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Tol er ance t o sel f ant i gens i s a cr i t i cal f eat ur e of t he i mmune r esponse . I n t he T

l ymphocyt e pool , i t appear s t hat t ol er ance i nduct i on pr i mar i l y occur s dur i ng l ym-

phocyt e devel opment i n t he t hymus . Pot ent i al l y aut or eact i ve Tcel l s ar e del et ed pr e-

sumabl y upon exposur e t o t he appr opr i at e sel f ant i gen pr esent ed by ei t her bone

mar r ow- der i ved cel l s or t hymi c st r omal cel l s ( 1- 4) . Whi l e t hi s mechani sm i s ef f ec-

t i ve f or i nduci ng t ol er ance t o ant i gens expr essed on t hese t i ssues, i t may not be as

ef f ect i ve i n i nduci ng t ol er ance t o ant i gens expr essed speci f i cal l y i n ot her nonl ym-

phoi d t i ssues ( 5) . These t i ssue- speci f i c ant i gens ar e of gr eat i nt er est si nce many of

t he maj or f ai l ur es of t ol er ance t o sel f ( i . e . , aut oi mmune di sease) ar e due t o i mmune

r esponses t o t hese " par enchymal sel f " ( 6) ant i gens .

We have been i nt er est ed i n devel opi ng wel l def i ned model s of sel f t i ssue- speci f i c

ant i gens, and i n st udyi ng t he mechani sms used by t he i mmune syst em t o deal wi t h

t hese ant i gens . I n some cases, t he st udy of t ol er ance t o sel f has been gr eat l y ai ded

by ani mal model s of spont aneous or exper i ment al l y i nduced aut oi mmuni t y. We sought

t o suppl ement t he exi st i ng model s wi t h a syst em of wel l def i ned model aut oant i gens

usi ng t r ansgeni c t echnol ogy . Wi t h t hi s t echnol ogy, expr essi on of cl oned genes can

be t ar get ed t o speci f i c t i ssues by use of hybr i d gene const r uct s ( 7, 8) . Thi s appr oach

has been successf ul l y used by a number of l abor at or i es ( 7- 11) . The advant ages of

t hi s syst em over model s of spont aneous aut oi mmuni t y i ncl ude t he abi l i t y t o use an-

t i gens wel l def i ned i n t er ms of t hr ee- di mensi onal st r uct ur e and Tcel l subset r esponses .

Fur t her mor e, expr essi on can be t ar get ed t o t i ssues t hat ar e r eadi l y accessi bl e f or
hi st ol ogi cal anal ysi s, and i n some cases, t i mi ng of expr essi on can be cont r ol l ed .

I n a pr evi ous st udy, we t ar get ed expr essi on of a cl ass I I MHCant i gen I - E t o t he

pancr eat i c i sl et / 3 cel l s i n I - E- mi ce ( i nsul i n [ I NS] ' - I - E t r ansgeni c mi ce ; r ef er ence

12) . The exper i ment was desi gned t o t est whet her expr essi on of cl ass I I MHC by

nonl ymphoi d cel l s made t hem capabl e of st i mul at i ng T cel l r esponses t o t he cl ass
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11 ant i gen and i ni t i at i ng an aut oi mmune r esponse agai nst t he / 3 cel l s . Speci f i c ex-

pr essi on was achi eved, but t he I NS- I - E t r ansgeni c ani mal s devel oped a noni mmuno-

l ogi cal f or m of i nsul i n- dependent di abet es . I nt er est i ngl y, t he ani mal s wer e f ound

t o be t ol er ant t o t he I - E t r ansgene ant i gen despi t e t he absence of det ect abl e I - E ex-

pr essi on i n t he t hymus or spl een . I n vi t r o st udi es wi t h t he i sol at ed I - E+ i sl et cel l s

( 13) suggest ed t hat cl ass I I ant i gens on nonl ymphoi d cel l s wer e i n f act not st i mul a-

t or y t o T l ymphocyt es . I nst ead, t hey par adoxi cal l y i nduced a speci f i c par al ysi s ; t hat

i s, r eact i ve T cel l s exposed t o t he i sl et cel l s wer e r ender ed aner gi c t o subsequent

r echal l enge by nor mal l ymphoi d cl ass I I + st i mul at or s . Thi s T cel l par al ysi s obser ved

i n vi t r o may hel p expl ai n t he t ol er ance i n t he or i gi nal I NS- I - E t r ansgeni c mi ce ( 12- 15) .

The mechani sms i nvol ved i n t ol er ance i nduct i on i n t he t r ansgeni c mi ce ar e l i kel y

t o be r at her compl ex . Even i f T cel l par al ysi s wer e t he maj or mechani sm f or i n-

duci ng t ol er ance, i t i s st i l l necessar y t o expl ai n how al l of t he r el evant T cel l s wer e

exposed t o t he per i pher al I - E. Ther e i s al so t he per pl exi ng obser vat i on t hat t hymo-

cyt es wer e t ol er ant t o I - E ( 12) . Thus, f or a mor e compl et e anal ysi s of t hese phenomena,

we ext ended our syst em t o i ncl ude t r ansgene expr essi on t ar get ed t o anot her t i ssue :

t he aci nar cel l s of t he exocr i ne pancr eas ( el ast ase [ EL] - I - E t r ansgeni c mi ce) . I n t hi s

si t uat i on, t her e i s mor e t i ssue avai l abl e f or hi st ol ogi cal anal ysi s, and t he di abet es

obser ved i n I NS- I - E mi ce coul d be avoi ded . Fur t her mor e, si nce t he new EL- I - E

t r ansgeni c mi ce wer e devel oped on an i nbr ed C57BL/ 6J ( B6) backgr ound, adopt i ve

t r ansf er of l ymphocyt es coul d be done wi t hout concer n f or i r r el evant hi st ocompat i -

bi l i t y ant i gen di f f er ences . I n t hi s r epor t , we descr i be t he i mmune st at us of EL- I - E

t r ansgeni c mi ce wi t h r espect t o t ol er ance t o t he t r ansgene I - E . Fr om our exper i -

ment s we wer e abl e t o est abl i sh t hat t ol er ance i n T l ymphocyt es can be i nduced

and mai nt ai ned by expr essi on of a cl ass I I ant i gen excl usi vel y i n per i pher al nonl ym-

phoi d cel l s . Si nce we wer e i nt er est ed i n det er mi ni ng what per i pher al t ol er ance- i n-

duci ng mechani sms may be act i ng i n t hese mi ce, we al so st udi ed t he abi l i t y of EL- I - E

ani mal s t o i nduce t ol er ance i n mat ur e nont ol er ant T cel l s i n vi vo. Our adopt i ve t r ansf er

st udi es i ndi cat ed t hat T cel l s f r om t ol er ant mi ce can medi at e r esi st ance t o or gan-

speci f i c i mmune at t ack, but t he r esi st ance may not i nvol ve speci f i c Ts cel l s .

Mat er i al s and Met hods

Mi ce .

	

Al l mi ce wer e br ed and mai nt ai ned i n our ani mal f aci l i t y at t he Uni ver si t y of Penn-

syl vani a School of Vet er i nar y Medi ci ne . I nbr ed mouse st ocks wer e obt ai ned f r omThe Jackson
Labor at or y ( Bar Har bor , ME) . Ea t r ansgeni c l i ne 107- 1 ( wi l d- t ype I - E expr essi on ; r ef er ence

16) , or i gi nal l y gener at ed on i nbr ed C57BL/ 10 and backcr ossed sever al gener at i ons t o B6,

wer e br ed t o be homozygous f or t he t r ansgene . Ea t r ansgeni c l i ne 78- 1 ( wi l d- t ype I - E expr es-

si on ; r ef er ence 17) , or i gi nal l y gener at ed on ( B6 x SJL) F2, was backcr ossed sever al gener a-
t i ons t o B6 . For gener at i on of EL- I - E t r ansgeni c mi ce, t wo hybr i d genes wer e const r uct ed,
si mi l ar t o t he hybr i d const r uct s descr i bed i n r ef er ence 12 . The f i r st gene was const r uct ed
by f usi ng 3 . 5- kb of t he 5' r egi on of t he r at el ast ase 1 gene ( i ncl udi ng t he el ast ase enhancer

and pr omot er ; r ef er ence 18) t o t he st r uct ur al gene codi ng t he E' , chai n of I - E . The second

const r uct used 4 . 5 kb of t he 5' r egi on of r at el ast ase 1 f used t o t he gene codi ng t he ER chai n

of I - E. EL- I - E t r ansgeni c mi ce ( l i nes 231- 3 and 415- 1) wer e gener at ed as pr evi ousl y descr i bed

( 19) . Br i ef l y, f er t i l i zed eggs, ( B6 x SJL) F2 f or l i ne 231- 3 and i nbr ed B6 f or l i ne 415- 1, wer e

mi cr oi nj ect ed wi t h a f ew hundr ed copi es of each gene const r uct , and t he eggs wer e t r ans-
f er r ed t o pseudopr egnant f ost er f emal es . Mi ce wer e al l owed t o devel op, and at weani ng, t ai l
DNA was t est ed f or i nt egr at i on of t he t r ansgene . Tr ansgene- posi t i ve f ounder ani mal s wer e
br ed t o gener at e t r ansgeni c l i nes, whi ch ar e desi gnat ed by t he f ounder ani mal number .
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Mi xed Lymphocyt e Responses ( MLR) .

