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Summar y

Mouse gut i nt r aepi t hel i al l ymphocyt es ( I EL) consi st mai nl y ( 90%) of t wo popul at i ons of CD8+

T cel l s . One bear s het er odi mer i c ct / 0 CD8 chai ns ( Lyt - 2+, Lyt - 3+) , a T cel l r ecept or ( TCR)

made of ac/ ( 3 chai ns, and i s Thy- 1+ ; i t r epr esent s t he pr ogeny of T bl ast s el i ci t ed i n Peyer ' s

pat ches by ant i geni c st i mul at i on. The ot her bear s homodi mer i c cx/ a CD8+ chai ns, cont ai ns

no a chai n mRNA, and i s most l y Thy- 1 - and TCI t - y/ S+ or - ci / ) 3+ ; i t i s t hymo- i ndependent

and does not r equi r e ant i geni c st i mul at i on, as shown by i t s pr esence: ( a) i n nude and sci d mi ce;

( b) i n i r r adi at ed and t hymect omi zed mi ce r epopul at ed by T- depl et ed bone mar r ow cel l s bear i ng

an i dent i f i abl e mar ker ; ( c) i n t hymect omi zed mi ce t r eat ed by i nj ect i ons of monocl onal ant i - CD8

ant i body, whi ch l ead t o t ot al depl et i on of per i pher al CD8+ T l ymphocyt es ; and ( d) i n ger m-

f r ee mi ce and i n suckl i ng mi ce . I n young nude mi ce, cx/ a CD8 chai ns, CD3TCR compl exes,

and TCRmRNAs ( f i r st , y/ 6) ar e f ound on I EL, whi l e t hey ar e not det ect abl e on or i n per i pher al

or ci r cul at i ng l ymphocyt es or bone mar r ow cel l s . I EL, i n cont r ast t o mat ur e T cel l s, cont ai n

mRNA f or t he RAG pr ot ei n, whi ch i s r equi r ed f or t he r ear r angement of TCR and I g genes .

We pr opose t hat t he gut epi t hel i um ( an endoder m der i vat i ve, as t he t hymi c epi t hel i um) has

an i nduct i ve pr oper t y, at t r act i ng pr ogeni t or s of bone mar r ow or i gi n, and t r i gger i ng t hei r TCR

r ear r angement and cx/ u CD8 chai ns expr essi on, t hus gi vi ng r i se t o a T cel l popul at i on t hat

appear s t o bel ong t o t he same l i neage as y/ 6 t hymocyt es and t o r ecogni ze an ant i geni c r eper t oi r e

di f f er ent f r om t hat of u/ ( 3 CD8+ I EL .

Mouse gut mucosal l ymphocyt es, especi al l y i nt r aepi t hel i al

l ymphocyt es ( I EL) , t have an unusual sur f ace pheno-

t ype and an i ncompl et el y under st ood f unct i on ( 1 ; and r evi ewed

i n r ef er ence 2) . I EL ar e pr edomi nant l y CD8 + T l ympho-

cyt es, but , i n cont r ast t o per i pher al or ci r cul at i ng CD8+ T

cel l s, whi ch ar e al l Thy- 1+, a subset of t he CD8+ I EL

pr esent i n nude mi ce i s Thy- 1 - ( 2- 4) . I t has been r epor t ed

t hat I EL bear TCRs pr edomi nant l y made of . y/ 6 chai ns ( 4- 9) .

Si nce i t i s wel l est abl i shed t hat t he vast maj or i t y of per i ph-

er al T l ymphocyt es bear s TCRs made of cz/ # chai ns, t hi s

r ai ses t he possi bi l i t y t hat I EL have mi gr at ed di r ect l y f r om

t he t hymus t o t he gut . On t he ot her hand, pr evi ous exper i -

ment s have l ed t o t he concl usi on t hat t he maj or i t y of Thy- 1+

I EL ar e t he pr ogeny of di vi di ng pr ecur sor s ar i si ng i n Peyer ' s

pat ches ( PP) under ant i geni c st i mul at i on . These bl ast s f ol l ow

1 Abbr evi at i ons used i n t hi s paper. DN, doubl e negat i ve; I EL, i nt r aepi t hel i al

l ymphocyt es ; PP, Peyer ' s pat ches ; TD, t hor aci c duct .

a speci al ci r cui t , r eachi ng t he bl ood vi a t he t hor aci c duct ( TD)

l ymph t o col oni ze t he mucosa of t he whol e gut because of

t hei r pecul i ar gut - homi ng pr oper t y ( 1, 2, 10, 11) . Al l t hese

obser vat i ons seemdi f f i cul t t o r econci l e wi t h t he evi dence t hat

I EL bear most l y TCR- y/ 6 and may come di r ect l y f r omt he

t hymus.

The pr esent exper i ment s show t hat CD8 + I EL consi st i n

f act of t wo ont ogeni cal l y di st i nct popul at i ons, one bear i ng

CD8 mol ecul es made of t wo di f f er ent pol ypept i de chai ns

( Lyt - 2 or u ; and Lyt - 3 or a chai ns) , and t he ot her bear i ng

CD8 mol ecul es l acki ng a chai ns, a phenot ype pr evi ousl y ob-

ser ved i n gut I EL by Par r ot t et al . ( 12) ; t hese t wo popul at i ons

wi l l be named het er odi mer i c a/ a CD8+ and homodi mer i c

u CD8+ ( si nce i t i s l i kel y t hat t hei r ci chai ns ar e expr essed

as homodi mer s [ 13] ) . The f i r st popul at i on i s t hymodepen-

dent , TCR- ci / 13+, and i n al l l i kel i hood r epr esent s t he PP-

der i ved Thy- 1 + I EL pr evi ousl y descr i bed. The second popu-

l at i on does not r equi r e a t hymus t o appear , pr obabl y der i ves

471

	

J. Exp . Med. ® The Rockef el l er Uni ver si t y Pr esszyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 0022- 1007/ 91/ 02/ 0471/ 11 $2 . 00

Vol ume 173 Febr uar y 1991 471- 481



f r om cel l s havi ng mi gr at ed di r ect l y f r om t he bone mar r ow,

and bear s TCRwi t h y/ 6 or a/ / 3 chai ns, dependi ng upon

t he age and ot her condi t i ons of t he mi ce. On t he basi s of

obser vat i ons made on t hymus- depr i ved mi ce and on t he pr es-

ence of mRNA f or t he r ecombi nat i on act i vat i ng gene 1 or

RAG- 1, ( 14, 15) i n I EL, i t i s pr oposed t hat : ( a) t he gut epi -

t hel i al envi r onment pl ays an at t r act i ve and a di f f er ent i at i on-

i nduci ng r ol e on t he appear ance of t he a/ a CD8+ cel l

popul at i on and of i t s CD3 TCRcompl exes ; and ( b) t hi s popu-

l at i on has ont ogeni c si mi l ar i t i es wi t h t he t hymus y/ b cel l

l i neage.

Mat er i al s and Met hods

Ani mal s and I n Vi vo Tr eat ment .

	

C3HeB, C3H- DBA, , C57B1/ 6

mi ce wer e r ai sed i n our ani mal house, and C57B1- BgJ Bgj ( Bei ge)

mi ce and CB17 sci d/ sci d mi ce ( SCI D) wer e ki ndl y pr ovi ded by Dr .

J . C. Guenet , Past eur I nst i t ut e, Par i s, Fr ance . Nude mi ce ( Swi ss

or BALB/ c nul nu mi ce) wer e obt ai ned f r om I f f a Cr edo or CNRS,

Or l eans, Fr ance, and ger m- f r ee mi ce wer e a ki nd gi f t of C. Mor eau

( I NRA, CNRZ, Jouy- enJosas, Fr ance) . GVHRs wer e el i ci t ed i n

l et hal l y i r r adi at ed mi ce as pr evi ousl y descr i bed ( 11) . Mi ce r econ-

st i t ut ed wi t h Bei ge bone mar r ow wer e pr epar ed as f ol l ows : 8- wk-

ol d C57B1/ 6 mi ce wer e t hymect omi zed, and 15 d l at er , t hey wer e

9 Gy i r r adi at ed and i nj ect ed wi t h 5 x 106 cel l s f r ombone mar r ow

of Bei ge mi ce t r eat ed wi t h ant i Thy- 1 and r abbi t compl ement

( Cedar l ane Labor at or i es, Hor nby, Canada) . For i n vi vo depl et i on

of CD8+ l ymphocyt es, t hymect omi zed mi ce wer e i nj ect ed t wi ce

at 1- wk i nt er val s wi t h 1 mg of H35- 17 mab ( I gG2b) ( gi f t of M.

