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ABSTRACÏ

A study of the murine hapten-spæific lgE response to diveræ contæt ænsitizing açnts

wæ un&rteken. Numerous strains with various H-2 haplotypæ end non-H-2 ( bækground)

gÐnæ were "skin palnted" wlth plcryl chlorl& and thelr TNP-spælflc lgE ræponses wene

æsæsed, lt wæ determined that strains with H-2ô,k,s,q andyl haplotypæ on non-B l0
bækgrounds were high lgE ræpon&rs to picryl chlori&. Further, it wæ æen that of the

stralns tæted only CBA^, ( H-2k) mlæ prducd hlgh lgE responffi to æntæt ænsltlzatlon

with NP-0-SUCt and FITC. An exploration of the fine spæificity of the NP-spæific response

revæled that NP-0-SUCC contæt ænsitized miæ æuld be bæsted with NIP-O-SUGt.

Therefore, there is sumætive eviftnæ that the repetoire of lymphocytæ which mdiate the

lgE and inflammatory respons€s to contæt sensitization ene not the æme.

Cell transfer experlments @monstratd that both lymph nñ and splæn ælls from æntæt

ænsitizd &nors æuld doptively transfer the TNP-specific lgE responæ to inrdiated naive

ræipients. This is not the cæe Ín the inflommatory reætion of the contæt ænsitiviÇ

response. Henc€, more evl@næ to deflne dlstlnet lymphætfte populailons for the

inflammatory and lgE rosponsss to c'ontect sensitizstion to picryl chlori& wæ pneratd,

Othen experiments demonstrated that the TNP-spæific lgE ræponæ to æntæt ænsitizetion

with pimyl chloride æuld be boæted by plætic-dherent PEC. These ræults may be

interpreted æ at leæt suggestive evi&næ that a mæroph@-like cell is ræponsible for

preæntlng antipn ln the lnductlon of the lgE response to contæt ænsltlætlon. The l.v.

injection of TNP-derivitized splæn cells wæ determind to suppress the TNP-specific lgE

response to pimyl chloride iri another experiment. Such results mey be viewed æ widence

that T supprææn ælls are lnduclble ln the response. Slmllsrly, the T.v. lnJætion of

eyeìophosphami& (which selætively abolishs T suppressor ælls) enhencd the nesponæ. By

contræt the Í.v. injætion of normal splæn cells enhanced the responæ. The ræults of the

preænt study and their signifiænæ is discussed with a view to determining whether on not the

lgE ræponæ to æntæt ænsitization would sorve as a good mdel for studying the ællulon and

genetlc rEulation of the lgE rffiponse in general.
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INTRODUCTION

l. Delsø Tyoe l-tvoerænsitivlu And contæt sensitivitu Ræoonses.

A, The lnflammatory Ræoonæ ln Dslrved Tyoe l-lvoerænsitivitv and hntæt Sonsiilvitv

Resoonses

Deloyetf type hyperænstilvtty (dtn) ts a T æll-medlated lmmune response whlch lærb to

inflammotion ( lmaliæd redness, swelling and paln) 24-49 hours after antiçn (fo) chollenæ.

Oontact ænsitivity is a form of dth which murs when an anlmol com€s into repæted contæt

through skin or mucæal surfm with a chemical æpable of æupling to lts proteins. As wlth all

other typæ of dth, æntæt sensltlzatlon was onoe cfianæterlæd by a slngle pæk of lnflamma¡on

lnitiated by,t-specific ond H-2 rætricted lymphokine seretirç T calls (T¡¡) which @peûr

3-4 days after antiçn ssnsitiætion [ | ]. When thæ T cells erpq.¡nter anüpn in ææiation

with H-2 determinants 0n Antigsn Preæntlng Cells (APC) [ | ] ( ln all probobillty Langenhan's

ælls [2-3J ), ths/ særete lymphoklnæ [ lJ whlch ln turn, attræt wrüçn non-spælflc

circulating monoq¡tæ to the challenge site. Finolly, the monælftæ which hwe differentiated

lnto ætivated mærophqæ [4J inFt the ùbris and other dæd ilssue.

Although it wæ originolly thought thot dth wæ effocted by o single subpopulation of T

ælls, m &srlbs, abore, Askenæ and von Loveren [ | j discuyerd thût dth is ætually o

biphasic phenomenon ænsisting of both ærly, and more pronouncd late phææ, which pæk 2

and24-48 houns after antigen challengs, ræpectively. For example, in the æntæt sansltivity

responss to picryl chloride (PCl), the biphæic reæ'tion is mediated in part by two distinct

subpopulations sf T cslls (æa Figure I ) [5-6]. Tte first subpopulatioì, Tpclf, appeors in the

lymph nodæ and splæn l-2 6Æ after optimol ænsitiætion with ptcryl chlorift t6l ard
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Figure I : A schematic representation of the steps involvd in the elicitstion of contæt

ssnsitivity responses to "skin pointing" with picryl chlonide ( modified from I I J).

( I ) Subsequent to contæt ænsitiætion with PCl, T

ganerated in the lymph nofts end spleon

pclf cells (which relæ PCLF) o¡'e

( 2) PCLF is dispersed throughout the body by the bloodstræm

( 5) PCLF blnds to and theneby ænsitlzæ mæt ælls

( 4) Upon antiçn chollenç, mæt ceìl bound PCLF is cræs-linked by antiçn

(5) l1æt ælls degranulate

( 6) Hæt cells specifiæìly releæ serotonin ( SHT), but not histamirp

( 7) Libenatd ærotonin æts on the ærotonin reæptors of the entthelial ælls of

pætcepillary venules

(8) frps form betwæn enôthelial ælls

( 9) TNP-specific T1¡ ( lymphokine særeting) ælls enter the extnavascular spæe

( lO) f ¡¡ ræogniæ la ônd TNP determinonts on APCs ( probsbly Lonçrhan's ælls)

( I I ) Ttk relæ antiçn non-spæific lymphokinæ

( l2) The liberotd lymphokines attræt antiçn-spæific and antiçn non-spæific

leukoqftes.
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ssrotes an antigsn-specific T æll fætor ( PCLF) which binds to tissue mæt calls [ | J.

Crm-linking of bound PCLF with antigen induces the reìææ of ærotonin and, subsqwntly

æntrætlon of and gap formation betwæn neighbourlng endotheliol ælls I I ]. As a ræult,

circulating leukæytæ are then oble to enter the extraraæulsr spffi and mdiote the

lnflammatory ræctlon æ ffirlbd prevtously. Cumently, lt ls not lrnCIrn whether Tps¡¡ dìd

T¡¡ are distinct mature clones, or merely different stæs of a single æll lineage [6].

Collætlvely, these ræults supt that o small molæular welght T æll product, PCLF,

circulatæ through the vmular and extrwæculor spæ to initiote the dth reætion.

Subquently, very far ontipn-spæific T ælls potentiate this ræponæ; henæ, the overell

mæhonism leuJing to inflammation is extremely efficient.

Ray et al [7] have recently shown that lgE may also make a æntrlbutlon to the

inflammotory response. Thus, they ümonstrated thot miæ, which hd bæn pæsively

ssnsitiæd with 2,4-dinitnopherryl ( DNP)-spæific monælonal lgt antibodiæ, darcloped

inflommotion upon epicutaneous challenç with I -fluoro'2,4-dinitrobenæne ( DNFB). The

laE na¡ttataá ^r,\{\tt^, tl¡a **a L¡ã^t¡¡a ^^ rÈ¡ ..^..^r I 
-rr 

¡-¡,.-, r^-¿¡^- --J...^^rgf.-ilrq.¡lorq¡.f Gr¡rullw nÃilrurrnu ulB ÐilrE ÁillEt ¡rdr (Þ Lilg uìruol I t/ìíil tÍluuuü,¡ I-ttu.;UUIl õilu wtÊt

c'haræterid by mononuclær æll infiltratæ. ln addition, pmively ænsitiæd athymic

(nu/nu) miæ did not davelop a reætion on challenç with DNFB, which indiæted a strong T æll

ùpendeney. lgt alæ required an intæt Fc portion; præumably to bind to Fc. ræptors (which

are spæific for the Fc portion of the lgE molæule) 0n me 0r more æll typæ.

The signifiænæ of simultanæus lgE and PCLF*mediated dth ls somewhat abstruæ.