	

MLRcondi t i ons wer e i dent i cal t o t hose descr i bed pr e-

vi ousl y ( 12) . Br i ef l y, l ymph node ( LN) T cel l s wer e i sol at ed f r om LN suspensi ons by t r eat -

ment wi t h t he ant i - B cel l ant i body J11d pl us gui nea pi g compl ement ( GPC) and added t o

f l at - bot t omed 96- wel l pl at es at 2 x 105/ wel l . Thymocyt es wer e used unt r eat ed at 2 x 106/ wel l .

St i mul at or s wer e i r r adi at ed ( 1, 650 r ad) or mi t omyci n C- t r eat ed spl een cel l s f r om B6, B10. BR,

CBA/ CaJ, or 107- 1 t r ansgeni c mi ce, and added t o cul t ur es at 5 x 105/ wel l . Cul t ur e medi a

consi st ed of RPMI 1640 suppl ement ed wi t h gl ut ami ne, 20 mMHepes, ant i bi ot i cs, 50 'UM

2- ME, and l o7o f r esh mouse ser um. Cul t ur es wer e pul sed wi t h 1 uCi [ 3 H] TdR af t er 4 d of

cul t ur e and har vest ed on t he f i f t h day . Dat a ar e t he mean of t r i pl i cat e cul t ur es and pr esent ed

as cpm x 10 - 3 .

Adopt i ve Tr ansf er Exper i ment s .

	

I n most exper i ment s, B6 or 107- 1 LN and/ or spl een cel l s

wer e i nj ect ed i nt r avenousl y t hr ough t he t ai l vei n of noni r r adi at ed or i r r adi at ed ( 900 r ad) 415- 1

EL- I - E t r ansgeni c mi ce . I n t he exper i ment s descr i bed i n Tabl es I I I and I V, ( B6 x SJL) F,

LN cel l s wer e i nj ect ed i nt o i r r adi at ed 231- 3 EL- I - E mi ce . For Fi g. 3, ( B6 x SJL) FJ LN cel l s

wer e i nj ect ed i nt o i r r adi at ed 187- 7 I NS- I - E mi ce ( 12) . For some exper i ment s, T cel l s wer e

i sol at ed f r om LN and spl een by t r eat ment wi t h Jl l d pl us GPC. Bone mar r ow was depl et ed

of T cel l s by t r eat ment wi t h ant i Thy- 1 ( T24, nonal l el e speci f i c ; r ef er ences 20 and 21) pl us

GPC. For i n si t u pr i mi ng, 107- 1 spl een cel l s wer e ei t her mi xed wi t h t he T cel l i nocul um f or

i nt r avenous i nj ect i on, or i nj ect ed separ at el y i nt o f oot pads subcut aneousl y. 2 wk l at er ( 13- 15

d af t er i nj ect i on) , ani mal s wer e ki l l ed, and t he pancr eat a pr ocessed f or r out i ne hi st ol ogy.

Hi st ol ogy .

	

For r out i ne hi st ol ogy, t i ssues wer e f i xed i n Boui n' s, t hen par af f i n embedded,

sect i oned, and st ai ned wi t h hemat oxyl i n/ eosi n . For i mmunohi st ochemi st r y, t i ssues wer e f r ozen

i n Ti ssue Tek OCT compound ( Mi l es Sci ent i f i c, Naper vi l l e, I L) , sect i oned on a cr yost at ( 10 pm) ,

and ai r dr i ed . Bef or e st ai ni ng, sect i ons wer e f i xed i n acet one, t hen r ehydr at ed i n buf f er ed

sal i ne . Sect i ons wer e t hen i ncubat ed wi t h bi ot i nyl at ed mAb 14 . 4 . 4s ( ant i - I - E, pr epar ed by

Ber kel ey Ant i body Co. , Ber kel ey, CA) . Ant i body bi ndi ng was r eveal ed by subsequent i ncuba-

t i ons wi t h avi di n/ per oxi dase ( ABC El i t e ; Vect or Labor at or i es, I nc . , Bur l i ngame, CA) and 3' 3' -

di ami nobenzi di ne . I n some cases, t he sect i ons wer e count er st ai ned wi t h hemat oxyl i n ( Fi g . 1) .

For scor i ng of i mmune- medi at ed damage t o pancr eat i c aci nar cel l s i n t r ansgeni c mi ce,

sl i des wer e r ead by a pat hol ogi st , and scor ed accor di ng t o t he f ol l owi ng gr adi ng syst em: 1+,

l i t t l e or no i nf l ammat or y i nf i l t r at es and <20 To l oss of aci nar cel l s ( Fi g . 2 a) ; 2+, si gni f i cant

l oss of aci nar cel l s ( >20%) wi t h or wi t hout i nf i l t r at es ( Fi g. 2 6) ; 3+, >90%l oss of aci nar cel l s

wi t h or wi t hout i nf i l t r at es ( Fi g . 2, c and d) . I n t he t abl es, each number r epr esent s t he scor e

f r om an i ndi vi dual ani mal . I t shoul d be not ed t hat t he aci ni i n pancr eas sect i ons f r om un-

mani pul at ed EL- I - E t r ansgeni c mi ce do not l ook as uni f or m as t hose f r om nont r ansgeni c

mi ce ( dat a not shown) . Thi s may r ef l ect some noni mmune- medi at ed ef f ect s of hyper expr es-

si on of t he cl ass I I MHC t r ansgene ( 10- 12, 15) .

Resul t s

Expr essi on of Tr ansgene I - E Excl usi vel y i n Nonl ymphoi d Ti ssues .

	

Our obj ect i ve was

t o di r ect expr essi on of I - Eb ( E«/ E0b) t o t he aci nar cel l s of t he pancr eas wi t h hybr i d

gene const r uct s pr oduced by f usi ng t he enhancer and pr omot er of t he r at el ast ase

1 gene separ at el y t o t he mouse E« and Ep st r uct ur al genes ( see Mat er i al s and

Met hods) . The el ast ase sequences used i n t he hybr i d const r uct s have been pr evi -

ousl y demonst r at ed t o be ef f ect i ve i n speci f i cal l y di r ect i ng expr essi on of het er ol o-

gous st r uct ur al genes t o t he aci nar cel l s of exocr i ne pancr eas ( 18) . Two t r ansgeni c

l i nes wer e sel ect ed f or expansi on and f ur t her st udy. The f i r st l i ne, 231- 3, was i ni t i al l y

gener at ed on a ( B6 x SJL) F2 backgr ound and subsequent l y backcr ossed separ at el y

t o 136 or SJL . The second l i ne, 415- 1, was gener at ed di r ect l y on an i nbr ed B6 back-

gr ound . Anal ysi s of mRNA and pr ot ei n expr essi on i n bot h l i nes showed speci f i c

expr essi on l i mi t ed t o pancr eas ( dat a not shown) . Ti ssues f ound t o be negat i ve f or

Ect mRNA i ncl uded l i ver , ki dney, l ung, spl een, and t hymus . St ai ned cr yost at sec-
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t i ons demonst r at ed t he pr esence of I - E onl y on aci nar cel l s and not on duct cel l s,

pancr eat i c i sl et s, bl ood vessel s, or connect i ve t i ssue ( Fi g. 1 a) . Fur t her mor e, I - E pr o-

t ei n coul d not be det ect ed i n t hymus, spl een, LN, or Peyer ' s pat ches ( Fi g . 1 b and

dat a not shown) .

Tol er ance of Tr ansgeni c TLymphocyt es I n Vi t r o.