Pi er r es, Mar sei l l e- Lumi gny, Fr ance) ; t he i nj ect ed mi ce wer e st udi ed

1 mo af t er t he l ast i nj ect i on as descr i bed ( 16) .

Pr epar at i on of Cel l Suspensi ons and Separ at i on of Cel l Subset s .

	

I EL

wer e pr epar ed as pr evi ousl y descr i bed ( 1) wi t h a mechani cal pr oce-

dur e ( scr api ng and passi ng t hr ough a gl ass wool col umn) and wer e

obt ai ned as a pur e suspensi on ( as at t est ed by t he absence of B cel l s

and epi t hel i al cel l s) . I n t he case of nude mi ce, however , I EL pr epa-

r at i ons wer e al ways cont ami nat ed by epi t hel i al cel l s and Bl ympho-

cyt es f or unknown r easons. To pr epar e Thy- 1 - I EL, I EL wer e

t r eat ed wi t h ant i Thy I gMmab ( AT83) ( gi f t of F. Fi t ch, Uni ver -

si t y of Chi cago) and r abbi t compl ement . For t he pr epar at i on of

I EL depr i ved of CD4* l ymphocyt es, cel l s wer e t r eat ed wi t h ant i -

CD4 mab ( GK1 . 5) ( gi f t of F. Fi t ch) , t hen wi t h mouse ant i - r at

r c, chai n mab ( gi f t of H. Bazi n, Uni ver si t y of Louvai n, Bel gi um)

and compl ement .

Lymphocyt es f r omTD l ymph wer e obt ai ned as descr i bed ( 17) .

I n adul t mi ce, l ymph was col l ect ed f or 20 h ( - 5 x 10' l ympho-

cyt es r ecover ed) and i n young mi ce ( 25 d; 15- g wei ght ) f or 10 h

onl y, because of t he di f f i cul t y of keepi ng t hese smal l mi ce al i ve ( N4

x 10 6 l ymphocyt es r ecover ed) . Bone mar r ow cel l s enr i ched i n

l ymphoi d pr ecur sor s and depl et ed i n most cel l s of t he er yt hr oi d

and myel oi d l i neage wer e pr epar ed as descr i bed ( 18) . Bl ood l ym-

phocyt es wer e i sol at ed on Fi col l - Paque ( Phar maci a Fi ne Chemi cal s,

Pi scat away, NJ) . Per i pher al l ymph node cel l s depr i ved of B cel l s

wer e obt ai ned by passage t hr ough nyl on wool f ol l owed by pan-

ni ng on r abbi t ant i - mouse I g- coat ed pl at es ( af f i ni t y- pur i f i ed ant i -

body ki ndl y pr ovi ded by S. I zui , Uni ver si t y of Geneva) .

I mmunof l uor escent St udi es and Cyt ol ogi cal Pr ocedur es .

	

The f ol -

l owi ng mabs wer e used: ( a) f or det ect i on of CD3 and TCR, 145-

2C11 hamst er mab ( 19) , whi ch det ect s epi t opes on t he e subuni t

of CD3, H57- 597 hamst er mab ( ki nd gi f t of R. Kubo and P. Mar -

r ack, Uni ver si t y of Col or ado Heal t h Sci ence Cent er , Denver , CO) ,
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whi ch r eact s wi t h al l mur i ne TCR- a/ ( 3 ( 20) ; ( b) f or t he det ect i on

of var i ous Tcel l r el at ed ant i gens, TB107, and Thy- 1 mab; GKl - 5 ;

ant i - CD4 mab; H35- 17- 2 ( cal l ed her e H35) , ant i - CD8 mab, whi ch

st ai ns t he CD8 a/ R het er odi mer ( Lyt - 2 Lyt - 3 compl ex) ( 21 ; see

al so pr esent r esul t s) ; H59- 101 . 7 ( cal l ed her e H59) , whi ch st ai ns al l

CD8 a chai ns ( Lyt - 2) i r r espect i ve of t hei r associ at i on wi t h t he CD8

( 3 chai ns ( Lyt - 3) ( 21) ; 53- 5 . 8 ( 22) , whi ch st ai ns t he CD8 a chai n ;

RA3- 2C2, whi ch det ect s CD45RA, t he hi gh mol ecul ar wei ght

f or m of t he T200 ( Ly- 5) ant i gen ( 23) ; f or f l ow cyt omet r y anal ysi s

and doubl e st ai ni ng, FI TC l abel ed or bi ot i nyl at ed ( r eveal ed wi t h

st r ept avi di n- coupl ed phycoer yt hr i n) mabs wer e used ( ki nd gi f t of

B. Rocha, I NSERM, Par i s) . For cyt ol ogi cal st udi es, combi ned wi t h

r adi oaut ogr aphy i n t he case of cel l s i ncubat ed i n vi t r o wi t h [ 3 H]

TdR ( 10) , l abel i ng wi t h ant i - CD3 and ant i - cd, f l mab was r eveal ed

wi t h a r abbi t ant i - hamst er I g r hodami n- l abel ed F( ab' ) z f r act i on
( The Jackson Labor at or y, Bar Har bor , ME) , and t he st ai ni ng was

i ncr eased by t he use of a r hodami n- l abel ed sheep ant i - r abbi t I g .

The per cent age of st ai ned cel l s det ect ed on t he same cel l pr epar a-

t i ons by cyt of l uor omet r y or mi cr oscopy ( i n smear s) was ver y cl ose .

For doubl e st ai ni ng of TCR- a/ / 3 or CD3 ant i gen and ot her T cel l

ant i gens, cappi ng of r hodami n- l abel ed ant i TCR or ant i - CD3 an-

t i body was f i r st i nduced by 37° C i ncubat i on wi t hout N3Na f or

30 mi n ; t he cel l s wer e t hen i ncubat ed i n pr esence of N3 Na, wi t h

ant i - CD8, CD4, or Thy- 1 r at mabs ( r eveal ed by bi ot i nyl at ed mouse

ant i - r at I gG[ The Jackson Labor at or y] and FI TC avi di n) . When,

as a cont r ol , ant i TCRa/ ( 3 mab was omi t t ed, <1%of FI TC- l abel ed

cel l s showed an ar t i f act ual r hodami n cap; B cel l s showed st r ongl y

st ai ned caps, because of t he cr ossr eact i vi t y bet ween hamst er and

mouse I g . Aut or adi ogr aphy was per f or med wi t h I l f or d K5 ( I l f or d

Lt d . , I l f or d, Essex, Engl and) .

Nor t her n Bl ot and Pol ymer ase Chai n React i on Anal yses .

	

RNAwas

pr epar ed by t he guani di umi sot hi ocyanat e met hod and t r ansf er ed

t o Bi odyne membr anes, and al l t echni ques, except when ment i oned

ot her wi se, wer e per f or med as pr evi ousl y descr i bed ( 24) . 5 - 10, ug
of t ot al RNAper t r ack was l oaded, except when ment i oned ot her -

wi se . The ef f i ci ency of t r ansf er and t he homogenei t y of t he amount

of r i bosomal RNA pr esent i n each t r ack was ver i f i ed by met hyl ene

bl ue st ai ni ng of t he f i l t er s bef or e hybr i di zat i on . The f ol l owi ng DNA

pr obes wer e used: f or TCRCa, a 500- bp EcoRI f r agment der i ved

f r om a TCRa cDNA ( pr obe 1 i n r ef er ence 25) ; f or TCR C( 3,

a 3- kb Hi ndI I I f r agment der i ved f r om cosmi d 2. 3 w7 ( pr obe 4 i n

r ef er ence 26) ; f or TCRCyl , a 1- kb EcoRI + Aval f r agment de-

r i ved f r om t he 8/ 10- 2 ,y 1 . 1 TCR Cy cDNA ( 27) ( det ect s Cyl ,

Cy2, and Cy3 i sot ypes) ; f or TCRCy4, a 450- bp AvaI I f r agment

der i ved f r om t he 5/ 10- 13 y 1 . 2 TCRy cDNA ( 27) ; and f or CS,

a 300- bp EcoRI - MboI I f r agment der i ved f r omcosmi d 51 . 1w7 ( pr obe

16 i n 25) ; t hi s l ast f r agment was al so subcl oned i n a pl asmi d pSp

65, t o l abel cmRNA. As CD8 a chai ns ( Lyt - 3) pr obe, a 1 . 1- kb

Pst l f r agment f r om t he p Ly- 3- 23 . 1 Lyt - 3 cDNA ( 21) was used .