Although, both ræponsæ âre mænmpiælly indistingushable, there may be pertinent

dlfferencæ. For instanæ [ | ], tle ællular lnfiltrate mmpanying ths lgE induced responss

appæred to be rlcher in eæinophilæ. Furthermore the PCLF and lgE-generatd responses mð/

ha*e bæn medioted by distinct typæ of effætor ælls, sinæ, for example, experiments using
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mæt csll deficlent mics (W/Wv anO SllSìd) demonstrated that mæt ælls were nquired in ttp

former, but not the lotter [8-9]. ln oültion, antiçn crm-linking of bound PCLF inducd the

ælætlve relææ of serotonln, whlle antlçn mæs-linklng of bound lgE promotd the reìæse of

ærotonin and other vmtive aminæ [ I J. Beæuæ of tlpse differencæ, it is ænæivable thot

the PCLF and lgE-mediated rmtions might be complementary q/stems which insure an

inflammatory ræponse in the totoì or partial obserpe of the other.

B. _The lnduction 0f Del6/ed Tvoe l'Voerænsitivityond Contæt Sensitivitv Ræoonsss

Animols which have bæn sansitizd with a hapten-carrier ænjupte produæ a secondary

dth ræponse to the hapten only upon challenge with the æmplete ænsitizing ænjuçte I l0- I I ]

This "ærrier-spæificity" sugæsts that the induction of dth requlres some form of ællular

cæperation. Substantial eviônæ irdiætæ that dth is, in fæt, regulated by T helper and T

suppresoor calls.

Afuptlve transfer of dth to soluble proteln ontlçns, ærtaln mlcroÞlaì or vlral antlgens

and some haptens requiræ l-A identity betwæn donor ard ræipient I l2J, while dth ræponsæ

to other haptens ore rætricted to K, D and I region idantitiæ [ l2]. bntæt ænsitiærs

indismiminateìy modifo æll surfæe æmponents including K, I and D antiçns thereby inducing

Lyl +2- 
Tcs (T ælls whieh can edoptively transfer the contæt ænsitiviÇ ræponæ) rætricted

to I rEion æmpatibility and Lyl -2* To rætricted to K and/or D determinants I l2J,

Animals can be rendened æntact sansitive by "skin painting", inJætion of chemically

conjugoted cells or intravenous ( i.v.) injection of various rætive compounds. lndicative of the

complex antl ænsltïve regulatory mæhanisms un&rlylng the contæt ænsitivity and &layed

type hypenænsitivity responses, is the deliæte balanæ betwæn response and induction of
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toleranæ, For example, subcutanæus (s.c.) injætion of TNP-modified syngeneic spleen calls

( TNP-SC) favors o TNP-spæific dth nesponss I I 3J , while i.v. injection of the same modified

ælls usually çneratæ toleranæ to TNP [ 1.1].

Reæntly, it hæ bæn demonstroted that the induction of T61¡ requiræ an Ag-spæific T

helper æll (Th6¡), These helper ælls ore Thy I + 
[ l5], t-R* [ l5], Ly f 2- Ll Sl and

rdioræistont I l6]. lt hæ furthen bæn shsúvn that the ælls which induæ Th61¡ bær I region

detenminsnts t l5J. The role of Th¿1¡ in the lnduction of T6¡ effector cells may be enalogous to

the function of T helper ælls in triffiring the B ælls of the humoral ræponæ. llore

spæiflælly, pre-T4¡ may beæme tolerlzed upon encounter with entlçn unless stimulated by

ThAf,. The phenomenon 0f "csrrier-spæificity" in dth might be explained by the e/idenæ which

lndicatæ that in onder to cæpenõte with T61¡, both Th6¡ and T61¡must recogniæ detenminsnts

on the same antigen I l6].

Lyl + 2- , l-A* , l-J- ælls (cheræteristic of T helper ælls) obtained from wrtæt sansitiæd

miæ produæ a æluble fæton in vitro (ThFcs) which æn spæifiælly potentiate the æntæt

sensitiviÇ responss I l7]. lt hæ bæn proposed that ThFo may æt bry binding to haptenated

ælls via its antipn-binding slte snd augmenting the immune ræponse by virtue of its l-A

üterminants ( in effæt mloting entlçn with l-A determinants) t l7l. Alternatively, ThFo

may bind to APCs and thereby enable the APCs to releose non-spæific mediotons upon contæt

with antlçn ln the æntext of maJor hlstmmpatlbillty æmplex ( mHC) determlnants I I 7]. A

subpopulotion of T calls (Tprlf) which proliferate upon reexposure to antigen unutrg æn be

lsolatd from dth primed miæ [ l5]. lt hæ bæn spæulatd that Lyl n2-, l-A* Tprlr I t 5] are
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lftntlcôì to Th61¡. Howerrer, some Bvlænæ suggests that Tprlf are less senslilve t0 the effæts

of antiçn-spæific Ts ælls, than Th61¡ [ I Bl.

C. The Regulatlon ûf Delsved Tvpe l'lyoersnsitivitv and Contæt Sensitivitv Ræoonsæ

Numerous studiæ indicate thot humorol I l9], helper T cell [20-21], cytotoxic T æ'lì

122-231, prollferatlve T æll Í24-251, contæt ænsltlætlon [ 19,26J and dth responses

I I 9,26] are ræulotd by Ag-spæific T suppressor ( Ts) ælls. Howe/er, partially becauæ

various remrchers have examined diveræ models of Ts æll induction to numerous antiçns, no

comprahensive Ï cell circuit hæ been propoeed which incorponatæ alt available doto.

Nevertheless, Ts æll clrcults tlo exlst in the æntæt ænsttlvtty responses to NP ( perhops the

bæt understood system to date) and TNP (the qfstem mæt relevant to this study) and theæ

circuits sppær to ha¡e æme sìmilarities.

The æntact ænsitivity responæ to NP ond TNP ha¿e bæn extensively studied and found to

hC fgllrlalnrl tnr dlclin¡t clthnnn¡rl¡llnnc nf T annnnæmn mllo /æ F{a¡¡¡æ t an¡r z\ E^^r.euelrvPstvrrerrs vr I esPPl wl lJ€¡lù \atCC, I lgul Eù ¿ OllU Jr. Lcl,ill

subpopulation of ælls ( spæific for either antigen) osn be charæteriæd by ( i ) binding

spæificity (Ag on idiotype), ( ii) surfæ phenotype, ( iii) gsnetic rætrictions ( tt-2 or lgh) of

the cells or T suppressor æll derived fætors ( TsF) and ( iv) the stæe ( induction or effætor) of

the æntæt ænsitivity responss the ælls modulate. Desmiptlons of theæ T æll subpopula¡ons,

the fætors they æmete, and the rolæ the ælls and their fætors pls/ in the regulation of the

æntæt sensitiviÇ responss ere briefìy presanted belorr.
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Figure 2: Schematic repræentation of the T suppnessor cells which regulate the dth ond æntæt

sensitivity responses to NP.

( l) Antigen stimulotion induces Ts¡ cells

( 2) Ts 1 ælls releæ TsF 
¡

( 3) TsF I prompts pre-Ts2 çs¡¡s ( pTs2) to mstune into Ts2

( 4) llature Ts2 ælls releæ TsF2

( 5) TsF2 prompts pre-Tsg ( pTsg) ælls to mature into Tsg cells

(6) llature Ts3 ælls relæ NP-spæific TsF3

( 7) TsFg binß to ontigen non-spæific Tm cells

( E) NP in assmiation with l-J products moss-link Tm bound TsFS

( 9) Tacc releæ non-spæific inhibition fætors ( nslNH) which suppress the efferent and

offerent limbs of the dth and æntæt ænsitiviÇ responæ



^¡T 
tctfi stilstlttATtot

I
I
I
I

l.J dct
(r I ÂG o ¡.¡

15,

y/ t"
(3t

Tt
(c¡c-t
rD

(¡ +*
(tt

(2¡
IhF

lt oct

o

ccT.



ll

Figure 3: Schemetic repræentation of the T suppressor ælls involved in the rEulotion of the

dth ond contæt sensitivity responses to TNP

( l) Antiçn ænsitiætion induæs Tsu¡¡ ælls

( 2) Tsu¡1 blæk the affenent limb of the ræponm by inhibiting the neleæe of ThF by ThOtf,