	

Per i pher al T l ymphocyt es and t hymo-

cyt es f r om EL- I - E mi ce wer e st udi ed i n MLR f or r esponses t o I - E ( Tabl e I ) . We

f ound t hat pr ol i f er at i ve r esponses f r om EL- I - E T cel l s wer e much r educed r el at i ve

t o nont ol er ant cont r ol s, al t hough a smal l det ect abl e pr ol i f er at i ve r esponse was of t en

det ect ed . Fur t her st udi es ( descr i bed bel ow) l ed us t o bel i eve t hat t hese pr ol i f er at i ng

cel l s wer e not st r ongl y r eact i ve t o I - E, and mi ght be char act er i zed as pr oduci ng a

" st er i l e" MLR. That i s, al t hough t he cel l s coul d pr ol i f er at e i n vi t r o, t hey coul d not

gener at e ef f ect or f unct i on i n vi vo.

FI GURE 1 .

	

Expr essi on of I - E
mol ecul es i n EL- I - E mi ce. a,
Pancr eas ; b, t hymus . Cr yost at
sect i ons of 415- 1 EL- I - E mi ce
wer e st ai ned f or I - E as descr i bed
i n Mat er i al s and Met hods . Not e
expr essi on of I - E l i mi t ed t o pan-
cr eat i c aci nar cel l s. No I - E was
seen i n pancr eat i c i sl et s ( I ) or
duct s, or i n t hymus . The gr an-
ul es i n t he t hymus r ef l ect en-
dogenous per oxi dase act i vi t y i n
gr anul ocyt es .
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Tol er ance i n t hymocyt es and per i pher al T cel l s i n MLR. LN T cel l s and t hymo-

cyt es f r om cont r ol ( B6 x SJL) F1 mi ce r esponded wel l t o I - E st i mul at or 107- 1,

whi l e cel l s f r omEL- I - E ( 231- 3) mi ce r esponded onl y poor l y . EL- I - E ( 231- 3) mi ce

wer e backcr ossed t o B6( H- 2i ' ) . Si mi l ar r esul t s wer e obt ai ned f r om 415- 1 mi ce

( see al so Tabl e I X) .

I t was possi bl e t hat I - E was expr essed i n t he t hymus of EL- I - E t r ansgeni c mi ce

at l evel s bel ow our l i mi t s of det ect i on i n mRNA and pr ot ei n assays, but at l evel s

suf f i ci ent t o i nduce t ol er ance by cl onal del et i on . To addr ess t hi s possi bi l i t y, we t ook

advant age of t he f act t hat one i ndi cat or of I - E expr essi on i n t he t hymus and t he

i nduct i on of i nt r at hymi c t ol er ance t o I - E i s t he' del et i on of T cel l s usi ng t he TCR

V317a gene ( i dent i f i ed by t he mAb KJ23 ; r ef er ence 2) . Al t hough t he act ual speci f i ci t y

of TCRs usi ng t he gene i s uncl ear ( 22) , i t i s wel l est abl i shed t hat expr essi on of I - E

i n t he t hymus, especi al l y by bone mar r ow- der i ved cel l s, causes a maj or r educt i on

i n t he number s of KJ23 + T cel l s l eavi ng t he t hymus ( 2, 23) . Si nce t he V/ 317a gene

i s not expr essed i n B6 mi ce, t he t r ansgeni c mi ce ( l i ne 231- 3) wer e backcr ossed sev-

er al gener at i ons t o SJL/ J t o make t hem homozygous f or t he V017a gene ( 23) .

Per i pher al LNT cel l s f r om I - E- cont r ol SJL/ J, I - E + cont r ol 107- 1 Ea t r ansgeni cs

backcr ossed t o SJL/ J, and 231- 3 EL- I - E t r ansgeni cs backcr ossed t o SJL/ J wer e st ai ned

wi t h KJ23 . As expect ed, N9 . 8% ( SE 2 . 6, n = 4) of SJL T cel l s st ai ned wi t h KJ23,

whi l e 2. 5% ( SE 1 . 7, n = 3) of t he I - E + cont r ol 107- 1 Ea t r ansgeni c T cel l s st ai ned .

The r educt i on i n t he number of KJ23+ T cel l s i n 107- 1 t r ansgeni cs was pr esum-

abl y due t o cl onal del et i on i n t he t hymus, most l y by I - E+ bone mar r ow- der i ved cel l s

( 2, 23) . I nt er est i ngl y, T cel l s f r om EL- I - E mi ce wer e 8. 6%( SE 0. 9, n = 5) posi t i ve

when st ai ned wi t h KJ23, i ndi cat i ng t hat t her e was no si gni f i cant cl onal del et i on by

I - E+ cel l s i n t he t hymus .

Fi nal l y, t o conf i r m t hat t he t ol er ant phenot ype was i ndependent of t he pr esence

of t he t r ansgene i n cel l s of t he i mmune syst em, t he t hymus and bone mar r ow- de-

r i ved cel l s of t r ansgeni c 415- 1 EL- I - E mi ce wer e r epl aced wi t h nont r ansgeni c t i ssue .

Thi s was achi eved by adul t t hymect omy, gr af t i ng of a B6 neonat al t hymus under

t he ki dney capsul e, and l et hal i r r adi at i on and r econst i t ut i on usi ng Tdepl et ed B6

bone mar r ow ( ATx/ Thy/ BM) . 6- 8 wk af t er r econst i t ut i on, T cel l s f r omt hese r econ-

st r uct ed mi ce wer e t est ed f or r eact i vi t y t o I - E i n MLR( Tabl e I I , Exp. 1 and 2) .

As wi t h t he unmani pul at ed t r ansgeni c mi ce, T cel l s r esponded onl y poor l y, i f at

al l , t o I - E+ st i mul at or spl een cel l s . Si mi l ar l y, B6- >231- 3 i r r adi at i on chi mer as wer e

al so t ol er ant t o I - E ( Tabl e I I , Exp. 3) . These r esul t s demonst r at e t hat expr essi on

Pr i mar y MLR

TABLE I

of EL- I - E LN T Cel l s and

Pr ol i f er at i ve r esponse

Thymocyl es

t o st i mul at or s

Responder s B6( H- 2 b) B10 . BR( H- 2 k ) 107- 1( H- 2b

LNT

( B6 x SJL) F1 cont r ol 0 . 4 39 . 8 4 . 1

EL- I - E ( 231- 3) 0 . 3 52 . 4 1 . 4

Thymus

( B6 x SJL) F1 cont r ol 0 . 2 16 . 2 16 . 2

EL- I - E ( 231- 3) 0 . 2 15 . 4 0 . 2
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EL- I - E mi ce whose i mmune syst em was r epl aced wi t h nont r ansgeni c B6 t i ssue r esponded

poor l y t o I - E . Al t hough t hei r r esponses wer e hi gher t han r esponses by t ol er ant 107- 1 T cel l s,

t her e was no hi st ol ogi cal evi dence of aut oi mmune at t ack of t he EL- I - E pancr eas . 6- 8 wk

l at er , LN T cel l s wer e t est ed i n MLR agai nst st i mul at or s as not ed above . I n Exp . 3, ( B6 x
SJL) Fi and 231- 3 EL- I - E mi ce wer e i r r adi at ed and r econst i t ut ed wi t h T- depl et ed B6 bone

mar r ow, and assayed 6- 8 wk l at er .

415- 1 EL- I - E mi ce wer e t hymect omi zed, gr af t ed wi t h a neonat al B6 t hymus, t hen l et hal l y

i r r adi at ed ( 900 r ad) and r econst i t ut ed wi t h 2 x 10 6 T- depl et ed B6 bone mar r ow ( ATx/

Thy/ BM) .

of I - E i n pancr eat i c par enchymal cel l s al one can st i l l i nduce t ol er ance i n al l per i ph-

er al T cel l s r egar dl ess of t he pr esence of t he t r ansgene i n l ymphoi d cel l s or t hymus .

I mmune Dest r uct i on of I - E+ Ti ssue by Adopt i ve Tr ansf er of Nont ol er ant TLymphocyt es I n

Vi vo. Si nce t r ansgeni c ani mal s wer e t ol er ant by MLR, t hey wer e cl ear l y exposed

t o I - E i n some t ol er ogeni c f or m. No I - E was det ect ed i n t he t hymus, so i t was pos-
si bl e t hat exposur e t o I - E i n t he per i pher y woul d r esul t i n t ol er ance . Evi dence f or

t ol er ance i nduct i on t o MHC ant i gens expr essed by nonl ymphoi d cel l s has been

r epor t ed pr evi ousl y ( 24) . Mor e r ecent l y, st udi es by a number of wor ker s have sug-
gest ed t hat i nappr opr i at e pr esent at i on of cl ass I I MHC ant i gens on T cel l s ( 25) ,
as pur i f i ed cl ass I I on pl anar membr anes ( 26) , as chemi cal l y f i xed spl een cel l s ( 27) ,
or on cl ass I I - expr essi ng nonl ymphoi d cel l s ( 13, 28) , can i nduce a st at e of cl onal
par al ysi s i n T cel l s i n vi t r o. Ther ef or e, t o see i f per i pher al t ol er ance coul d be i n-
duced i n nont ol er ant T cel l s i n vi vo by exposur e t o t he nonl ymphoi d I - E+ aci nar
cel l s, B6 T cel l s wer e i nj ect ed i nt o i r r adi at ed EL- 1- E ( 415- 1) mi ce . The i r r adi at i on

was i nt ended t o r emove host l ymphocyt es so t hat t he i nj ect ed T cel l s coul d be r ecov-
er ed l at er and assayed f or r eact i vi t y t o I - E .