Al l t hese pr obes wer e l abel ed by r andom pr i mi ng. For PCR, t he

f ol l owi ng pr i mer s wer e used: ( a) f or RAG- 1, 5' pr i mer , 5' - GTC-

TCCAGTAGTTCCAGA( 276- 294) ; 3' pr i mer : 5' - CTA000TGA-

GTTCTCTTG( 841- 859) , gi vi ng a 580- bp f r agment ( 14) ; ( b) f or

mouse , 8 act i n, 5' pr i mer : 5' - AACGAGCGCTTCCGCTGTCC

( 753- 773) ; 3' pr i mer : 5' - AATCTPGA' hCTPCATGGTGC ( 964- 984) ,

gi vi ng a 231- bp f r agment f or cDNA and a 1. 1- kb f r agment f or

genomi c DNA ( 28) ; ( c) f or mouse CD3 y chai ns, 5' pr i mer :

5' - TCAACGCACTGTAGCCCA; 3' pr i mer : 5' - TTCACACATTC-

TGTAATACAC, gi vi ng a 265- bp f r agment ( 29) . These pr i mer s wer e

used t o ampl i f y genomi c DNAf or t he RAGgene segment , whi ch

was i nt r oduced i n a pl asmi d pSp 65, and t o ampl i f y t he cDNA

r esul t i ng f r omt he r ever se t r anscr i pt i on ( usi ng pol y( dT) or r andom

pr i mi ng) of 1- 5 P. g of t ot al cel l RNA. 30 cycl es of ampl i f i cat i on



wer e used ( 94° C f or 50 s, 55° f or 30 s, 72° C f or 2- 5 mi n) , and
par t of t he r eact i on mi xt ur e was separ at ed on 6%pol yacr yl ami de

or 2%agar ose gel s and st ai ned wi t h et hi di um br omi de or t r ans-

f er r ed t o ni t r ocel l ul ose and hybr i di zed t o ' ZRl abel ed RAGcmRNA.

Resul t s

Gut I EL Cont ai n Tur o Popul at i ons of CD8+ T Lymphocyt es :

Het er odi mer i c a/ , 6 CD8 + Cel l s, Bear i ng TCR- a/ , ( j and Homo-

di met i c a CD8 + Cel l s, Bear i ng TCR- a/ , ( 3 or - y/ & I n adul t

nor mal mi ce, - 90%of I EL wer e st ai ned by t he mab H59,

whi ch r ecogni zes an epi t ope on CD8 a ( Lyt - 2) chai ns ; onl y

30%, however , wer e st ai ned by t he mab H35, whi ch bi nds

a or 0 ( Lyt - 3) chai ns onl y when associ at ed i n het er odi mer s

( 21) ( Tabl e 1) . The exi st ence of t wo CD8+ I EL subpopul a-

t i ons, a/ , Q CD8+ and a onl y CD8+ ( pr esumabl y i n homo-

di mer i c al a f or m[ 13] ) , was conf i r med by doubl e i mmuno-

f l uor escence ( usi ng H59 and H35 mabs) ( Fi g. 1) and by usi ng

t he mab 53- 5 . 8, whi ch r ecogni zes t he 0 chai ns onl y ( see l egend

of Tabl e 1) . Doubl e i mmunof l uor escence wi t h an ant i Thy- 1

ant i body showed t hat al l a/ ) 3 CD8+ I EL ( and al l CD4+,

x+10% of t ot al I EL) wer e Thy- 1+, but t hat onl y a f r act i on

of t he H59+ I EL, i . e. , of al l CD8+ I EL, wer e Thy- 1+ ( not

shown) . Thi s was conf i r med by t r eat ment of I EL wi t h ant i -

Thy- 1 i n t he pr esence of compl ement . Af t er such t r eat ment ,

t he r emai ni ng vi abl e cel l s wer e vi r t ual l y al l a/ a CD8+ I EL

( Tabl e 1) . These cel l s, i n cont r ast t o t ot al I EL, i ndeed di d

Tabl e 1 .

	

Gut I EL Sur f ace Phenot ypes i n Var i ous Condi t i ons
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not cont ai n Lyt - 3 ( ) ( 3) chai n mRNA ( Fi g. 2 D) . About 95%

of I EL bor e t he CD3 mol ecul e and - 70%bor e TCR- a/ ) 3

( Tabl e 1 and Fi g . 3) . By doubl e i mmunof l uor escence wi t h

an ant i TCR- a/ / 3 ant i body, al l a/ f 3 CD8+ ( and al l CD4+) ,

but onl y about hal f of t he a/ a CD8+ ( H59+) I EL, wer e

TCR- a/ O+ ( as can al so be cal cul at ed f r om Tabl e 1) . To de-

t er mi ne whet her t he r emai ni ng al a CD8+ I EL bor e TCR-

y/ S, t he pr esence of mRNAs codi ng f or TCRa, / 3, y, and

6 chai ns i n var i ous I EL popul at i ons was st udi ed by Nor t her n

bl ot s, si nce no mab al l owi ng t he det ect i on of TCR- y/ b by

i mmunof l uor escence was avai l abl e. Al l f our cl asses of chai ns

wer e det ect ed i n t ot al I EL ( Fi g . 2 A, l ane T, i n whi ch onl y

Ca and Cy4 chai ns ar e shown as r epr esent at i ve exampl es)

and i n I EL depl et ed i n Thy1+ or CD4+ cel l s ( Fi g. 2 A,

l anes 0 - and 4 - ) . Thus, t he a/ a CD8+ I EL t hat wer e not

TCR- a/ / 3+ must be t hose whi ch ar e known t o bear TCR-

y/ 6 ( 5, 7) z . I n cont r ast , i n TD cel l s, onl y a and ( 3 TCR

chai ns mRNAs wer e det ect abl e ( Fi g. 2 A, compar e l anes I EL

wi t h l anes TDL) . Pr evi ous f i ndi ngs have shown t hat t he

pr ecur sor s of Thy- 1+ I EL ar e ant i gen- st i mul at ed bl ast s,

ar i si ng i n PP under ant i geni c st i mul at i on and ci r cul at i ng i n

t he TD ( 1) . By doubl e i mmunof l uor escence and aut or adi og-

r aphi es on smear s of TD cel l s ( see Mat er i al s and Met hods) ,

z Af t er t he submi ssi on of t hi s manuscr i pt , an ant i TCR- 6 mAb ( ki nd gi f t
of L . Lef r angoi s) has become avai l abl e, and conf i r med t hat most I EL t hat

wer e not TCR- a/ / 3+ wer e TCR- 6+ ( see Tabl e 1) .

Fl uor escent l ymphocyt es wer e number ed ei t her by f l ow cyt omet r y or by mi cr oscopi c anal ysi s .

" H35 . st ai ns CD8 onl y when a chai ns ar e associ at ed t o f l chai ns ( a/ o CD8+) , and H59 st ai ns al l a chai ns bear i ng cel l s ( al l CD8+) . The mab

53- 5 . 8, whi ch r ecogni zes t he 0 chai ns st ai ns t he same per cent age of I EL as t he H35 mab.

t 7- wk- t o 10- mo- ol d ( C3H x DBA) Fi mi ce . I gA pl asma cel l s, 50 ± 2/ vi l l us uni t i n l ami na pr opr i a on t i ssue sect i ons . SD wer e cal cul at ed f r om

r esul t s of 7- 15 exper i ment s .
S 7- 11- wk- ol d mi ce . Resul t s ar e i dent i cal i n BALB/ c and Swi ss nu/ nu mi ce . SD cal cul at ed on f our t o ni ne exper i ment s .
N 7- wk- ol d mi ce ( pool ed cel l s f r om t wo mi ce) .
120- 25- d ol d mi ce. I gA pl asma cel l s, 3 . 6 ± 1 . 5/ vi l l us uni t . SD cal cul at ed on f our exper i ment s . The pauci t y of I gA pl asma cel l s ( compar e t o nor mal

mi ce, and ger m- f r ee mi ce) pr obabl y r ef l ect s t he ver y weak ant i geni c st i mul at i on of t he gut .

" ' Two 8- mo- ol d C3H mi ce . I gA pl asma cel l s, 6 . 5/ vi l l us uni t .
t t Let hal l y i r r adi at ed ( C3H x DBA) F1 mi ce ki l l ed 6 d af t er i nj ect i on of 8 x 106 C3Hl ymph node l ymphocyt es . Resul t s of a r epr esent at i ve exper i -

ment wi t h <1% of per si st ent host cel l s .
SS I n t he l ymph nodes of t hese ger m- f r ee mi ce, al l CD3+ cel l s wer e al so TCR- a/ / 3+, i n cont r ast t o t he I EL .
1111 Resul t s f r om a si ngl e exper i ment per f or med wi t h an ant i - TCR- 6 mAb ( GL3, a gi f t of L . Lei ancoi s, t he Upj ohn Company, Kal amazoo, MI ) .