( 3) Antiçn sensitization slso induces Tsr¡¡, honrwer unìike the induction of Tsu¡1, Tsr¡¡

induction require Ag in the context of l-J determinants

(4) Tsrn nelffi antigen-spæific TsF

( 5) TsF binds to ontiçn non-spæific Tm

(6) Antipn in mistion with l-J determinants crm-link Tm-bound TsF

( 7) Tæ release non-specific inhibition fætors ( nslNH) which inhibits both the efferent end

efferent limbs of the dth ond contæt ænsitivity responsæ.
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D. The Requlation of Dela¡ed Tvoe l'lvoerssnsill$ly snd Contæt S€nsitivitv Responsss To NP

A T æìl (Ts1 ) whicn æn impede the induction of dth to NP in naive ræipients [27] hæ

bæn isolated from mice inJætd prwiously with NP-æupled spìeen calìs [ 19,28]. Ts¡ (see

Figure 2) ore oenerated by the injætion of NP-æupled splæn ælls [27] , l-J+ [29],

Lyl+ 2- [29] , expræ idiotypæ which mæs-ræt with lgV idiotypes [29] End bær antigen

binding reæptors t271. l-lybriûmæ of NP or aæbenæne anænote (ABA)-spæific Ts¡ ælls

have also bæn çnerated. Furthermore theæ hybrltbmæ yleltÞd TsF whlch were l-*J+ ,

idiotype+, lg- and which possesssd ontiæn binding sitæ [50-31 ].

TsF¡ ætsbyrærultlngosecondsubpopulatlonolTsælls(Ts2) (seeFlgureZ) [30-51]

pæsibly by helping pre-Ts2 ælls mature into Ts2 t52J. While TsF 1 is not H-Z-rætrictd, it

appears to be lgh-V-rætricted becauæ the Ts2 ælls it induæs are lgh-V-restricted [51]. At

loæt one trybriúmo-derived TsF ¡ wæ able to suppress both ploque forming cell (PFC) and

T æll-mediated æntæt ænsitivity responses through a smnd subpopulatlon of Ts (Ts2) [321.

As dæmibd Ebwe, NP-spæific TsF ¡ induæs the ætivation of Ts2 æìls, which in turn

carì suppress the effætor stry of dth, æntæt sensltlvtty and PFC responsss ISO-St ]. ln

dition, Ts2 ane functionally restricted by the l-J çnotype of the plastic-drerent, Ttryl -

Fætor Præenting Cell ( FPC) t 331 ( probably a mærophry) upon which TsF 1 must blntl tn

order to ræruit Ts2. Ts2 are lgh-rætrictd t34-351 , lv?* t34-351, l-J+ [5a-35] arul

bær anti-idiotype receptors [56-57] which may æt æ a bridge to interæt with Ag-spæific,

idiotype pæitive Ts¡ ond Tsg cells [33J. Similarly, one furrctionolly NP-specific hybriômo

hæ bæn shourn to be ontiidiotypic, l-J+ and to særete an l-J+, lgh-rætricted suppressor
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fætor (TsF2) [3S).

Alth0ugh Ts3 are induced upon ontigen stimuìstion (sæ Figure 2), they remoin inætive

until further stimulatd by Ts2 or TsF2 [39] ln a lgh-rætrictd manner. [40]. ln dth

responses to NP snd ABA, Tsg ore antiçn-specific [39,4 t J , bind ontiçn [39,4 I I , Ly2+

[41]. Ts3suppræstheefferentstryof thelmmuneresponse[,42J tnanH-2]-rætricted

manner [39]. The ontiçn presenting cells (APC) which induce the third subpopulotion of Ts

(Ts3) are plætlc-adherent [ 19,43], Ttìyl - [ 19,43], phegoq¡tic [ 19,4J], FcR+ [ 19,4J],

t-A+ [44] ond t-*J+ [45-46],

A soluble suppnessor fætor' (TsF3) (sæ Figure 2) hæ bæn isolatd from a NP-spæific

Tsg trybriftma I421. ln addition, a pre-Tsg-derived hybridoma hæ bæn shswn to æntein

rytoplæmic TsFS whieh is not secneted until the ælls are stimulated by TsF2 [a7J. TsFg binß

to ontiçn [ 42J , is l-J+ [ 42J ond restrieted to the l-rJ çnotype of the APC which indud Tsg

[4S]. Np-spælflc TsFg Ia9l {stmllar to Koyhole llmpet hemocyanln (KlH)-spælflc TsFg

ISO-Sl]] iscomposedof 2 cheins t32l (i) o 28 KDa, l-J+ chsin ond (ii) a 35-45 KDoAg

binding chein. ln æntæt ænsitivity TsFg æt upon æessory T ælls (Tæ) (see Figure 2)

I I 9], while B ælls sorve æ the diræt or indiræt taræt in the humoral ræponæ [32].
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E. The Rsçulotion 0f Delsved Tvoe l'lvpsrssnsitivitv And Contæt Sonsitivitv Ræoonsss To TNP

A sut¡populotion of Ts ælls ( Tsu¡) which suppresses the induction ( or afferent) stw of

dth ond æntæt ænsitivity to TNP æn be lælated from miæ "painted" with piryl chloriû or

injæted i.v. with TNP-modified spleen ælls [52]. Tsu¡¡seem to be anologous to Ts¡ in the

NP-spæific rystem, Thus, both Tsry¡ blntl to ontigen (see Flgure 3) antl both are Lyl +2-

[53]. ln dition, both afferent-æting Ts cells con be distingished from their efferent-æting

æunterparts by thelr rælstanæ to dult thymectomy and ænsltlvlty to cyclophæphomlæ

treotmentgivenpriortoimmuniætion[54]. Howsúer,unlikeNP-specificTs¡,thereissome

eridenæ t0lndiæte that TNP-spæiflc Tsr¡¡ may not induæ an efferent-æting Ts, but rather æt

directly by blæking the production of Ag-specific T helper foctor ( ThF ).

A subpopuìation of Ts cells ( Tsrl¡) which spæifiælly suppress the efferent limb of dth to

TNP ore similor to NP-specific Tsg both in ætion and furnction. For example, both cells ore

Lyz+ [34,55J, l-J+ [34J and bind antipn spæifically [42,56]. ln oddition, both

efferent-æting Ts cells are induced by antiçn in the context of l-J determinants (Ag + l-.J)

[48,57J and releæe an l-,J rætrictetl suppr€rnor fætor (TsF) (sæ Figure 3) t5S].

Neverthelæs, dæpite the similanitiæ betwæn the NP and TNP-spæific q¡stems there is

still sme confusion ænærning the production of TsFs. One T call-&rived suppræsor factor

ôppears to be relæsed by a trybridomo derived from a single T cell [32,50], while other TsFs

erecompMof subunlts llberatedfrom two0r moreT æll subpopulailons I59-62J.

NP-spæific TsFs are æmpæed of at leost two typæ of polypeptide chaìns; ( i) on Ag binding

chain (TsFv) and (ii) on l-J+ chain [32,49].

TNP-spæific TsFu11 ( T suppræsor æll-derived fætor spæific fon effætor stry of

æntæt ænsitiætion ræponæ) appeans to ænsist of at lmt two seroìqiælly distinct
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components, TNBS-F snd PCLF [63]. TNBS-F hæ e molecular wiEht of SS-7S KDa [60] end

is produced úy Ly?r, l-.J* T ælls [5g] wnicfr can be iæleted fnom mice prwiously injectd

l.v. wlthTNBS[59]. Theseændfætor,PCLF,lssemetedbyLyl*,1-.J-TællsISg,64J

obtained fnom miæ "skin painted" with picryl chloride. ln its oligomeric form PCLF æmbinæ

with TNBS-F to form TNP-spæific TsF [64]. By æntræt, in its monomeric fonm

(l*1W = 70 KDo) PCLF can pæively contæt sensitize miæ to TNP IB-9] (see poge 2). Thus,

it appærs that the multimeric stote of PCLF fttenmlnæ lts role ln the immune response.