Mat ur e nont ol er ant T cel l s wer e not t ol er i zed by t hi s adopt i ve t r ansf er . I nst ead,
t hey caused r api d dest r uct i on of t he host t r ansgeni c I - E + exocr i ne pancr eas ( Fi g.

2 c, Tabl e I I I , and subsequent t abl es) . T l ymphocyt es r ecover ed f r omt he ani mal s

r esponded wel l t o I - E i n MLR( Tabl e I V) . Cel l depl et i on exper i ment s est abl i shed

t hat t he dest r uct i on of t he I - E+ pancr eas depended on I - E- r eact i ve T l ymphocyt es,

si nce LN cel l s depl et ed of T cel l s di d not cause pat hol ogy ( Tabl e I I I ) , and T cel l s

f r om I - E' t r ansgeni c mi ce ( t ol er ant t o I - E) al so had no ef f ect ( Tabl e V) .

The i r r adi at i on of t he t r ansgeni c EL- I - E r eci pi ent s may have cont r i but ed t o t he

TABLE I I

Pr i mar y MLR of " Reconst r uct ed" EL- I - E LN T Cel l s

Pr ol i f er at i ve r esponse t o st i mul at or s

Exp . LNT r esponder s B6( H- 26 ) CBA/ Ca( H- 2 k ) 107- 1( H- 2b

1 B6 cont r ol 0 . 4 26 . 4 6 . 0

EL- I - E ( 415- 1) ATx/ Thy/ BM̀ 0 . 4 47 . 9 1 . 0

2 B6 cont r ol 0 . 3 58 . 1 14 . 0

107- 1( H- 2 b + I - E) 0 . 3 71 . 0 0 . 3

EL- I - E ( 415- 1) ATx/ Thy/ BM' 0 . 7 27 . 0 2 . 3

EL- I - E ( 415- 1) ATx/ Thy/ BM̀ 0 . 8 18 . 6 2 . 3

B6( H- 2h) B10 . BR( H- 2 k
) 107- 1( H- 2b

3 B6 cont r ol 1 . 6 88 . 0 10 . 5

136 - ( 136 x SJL) F1 2 . 0 83 . 2 28 . 7

B6 - + 231- 3 1 . 9 117 . 0 2 . 2
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TABLE I I I

Tr ansf er of Nont ol er ant T Cel l s i nt o I r r adi at ed EL- I - E Mi ce

Nont ol er ant T cel l s i nj ect ed i nt o i r r adi at ed EL- I - E mi ce i nduce pancr eas dest r uct i on .

Pat hol ogy gr aded as descr i bed i n Mat er i al s and Met hods .
1 LN cel l s wer e depl et ed of T cel l s by t r eat ment wi t h ant i - Thy- 1 pl us GPC.
5 Pl us 3 x 106 ATBM.

pancr eas dest r uct i on by set t i ng up a nonspeci f i c i nf l ammat or y pr ocess i n t he pan-

cr eas, l eadi ng t o t he nonspeci f i c accumul at i on and act i vat i on of l ymphocyt es . Any

par al ysi s- i nduci ng capaci t y of t he pancr eas mi ght be obscur ed by t hi s possi bl e sour ce

of cost i mul at or y act i vi t y ( 29) . Pr evi ous exper i ment s suggest ed, however , t hat

nonspeci f i c i nf l ammat i on coul d not pr ovi de ef f ect i ve cost i mul at or y act i vi t y, si nce

t he i nf l ammat i on associ at ed wi t h pancr eas gr af t i ng di d not i nduce r ej ect i on of I NS-

I - E i sl et s ( 13) . Fur t her mor e, f i xed spl een cel l s wer e st i l l capabl e of i nduci ng speci f i c

nonr esponsi veness i n vi vo despi t e t he possi bl e pr esence of cost i mul at or y act i vi t y ( 27) .

Nonet hel ess, t o addr ess t hi s possi bi l i t y, a gr oup of EL- I - E mi ce was i nj ect ed wi t h

nont ol er ant T cel l s 10 d af t er i r r adi at i on . By t hi s t i me af t er i r r adi at i on, t he nonspeci f i c

i nf l ammat i on i s gone ( dat a not shown) . I n t hi s si t uat i on, t he pancr eas was st i l l de-

st r oyed ( 3/ 3 mi ce scor i ng 3 +) , suggest i ng t hat t he nonspeci f i c i nf l ammat i on was not

r equi r ed f or t he dest r uct i on of t he pancr eas .

To r emove host l ymphocyt es wi t hout usi ng i r r adi at i on, a gr oup of EL- I - E 415- 1

mi ce wer e t hymect omi zed, t hen t r eat ed wi t h a combi nat i on of ant i Thy- 1 ant i body

T24 wi t h or wi t hout cor t i sone acet at e ( ATx/ ant i Thy- 1/ cor t i sone, ATx/ ant i Thy- 1) . Thi s

t r eat ment has been shown t o be ef f ect i ve at depl et i ng T l ymphocyt es i n vi vo ( 20,

21) . The mi ce wer e t hen i nj ect ed wi t h l ymphocyt es f r omei t her nont ol er ant B6 donor s

or I - E- t ol er ant 107- 1 donor s . I nt er est i ngl y, her e t oo t he pancr eas was speci f i cal l y

dest r oyed wi t hi n 2 wk by B6 LN cel l s but not by 107- 1 LNcel l s ( Tabl e V) . To conf i r m

t hat t he dest r uct i on of t he pancr eas i n t hi s si t uat i on was due t o I - E- r eact i ve T l ym-

TABLE I V

MLR of T Cel l s Recover ed f r om Adopt i ve Tr ansf er

Nont ol er ant T cel l s i nj ect ed i nt o i r r adi at ed EL- I - E mi ce ar e not t ol er i zed t o I - E .

Reci p- 1 and Reci p- 2 wer e 231- 3 EL- I - E mi ce gi ven 900 r od t hen 4 x 10 7 Fl

pl us BM. 4 wk l at er , LN cel l s wer e r ecover ed and used as r esponder s i n MLR.

I n al l EL- I - E r eci pi ent s, t he pancr eas was dest r oyed ( gr aded 3 + ) .

Pr ol i f er at i ve r esponse t o st i mul at or s

LNT r esponder s 116 B10 . BR 107- 1

( B6 x SJL) F1 cont r ol 0 . 3 57 . 4 7 . 0

Reci p- 1 0 . 5 42 . 9 11 . 4

Reci p- 2 0 . 6 35, 0 4 . 4

Cel l s i nj ect ed I r r adi at i on of r eci pi ent s Pat hol ogy'

r od

None 9004 1 + , 1 + , 1 +

( B6 x SJL) Fl LN ( 10) 900§ 3+, 3+, 3+

( B6 x SJL) Fl LN ( 10 6 ) 9005 1+, 1+, 2+

( B6 x SJL) Fl ant i - Thy- 1 LN1 ( 10) 9005 1+, 1+, 2+
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TABLE V

Tr ansf er of Nont ol er ant T Cel l s i nt o EL- 1- E Mi ce Depl et ed

of T Cel l s wi t hout I r r adi at i on

Nont ol er ant T cel l s i nj ect ed i nt o T- depl et ed EL- I - E mi ce dest r oy t he pancr eas,

as seen i n i r r adi at ed EL- I - E r eci pi ent s . EL- I - E ( 415- 1) mi ce wer e t hymect omi zed,

t hen t r eat ed wi t h ant i - Thy- 1 wi t h or wi t hout cor t i sone acet at e ( ATx/ ant i -

Thy- 1/ cor t i sone or ATx/ ant i - Thy- 1) . 2 wk l at er , t hey wer e i nj ect ed wi t h non-

t ol er ant B6 or t ol er ant 107- 1 cel l s as i ndi cat ed, and pat hol ogy was assessed 2

wk l at er ( see al so Tabl e I X) .

phocyt es, Tcel l s wer e r ecover ed f r omt he ATx/ ant i Thy- 1/ cor t i sone ani mal s 2 wk af t er

cel l i nj ect i on t o assay f or r eact i vi t y i n MLR. As expect ed, T cel l s r ecover ed f r om

r eci pi ent s of B6 cel l s r esponded ver y st r ongl y agai nst I - E+ st i mul at or s, whi l e T cel l s

r ecover ed f r om r eci pi ent s of 107- 1 cel l s r esponded poor l y ( Tabl e VI ) .