See f oot not e 2.

Recover y

per mouse

CD8+ H35+*

( a/ 0 CD8+)

CD8* H59+'

( al l CD8+) CD4+ Thy- 1+ CD3+ TCR- a/ / 3+ TCR- y/ 61111

Nor mal adul t mi ce$

x 10 6

Tot al I EL 7. 5 ± 4. 8 33 ± 10 . 8 89 . 4 ± 2 . 4 9. 8 ± 4. 7 50 . 4 ± 14 . 2 95 . 1 ± 4 . 2 71 . 8 ± 8. 5 27

Thy- 1 - cel l s ( ant i - Thy- 1 + C) <0 . 1 92 <0. 1 <0 . 1 93 56

Nude mi ces 1 ± 0. 3 <1 83 . 5 ± 14 . 5 <1 6±4 36 . 5±17 0 53

SCI D mi cel l 0 . 25 3 . 5 50 1 9 3 0 ND

Suckl i ng mi cel 1 . 5 ± 0. 6 5 ± 0 . 1 79 ± 5 . 5 2. 4±0 . 5 11 ±4 89±3 12± 1 81

Ger m- f r ee mi ce" 0. 6 2 65 4 24 . 5 82 14SS ND

Mi ce wi t h GVHRt t 5 94 95 5 >99 >99 >99 0
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Doubl e i mmunof l uor escence anal ysi s of I EL and per i pher al

l ymphocyt es i n nor mal mi ce, i n young nude mi ce, and i n SCI D mi ce f or

CD8 mol ecul es . I n nor mal mi ce ( t op) - 75%of t he CD8+ I EL bear onl y

homodi mer i c a CD8 chai ns whi l e al l CD8+ l ymph node l ymphocyt es

bear bot h a and 0 chai ns. I n nude mi ce ( mi ddl e) , t he maj or i t y of I EL

ar e al so CD8+ and bear onl y a chai ns ; i n l ymph nodes, CD8+ l ympho-

cyt es ar e har dl y det ect abl e ( l ymph nodes ar e nyl on wool passaged) . I n SCI D

mi ce ( bot t om) , I EL bear hi gh amount of CD8 mol ecul es wi t h al a chai ns

and no CD8+ cel l s ar e f ound i n t he spl een .

near l y al l l ymphocyt es and 98%of [ 3H] TdR- l abel ed bl ast s

wer e f ound t o be Thy- 1+, a/ / 3 CD8+ or CD4+, TCR-

ac/ ( 3+, suggest i ng t hat pr ecur sor s of al a CD8+ I EL do not

ci r cul at e i n TDl ymph ( or do not bear t hi s phenot ype) . Fi -

nal l y, usi ng doubl e i mmunof l uor escence wi t h ant i - CD45 RA

mab, an ant i gen pr esent on vi r gi n T cel l s ( 23) , t he CD4+

and t he a/ ( 3 CD8+ I EL popul at i ons wer e CD45 RA- ,

whi ch i s i n agr eement wi t h t he f act t hat t hey ar e al l t he

pr ogeny of ant i gen- st i mul at ed cel l s ; i n cont r ast , about 1/ 3

of t he al oe CD8+ cel l s wer e CD45 RA+ ( not shown) .

Nude Mi ce and SCI D Mi ce Have Homodi mer i c a CD8+

I EL, whi ch Ar e Al so t he Al most Excl usi ve CD8+ I EL Popul a-

t i on i n Ger m- f r ee Mi ce and i n Young Mi ce Shor t l y bef or e Weani ng.

Nude mi ce ( 2 mo ol d) had decr eased amount s of I EL, con-

si st i ng most l y of st r ongl y posi t i ve homodi mer i c a CD8+

cel l s, wi t h a smal l er f r act i on of CD3+ cel l s, ver y f ew Thy- 1+,

and no TCR- a/ / 3+ cel l s ( Fi g . 1 and 4 A ; Tabl e 1) ; het er o-

di mer i c a/ ( 3 CD8+ and CD4+ . I EL wer e t ot al l y l acki ng

( Tabl e 1) . Mi ce wi t h t he sci d/ sci d mut at i on, whi ch have no
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f unct i onal B and T l ymphocyt es, pr obabl y because t hey l ack

a f unct i onal enzyme r equi r ed f or I g and TCRgenes r ear -

r angement s ( 30) , had no CD3 and a/ a or a/ # CD8+ cel l s

i n t hei r spl een. Never t hel ess, t hey had I EL i n smal l amount s .

These cel l s wer e near l y al l CD3 - , but 50% bor e hi gh

amount s of homodi mer i c a CD8 mol ecul es ( Fi g 1 and Tabl e

1) . Ger m- f r ee mi ce and young mi ce shor t l y bef or e weani ng,

whose ant i geni c st i mul at i on i n t he gut i s ver y weak ( Tabl e

1) , had al so decr eased amount s of I EL ; st r i ki ngl y, al most al l

t hei r CD8+ I EL wer e homodi mer i c a CD8+ . I n t hese

mi ce, i n cont r ast t o nude mi ce, CD3+ I EL exceeded i n per -

cent age CD8+ pl us CD4+ I EL, i ndi cat i ng t hat doubl e-

negat i ve CD4 - CD8 - I EL ( Tabl e 1) wer e mor e numer ous

t han i n nor mal mi ce ( i n whi ch a smal l per cent age of t hese

cel l s was obser ved : dat a not shown) . Fur t her mor e, CD3+

I EL al so mar kedl y exceeded i n per cent age TCR- a/ a+ I EL

( Tabl e 1 and Fi g. 3) ; si nce .
y16 chai ns mRNAs wer e f ound

i n I EL of suckl i ng mi ce ( not shown) , most of t he CD3+

I EL appear t o be TCR- , y/ 6+ cel l s . I n TD of nude mi ce and

of suckl i ng mi ce, a/ ac CD8+ cel l s wer e not seen, f ur t her

i ndi cat i ng t hat pr ecur sor s of I EL of t hi s phenot ype do not

ci r cul at e i n TD l ymph ( or do not bear t hi s phenot ype) .

Exper i ment s Usi ng Thymect omi zed and/ or I r r adi at ed Mi ce Ar e

Compat i bl e wi t h a Bone Mar r ow Or i gi n of Homodi mer i c a

CD8+ I EL, and a Thymi c Or i gi n of Het er odi mer i c a/ ( 3 CD8+,

TCR- a/ , ( 3+ I EL . Thymect omi zed adul t mi ce, t r eat ed i n

vi vo by i nj ect i ons of H35 ant i - CD8 mab ( ant i - CD8 al ( o

chai ns) ( 16) showed, 1 mo l at er , <1% het er odi mer i c ca/ ( 3

CD8+ cel l s i n t he spl een, mesent er i c, and per i pher al l ymph

nodes; homodi mer i c a CD8+ cel l s, not det ect ed i n t hese

or gans i n nor mal condi t i ons, wer e not seen even af t er t hi s

a/ R CD8+ cel l depl et i on . I n cont r ast , I EL cont ai ned vi r -

t ual l y onl y homodi mer i c a CD8 + cel l s ( 3 . 5% a/ 0 and

87% a/ ca CD8+, wi t h 96%CD3+ and 60% TCR- ( x/ R+

cel l s, aver age of t wo cl osel y compar abl e exper i ment s ; con-

t r ol s t hat wer e onl y t hymect omi zed had a nor mal I EL sur -

f ace phenot ypi c di st r i but i on) . These r esul t s show t hat t he

homodi mer i c a and het er odi mer i c a/ ( 3 CD8+ I EL ar e i n-

dependent popul at i ons and conf i r m t hat , i n cont r ast t o I EL,

vi r t ual l y al l per i pher al CD8+ cel l s ar e al o+ .

I n t hymect omi zed and l et hal l y i r r adi at ed C57 mi ce r econ-

st i t ut ed wi t h T- depl et ed bone mar r owcel l s of bei ge mi ce and

ki l l ed a f ew weeks l at er , no het er odi mer i c a/ ( 3 CD8+

( <1%) nor CD4+ I EL of bei ge or i gi n ( whi ch can be easi l y

i dent i f i ed on I EL smear s because of t hei r gi ant gr anul es [ 1] )

wer e f ound ; i n cont r ast , homodi mer i c a CD8+ cel l s wer e

pr esent i n hi gh per cent age ( 70 . 5%) among bei ge I EL, ex-

ceedi ng, as was obser ved wi t h nude mi ce I EL ( Tabl e 1) , t hat

of CD3+ cel l s ( 38. 5%) ( mean of f our exper i ment s, i n whi ch

sever al hundr eds of bei ge I EL wer e anal yzed on smear s)

( Fi g . 5) .