The final æll in the TNP-spæific suppressor tM is theAg non-spæific T acæpton

æll (Tæc) which requinesantiçn sensitiætion (non-spæific) [65J for induction. Taccare

l-,J+, Lyl-2+, Fc+ andATx ond C!-sensitive [65-66]. When Ag-spæific, TsF molæules ore

bound to Tm cells and subæquently ross-linked by antigen in the æntext of r-J [67] , Tæc

nelme non-spæific inhibitons ( nslNH), Evi&næ indiætæ that ontigen and l-J determinants

are recognized separately by Taæ bound TsF [67].

The non-spæific inhibition foctors ( nslNH), which haye bæn demonstrated to suppræs

the afferent and efferent stogæ of rlth ln an ontlçn non-spælîlc manner, ane ldenfiæ|, or at

lmt very similar. Both ore l-*J+ , derivd from T* cells, have o l4w of s0-60 KDa ond

possss a pl = 6.8 [Sg]. fhe tangets end mæhanisms of nslNH hareyet to be determind but

should prove to be of considenable interest,
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ll. ThelroductiouAnd ReguletlerclloE

lgE production monifæts ss/enel unique fætunæ. For exomple, lgE ontibodies ore

nonmalìy malntalned Et veny low ærum conæntratlons (¡glml) ln æmparlæn to the ærum

lwels of the sther classæ of immunoglobulins (e.9. lg0 at mg/mì) [69]. Secondly, antigens

which nonmolìy prwoke o vigorous lgE ræponse are usuolly distinct from conventionol ontiçns

[70J. Thus, pollen, fungi, food allerpns ond panæltlc worms all ellclt pronounced lwels of lgE

synthæis while bæterie and vinusæ, which stimulate effætive lg0 and lgM ræponm, t not

normally induce signifiænt lgE formation [70J. A third distinctive fæture of the lgE ræponse

is thot it murs in the muæso of the gætrointestinol ond ræpirotory træts where lgE

antibdiæ æn be mæt effætTve apinst the stlmuli thot often lnduæ the lgt ræponsæ [70J.

Thus, lgt æn be consiôrd to be a særetory immunoglobulin.

The lgE responss is also strikingly tlrymus dependent. For exemple, ænçnitally athymic

( nu/nu) mice must be injected with histmmpotible ttrymoq¡tes in orden to darelop significant

lgEtlters[71J. Stmtlarly,hopten-prlmedBællsrequlrethepreænæofsynçnelc

ænrier-primed T eells to produæ a seændary úptive lgE ræponæ upon chollenç with a

hapten-carrier conj uçte 1,7 21.

lgE responder miæ produæ persistent lgE responæs to luúr Oosæ (¡g) of ontiçn, but only

tronsient lgE ræponæs to high ffi of antiæn [73]. To elucidate the mæhanisms underlying

theæ phenomeno, Tomura ond lshlæko [75J lmmunlæd dlfferent groups of BDF 1 mlæ wlth

sversl dws of ontipn and found that their T suppressor cell and B memory cell ætivitiæ

lnmeased wlth ontlçn doæ. Thus, the tronslent noture of the lgt response to the hlgher úæs of

antiçn oppæred to be due, at leæt in part, to the çnerotion of Ag-spæific T suppressor ælls.

The lgE responæ alæ appærs to be more sensitive to T cell rqulation than the lg0

response. For instsnæ, the ratio of the anti-hapten lgE responæ generoted by ærrier-pnimed

splæn ælls in irrdlated úptlve ræiplent mice, 0s compared to the ræponæ ln the intæt
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primd donor mlæ, ( lgE lrnediated rælpient/ lgE unirradiated donor) is much græter than the

¡otio of the onalogous lg0 ræponsæ ( lg0 irrdioted recipient/ lS unimodioted donor) [74].

ïhese ræults sugpst a much stricter control of lgE vs lñ synthæls by regulating ælls ln the

normol ( unirrdiated) ræipients than the irrodiated rælpients,

ïwo thæniæ have bæn tenderd to explain the diverçnt sensitivitiæ of the lgE and lg0

responss to T æll regulation: ( i) B ælls æmmittd to lgE vs lg0 production differ in their

ænsltlvltlæ to T æll regulation; ( li) lg0 antf lgE responses are gorernd by distlnct

subpopulations of clm-spæific T ælls.

B lymphoqftes utiliæ s membrane form of immunoglobulin ( m- lg) to ærve æ recaptor

fm Ag [75-77]. 0ften, two or more clæses of these m-lg receptors, which monifest identical

Ag-spæiflclty [ 7S- 791 and light chain isotype ISOJ , are expressed æntemporanæusly on the

æll surfæ. For example, the væt majority of mature B cells bær both m-lgM (m-p) anO

m-lgD(m-¡) [8]-S5],butminorpopulotionsof Bcellsolsoexpræs m-lg0(m-y) [S4],

m-lgE (m-e) [85] or m-lgA(m-a) [86-87]. Asdiscus$belor,theexpressionof agiven

isotype 0n o B cell may reflect the precommitment of the cell's clonal prqerry to the særetion of

a partlcular lsotype ofontlbody.

Splæn fæusing æsrys can be used to chonæteriæ the iætypæ produd by the

ffindents of a single Ag-stimulatd B æll. With the aid of this technique, Oearhant et al [ 88]

demonstnated that ¡rtÉ B ælls are multipotentiol with regards to immunoglobutin isotype. By

æntræt, there is some sri*næ to indiæte that some B ælls ms/ be prmmmitted to wrete

antibodiæ of a given clæ. For example, both CBA/N and ( CBA/N X Balb/c)F I male miæ

produce phæphorylcholine ( P0)-specific ( T I 5 isotype+ ) lgE ontibodies but no P0-specific lg0

antlbotllæ upon prlmary lmmunlætlon wlth PC-KLH [09]. fnus, lt appær's that at lmt some

of the B ælls prmmmitted to lgE production are darivd from a subæt distinct from thm

præommitted to produæ lS. The precunsors of the P0-spæific lgE producing cell were, in
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fæt, leter shswn to be ¡rtu+B ælls [89]. Henca, F+/T, p*t-d and ¡r#-o+ B ælls mey be

precommlttd to srete lg0, lgE and lg{ ontlbodiæ, ræpæilvely.

Mongini et al [90] examined the influenæ of T lymphoqftæ on B æll clæs-svitching.

Their ræults suggested that the temporal onder of appesrance of various lS subclæ on the

progeny of ¡r+ B ælls stimuloted by TNP-Fiæll in the obsence of T cells, corræponûd directly

to the 5' to 3' lg0¡ çne onden. By controst, p* B cells, in the presenæ of T ceìls, appeared to

beabletodifferentiatedirætly,endbyindependentpathwq¡s, into¡/1f, F#-e+endpd-a+B

ælls. C0llætlvely these ræults suggest lgE productlon mr/ be r4ulatd by thræ distinct and

sequentiel mæhanisms, which controì ( i) class switching of ¡fl-d and/or F#-T+ B ælls into

d-r*n calls, ( ii) proìiferotion of d-s* cells, and ( iii) differentiotion of mature ¡rd-e+ B cells

into lgE-semeting plæma ælls.

Some streins of miæ, including the SJL sndAKR stroins, ere noteworthy beæuæ they

typiælly produæ nemorkobly wæk lgE responses concomitantly with normol ontiboúy

responses of the other lsotypæ [ 9l ], ¡towever, even theæ "so-ælled" lgE non-ræponcÞr

al¡aina I laE\lFt \ ¡lam¡¡a.¡a¡a lria}. ¡¡¡l ^^^^:^l^-¡ l^r ^-¡:L^-¡ t-rt-...:-- r--.- r---ùU qrf rù \ llJLltn, LEtlruilÐu srtr ilrgil or¡u ptrr ÞrÞrtrilt rgc oilUu|.tly I'ttrpull:r*t lull{,JwlfllJ lÍ,rw IIFE

irradiation; treotment with Cy , or injection of anti-lymphm¡te ssrum (ALS) [92].

lloreorer, the enhanced lgE antibody repons€s are selætively abolished by the injætion of

hlstæompatlble normal splæn ælls (NSC) [92] or ttrymoq¡tæ. Henæ, lt appærs thatAKR and

$JL miæ are pæn lgE ræponders by virtue of a putative and innate closs-spæific suppressor T

æll subpopulation and nst bmuæ of a çnetic inæpæity to produæ lgE.