To det er mi ne i f t he pr esence of host T cel l s coul d i nhi bi t t he r esponse of t r ans-

f er r ed nont ol er ant T cel l s, B6 T cel l s wer e i nj ect ed i nt o unmani pul at ed ( no i r r adi a-

t i on, no t hymect omy, et c . ) EL- I - E t r ansgeni c mi ce t o see i f t hese ani mal s woul d al so

devel op pancr eat i c i nf i l t r at es ( Tabl e VI I ) . I n t hi s case t he noni r r adi at ed r eci pi ent

ani mal s di d not devel op i nf i l t r at es, and t he pancr eas was not dest r oyed wi t hi n 2 wk .

4 wk af t er i nj ect i on, t he pancr eas was st i l l i nt act ( Tabl e VI I , Exp. 1) , i ndi cat i ng t hat

t her e was no chr oni c i mmune r esponse i n t hese ani mal s. Thus, i t appear ed t hat t he

pr esence of host T l ymphocyt es pr ovi ded r esi st ance t o pancr eas dest r uct i on .

TABLE VI

MLR of I N T Cel l s Recover ed f r or n

ATx/ Ant i - Thy- 1/ Cor t i sone 415- 1 Reci pi ent s

LN T cel l s wer e r ecover ed f r om t he EL- I - E adopt i ve t r ansf er r eci pi ent s and

assayed i n MLR. Reci p Tol - 1 and Tol - 2 wer e 415- 1 EL- I - E r eci pi ent s of t ol er ant

107- 1 T cel l s ( f r om Tabl e V, Exp . 1, gr oup 2) . Reci p Nont ol - 1- 3 wer e f r om

t he same exper i ment gr oup 3, r eci pi ent s of nont ol er ant B6 T cel l s .

* The pancr eas of Nont ol - 1 r emai ned i nt act i n cont r ast t o t he ot her t hr ee ani mal s

i n t hat gr oup, and appear ed t o be a f ai l ur e of i nj ect ed cel l s t o sur vi ve ( not e

poor r esponse t o B10 . BR) .

Exp . Cel l s i nj ect ed Tr eat ment of r eci pi ent s Pat hol ogy

1 None ATx/ ant i - Thy- 1/ cor t i sone 1 + , 1 +

107- 1 LN/ spl een ( 10 8) ATx/ ant i - Thy- 1 / cor t i sone 1 + , 1 +

B6 LN/ spl een ( 10 8 ) ATx/ ant i - Thy- 1/ cor t i sone 1 + , 3 + , 3 + , 3

2 107- 1 LN ( 6 x 10' ) ATx/ ant i - Thy- 1 1+, 1+, 2+

B6 LN ( 6 x 107 ) ATx/ ant i - Thy- 1 1 +, 3+, 3+

LNT r esponder s

Pr ol i f er at i ve

136

r esponse t o

B10 . BR

st i mul at or s

107- 1

B6 0 . 4 30 . 9 41 . 8

Reci p Tol - 1 1 . 1 41 . 0 1 . 2

Reci p Tol - 2 1 . 0 12 . 5 0 . 9

Reci p Nont ol - 1 * 0 . 2 4 . 2 0 . 2

Reci p Nont ol - 2 9 . 1 14 . 9 23 . 7

Reci p Nont ol - 3 3 . 1 15 . 7 42 . 9
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TABLE VI I

Tr ansf er of Nont ol er ant T Cel l s i nt o Unmani pul at ed EL- I - E Mi ce

Nont ol er ant T cel l s i nj ect ed i nt o noni r r adi at ed EL- I - E mi ce do not i nduce pancr eas dest r uct i on .

Dest r uct i on of t he pancr eas i n i r r adi at ed and Tdepl et ed EL- I - E ani mal s may have

been medi at ed by donor T cel l s pr evi ousl y act i vat ed i n t he donor ani mal s by an

envi r onment al ant i gen i n t he cont ext of sel f I - A ( sel f I - A pl us Xcompl ex) t hat was

cr ossr eact i ve wi t h I - E. Thymocyt es wer e i nj ect ed i n anot her exper i ment ( Tabl e VI I ,

Exp. 2) , based on t he possi bi l i t y t hat t hymocyt es ar e l ess l i kel y t o have been act i -

vat ed by envi r onment al ant i gens . The t hymocyt es had no ef f ect on t he pancr eas of

noni r r adi at ed EL- I - E mi ce, but t hey st i l l dest r oyed t he pancr eas of i r r adi at ed r eci pi ent s .

I t coul d be ar gued t hat t he dest r uct i on of t he I - E+ aci nar cel l s by i nj ect ed non-

t ol er ant T cel l s mi ght be due t o some pecul i ar pr oper t y of t hese exocr i ne cel l s . Ther e-

f or e, si mi l ar exper i ment s wer e al so done usi ng i r r adi at ed I NS- I - Emi ce as r eci pi ent s

of nont ol er ant l ymphocyt es . I NS- I - E t r ansgeni c mi ce speci f i cal l y expr ess I - E on en-

docr i ne i sl et ( 3 cel l s . I n t hi s si t uat i on, i nf i l t r at es wer e f ound speci f i cal l y i n pancr eat i c

i sl et s i n a manner r esembl i ng t he i nsul i t i s descr i bed i n model s of spont aneous au-

t oi mmune di abet es ( Fi g . 3) .

Assays f or Suppr essi on I n Vi t r o and I n Vi vo.

	

Si nce t he evi dence suggest ed t hat host

T cel l s i n EL- I - E mi ce wer e r esponsi bl e f or r esi st ance t o pancr eas dest r uct i on, i t

was possi bl e t hat t hey may medi at e t he r esi st ance t hr ough speci f i c suppr essi on . Cel l

mi xi ng was t r i ed t o see i f MLR r esponses t o I - E woul d be suppr essed by t ol er ant

cel l s . T cel l s f r omEL- I - E mi ce mi xed wi t h nont ol er ant T cel l s di d not suppr ess t he

r esponse ( Tabl e VI I I ) . To t est f or t he pr esence of I - E- speci f i c suppr essor cel l s i n vi vo,

mi xt ur es of t ol er ant t r ansgeni c T cel l s and nont ol er ant T cel l s wer e i nj ect ed i nt o

i r r adi at ed EL- I - E mi ce . Usi ng 1 : 1 mi xes, t her e was no evi dence f or suppr essi on,

as al l gr oups i nj ect ed wi t h nont ol er ant T cel l s showed compl et e dest r uct i on of t he

I - E+ pancr eas ( Tabl e I X, Exp. 1) .

I t was possi bl e t hat t he suppr essor cel l s needed t o be " pr i med" by an i nj ect i on

of a l ar ge number of nont ol er ant Tcel l s ( 30, 31) . We at t empt ed t o pr i me suppr essor s

i n 415- 1 EL- I - E mi ce by i nj ect i ng 108 LNand spl een cel l s f r om nont ol er ant B6 mi ce.

2 wk l at er , spl een cel l s f r om t he pr i med EL- I - E mi ce wer e used as a sour ce of sup-

pr essor s . Mi xt ur es of spl een cel l s and nont ol er ant B6 LN cel l s wer e i nj ect ed at 2 : 1

and 4: 1 r at i os i nt o i r r adi at ed EL- I - E ( 415- 1) r eci pi ent s . Agai n, al l i nj ect ed gr oups

showed compl et e dest r uct i on of t he pancr eas wi t hi n 2 wk ( Tabl e I X, Exp. 2) . Thi s

suggest s t hat suppr essor cel l s wer e not pr esent i n EL- I - E mi ce even af t er pr i mi ng

i n vi vo .