I n l et hal l y i r r adi at ed Ft mi ce i nj ect ed wi t h par ent al pe-

r i pher al T l ymphocyt es, whi ch devel op an acut e GVHR

r esul t i ng i n an i nf i l t r at i on of t he gut by I EL of donor or i gi n

( 11) , al most al l t he I EL wer e het er odi mer i c a/ ( 3 CD8+ cel l s

( Tabl e 1) ; i n t hese I EL, whi ch ar e t he pr ogeny of bl ast s st i mu-

l at ed i n t he PP ( 1) , RNA anal ysi s showed t he pr esence of
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Nor t her n bl ot anal ysi s of

RNAs f r omvar i ous l ymphocyt e pr epa-

r at i ons f or t he det ect i on of TCRa, - y,

or 6 chai ns, or Lyt - 3 ( CD8 a) chai ns

mRNA. ( A) Anal ysi s of I EL or TDL

f r omnor mal or nude mi ce or mi ce wi t h

GVHR: T, 0 - , and 4 - r ef er t o t ot al

I EL, ant i Thy- 1 + C, or ant i - CD4 +

C- t r eat ed I EL r espect i vel y, and Nand

Gt o t ot al I EL obt ai ned f r omnude mi ce

or mi ce wi t h GVHR, r espect i vel y.

TDL: - and Gcome, r espect i vel y, f r om

nor mal mi ce or mi ce wi t h GVHR. The

r esul t s obt ai ned wi t h t he COpr obe and

wi t h t he C- y1 or t he CS pr obes wer e

si mi l ar t o t hat obt ai ned r espect i vel y

wi t h t he Ca and Cy4 pr obes . Not e t he

exi st ence of a ver y weak band of TCR

C74 chai n mRNA i n t he I EL of nude mi ce . I t shoul d be not ed t hat nude I EL pr epar at i ons ar e cont ami nat ed by epi t hel i al cel l s ( see Mat er i al s and

Met hods) maki ng pr eci se quant i t at i ve compar i sons mor e di f f i cul t . ( B) Anal ysi s of I EL f r om nor mal ( No) or nude ( NU) mi ce, of nyl on wool - f i l t er ed

l ymphocyt es f r oml ymph nodes ( LN) or spl een ( SP) , or of sel ect ed ( see Mat er i al s and Met hods) bone mar r ow cel l s ( BAS of nude mi ce. The speci f i ci t y

of t he l abel ed pr obes used i s i ndi cat ed . Exposur e t i me : 1 d f or No I EL, 10 d f or Nu I EL ( i n whi ch epi t hel i al cont ami nat i on di l ut es I EL RNA) , LN,

and SP, and 20 d f or Nu BM( f r om anot her exper i ment , t he l onger exposur e t i me r esul t i ng i n hi gher backgr ound) . ( C) Anal ysi s of I EL and t ot al

bone mar r ow cel l s of nude mi ce. RNAwas hybr i di zed wi t h a 32P- l abel ed cmRNA 6 pr obe. I EL mRNA mi gr at es as a 2- kD band, and i n bone mar r ow,

a f ai nt band of 1 . 7 kD i s det ect ed. ( D) Tot al ( T) I EL RNA shows wi t h t he Lyt - 3 DNA pr obe a band of - 1 . 3 kb cor r espondi ng t o Lyt - 3 mRNA,

whi ch i s t ot al l y absent i n Thy- 1 + C- t r eat ed I EL ( 0 - ) .

onl y a and ( 3, but not y and S chai n mRNAs ( Fi g. 2 A,

compar e t ot al I EL, T; and GVHRI EL, G) ; TD bl ast s, t he

pr ecur sor s of t hese I EL ( 1) , al so cont ai ned as expect ed onl y

a and ( 3 chai n mRNAs ( Fi g. 2 A, l ane TDL, G) .

Compar i son of I EL and Ot her Lymphoi d Popul at i ons i n Nude

Mi ce Suggest s t hat t he Gut Envi r onment Pl ays a Di f f er ent i at i on

I nduci ng Rol e i n t he Appear ance of a CD8 Chai ns and TCR

on Pr ecur sor s of Bone Mar r ow Or i gi n . I n 2- mo- ol d nude mi ce,

i n whi ch - 80%of I EL wer e homodi mer i c a CD8+ ( Tabl e

1 and Fi g. 1) and 30- 40% CD3+ cel l s ( Fi g . 4 A) , as men-

t i oned above, t he f ol l owi ng cel l popul at i ons wer e al so exam-

i ned f or CD8 a chai ns ( Fi g. 1 and not shown) and t he CD3

compl ex ( Fi g . 4) , whi ch wer e not f ound on a si gni f i cant per -

cent age of cel l s : ( a) spl een and l ymph nodes cel l s ( af t er nyl on

wool f i l t r at i on t o pot ent i al l y enr i ch t hemi n T l ymphocyt es

[ Fi g. 4, B and C] ) ; ( b) bone mar r ow cel l s, ei t her as t ot al cel l

suspensi on or af t er f r act i onat i on by a pr ocedur e sel ect i ng l ym-

phocyt es and t hei r pr ecur sor s ( 18, 31) ( Fi g. 4 D) ; i n t he same

Fi gur e 3 .

	

Doubl e i mmunof l uor escence anal ysi s of I EL i n nor mal adul t

and suckl i ng mi ce f or CD3 and TCR- a/ f 3 . The r at i o of TCR- a/ 0* I EL

among CD3* I EL i n adul t mi ce ( l ef t ) and suckl i ng mi ce ( r i ght ) i s st r i k-

i ngl y di f f er ent .
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f r act i on f r ombone mar r ow cel l s of nor mal mi ce, t her e was

t i 6%a of CD3+ cel l s ; ( c) bl ood l ymphocyt es ( compar e cel l s

f r omnude mi ce i n Fi g. 4 E and nor mal mi ce i n Fi g. 4 F) ;

( d) TDl ymphocyt es, as ment i oned above. The CD3+ I EL

of t hese 2- mo- ol d nude mi ce pr obabl y al l bor e TCR- y/ 6,

si nce no TCR- a/ o+ cel l s wer e seen ( Tabl e 1) , whi l e y and

6 TCR chai n mRNAs wer e f ound ( Fi g . 2 B) . I n cont r ast ,

no TCR y or 6 chai n mRNA was f ound i n t hei r spl een,

l ymph node, or bone mar r ow cel l s ( t ot al as wel l as f r act i on-

at ed as descr i bed above) ( Fi g. 2 B) . Wi t h bone mar r owcel l s,

usi ng a mor e sensi t i ve cmRNA pr obe f or 6 chai ns, a f ai nt

band mi gr at i ng sl i ght l y f ast er t han I EL 6 chai n i n RNA ( 1 . 7

vs. 2. 0 W) , was det ect ed ( Fi g. 2 C) ; i t cor r esponds t o t he

si ze of i ncompl et e ( VDJ) t r anscr i pt s obser ved by ot her s ( 4,

32) . I n ol der ( 5 mo) nude mi ce, CD3+ cel l s wer e al so f ound

i n per i pher al l ymphoi d or gans, wher e a smal l per cent age of

TCR- a/ 0 cel l s was det ect abl e ( Fi g . 4, G and H) . Thus, i n

nude mi ce, t he f i r st cel l - bear i ng CD8 homodi mer i c a chai ns

and t he CD3TCRcompl ex appear among I EL . Thi s suggest s

t hat t he f i r st TCRr ear r angement s ar e expr essed among I EL .

Gut I EL, but Not Per i pher al TLymphocyt es, Cont ai n mRNA
f or t he RAG- 1 Pr ot ei n . The RAG- 1 pr ot ei n i s necessar y f or

r ear r angement s of TCRand I g genes ( 14, 15) . The pr esence
of RAG- 1 mRNA was expl or ed by PCRi n I EL and, as con-

t r ol s, i n t hymus and bone mar r ow cel l s, wher e i t shoul d be

det ect abl e, and i n per i pher al l ymph node cel l s and TDl ym-

phocyt es, wher e i t shoul d not , si nce t hey cont ai n most l y ma-

t ur e l ymphocyt es ( 14) . RAG- 1 mRNA was det ect ed i n

t hymus, bone mar r ow, and t ot al I EL f r omadul t mi ce ( Fi g.