Recently, æveral investigtors herve demonstrated thot thene ore, in fæt, specific

subpopulations of T cslls ( T.) which can negulate the lgE responæ in a cìass-spæific and

entiçn non-spæific fæhion. These Te cells express ræptors for the Fe portion of lg ( FcR) end

secnete two fsnms of lgE binding fætons ( IgEBF); thæ whieh potentiate lgE pnduction
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( lgE Potentiation Fætor; IgEPF) [93] ond thw which suppress lgE production ( lgE

Suppression Fæton; I9ESF) [94]. T ælls, which ore isoloted from rats I days ofter infection

wlth the helmlnth Nlopætrono¿lus bnælllensls ( Nþ) (T cells wlth low lweìs of FcR spælflc for

lgE ( Fc$)) ond subsequently stimuloted with lgE, produce lgtSF, while T ceììs isoloted I 4 dq/s

after Nb infætion (T ælls bearing higher levels of Fc.R) end then stimulated with lgE secrete

IgEPF [95]. T ælls from immunized rats olso æmete lgE-reguloting fætors upon reexpæure to

entiçn in vitro IgS]. f ne choice of edjuvant used in immuniætion, however, hes a striking

effect on the relative amounts of IgESF ond IgEPF producd. ln view of the fæt that the djuvant

Aì(0H)g genenally enhances the lgE response in vivo, whereæ Fneunds Complete Adjuvant

( FCA) markedly suppresses the lgE responso, it is of interæt that T ælls isolated from rats

immuniæd with KLH in Al(0H)g produæ predominôntly I9EPF upon ræxposure to KLH, while T

cells isoloted from rots sensitized with KLH in FCA serete primarily IgESF [95-96]. The

preæetllng obærvatlons lndlcate that lgEBFs ms/ plr/ a slgnlflænt role ln the class-spælflc

regulation of lgE.

Both IgEPF and IgESF ere lgEBFs and there is wi&nce to indicate that IgEPF is simply a

more extensively glycæ,yloted fonm of I9ESF [97J. StuCles hare shown that the glycosylotion of

IgESF ts r4uloted by two ditionol fætors; one which enhonæs the glycæylation of IgEBF [96J

(Olycosylation Enhanæment Fætor; OEF) and the other whieh inhibits this gtycæylation [96]

(0lycæylation lnhibition Fætor; OlF). Henæ, the belenæ betwæn IgEPF and lgtSF formation

is dependent upon the reletive la/els of OEF and 0lF.

Reænt studiæ hare suggæted that clæs-speclfic and sntipn-spælfic T suppræsor ælls

mey æt synengistiælly to regulate the lgE response. Thus, ovelbumin (04) can stimulate

0A-specific Lyl+ T helper cells from 0A suppressed mice, to releæ a fætor ( lnduær Fætor;

lF) which, in turn induces the neleæe of lgEBF. 0A alæ provokæ 0A-spæific Lyz+ , l-J+
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T suppressor ælls to særete 0lF [98], ln æmbination, these two fætors stimuìote unprimed

Lyl + 
T cells to relææ lgtSF [98]. By æntræt, 0A æn silmulate OA-primed T helper ælls

( Lyl * ), from 0A primd miæ, to særete lgtBF ond OEF which, togsthen, induæ unprimed T

ælls ( Lyl + ) to form IgEPF [99J,
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lll, lr 0eneControl0f The hmunsResponss

A, Oeneral Considenotions

lr genæ ane the çnetic elements which control the ability of animals to ræpond to ærtain

antiçns, All immune responses to T dependent (T6) antigens (e.g, humorol ræponæs to T6

antipns, dth, helpenTcell,proliferativeTcall, Ag-specificrytotoxicTcsllandcontæt

ænsitivityræponsæ) sreun&r lrFnecontrol,whileresponsestoT inftpenftnt(T1) antipns

(e.9, humorel ræponses to T¡ Ags, are not [ 100- 102]. lr gene pnoducts ( la Aæ) play an

esæntial role in the preæntation of antigen to unprimed T ælls by mærophffi t 103- l05J and

the induction of B ælls by induær T ælls (sæ Figure 4) [ 103- 104J. Evi&næ that the

immune response is under çnetic æntrol æme from the obærvation thot the ability of outbred

gulnæ plç to protluæ dth or antlb@ responses to slmple peptldes æultl be mapped to o slngte

çnetic læus [ 106- 107]. ln the mouæ the lr çnæ hare bæn mapped to the l-A and l-E

subregions of the H-2 complex [ 100] (æe Figure S).

lo Ags ore composed of 2 polypeptide choins (a ond F) encûftd by either Ec ond Ep or Aa

--l AÀ ----^ f -^- F:-,--- F\ ? . 
^t 

. A ¡lëiluÄpgtsnEs\s8ertgureÐ/[tuJ-tu9J, rnecomptetetSmoteculæSreloundembetrdinthe

plæma membrane of mærophç ard B ælls (sæ Figure S) ond æem to function by presenting

0ntiçn ln context with ælf-determinants IlOS- 104J. lt hæyet to be resolvd, however,

whether T ælls recogniæ antiçn md la êterminants by two distinct reæptors ( Dual Reæptor

llodel) or by e single ræptor (Altsred-Self Nodsl) spæific for a æmbination of antigen and le

determinonts (sæ Figure 6).

Thræ mo&ls hare bæn proposed to explaln hou¡ lr çnæ control the lmmune r€spgnsg:

( i) the Determinant Selætion llo&.|, ( li) the A&ptive Differentiation È10ftt ond

( iii) the lrductisn of Ts l*10tr1. Eæh of these models and some of the widenæ which supports

it ore briefly examined below.
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B. The Determinant S€ìoction Mo&l

Originoìly proposed by Benæerrof I l0Sl the determinont ælection model of lr çne

æntroì allegæ that immune non-responsiveness murs becauæ mærophagæ of the

non-responder strain ore unable to preænt the ftterminants of the antiçn in quætion in on

immunogenic form to T cslls. Evidenæ in support of this model stems from studies of the ebility

of guinæ piç to ræpond to pork insulin I I 09- I I 0]. The insulin molecule is compæed of two

chalns (a ond Þ). lt wæ shown that Straln A gulnæ plgs were able to mount 0n lmmune response

to the c chain of the insulin while being unræponsive to the p chain. By contræt, Strain B

gulnm pl6 ræponffi to the p chaln and were tolerant t0 the a chaln. Thus, the preædlng

obærvations indicate that animals with different lr çnes recognize distinct antigen

daterminonts on the some molecule.

C. The Adaotive Differentiation Model

The úptive differentiation mdeì propostrl that the defæt in non-responder miæ lies

wlth the lnablllty of T ælls to ræpond to ærtaln la Ag plus forelgn Ag comblnatlons. One

vension of this model æsumæ that æ stem ælìs differentiate in the thymus emergino

thymæytæ with a high affinity for either salf la or Iautologous Ag + self le Ag] are depleted,

which cneotes a læuna in the T ceìl repertoire. l'lonce, if these T ælls, inclu& o populotion

whlch would normally ræpond to a glven forelgn antlçn ln ffiælatlon wlth ælf la Ag, the

animal is left unræponsive to that panticular antigen.

Comoborotive aúiùnæ for the adaptive differentiation mdì stems from experiments

using irrodiotion bone marrorv chimeric mice I I I I J. Thesa onimals ore creoted by injecting T

æll rþpletd bone marrow ælls from mlæ of one strain lnto mlæ of a æcond strain, whlch have

bæn depleted of their orn stem ælls by prior expæure to irradiation. Subquently, some of
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the bone marrow cslls meture into thymæ¡tes in the hæt, thereby recognizing their ü^,n and

the hæt's la antigens æ ælf. Parent stroin A miæ which hs/e been injected with F I

( strain A X strain E ) bone m0rr0r'1, ælls hoye bæn shown to produæ E response only to

antigens in æsæiotion with stroin A, but not strain B, la antiçns, Henæ, it æuld be æncluded

thot T celìs respond to foreign antiçns in æsæietion with the le entiçns found in the

envinoment in which thay mature.