Exp . Cel l s i nj ect ed I r r adi at i on of r eci pi ent s Pat hol ogy

1 78- 1 T cel l s ( 4 x 10 7 ) None 1 +, 1 +, 1 + ( 2 wk)

B6 T cel l s ( 4 x 10 7 ) None 1 + , 1 + , 1 + ( 2 wk)

1+, 1+, 1+ ( 4 wk)

B6 T cel l s ( 10 7 ) None 1 + , 1 + , 1 + ( 2 wk)

1+, 1+, 1+ ( 4 wk)

2 B6 t hymus ( 4 x 10 7 ) None + 2 x 10 6 B6 ATBM 1 + , 1 + , 1 +

136 t hymus ( 10 7 ) None + . 2 x 10 6 B6 ATBM 1 + , 1 + , 1 +

136 t hymus ( 4 x 10 7 ) 900 r ad + 2 x 10 6 B6 ATBM 3 + , 3 + , 3 +
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Nont ol er ant T Cel l s Can Be Pr i med I n Si t u i n EL- I - E Mi ce.

	

Si nce cel l mi xi ng st udi es
f ai l ed t o pr ovi de di r ect evi dence f or speci f i c suppr essi on, we sought t o i dent i f y ot her
pot ent i al mechani sms t o expl ai n t he f ai l ur e of nont ol er ant T cel l s t o dest r oy t he pan-
cr eas of noni r r adi at ed EL- I - E mi ce . I t was f or mal l y possi bl e t hat t he i nj ect ed cel l s

di ed soon af t er i nj ect i on . We do not bel i eve t hi s t o be t he case, however , si nce st udi es

have demonst r at ed sur vi val of a si gni f i cant pr opor t i on of i nj ect ed T cel l s, even acr oss
mi nor hi st ocompat i bi l i t y ant i gen di f f er ences ( 32, 33) . I n t he st udi es descr i bed her e

usi ng t he 415- 1 EL- I - E l i ne, compl et el y syngenei c B6 combi nat i ons ( except f or t he

t r ansgene) wer e used . Consi der i ng t hi s, we bel i eved i t mor e l i kel y t hat t he t r ans-

f er r ed nont ol er ant cel l s per si st ed i n EL- I - E r eci pi ent s, but wer e di l ut ed out by t he
gr eat er number s of t ol er ant host T cel l s . Act i vat i on of some nont ol er ant T cel l s i n
t he pancr eas mi ght be damped as t he host cel l s woul d absor b t he r el eased l ymphoki nes .
Yet i f t he nont ol er ant cel l s r emai ned i n t he ani mal , i t was possi bl e t hat a st r onger
st i mul us woul d be suf f i ci ent t o i nduce an ef f ect i ve i mmune r esponse agai nst t he I - E'
aci nar cel l s .

We at t empt ed t o pr i me t he i nj ect ed nont ol er ant T cel l s i n si t u by t wo met hods

TABLE VI I I

Cel l Mi xi ng i n MLR t o Assay Suppr essi on

Cel l mi xi ng i n vi t r o f ai l s t o r eveal suppr essi on .

FI CURE 3 . I sl et i nf i l t r at es i n
I NS- I - E mi ce af t er i r r adi at i on

and i nj ect i on of nont ol er ant LN
cel l s . Not e t hat i nf i l t r at es ar e
speci f i c f or t he I - E' i sl et s r at her
t han exocr i ne t i ssue .

Pr ol i f er at i ve r esponse t o st i mul at or s

LNT r esponder s B6 B10 . BR 107- 1

B6 0 . 9 24 . 7 34 . 1

415- 1 0 . 7 39 . 9 3 . 0

B6 ( 2 x 105) + 415- 1 ( 2 x 105 ) 4. 7 - 38 . 8

B6 ( 2 x 105) + 415- 1 ( 4 x 10 5 ) 22 . 7 - 52 . 8
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Exp,

2

Cel l mi xi ng i n vi vo f ai l s t o r eveal suppr essi on . I n Exp . 2, suppr essor donor s ( 415- 1 EL- I - E

mi ce) wer e pr i med wi t h 10 8 B6 LN/ spl een i nt r avenousl y . 2 wk l at er , spl een cel l s f r om t hese

mi ce wer e mi xed wi t h 136 LN cel l s bef or e i nj ect i on i nt o i r r adi at ed 415- 1 EL- I - E mi ce .

* Pl us 2 x 106 B6 ATBM.

( Tabl e X) . Wi t h t he f i r st met hod, I - E+ spl een cel l s wer e coi nj ect ed i nt r avenousl y

wi t h t he nont ol er ant T cel l s, Wi t h t he second met hod, I - E+ spl een cel l s wer e i n-

j ect ed subcut aneousl y i nt o t he r ear f oot pads of mi ce i nj ect ed t he same day i nt r ave-

nousl y wi t h nont ol er ant T cel l s . Cont r ol EL- I - E mi ce wer e i nj ect ed wi t h equi val ent

number s of nont ol er ant T cel l s onl y . As expect ed f r ompr evi ous exper i ment s ( Tabl e

VI I ) , t he pancr eat a of t he cont r ol ani mal s r emai ned i nt act at t he end of 2 wk, wi t hout

evi dence of l ymphocyt i c i nf i l t r at es . However , af t er pr i mi ng by ei t her pr ot ocol , t he

r eci pi ent EL- I - E pancr eas was dest r oyed wi t hi n 2 wk .

The r esul t s suggest t hat i nj ect ed nont ol er ant T cel l s sur vi ve i n noni r r adi at ed EL-

I - E r eci pi ent s and r emai n r ecept i ve t o pr i mi ng t o I - E ant i gens by I - E+ spl een cel l s

i n si t u . Dest r uct i on of t he pancr eas was pr obabl y due t o act i vat i on of t he i nj ect ed

TABLE X

Pr i mi ng of Adopt i vel y Tr ansf er r ed Nont ol er ant T Cel l s I n Si t u

Nont ol er ant T cel l s do not dest r oy EL- I - E pancr eas when i nj ect ed al one, but t hey can be i nduced i n si t u

t o at t ack t he pancr eas by coi nj ect i ons of I - E` spl een cel l s . I n al l t hr ee exper i ment s, 136 cel l s wer e i nj ect ed

i nt r avenousl y . I n some gr oups, I - E' 107- 1 spl een cel l s wer e coi nj ect ed i nt r avenousl y, whi l e i n ot her gr oups,

107- 1 spl een cel l s wer e i nj ect ed subcut aneousl y i nt o t he f oo' ?ads .

Exp . Cel l s i nj ect ed Tr eat ment of r eci pi ent s Pat hol ogy

1 B6 LN/ spl een i nt r avenousl y ( 108 ) None 1 + , 1 + , 1 +

B6 LN/ spl een i nt r avenousl y ( 10 8 ) 107- 1 spl een i nt r avenousl y ( 2 x 10 7 ) 1 + , 3+, 3+

B6 LN/ spl een i nt r avenousl y ( 10 8 ) 107- 1 spl een subcut aneousl y ( 2 x 10 7 ) 2 + , 3 + , 3 +

2 B6 T cel l s ( 3 x 10 7 ) None 1 + , 1 + , 1 + , 1 +

B6 T cel l s ( 3 x 10 7 ) 107- 1 spl een i nt r avenousl y ( 2 x 10 7 ) 1 + , 1 + , 1 + , 1 +

B6 T cel l s ( 3 x 10 7 ) 107- 1 spl een subcut aneousl y ( 2 x 10 7 ) 1 + , 1 + , 2 + , 3 +

3 B6 T cel l s ( 5 . 5 x 10 7) None 1 + , 1 +

B6 T cel l s ( 5 . 5 x 10 7 ) 107- 1 spl een subcut aneousl y ( 4 x 10 7 ) 3+, 3+

TABLE I X

Cel l Mi xi ng i n Adopt i ve Tr ansf er t o Assay f or Suppr essi on

Cel l s i nj ect ed I r r adi at i on of r eci pi ent s Pat hol ogy

r ad

B6 LN ( 5 x 10 6 ) 900* 3+, 3+, 3+

415- 1 LN ( 5 x 106) 900* 1 + , 1 + , 1 +

107- 1 LN( 5 x 106) 900* 1+, 1+, 1+

B6 LN ( 5 x 10 6 ) +

415- 1 LN ( 5 x 10 6) 900* 3+, 3+, 3+

B6 LN ( 5 x 10 6 ) +

107- 1 LN ( 5 x 106 ) 900* 3+, 3+, 3 +

B6 LN ( 2 x 10 7 ) 900* 3+, 3+, 3+

B6 LN ( 2 x 10 7 ) + pr i med

EL- I - E spl een ( 4 x 107 ) 900* 3+, 3+, 3+

136 LN ( 2 x 10 7 ) + pr i med

EL- I - E spl een ( 8 x 107 ) 900* 3 +, 3+, 3 +
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nont ol er ant T cel l s, si nce i nf i l t r at es wer e not f ound i n EL- I - E mi ce pr i med wi t h

I - E + spl een but not i nj ect ed wi t h nont ol er ant T cel l s ( dat a not shown) . The act i va-

t i on of r eact i ve T cel l s appear ed t o be mor e ef f ect i ve when t he st i mul at or I - E +

spl een cel l s wer e i nj ect ed subcut aneousl y i n t he f oot pads r at her t han i nt r avenousl y.