6 A, a and b) , but not i n TD l ymphocyt es ( Fi g . 6 A, b) .

However , RAG- 1 mRNA was al so det ect ed i n per i pher al

l ymph nodes . Si nce i t i s not known i f RAG- 1 i s al so i nvol ved

i n t he r ear r angement s occur r i ng dur i ng I g cl ass swi t ch, whi ch
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Doubl e i mmunof l uor escence anal ysi s of var i ous l ymphoi d
popul at i on i n 2- mo and 5- mo- ol d BALB/ c nude mi ce st ai ned f or CD3
and TCR- a/ ß. I n t he 2- mo- ol d mouse, onl y I EL cont ai n CD3+ cel l s ;
i n t he 5- mo- ol d mouse ( G and H) , CD3+ cel l s ar e f ound i n I EL and
l ymph nodes ( as wel l as i n t he spl een) , and a smal l f r act i on of t hembear
TCR- a/ 0 chai ns . Spl een and l ymph nodes cel l s ar e nyl on passaged l ym-
phocyt es ( r ecover y - 15%) . Bone mar r ow l ymphocyt es wer e enr i ched on
sucr ose gr adi ent . For f ur t her det ai l s, see Resul t s .

t akes pl ace i n B bl ast s, i n par t i cul ar i n ger mi nal cent er s, PCR

exper i ment s wer e t hen per f or med i n I EL and i n LN cel l s

depl et ed i n B cel l s. RAG- 1 mRNAwas det ect ed i n B- depl et ed

I EL, but was consi st ent l y undet ect abl e i n Bcel l - depl et ed LN
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cel l s ( Fi g . 6 A, a) . To compar e t he amount s of RAG- 1 mRNA

i n t hymus, bone mar r ow, and I EL RNA, Nor t her n bl ot s

of pol y( A) RNA f r om t hese t hr ee sour ces wer e hybr i di zed

wi t h a RAGcmRNApr obe: RAG- 1 mRNA was det ect abl e

i n ver y l ar ge amount s i n t hymus RNA, compar at i vel y i n ver y

smal l amount s i n bone mar r ow RNA, and was not det ect -

abl e i n t hese condi t i ons i n I EL RNA ( Fi g. 6 B) . An i nt er pr e-

t at i on of t hese quant i t at i ve di f f er ences wi l l be di scussed bel ow.

Di scussi on

The sal i ent f i ndi ngs of t hi s wor k ar e as f ol l ows : ( a) mouse

gut I EL, whi ch ar e i n vast maj or i t y CD8+, cont ai n t wo

subpopul at i ons wi t h di f f er ent CD8 phenot ypes : one bear s

het er odi mer i c ci / ß CD8 mol ecul es, as i s al so obser ved on

al l t hymocyt es ( whet her CD4+ CD8+ or CD4 - CD8+) ,

and per i pher al CD8 T l ymphocyt es i n adul t mi ce ( 33) ; t he

ot her bear s onl y CD8 ci chai ns, pr obabl y i n a homodi mer i c

f or m, and does not cont ai n CD8 ß chai n mRNA; ( b) t hese

t wo CD8+ gut I EL subpopul at i ons bel ong t o t wo di st i nct

T cel l l i neages, most not abl y di f f er ent i n t hei r t hymi c depen-

dency and TCR t ype and r eper t oi r e ; ( c) emer gence i n t he

gut epi t hel i um of homodi mer i c ct CD8+ I EL does not r e-

qui r e t he pr i or expr essi on by pr ecur sor s of t hi s popul at i on

of TCRand CD8+ mol ecul es ; ( d) gut I EL cont ai n mRNA

f or t he RAG- 1 pr ot ei n, whi ch i s necessar y f or TCR gene

r ear r angement s . On t he basi s of t hese f i ndi ngs, i t i s pr oposed

t hat t he gut epi t hel i um pl ays bot h an at t r act i ve and i nduc-

t i ve r ol e i n t he appear ance of t he homodi mer i c a CD8+ I EL

popul at i on, whi ch may r ecogni ze ant i gens of a di f f er ent na-

t ur e t han t he t hymi c- der i ved I EL .

The het er odi mer i c oi / ß CD8+ gut I EL subpopul at i on i s

Thy- 1+, t hymodependent , as shown by i t s absence i n nude

mi ce, and bear s CD3 and TCR- ci / ß compl ex . I t s TCRVß

chai n r eper t oi r e i ndi cat es t hat i t has been submi t t ed t o a pr o-

cess of negat i ve sel ect i on i n t he t hymus ( see bel ow) . I n t hese

r espect s, t hi s popul at i on i s i ndi st i ngui shabl e f r omal l per i ph-

er al CD8+ T l ymphocyt es ; i t appear s t o be t he pr ogeny of

mat ur e per i pher al T cel l s havi ng under gone ant i geni c st i mu-

l at i on i n t he Peyer ' s pat ches ( 1) , and, af t er passage t hr ough

t he t hor aci c duct and t he bl ood, havi ng seeded t he whol e

l engt h of t he gut t o become I EL ( 1, 10, 34) ( CD4+ TD

bl ast s of t he same or i gi n exi st , but t hey have a l ower gut

homi ng pr oper t y and CD4+ cel l s ar e but a smal l mi nor i t y

among I EL [ 2, 11] ) . The r el at i onshi p bet ween gut ant i geni c

st i mul at i on and t he het er odi mer i c CD8+ I EL subpopul at i on

Fi gur e 5.

	

I EL i sol at ed f r om t hy-
mect omi zed i r r adi at ed C57B1/ 6 mi ce
r econst i t ut ed wi t h BM f r om bei ge
mi ce. I EL f r ombei ge or i gi n, i dent i f i ed
because of t hei r l ar ge gr anul es ( ar r ows) ,

ar e st ai ned wi t h ant i CD3 : ( a) a st r ong
st ai ni ng, ( b) a weak st ai ni ng, and ( c)
and unst ai ned cel l . Not e t hat gut l ym-
phocyt es ar e speci al l y r adi or esi st ant
and t hat numer ous host gut l ympho-
cyt es ( det ect abl e by t hei r smal l gr an-
ul es) per si st i n l et hal l y i r r adi at ed mi ce .
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RAG- 1 mRNA det ect i on .

( A) PCRanal ysi s of r ever se t r anscr i bed

RNA ( a) et hi di um br omi de st ai ni ng

af t er ampl i f i cat i on of cDNA of t hymus

( l ane 1) , bone mar r ow ( l ane 2) , I EL

depl et ed i n B cel l s ( l ane 3) , LN cel l s

depl et ed i n B cel l s ( l ane 4) ; M, mar ker s

of si ze ; ( b) hybr i di zat i on wi t h a 32P

RAG- 1 cmRNA pr obe, af t er Sout her n

bl ot t i ng of t he DNA f r agment s am-

pl i f i ed f r omt hymus ( l ane 1) , I EL ( l ane

2) , and t hor aci c duct l ymph ( l ane 3) .

The RNA ext r act ed f r oma and b ar e f r om di f f er ent exper i ment s . Al l r ever se t r anscr i pt i ons and PCR ampl i f i cat i ons i n a and b have been per f or med

si mul t aneousl y . Ampl i f i cat i on wer e per f or med i n par al l el wi t h act i n pr i mer s or pr i mer s f or t he y chai ns of CD3, t o ascer t ai n t he absence of genomi c

DNA, or t he ef f i ci ency of t he r ever se t r anscr i pt i on i n t he sampl es expl or ed ( see Mat er i al s and Met hods) . ( B) Nor t her n bl ot anal ysi s of pol y( A) RNA

obt ai ned f r om 70 i t g of t hymus t ot al RNA ( l ane 1) , or f r om 150 Wg of bone mar r ow ( l ane 3) or I EL ( l ane 2) t ot al RNA, hybr i di zed wi t h 32P- l abel ed

RAGcmRNA pr obe ( see Mat er i al s and Met hods) ; exposur e t i mes: t hymus ; 15 h, bone mar r ow and I EL, 5 d . The si ze of t he bands seen on l anes

1 and 2 i s - 6. 6 kD. Scanni ng of aut or adi ogr amexposed f or si mi l ar l engt h of t i mes i ndi cat e >100x ( not det er mi nabl e) hi gher i nt ensi t y i n t he t hymus

vs . bone mar r ow band .

i s f ur t her st r essed by i t s vi r t ual absence i n ger m- f r ee mi ce

and i n young mi ce bef or e weani ng, and by t he f act t hat i t

does not bear t he CD45 RA ant i gen, a mar ker of vi r gi n T

cel l s ( 23) .