D. ïhe Activation¡f T Suporwr Ceìls Model

This model propos that some animaìs ù not produæ e &tectable immune ræponæ, not

because of an incapæity to ræpond, but rather becauæ of an induction of ontiçn-spæific T

suppr8ssor ælls. ln other words, some antigens stimulote suppressor mæhanisms which

overwhelm the ræponslve mæhanism. Fon example, H-2s and H-2Q ængenic mouæ strains

are unable to mount a detectabìe humoral responsa to s random copolymer of glutamic æid,

olonine ondtyrosine(0AT) IllZ-ll3J. Hows/erif eitherstroinissubjectedtoimmune

manlpulatlons whlch quell T suppressor æll mæhanlsms, a slgnlflænt ontl-0AT responæ msy

besæntll4l.
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lV. lntroduction to the Præont -Studyl

Contæt sensitizing qents can elìicit bmterable lgE responses in the abænæ of odjuvants.

The maln objætive of the prænt experlments wæ to charæterlæ some of these æntæt

ænsitiætion indueed lgE ræponsæ with a vieìff to waluating whether or not they æuld ærve æ

a uæful model for studying the ællular and genatic regulation of lgE ræponses in çneral.

Therefore a brief examination of the induction, reguìation ond genetics of the lgE responæ to

æntæt ænsltTzlng rynts wæ æmled out,

An initial attempt wæ ma& at identifying the æll(s) ræponsible for the induotion of the

response. This wæ accomplishd by determining the ability of various haptonoted cells to bmt

the TNP-spæific lgE responæ in ænsitized ræipients. ln addition, in order to diognm which

ælls could adoptively tronsfer the TNP-spæific lgE reiponse, spleen or lymph no# ælls from

ænsitid trnors were injætd into noive ræipients. As well, to reælve the pmible role of

suppresslr ælls in the ræponæ to picryl chloride, miæ wene injæted i.v, with TNP-SC or

cyclophæphsnide.

The 0blllty of a vonlety of mouse stralns, wlth rllveræ H-2 and non-H-2 "bækground"

Fnes, to develop æntæt ænsitiætion inducd lgE ræponæs to picryl chlori&, FITC ond

NP-0-SUæ wæ alæ exemined in order to invætipte the æntribution ol H-2 and non-H-2

çnæ to the induction and/or rEuletion of these lgE næponses.

An analysls of antlçn flne spælflclty æn prwl& æme lndlætlon æ t0 whether or not

two typæ of immune responses are mdiatd by the same repetoire of ælls. Conquently, the

fine spæificity of the lgE response to contæt ænsitiætion with NP-O-SUæ wæ alæ

invætiçtd.
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( I ) lt shouìd be noted thet the present study comprlsad the second nesænch projæt underteken

by this student. The first resoorch project involved the sxominotion of the CIAT-spæific lgE

responss, Hwvwer, due to the publlætion of o paper reloted to the first projæt by other

authors it wæ dæidd to srvitch to the præent stuúy ln order to mointain an "originolity of

reæarch" æpæt to the student's l4.Sc. prognamme. Henæ, the ræults desribed in this thæis

constitute obout only two thirds of the student's work.
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I1AÏERIALS

L Animals

A/J, AKR, A.SW, CBA, C57BL/6, DB / I , DBA/Z and B6D2F I miæ were purchesed

from the Jækson Laboratoriæ, Ban Harbor, Molrre, ond from the University of l'lanitoba's

breedlng vlvarlum , Ounton, llanltoba. AQR, B I 0.4 (.lR) and CJH.OH mlæ were æqulred from

the small-onimal breeding unit of the University of Alberto, Edmonton, Alberta. C57BL/ 10,

Bl0.A, Bl0.A(3R), Bl0.BRandBl0.Smicewereobtainedfromourprivatecolonyoriginelly

established from breeding pairs ganerously prwi&d by Drs. F. Bæh and C. Darid. Rondom bred

ffi rots were obtained fnom the UniversiÇ ofllanitobs's breeding vlvarium, 0unton,

llanitobo, All experimental groups of miæ ænsistd of four sex and 4e-motchd animals.
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ll. Chemlcals and Rmnts

2,4,6-trinitræhlonobonæno ( picryl chloride; PCI) wæ purchooed from British Drug

Houæ Lttl., Pæle, Englsnd; trlnltrobenæne sulfonic æld, in the form of lts sodium salt,

(TNBS) wæobtoinedfrom ICN Phermmutiæls lnc., Clsrelsnd, 0hio;

4- trydroxy- 3- n itropherrylætyl -0- succi ni m ide ( NP - 0- SUCC) end

.1- trydrory- 3- iodo- 5 - nitropherrylætyl -O-suæi n i m ide ( N I P - 0- SIJCC) were qui rod from

Blosærch lnc., Son RafæI, Csllfornle; qælophæphamlú and fluoresceln iæthloryanate

( FITC) were obtoind fnom Sioma Chemiæl Company, St. Louis, llissourl; sodium borote,

sodium æi&, boric æid, etlrylene diamine tetrætlc æid (EDTA) and ammonium chloride

(NHaCl) were bought from Baker ChemiælCo., Phillipsburg, N.J.; tris-(hydrolrymettryl)

omlnomethane (TRIS), dhethylsulloxlde (DNS0) and sodlum ærbonate were æqulred from

Fisher Scientific Co., Fairlawn, N.J., thioglycollote wæ obtoined from Difæ Laboratoriæ,

Detroit, Michtgan; and heparin wæ purchml from Allen and Honburlæ, Toronto, 0nterio,

llonk's bolanced salt solution ( HBSS), Eogle's mlnimum ossentlal medium ( MEI'I) ond fetol colf

serum ( FCS) were obtalned from 0rand lsland Biologlæl h., 0rand lslsrd, New York; HBSS

wæ supplemented with sodium ærbonete (4 mll) ond MEM wæ supplementd with HEPTS

buffer purchæed from Calbiæhem, Lalolla, California. Sdium metramte wæ obtained from

Accurate Chemicol ond Sciontific Corp, Wætbury, New York. Ficoll wæ supplied by

Phormæia, Uppsala, Sw*n.
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NETHODS

A. "Skin Pointino" With Picrvl Chloride

Both the thoro< end abûmen of miæ were clænly shaved with elætric animel clippers

prior to eæh opplication of the contæt ænsitizing ogent. With the oid of o Pipetman 0, I ml of a

I I, 5S or l0ß PCI ln abmlute ethonol wæ "palnted" onto a flxed sræ (approx. 2 cm X 2 cm)

of shaven skin.

B, Contæt Sensitiætion With FITC. NIP-0-SUCC and NP-O-SUCC

FITC, NIP-0-SUCC or NP-O-SUCC were dissolved in Dl1S0 at a ænæntration of

70 mg/ml. A total of 0. I ml of this solution wæ ttpn injæted into 9 sitæ spæd wer

approximately 2 cn? of abdomen which hd bæn shaved with olætric onimal clippers.

lmmedlately theræfter a total of 0. I ml of borate buffered sallne ( 0.02 11 borote, 0. I 5 N

s0dium chloniô, pH = 8.6) wæ injæted subcutonæusly into the æme 9 sitæ ( tmtd by

means of tte small surellinç cauæd by the s.c. injætion of the antigen).

C._ l'leæurement of Levels of loE Antlbodies

lgE antibodies were meæurd by moans of passive cutanæus enaphyloris ( PCA) in rat

skin. At the time of writing widonce hd sinwn thot this præedune detectod only murine lgE

and not murlne reaglnlc lg0 antlbotllæ, Howwer, more recentìy, rhto obtalned from the uæ of

monoclonol ontibodies has shown thot lg0 ¡ mey moke some contribution to the PCA

response I I l5].
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Experimental groups consisted of four miæ which were matched for ssx and ege, Test

sora were produæd by pmling blood, taken ln approximotely equol volumæ from oll of the

membens of the group. Sera wene either tæted immediotly or froæn æ smn æ ællæted and

then thewed Just prior to tæting, Two-fold serial dilutions of tæt sera were injæted

intercutanæusly into the shwed bæks of random bred hooded rets. Approximately 24 hours

later the PCA reætion wæ ellicited by the i.v. injection of I ml/mg solution of an oppropriote