Thi s may r ef l ect a r equi r ement f or a concent r at i on of st i mul at or cel l s i n a si ngl e

LN. I nt er est i ngl y, LN cel l s f r omdonor ani mal s pr i med t o I - E by t he same pr ot ocol

di d not dest r oy t he pancr eas when t r ansf er r ed t o noni r r adi at ed EL- I - E mi ce, even

t hough pr i med cel l s gener at ed a much gr eat er MLRr esponse t o I - E t han unpr i med

cel l s ( dat a not shown) . The number of nont ol er ant T cel l s i nj ect ed appear s t o be

i mpor t ant , si nce t he pr i mi ng i nduced pancr eas dest r uct i on most ef f ect i vel y when

108 LN pl us spl een or 5 . 5 x 10' LN T cel l s wer e i nj ect ed as a sour ce of nont ol er ant

cel l s ( Tabl e X, Exp. 1 and 3) as compar ed wi t h when onl y 3. 0 x 10' LN T cel l s

wer e i nj ect ed ( Tabl e X, Exp. 2) .

Di scussi on

Fr omt he st udi es pr esent ed her e, we dr aw t wo maj or concl usi ons . Fi r st , mi ce ex-

pr essi ng a t r ansgene cl ass I I ant i gen excl usi vel y i n nonl ymphoi d t i ssues do not de-

vel op spont aneous aut oi mmune di sease, and bot h t hymocyt es and per i pher al Tl ym-

phocyt es ar e t ol er ant assayed bot h by MLR and adopt i ve t r ansf er st udi es . These

r esul t s compl ement our pr evi ous obser vat i ons on I NS- I - E t r ansgeni c mi ce ( 12- 14) ,

suggest i ng t hat our concl usi ons may al so be gener al i zed i n some manner t o non-

t r ansgeni c mi ce . That i s, sel f ant i gens may be capabl e of i nduci ng t ol er ance i n T

cel l s by associ at i ng wi t h cl ass I I MHCant i gens on nonl ymphoi d cel l s. The mecha-

ni smf or i nduci ng t hi s t ol er ance i s st i l l uncl ear , but our i n vi t r o st udi es wi t h i sol at ed

I - E + i sl et cel l s f r omI NS- I - E mi ce suggest ed t hat cl onal par al ysi s of T cel l s may be

an i mpor t ant f act or ( 13, 14) . Our second concl usi on i s t hat I - E- expr essi ng par en-

chymal cel l s ar e suscept i bl e t o i mmune dest r uct i on by nont ol er ant T cel l s, but host

T l ymphocyt es can pr ovi de some r esi st ance t o i mmune damage . Thi s r esi st ance i s

pr obabl y di st i nct f r om t he t ol er ance i nduct i on descr i bed above .

I t i s i mpor t ant t o not e t hat t he t r ansgeni c mi ce used i n t he pr esent st udy wer e

devel oped t o addr ess mechani sms of t ol er ance onl y t o nonl ymphoi d or gan- speci f i c

ant i gens, not t o al l sel f ant i gens nor t o i nj ect ed exogenous sol ubl e ant i gens . Our

r esul t s do not conf l i ct wi t h st udi es on t ol er ance t o l ymphoi d sel f ant i gens, whi ch

most l i kel y i nvol ves cl onal del et i on of r eact i ve cel l s i n t he t hymus ( 2- 4) . I n addi t i on,

t he adopt i ve t r ansf er st udi es pr esent ed her e wer e i nt ended t o speci f i cal l y st udy whet her

per i pher al t ol er ance- i nduci ng mechani sms wer e pr esent i n t he t r ansgeni c mi ce t hat

mi ght i nduce t ol er ance i n t r ansf er r ed nont ol er ant Tcel l s . Those st udi es do not neces-

sar i l y bear on t he quest i on of why t he unmani pul at ed t r ansgeni c mi ce wer e t hem-

sel ves al r eady t ol er ant t o t he t r ansgene I - E.

The t r ansgeni c T cel l s wer e act ual l y t ol er ant t o I - E by t wo cr i t er i a . Fi r st , t hey

showed r educed r eact i vi t y i n MLR. Second, t hey wer e f unct i onal l y unabl e t o gener at e

an i mmune r esponse t o I - E+ aci nar cel l s i n vi vo, even af t er i n vi vo pr i mi ng by I - E+

spl een cel l s . Al t hough t he absence of domi nant nonr esponsi veness i s consi st ent wi t h

cl onal del et i on i n t he t hymus, Tcel l s expr essi ng V/ 3 genes associ at ed wi t h r eact i vi t y

t o I - E wer e not del et ed f r om t he T cel l pool , suggest i ng t hat cl onal del et i on di d not

occur .
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Cl onal par al ysi s may be an expl anat i on f or t he per si st ence of pot ent i al l y aut or eact i ve

T cel l s, but i t i s st i l l uncl ear how i t occur s i n vi vo . I t i s possi bl e t hat newl y gener at ed

cel l s f r omt he t hymus ar e mor e suscept i bl e t o par al ysi s, but i t seems unl i kel y t hat

al l of t hese Tcel l s woul d encount er t he t r ansgene I - E expr essed onl y i n t he pancr eas .

Pancr eas dest r uct i on i nduced by Tcel l s i nj ect ed i nt o i r r adi at ed or Tdepl et ed EL- I - E

mi ce cl ear l y show t hat nont ol er ant mat ur e T cel l s ar e not uni ver sal l y suscept i bl e

t o par al ysi s i n vi vo. Thi s i s consi st ent wi t h our pr evi ous obser vat i ons t hat I - E+ i sl et

gr af t s di d not i nduce t ol er ance i n nai ve gr af t r eci pi ent s i n vi vo, nor coul d t hey pr e-

vent i mmune dest r uct i on by I - E- pr i med T cel l s ( 13) .

As not ed pr evi ousl y, i t i s especi al l y per pl exi ng t hat t hymocyt es al so appear ed t o

be t ol er ant despi t e t he absence of det ect abl e I - E i n t he t hymus . Our st udi es appear

t o have r ul ed out t hymus expr essi on of I - E as a cause of t ol er ance i n EL- I - E T cel l s,

si nce EL- I - E mi ce whose t hymus and bone mar r ow had been r epl aced by nont r ans-

geni c t i ssue wer e st i l l t ol er ant t o I - E i n MLR. One possi bl e expl anat i on i s t hat I - E

f r omt he pancr eas was t r anspor t ed back t o t he t hymus ( assumi ng t hat pr ocessed I - E

i s t ol er ogeni c) . Yet i f pr ocessed I - E i s at al l si mi l ar t o nat i ve I - E, we mi ght have

expect ed del et i on of Va17a+ T cel l s .

Al t er nat i vel y, i t may be possi bl e t hat t he t hymocyt e MLRwas pr oduced onl y by

mat ur e T cel l s t hat had r et ur ned t o t he t hymus f r om t he per i pher y. Thus, t r ans-

geni c mat ur e T cel l s may have encount er ed I - E i n t he pancr eas, became par al yzed

t her e, and r et ur ned t o t he t hymi c medul l a . Al t hough ki net i c st udi es suggest t hat

r eci r cul at i on of T cel l s back t o t he t hymus cannot account f or t he maj or i t y of ma-

t ur e phenot ype T cel l s t her e ( 34) , i t has not been det er mi ned whi ch cel l s r espond

i n t hymocyt e MLRs . A number of st udi es have suggest ed t hat T cel l s, especi al l y

act i vat ed cel l s, ar e capabl e of r et ur ni ng t o t he t hymi c medul l a ( 20, 33, 35) , and such

act i vat ed cel l s ar e pr obabl y ver y ef f ect i ve r esponder s i n MLR. Par al yzed cel l s may

r esembl e act i vat ed T cel l s and may be equal l y capabl e of r et ur ni ng t o t he t hymus,

si nce i t has been shown t hat encount er wi t h t ol er ogeni c cl ass I I can st i l l i nduce cel l

vol ume i ncr ease and some l ymphoki ne pr oduct i on ( 26) .