The homodi mer i c a CD8+ subpopul at i on, whi ch does

not need ant i geni c st i mul at i on t o appear si nce i t i s pr esent

i n ger m- f r ee and suckl i ng mi ce, bel ongs t o a di f f er ent , Thy- 1+

or Thy- 1 - , T cel l l i neage, as shown by t he f ol l owi ng evi -

dence : ( a) i t i s not al t er ed by a t r eat ment t hat l eads t o t he

al most compl et e and per si st ent depl et i on of t he CD8+ pe-

r i pher al T l ymphocyt es and het er odi mer i c a/ / 3 CD8+ gut

I EL ( i nj ect i ons of ant i - CD8 / 3 chai ns mAb i n adul t t hymec-

t omi zed mi ce) ; ( b) i t does not need t o di f f er ent i at e wi t hi n

t he t hymus, as shown by i t s pr esence i n nude mi ce and i n

t hymect omi zed and l et hal l y i r r adi at ed mi ce r econst i t ut ed wi t h

T- depl et ed bone mar r ow cel l s ; ( c) i t s TCRt ype can be ei t her

- y/ 4 appear i ng f i r st , bef or e weani ng, or a/ / 3, appear i ng l at er ,

i n adul t l i f e ; ( d) i t s TCR- a/ ( 3 chai ns r eper t oi r e does not show

t he r est r i ct i on, due t o a pr ocess of negat i ve t hymi c sel ect i on,

whi ch i s f ound i n ot her per i pher al T cel l s . I n mi ce bear i ng

t he mi nor l ymphocyt e st i mul at or y ant i gen Ml s- 1' , per i ph-

er al T l ymphocyt es ar e mar kedl y depl et ed i n cel l s bear i ng

t he V08 . 1 and V06 segment s of t he TCRa chai ns, as t he

r esul t of cl onal del et i on of t hese Ml s- 13 r eact i ng cel l s wi t hi n

t he t hymus ( 35, 36) ; t he same depl et i on i s obser ved i n t he

het er odi mer i c a/ a CD8+ gut I EL subpopul at i on, i n com-

pl et e cont r ast t o t he homodi mer i c a CD8+ cel l s wi t h TCR

of t he a/ o var i et y, whi ch cont ai n a hi gh per cent age of cel l s

bear i ng t hese V( 3 segment s ( 36a) .

As ment i oned, a f r act i on of t he homodi mer i c a CD8+

gut I EL bear TCR' y/ & Cqmpar i son of i t s TCR r eper t oi r e

wi t h t hat of ot her TCR- , y/ b+ popul at i ons ( whi ch ar e al l

CD8 - and CD4 - ) al so adds i mpor t ant i nf or mat i on con-

cer ni ng t he pecul i ar i t y of t hi s gut T cel l l i neage . Whi l e TCR-

y/ b+ gut I EL appear t o di f f er f r om t he smal l popul at i ons

of TCR- y/ b+ t hymocyt es and per i pher al T l ymphocyt es by

t he pr ef er ent i al use of Vy7 segment s, t hey have never t hel ess

al so an ext ended r eper t oi r e because of hi gh j unct i onal di ver -

si t y ( 8, 37) . Thi s i s i n compl et e cont r ast wi t h ot her i n-

t r aepi t hel i al T l ymphocyt es, whi ch ar e excl usi vel y TCR
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- y/ V, namel y t hose of t he ski n ( dendr i t i c epi t hel i al cel l s or

DEC) and of t he mucosa of t he f emal e geni t al t r act ( ut er us

and vagi na) , whi ch have a hi ghl y r est r i ct ed r eper t oi r e: DEC

bear onl y Vy5 and V61 chai ns wi t hout j unct i onal di ver si t y,

as does t he " f i r st wave" of t hymocyt es appear i ng i n f et al l i f e

( 38) , and I EL of t he f emal e geni t al t r act onl y Vy6 and Vb1

chai ns, as does t he " second wave" of f et al t hymocyt es ( 39,

40) ; al l avai l abl e evi dence i ndi cat es t hat t hese t wo I EL popu-

l at i ons st em f r om t he f et al t hymus, and t hi s has even been

concl usi vel y pr oven f or DEC ( 41) .

The obser vat i ons summar i zed above showt hat t he homodi -

mer i c a CD8+ gut I EL do not need any t hymi c cont r i bu-

t i on t o appear and bel ong t o a di f f er ent T cel l di f f er ent i at i on

pat hway t han : ( a) t he het er odi mer i c a/ ( 3 CD8+ gut I EL ;

and ( b) t he CD8 - I EL of ski n and ot her mucosae of ec-

t oder mal or mesoder mal or i gi n . What coul d be t he ont o-

geni c pat hway of t hi s t hymoi ndependent popul at i on of gut

I EL? We pr opose t hat t he gut epi t hel i um, an endoder mder i va-

t i ve as t he t hymi c epi t hel i um, has t he pr oper t y of at t r act i ng

ci r cul at i ng pr ogeni t or s of bone mar r owor i gi n and of i nduci ng

t he expr essi on by t hese cel l s of CD8 a chai ns and of t he CD3-

TCRcompl ex, t hr ough successi ve st eps of di f f er ent i at i on .

The t hymi c epi t hel i um has been shown t o secr et e pept i des

chemot act i c f or a " pr e- T" subpopul at i on of bone mar r owcel l s,

whi ch subsequent l y under goes TCR gene r ear r angement ( 42) .

We pr opose t hat t he gut epi t hel i um ( whi ch al so st r i ki ngl y

at t r act s mast cel l pr ecur sor s of bone mar r ow or i gi n, as does

t he t hymus [ 34] ) has a somewhat compar abl e pr oper t y . Fur -

t her evi dence suppor t i ng t hi s hypot hesi s wi l l be r evi ewed now.

The at t r act i ve and i nduct i ve abi l i t y of t he gut epi t hel i um,

l eadi ng t o i t s i nf i l t r at i on by ci r cul at i ng bone mar r ow- der i ved

pr ecur sor s of t he t hymo- i ndependent gut I EL popul at i on,

i s suggest ed by t he f act t hat , i n nor mal or mut ant mi ce, cel l s

wi t h t he f eat ur es of t hi s popul at i on can be f ound onl y i n

t he gut epi t hel i umi t sel f : ( a) i n nor mal mi ce, young or adul t ,

homodi mer i c a CD8+ T cel l s ar e not det ect abl e i n any

ot her l ocat i on, i ncl udi ng t he t hymus ( 13) ; ( b) i n young nude

mi ce, i t i s al so i n t he gut epi t hel i um t hat t he f i r st homodi -

mer i c a CD8+ cel l s bear i ng CD3 mol ecul es and cont ai ni ng

mat ur e TCR- y/ b mRNA appear ; ( c) st i l l mor e st r i ki ngl y,



i n SCI D mi ce, gut I EL ar e pr esent wi t h nor mal cyt ol ogi cal

f eat ur es ( i nt r acyt opl asmi c gr anul es : see bel ow) : - 50% of

t hese TCR- def ect i ve I EL bear CD8 a homodi mer i c chai ns

( Tabl e 1 ; 43) ; cel l s wi t h t hi s phenot ype cannot be obser ved

el sewher e. Thi s l ast obser vat i on concl usi vel y shows t hat pr i or

TCR or CD8 homodi mer i c a chai ns expr essi on i s not r e-

qui r ed f or t he i nt r aepi t hel i al mi gr at i on of gut I EL pr ecur sor s,

and i s best expl ai ned by an unal t er ed homi ng i n t he gut epi -

t hel i um of bone mar r ow pr ecur sor s under goi ng al l di f f er en-

t i at i on st eps compat i bl e wi t h t hei r genet i c def ect . Thi s l ack

of i nf l uence of TCR on gut i nt r aepi t hel i al homi ng by

pr ecur sor s may expl ai n why, i n t r ansgeni c mi ce wi t h TCR

y and 6 r ear r anged t r ansgenes, accumul at i on of gut I EL, whi ch

expr ess onl y t he t r ansgenes, i s not i nf l uenced by t hei r nat ur e

( 9) . I t shoul d be not ed al ong t hi s l i ne t hat i n ger m- f r ee or

young suckl i ng mi ce, N10%of t he I EL ar e nei t her CD3+

nor a/ a CD8+ ( Tabl e 1) , and coul d r epr esent r ecent l y at -

t r act ed, not yet di f f er ent i at ed pr ecur sor s. I n human gut I EL

al so, cel l s wi t h t he phenot ype of pr e T cel l s ( 44) ar e obser ved,

i . e. , CD7+, CD4 - , CD8 - , and CD3 - , wi t hout mar ker s of

NK cel l s ( 45) .