"challenge antigen" (fNn 
t S-8y0, TNP I S-BSA, FITCT-OÉ or NP 

¡ S-BSA) in phæphete

bufferd mline ( PBS) æntaining I ß Evans blue. Exæpt where otherwiæ ststd , the PCA titers

of all serum semples were walueted mrding to the following rubrics: ( i) up to 6 samples

were titroted on æh rot; ( ii) when numbers permitted, all serum somples from a particulor

bleedlng of a glven experiment were tltrated on the same rat; ( iil) æmples from a panticular

blding were titroted æncumently and in dupliæte on two different rats; ( iv) mæt titrations

were not repæted, i.e., the valuæ obtained were from a single serial dilution; (v) PCA values

for eæh rat were obtained by the uæ of o æmi-ìogarithmic graph {abciw ( læ ¡ g sæle) =

sarum dllution; ordlnate ( arlthmetic scale) = flÍBr'qF diameter of spot]. Valuæ at both the

highæt serum dilution to yield a spot with a diameter 0ræter thon 5 mm ond the next highæt

serum dilution to yield a spot with an arúerrue diameter of either less than 5 mm or no spot at

all were plotted and a straight line drawn between these two points. The PCA titer wæ

ænslÈred to be the value of the abclssa at the polnt where the plotted llne lnteræcted the

ordinate at 5 mm. (vi) PCA titers are reported æ arithmetic mæns. (vii) ln mæt cææ, PCA

titens of a given sample exhibitsd læs than or about two-fold varietion. Nevertheless, in the

present study, two-fold differences in PCA titers of distinct samples were considered significant

when these dlfferences were shown to be reproduclble in two 0r mors experlments.
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D. Preoaration of Peritoneal Exudote Cells (PEC)

Miæ were injæted intraperitonælly ( i.p.) wittr 3 ml of thioglycoìlate solution

( prepared æ &sribd below). Thræ dr¡rc later the miæ were killed by ærvical dlslmtion

and subsquently injætd i.p. with 5 ml of HBSS-heparin ( I ß v/v). The swollen abtmens

were çntly mæsaged and the abôminal skin wæ pulled aray, leoring the exposed muæle and

peritoneum intæt, A small slit wæ mde in the peritoneum ond the ællulor infusion removed

wlth a Pæteur plpette. The wlty wæ then wæhetl wlth læ-ælrl HBS$-heporïn. Alt ælts were

pæld, wæhed 3 timæ in æld HBSS ( no heparin), and æunted. Thæe ælls were ænsidered to

be "wholg PEC".

E. Preparation ofAdherent PEC

Five x I 07 whole pEC ( prepared æ described ebove) in s ml of HBSS were plæd into

petri dishæ. The plotes were then incuboted at 570C for I hour, the supernotont was carefully

poured off , the platæ were then wæhed 5 tlmæ wlth HBS$ at 37t ond flnally relncuboted for

anoiher hour'æ beíore with íræh HBs$. Riter the second incuþation the plotæ were wæhd 3

times with HBSS at 37t and reincubated at 37t for l5 minutæ with 5 mls of 6 X l0-5 M

EDTA. The ælìs were ællæted by vigorous pipetting of the EDTA ælution and with the aid of a

Rubber pollæman. Flnally, the ælls were wæhed 3 tlmæ in læ-æld HBSS, æunted and maù

up to working ænæntrations.

F. Preoaratlon ofNon-Adlcrent PEC

Non-dherent PEC were ællæted in the supernatant obtained efter the first I hour

incubation of whole PEC in HB$S. This supernatant wæ reincubated for I hour at 37t in fresh
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plstes and thtng cells whlch dld not dhere to the æcond set 0f plates were ællæted. Thess ælls

were wæhed 3 timæ in æld HBSS, counted and made up to working ænæntrations.

0 Haotenotion of Cells withJNP

Cells were haptenetd by a method modified from Oræne et al [ | 3]. llore specifically,

equol volumes of cell suspension ( S X 107 cells/ml HBSS) and I 0 ml4 TNBS in HBSS

( pH = 7.?) were æmblned and gentty stlrred of RT for 50 mlnutæ, The ælls were then wæhd

3 timæ in lange volumæ of iæ-cold HBSS, æunted, snd mde up to working ænæntrations.

H. Purlflætion of Solæn Cells (Ammonium Chlorlû llethd)

lliæ were killed by ærviæl dislæation and their splæns were remwed and ploced into

ice-cold HBSS. The organs were disrupted in e lm-fitting teflon homogenizer and the

ræulting suspension wæ pM through a wire mesh. The ælls were wæhed 3 timæ in cold

HBSS and then expooed to 0.838 (w/v) NH4CI ln TRIS-HCI buffer (pH = 7,2) for 4 minutes et

ræm temperatune ( RT). Finally, the ælls were wæhed 3 timæ in cold HBSS, æunted arÉ mde

up to working concentrations.

l. lrrdiation of Mice

l4ice were encæed in a plexiglæ box and expæed to e C060 source et prescribed distanm

for the presmibat tirne,
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J. Preoaration of Thimlvællete Solution Usd to lnduæ PEC

Thioglycollate medium wæ dissolved to o concantration of 29,8 gm/l in water, and this

solutlon wæ bolled for 5 mlnutæ, Subsequently, the thloglyællate ælutlon wæ eutælared and

then rud in the dork at RT for at leæt s month prior to uæ.

K. Purlflætlon of Lvmohæt¡tæ bv Flæll

l1iæ were killed by ærviæl dislmtion and their splæns and/on lymph nodæ nemoved

and placed into iæ-cold HBSS. The organs wene disrupted by the use of a lm-fitting teflon

homogenizer and the resulting cell suspension pæd through o wire mæh. The ælls were

ræuspended in HBS$ ( RT) ( the ælls of approximately two splæns per 5 ml medium ). Five mì

of this cell suspension were very carefulìy ls/ered onto 4 mì of Ficoll solution ( 108 Fiæll,

9.65ß sodium metraæte, 0.1 S sodium æide at RT) in a l5 ml polycarbonate tube.

Subsequently, the tubæ were centrifugad at 1235 g for 20 minutes at RT. Finolly, the cells ot

the HB$$-Flæll tnterfaæ were ællæted, wæhed thræ tlmæ ln æìd HBSS, æunted and, then,

mde up to the required working æncentrations.
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RESULTS

A. Titens of TNP-soæific lgE in CBA/,J l4iælolorious Dæs of Picryl Chloride

ln order to ùtermine the antigen úse which elicits the optimal TNP-spæific lgE ræponæ

to picryl chloride, miæ were "pointed" 0n drys 0, 7 and 37 with various ænæntrations

( 0ß, I ß, 5t ond l0ß w/v) of plcryl chlorlÉ dlssolved ln abælute ethonol. mlæ were bled

ftily ofter the first "painting" ond wækly after the subsequent "paintings" and then

TNP-spæific PCA titens of the ræulting ærum æmplæ wena established ( æ per l4ethods). As

can be seen in Figure 7 none of the groups çnerated ô respon$ after only one "painting" ond the

neptive æntrol ( 0ß ) groups ( not shown) did not produæ signifiænt titers eiren after o third

"painting". ln e#ition, all groups which ræeived picryl chlonide shoned e meæurable

TNP-specific PCA response aften two "peintings" which could be merkdly boosted by a third

"painting". ln vierv of the fæt th€t the mognitude of these ræpons€s did not manifest o striking

ftpendenæ on the thæ of PCI used to palnt the onlmals, a 5t ælutlon of PCI wæ uS ln oll

subsequeni experimenis.

