ b r eper t oi r e i n per i pher al bl ood . Vbl + y/ b T cel l s

pr edomi nat ed i n t hymus as wel l as i n per i pher al bl ood at bi r t h and t hen per si st ed

as a r el at i vel y const ant pr opor t i on of CD3 + PBL . However , Vb2 + y/ b T cel l s t hat

const i t ut e a smal l pr opor t i on of t he CD3 + cel l s i n t hymus and i n per i pher al bl ood

at bi r t h, t hen expand and account f or t he maj or popul at i on of y/ b T cel l s i n PBL

i n adul t s . No par al l el post nat al expansi on of Vb2 + cel l s i n t he t hymus was obser ved,

even when pai r ed t hymus- per i pher al bl ood speci mens wer e obt ai ned on subj ect s be-

t ween t he ages of 3 d and 8 yr . The subset of Vb2 + l ymphocyt es t hat was expanded

i n per i pher al bl ood expr essed hi gh l evel s of CD45RO suggest i ng pr i or act i vat i on

of t hese cel l s, consi st ent wi t h t he possi bi l i t y t hat t hei r expansi on mi ght have r esul t ed

f r om exposur e t o f or ei gn ant i gens or super ant i gens . I n cont r ast , Vbl + T cel l s i n

PBL showed no compar abl e i ncr ease i n r el at i ve number s and wer e ei t her negat i ve

or expr essed onl y l ow l evel s of CD45RO. Consi st ent wi t h evi dence f or ext r at hymi c

per i pher al expansi on of sel ect i ve TCR- , y/ b subset s, no l i nk bet ween MHC hapl o-

t ype and di f f er ences i n t he TCR- y/ b V gene usage bet ween i ndi vi dual s was appar ent ,

and i dent i cal t wi ns di spl ayed TCR- , y/ b var i abl e gene segment phenot ypes t hat wer e

st r i ki ngl y di f f er ent f r om one anot her .

The el ement s t hat det er mi ne t he TCRy/ b r eper t oi r e i n i ndi vi dual s ar e not known .

I t i s possi bl e t hat bot h t hymi c sel ect i on and ext r at hymi c f act or s may i nf l uence t he

per i pher al r eper t oi r e. Recent l y, TCRy/ b+ l ymphocyt es have been shown t o expand

mar kedl y i n per i pher al l ymphoi d t i ssues and i nf ect i ous l esi ons i n r esponse t o mycobac-

t er i al ant i gens ( 13, 15) , and a cor r el at i on bet ween mycobact er i al r esponses and TCR- , y/ b

V gene usage has been shown i n mi ce ( 12) . The dat a pr esent ed her e demonst r at ed

per i pher al age- r el at ed changes i n t he y/ b r eper t oi r e and poi nt t o t he i mpor t ance

of ext r at hymi c expansi on of speci f i c y/ b subset s i n gener at i ng t he human TCRy/ b

r eper t oi r e .
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