I nduct i on by t he gut epi t hel i um mi cr oenvi r onment of TCR

gene r ear r angement s i n t he r ecent l y at t r act ed pr ecur sor s of

t he homodi mer i c a CD8+ I EL r equi r es t hat t hese pr ecur -

sor s ar e abl e t o expr ess t he enzymat i c machi ner y necessar y

f or gene r ear r angement . Pr oduct i ve TCRa/ ( 3 and- y/ 6 genes

r ear r angement s have been obser ved t o occur i n bone mar r ow

pr ecur sor cel l s af t er a f ewdays of cul t ur e i n a var i et y of st i mul a-

t or y super nat ant s, i n t he absence of epi t hel i al cel l s of any or i gi n

( 46- 48) . Thus, al l t hat i s necessar y f or bone mar r ow pr ecur sor s

t o r ear r ange TCRgenes appear s t o be an appr opr i at e mi cr oen-

vi r onment , whi ch may f avor t he expr essi on of t he r ear r angi ng

enzymes. I t was t her ef or e of hi gh i nt er est t o obser ve t hat

I EL, but not mat ur e per i pher al T l ymphocyt es, cont ai n

mRNA f or t he, RAG- 1 pr ot ei n, whi ch i s r equi r ed f or TCR

and I g gene r ear r angement s ( 14, 15) . Thi s det ect i on r equi r ed

ampl i f i cat i on by t he pol ymer ase chai n r eact i on and coul d not

be achi eved by hybr i di zat i on on Nor t her n bl ot s of I EL RNA,

cont r ar y t o what was obser ved wi t h t hymus RNA, and wi t h

bone mar r ow RNA ( whi ch cont ai n RNA or pr e B cel l s) .

That RAGmRNA i s f ound i n much l ar ger amount s i n t he

t hymus t han I EL ( and bone mar r ow cel l s) pr obabl y r ef l ect s

t he cel l ul ar composi t i on and ont ogeni c r ol e of t hi s or gan,

i n whi ch t he TCRr ecombi nat i on act i vi t y may l ast t hr ough

a cer t ai n t i me span of TCR- a/ O+ T cel l mat ur at i on, whi ch

occur s i n a vast maj or i t y of t hymocyt es and t he CD4+

CD8+ cel l popul at i on ( f or r evi ew, see r ef er ence 49) . I n con-

t r ast , among I EL, onl y ver y f ew cel l s may, at t he expl or ed

t i me ( t ot al I EL f r om adul t mi ce) , have unr ear r anged TCR

and r equi r e t he RAG- 1 pr ot ei n . I n any event , t he pr esence

of RAGmRNA i n I EL, al t hough i t does not pr ove t hat al l

TCR gene r ear r angement s occur i n gut mi cr oenvi r onment

( we have obser ved i n t he bone mar r ow of young nude mi ce

a ver y smal l amount of i ncompl et e [ VDJ] 6 chai ns mRNA

[ Fi g. 2 C] ) , i s compat i bl e wi t h t he hypot hesi s of TCRgene

r ear r angement s occur r i ng i n t he gut . That some degr ee of

TCRgene r ear r angement occur s i n t he bone mar r ow i n some

pr ecur sor s of t hymocyt es has not been r ul ed out ei t her . I n
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t he t hymus, however , a l ar ge scal e pr ocess of expansi on, r ear -

r angement s and sel ect i on t akes pl ace f or most t hymocyt es,
whi l e t her e i s no evi dence t hat gut t hymo- i ndependent I EL
under go massi ve expansi on and sel ect i on .

What coul d be t he ont ogeni c l i neage, among T cel l s, of

t he homodi mer i c a CD8+ gut I EL subpopul at i on, bear i ng
ei t her TCR- - y/ b or - a/ O? We suggest t hat i t i s compar abl e

t o t he CD4 - CD8 - or doubl e- negat i ve ( DN) CD3+ sub-

popul at i on of t he t hymus, and t hat di f f er ent i at i on al ong t hi s

l i neage can al so occur i n t he gut epi t hel i um. Thi s smal l t hymi c

subpopul at i on i s not submi t t ed t o t he MHC- l i nked r eper -

t oi r e sel ect i on pr ocess occur r i ng among t he ver y l ar ge

CD4+ CD8+ doubl e- posi t i ve subpopul at i on, whi ch gi ve

r i se t o t he mat ur e TCR- a/ a+ per i pher al T cel l s ; i n adul t

mi ce, i t i s t he sour ce of t he TCR- y/ 6+ cel l s f ound i n t he

bl ood and per i pher al l ymphoi d or gans, and i s somet i mes

r ef er r ed t o as t he " y/ 6 l i neage" , al t hough i t al so cont ai ns TCR-

ca/ f + DN t hymocyt es, whi ch appear l at er i n t hymi c de-

vel opment ( f or r evi ew, see r ef er ence 49) . Emer gence of

TCR- a/ ( 3+ DN t hymocyt es mi ght r ef l ect some degr ee of

" l eaki ness" i n t he y/ b l i neage ( 49) ; i t has i ndeed been ob-

ser ved t hat t hese TCR- a/ / 3+ DN t hymocyt es cont ai n f ul l -

l engt h y chai ns mRNA ( 50) . An essent i al obser vat i on r el at i ng

gut homodi mer i c a CD8+ I EL, whet her TCR- y/ 6 or

- a/ , ( i +, t o an ont ogeni c pat hway of t he y/ 6 l i neage, i s t hat ,

when st i mul at ed i n vi t r o by a l ect i n, DNt hymocyt es expr ess

homodi mer i c a CD8 chai ns ( 13) , as i s al so t he case f or act i -

vat ed y/ 6 cel l s f r omper i pher al l ymphoi d t i ssues ( 51) . Thus,

i t seems l i kel y t hat t hi s CD8 phenot ype i s a mar ker of act i -

vat i on of cel l s of t he TCR- y/ 6 l i neage. I t mi ght be not ed

i n t hi s r espect t hat i n t he uni nf ect ed gut of ger m- f r ee or suck-

l i ng mi ce, N10%of t he CD3+ I EL l ack CD8 a chai ns, and

t hus ar e DN. I n cont r ast , i n nor mal adul t mi ce, t hese cel l s

ar e ver y r ar e, and t he homodi mer i c a CD8+ I EL ar e pr esent

i n l ar ger amount s, cont ai ni ng an i ncr easi ng per cent age of

TCR- a/ (. bear i ng cel l s. Thi s may r ef l ect a condi t i on of en-

hanced l ocal act i vat i on, accompani ed by an i ncr eased " l eaki -

ness" of t he y/ 6 l i neage as ment i oned above. Accumul at i on,

af t er weani ng, of t hymodependent CD4+ and a/ ( 3 CD8+

cel l s among gut I EL and l ami na pr opr i a l ymphocyt es i s l i kel y

t o i nf l uence, t hr ough t he r el ease of l ymphoki nes and accel er -

at i on of t he epi t hel i um r enewal ki net i cs ( 11) , t he expansi on

and act i vat i on of t he t hymo- i ndependent I EL .

Fi nal l y, al l gut I EL, what ever t hei r or i gi n, show at l east

t wo ot her char act er i st i c f eat ur es of di f f er ent i at i on, whi ch t hus

al so appear s t o be i nduced by t he l ocal mi cr oenvi r onment .

These cel l s bear a new di f f er ent i at i on ant i gen, pr esent on

mouse, r at , or human I EL ( 52- 54) , t hat appear s t o be an

act i vat i on mol ecul e ( 45, 55) . Most i mpor t ant l y, I EL show

cyt ot oxi c act i vi t i es ( 6) , and I EL of al l sur f ace phenot ypes con-

t ai n i nt r acyt opl asmi c gr anul es, i dent i cal t o t hose obser ved i n

cl ones of cyt ot oxi c T cel l s or i n NK cel l s, det ect abl e i n up

t o 75%of t he cel l s ( 1) . These gr anul es cont ai n ser i ne est er ases

of t he gr anzyme f ami l y and per f or i n ( i n pr epar at i on) , sug-

gest i ng t hat t he gut epi t hel i al envi r onment i nduces i n I EL

t he di f f er ent i at i on of a st r ong cyt ot oxi c machi ner y . I t t hus

appear s t hat a maj or r ol e of gut I EL i s t o dest r oy al t er ed epi -

t hel i al cel l s . I n t hi s cont ext , what i s t he speci al i zed r ol e of



t he homodi mer i c ct CD8' I EL, assumi ng t hat t he t hymo-

dependent het er odi mer i c a/ / 3 CD8+ I EL cer t ai nl y r ecogni ze

t hei r t ar get s t hr ough MHCcl ass I mol ecul es? Thei r TCR-
y/ b may r ecogni ze some put at i ve pecul i ar ant i gens pr esent ed

by " noncl assi cal " t i ssue- speci f i c, cl ass I MHCmol ecul es ( 56) ,

per haps expl ai ni ng t he pr edomi nance of t he Vy7 segment

i n t hei r Vy r eper t oi r e ( 56) . Thei r TCR- a/ ( 3 may r ecogni ze

some " super ant i gens" such as bact er i al ent er ot oxi ns ( 57) ,
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