When nont ol er ant T cel l s wer e t r ansf er r ed t o i r r adi at ed or T- depl et ed EL- I - E or

I NS- I - E mi ce, t he I - E` par enchymal t i ssue was dest r oyed . Dest r uct i on was pr ob-

abl y medi at ed by T cel l s t hat wer e pr evi ousl y act i vat ed i n t he nont ol er ant donor

ani mal by an envi r onment al ant i gen i n t he cont ext of sel f I - A ( I - Ab pl us XCom-

pl ex) t hat was cr ossr eact i ve wi t h I - E . Yet nont ol er ant T cel l s i n r eci pi ent s of I NS- I - E

i sl et gr af t s gener al l y i gnor ed t he i sl et s ( 13) , and nont ol er ant cel l s di d not dest r oy

t he pancr eas i n noni r r adi at ed EL- I - E mi ce. T cel l depl et i on exper i ment s ( Tabl e V)

i ndi cat ed t hat host T cel l s wer e r esponsi bl e f or t he r esi st ance t o pancr eas dest r uct i on

i n EL- I - E mi ce . Ts cel l s mi ght be i nvoked t o expl ai n t hi s phenomenon, but numer ous

exper i ment s based on convent i onal i n vi t r o and i n vi vo assays suggest ed t hat r esi s-

t ance i n EL- I - E mi ce i s not mai nt ai ned by speci f i c Ts cel l s . Fi r st , domi nant non-

r esponsi veness coul d not be demonst r at ed i n ei t her i n vi t r o or i n vi vo cel l mi xi ng

exper i ment s . Second, " pr i mi ng" f or suppr essor s di d not r eveal domi nant nonr espon-

si veness . Fi nal l y, nont ol er ant T cel l s i nj ect ed i nt o EL- I - E mi ce can st i l l be act i vat ed

by I - E+ spl een cel l s i n si t u t o dest r oy t he pancr eas, suggest i ng t hat host r esi st ance

can not i nt er f er e wi t h t he speci f i c act i vat i on of nont ol er ant T cel l s t o sel f ant i gens .

We pr opose an al t er nat i ve expl anat i on f or t he appar ent T cel l - medi at ed host r e-

si st ance t o pancr eas dest r uct i on by i nj ect ed nont ol er ant T cel l s . The i nj ect ed non-
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t ol er ant T cel l s wer e pr obabl y di l ut ed by an excess of t ol er ant host T cel l s . Act i ng

as an ef f ect i ve " l ymphoki ne si nk ; ' t hese cel l s coul d absor b l ymphoki nes pr oduced

by t he smal l number of r eact i ve cel l s and modul at e t he i mmune r esponse . Si nce

i mmune r esponses pr obabl y r equi r e t he expansi on and di f f er ent i at i on of T cel l s

t hr ough t he act i on of l ymphoki nes, t he absor pt i on of l ymphoki nes by t ol er ant cel l s

may pr event t he i mmune r esponse f r om devel opi ng. I n any i mmune r esponse t he

vast maj or i t y of T cel l s ar e not speci f i c f or t he ant i gen, so t hi s ef f ect mi ght

nonspeci f i cal l y dampen any i mmune r esponse . However , i t coul d be over come t hr ough

at l east t wo mechani sms . Fi r st , t he pr ecur sor f r equency of r eact i ve cel l s may be hi gh

enough such t hat t he r esponse cannot be damped . Second, t he st i mul us may be en-

hanced by concent r at i ng t he ant i gen i n a LN or by i ncr easi ng t he ef f ect i veness of

t he st i mul at or cel l s ( as wi t h t he i nj ect ed I - E+ spl een cel l s ; Tabl e X) .

The absence of l ymphoki ne absor pt i on capaci t y coul d t hen expl ai n why t i ssue

dest r uct i on occur s i n T- depl et ed or i r r adi at ed host s . Lymphopeni a pr obabl y al l ows

t he devel opment of i mmune r esponses when t he pr ecur sor f r equency t o a par t i cul ar

ant i gen i s ver y l ow and ant i gen pr esent at i on i s subopt i mal . I n t he absence of a l ar ge

number of T cel l s t o absor b excess l ymphoki nes, a smal l number of r eact i ve cel l s

may devel op i nt o ef f ect or cel l s t hr ough aut ocr i ne st i mul at i on.

Obser vat i ons on a number of r odent model s of aut oi mmuni t y t o or gan- speci f i c

ant i gens appear t o f i t wel l i n t hi s cont ext . For exampl e, spont aneous aut oi mmune

di abet es i n t he BB r at i s associ at ed wi t h l ymphopeni a ( 36) . Lymphopeni a i s al so

a maj or f eat ur e of a whol e compl ex of or gan- speci f i c aut oi mmuni t y i nduced by neo-

nat al t hymect omy . Day 3 t hymect omi zed mi ce can devel op a whol e spect r umof spon-

t aneous aut oi mmune di seases i nvol vi ng t he t hyr oi d, gonads, gast r i c mucosa, and

pr ost at e ( 37- 39) . The demonst r at ed abi l i t y t o t r ansf er r esi st ance t o di sease i n t hese

model s mi ght be i nt er pr et ed i n par t as an augment at i on of t he i mmune syst em' s

capaci t y t o absor b l ymphoki nes .

Gi ven t he above hypot hesi s, a number of t est abl e pr edi ct i ons can be made. For

exampl e, t he abi l i t y of cel l s t o conf er r esi st ance t o aut oi mmune dest r uct i on may

best cor r el at e wi t h t hei r capaci t y t o bi nd l ymphoki nes . Par al yzed T cel l s wi t h t he

phenot ype descr i bed by Schwar t z and ot her s ( 25- 27, 29) may be one t ype of cel l

i deal f or t hi s f unct i on, si nce t hese cel l s can r ecogni ze ant i gen, and may r espond by

i ncr easi ng l ymphoki ne r ecept or s . I f speci f i c i mmune r esponses ar e damped by ab-

sor pt i on of l ymphoki nes by T cel l s of i r r el evant speci f i ci t y ( or par al yzed speci f i c cel l s) ,

t hen t he absor bed l ymphoki nes mi ght i nduce a hi gher st at e of act i vat i on i n t he en-

t i r e i mmune syst em. Such a phenomenon has al r eady been descr i bed i n t he case

of neonat al t ol er ance t o l ymphoi d ant i gens ( 40) . Thus, i nj ect i on of nont ol er ant T

cel l s i nt o noni r r adi at ed EL- I - E mi ce may i nduce a gr eat er pr opor t i on of bl ast T

cel l s i n LN dr ai ni ng t he pancr eas . We ar e cur r ent l y addr essi ng t hese possi bi l i t i es .

Summar y

To st udy t he nat ur e of t ol er ance t o ant i gens not expr essed by cel l s of t he l ymphoi d

syst em, expr essi on of cl ass I I MHCI - E was t ar get ed t o t he aci nar cel l s of t he exo-

cr i ne pancr eas i n t r ansgeni c mi ce ( el ast ase [ EL] - I - E) . Despi t e t he absence of det ect -

abl e I - E i n t he t hymus of EL- I - E t r ansgeni c mi ce, bot h t hymocyt es and per i pher al

T l ymphocyt es wer e t ol er ant t o I - E, and t he pancr eas was f r ee of aut oi mmune

i nf i l t r at es . Nont ol er ant T cel l s adopt i vel y t r ansf er r ed i nt o i r r adi at ed or T- depl et ed
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t r ansgeni c mi ce r api dl y dest r oy t he I - E+ component s of t he pancr eas ; however ,

adopt i ve t r ansf er of nont ol er ant T l ymphocyt es i nt o noni r r adi at ed t r ansgeni c mi ce

do not . These r esul t s suggest t hat t ol er ance i n t r ansgeni c mi ce i s mai nt ai ned by some

per i pher al t ol er ance mechani sm. However , f ur t her st udi es i ndi cat e t hat t ol er ance

i n t r ansgeni c mi ce i s not mai nt ai ned by speci f i c Ts cel l s . For exampl e, cel l mi xi ng

exper i ment s bot h i n vi t r o and i n vi vo f ai l t o r eveal domi nant unr esponsi veness . Fur -

t her mor e, nont ol er ant T cel l s i nj ect ed i nt o ot her wi se unmani pul at ed EL- I - E mi ce

can be pr i med i n si t u ( by i nj ect i ons of I - E+ spl een cel l s) t o dest r oy t he I - E + aci nar

cel l s .

We t hank Dr s . H. Qui l l , E. Heber - Kat z, R. Behr i nger , and E. Sandgr en f or hel pf ul di scus-
si ons, Dr . T. Van Wi nkl e f or eval uat i on of hi st ol ogi cal sect i ons, and K. Hughes, M. Avar -
bock, and F. Or am f or exper t t echni cal assi st ance .
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