B. Antl-TNP lgE Svnthæis bv Various I'louæ Stroinsln Ræoonæ to 0ontæt Senslilæilon

with Pictyl Chlori&

The induction end r4ulation of dth and contæt sensitivity responsos lnvolves the

presentation of ontiçn in the context of various self-detenminants which are enæded by vorious

genetlc læ1. lt wæ of lnteræt to ætabllsh whetlnr or not the H-2 and non-H-2 ( bækground)

genæ could influenæ anti-TNP PCA titers prwokd by "skin painting" with PCl. Consequently,

various strains of miæ were "paintd" with a 5ß ælution of picryl chloride on dq¡s 0, 7 and
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Flgure 7: 0noups of CBA mlæ were sensltld on tlqÆ 0, 7 and 57 wlth 0, I ml of I ß (A );

5ß(O ) or I OJt (tr) ælutions of PCI in ethanol, æ dæmibed under METH0DS. The miæ wsre

bled at wækly intervols ond the TNP-spæific PCA titers of the ærum æmplæ were

trtermined.
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37, blod ùys I 4, 44 and 5l and the enti-TNP PCA tlters of the ræulting serum samplæ

were ascsrtained. Most of the volues shown in Table I ore on werôge of the PCA titers of serum

samplæ obtalned from two groups of miæ ænsltlzed in two æparate experiments. As æn be

sæn, miæwith H-2s' k, s, Qandyl haplotypæ on o non-B I 0 bækground producede

mmurable response after two "paintinç", wheræ miæ with the H-2d haplotype on a

non-B I 0 bækground did not. As outlined prwiously [91 ] , AKR miæ are lgE low-responders

( lgtLR) and thls may munt for their læk of fttectoble anti-TNP PCA tlters after two

"paintinos". Oenæ outside the H-2 cornplex aìso pìay o role in lgE prduction to PCI "painting"

æ widenæd by the fæt that strains with an H-2k haplotype 0n a B l0 bækground did not

produæ significant anti-TNP titers eúen after two "pointinç". ln dition, mice with H-zb

haplotypæ on a non-B l0 bækground (sæ Figure S) did not produæ a meæurable anti-TNP

lgE ræponæ following the antiçn challenç. All of the tætd strains, however, displryed a

substantial anti-TNP PCA ræponæ after a third "painting". Overall, honwer, wen after the

third "painting", strains with o B l0 bækground displ@ low titens compared to the other

stralns t€std. Furthermore, sven wlthln the stralns sh0rlng the B l0 bælcground lt wæ sæn

thot mtæ pming ¡-2k and 3 haplotypæ produced higher TNP-spæific PCA titers than

thæ with g-2k/b, k/d and b/d heplotypæ. Therefone, it appærs that that both the l4HC and

non-MHC bækground çnæ play a role in the induction and or regulation of TNP-specific l$

production ln plcryl ehloriÉ "palnted "mlcs.

C. Transfer of TNP-soecific loE Resoonse To lmodioted Recioients

Analysæ of the æmplex networks whlch rEulate the lmmune respons are often

fæilitated by the tnansfer of seìæt populations of lmmunmmpetent ælls into q/ngeneic miæ

whæ orvn immune system hæ bæn temporarily inætivatd by ¡imdiotion. Henæ, 0n
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Strain

TABLT I

TNP-soæific loE Svnthæis bv Vorious llouæ Strains in Ræoonæ to

Contæt Sensitiætion with PCI(a)

H-2 MPLOTYPE TNP-specific PCA Titer on Day
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q
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q

s
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(a) Miæ were "painted" on drys 0, 7 and 37 with the ænsitizing úse of PCI and were bled on

days I 4,44 and 5l . The TNP-spæific PCA titers were detenmined os outlined in |1ETH0DS. PCA

tlters shown are En sversge of tlters obtolned ln at leæt two lntlependent experlments. For

prætical reæons all of the miæ listd in this Table were not tæted in the same experiment, ln

mæt o<periments, however, of leæt one high responder stroin served as an internol control.
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sxplorgtory experimsnt wos csrri€d out to both establish wheth€r or not cells which mediate

contæt sensitivity inductd lgE responses could be bmted in irrodiotod rocipionts, ond to

determf ne whether theæ ælls were lmted prlmarlly ln the splæn 0r the lymph noffi. As

outlined in Figuræ 9 a, b and c, únors of PCI primed ælls were "p6inted" on days -22 and

- t 5 and their spleens erd dreining lymph nodes ( lumber, caudal, inguinel, o<illery, bræhial

and motillory) were removed on day - L spleen ond lymph node cells from both "pointed" and

"unpalnted" únors were then purlfled by the Flcoll method. Elther 3 X 107 of the lymph no&

or 5 X 107 of the splæn ælls were injætd into miæ which had bæn given 650 ro6 of

irrdietionontheprwiousday. 0nthefollwingdry(dry0) sorneof thegroupsof ræipient

mice were "paintod" with o ænsitizing dm of PCI and then bmted 36 dcys loter (day 56). The

ræipients were bled on days 7 , 14, 2l , 28, 55 and 45, and the serum lgE titers obtairæd by

PCA, Examination of Table 2 úmonstrotæ that the TNP-spæific lgE response to PCI "skin

peinting" can bs transfenrsd to irrdiated recipients with 5 X 107 primed spleen csìls or

3 X I 07 primed lymph node celìs. ( Unfortunately, becauæ æme of the miæ were sick and

dylng, lt wæ not pmlble t0 ætermlne tltere Þq/Ðnd thy 7 for half 0f me groups.) Reclplents d

unprimed ælls tlid not demonstrate a ræponse syen after a second "painting", which indiæted

that the ebove measured responsæ were produced by the primed ùnor ælls. lt should be

pointed out that the results of this study should be viewed with æution becauæ tluy were

generatd from only one experlment and beæuæ some of the mlæ were slck and dytng æ a ræult

of the radiation treatment.

D. Bmtlno TNP-¡gælllc lgE Ræoonru to PCI wlth Haptenated PEC

Evidenæ sugæsts that "skin pointing" with picryl chlorió modifiæ mænophsge-like

Langerhan's ælls which in turn preænt TNP in æsæiation with surfæe lo determinonts to cells
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Figure 9 (4, b and c): Schematic diagrems of the experimentaì prdure used to ùtermine if
the TNP-speclfic lgE responss æuld be transferred to irrdiated ræipients by splæn and/or

lymph noû ælls.

LTOEND

-----"skTn pslntlng-
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which produce lgt [2-3]. To obtain eviftnæ which would elther support or impugn this

hypothæis, ottempts were ma& to bffit the æntæt sensitiætion primed ælls with

ÏNP-derivatlæd APC ln the abænæ of dditlonal skin palnting, ConsEuently, CBA/.J mlæ

were"painted"0ndays0ondT, andthen 5X 107 of theirsplænællswereinjætd i.v. into

prwiously irrdiated ( 650 retts) synçneic mice. Subæquently, the ræipient miæ were

injectdsubcutanæuslywithsX 107ællsof varioustypes(seeFigune l0andTable3). The

rælplents were bled l4 drys later (ûy l4) antl the PCA tltens of the senum samplæ were

determined. As æn be wn in Table 3, the responses of all groups which ræeived haptenated

PEC (with the excaption of TNP-modified non-dhenent PEC) wene bffit€d. Neither normal

PtC nor haptenatd splæn ælls e¡úoked signifiænt responsffÌ which indiætæ that bmting

required TNP-morlilied determinants found on PEC. Further, it is interæting to note that only

the dherent population wæ able to bmt the TNP-spæific PCA response. Hence, it oppærs

that anti-TNP lgE antiboüy responsss in the contæt sensitivity rosponss to picryl chloride is

diræted oginst a TNP-derivotiæd mærophage-like cell.

E. Effecl0f The lntrarenous lniætion 0f TNP-modified Cells

The i.v. injætion of hapten-modified splæn ælls hæ bæn shown to ùwn-rEulate

hapten-spætftc dth and æntæt ænsltiætion responses by both a dinæt toìerlætion of releyent

lymphoid ælls, and the ætivotion of suppresson T ælls t I I 7- t lEI. Therefore, it wæ of

interest to determine if the TNP-spæific lgE r€sponæ to "skin painting" with pimyl ehloride

would be offected by the i.v. injection of TNP-modified qyngeneic cells. As outlined in

Flgure I I miæ were injæted i.v. with varylng trses and typæ of haptenated or normal (æe

text) syngeneic ælìs on 6y -7. Subquently, oll ræipient miæ were "skin paintd" with

picryl chloride on ûys 0 and 7; ôrìd, in the cæ of Expeniment 3, also on ry 37. The miæ
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Flgure l0: Schematlc tllqram of the experlmental procetlure used t0 determlne lf TNP-spælflc

lgE ræponses were bmted by haptenoted PEC.
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ÏABLE 5

Benttnû TNP-soæiftcJgE Responses t0 PCI wlth lhotenated PEC (aì

Experlment Cells Aünlnlstered

s.c. to Rælplents

TNP-spælftc PCATltrd
Rælplmt I'llæ (Dsy I a)

25

<4

I TNP-PEC

PEC

2 TNP-PEC

TNP-Afi-PEC

TNP-SO

r00

840

6

5 TNP-SC

TNP-Afi-PIC
TllD-nan-Â.{h-Dçntatr tMt rut rLv

30

500

<2

(a) Cge¿J mice were peinted with the semitizirg &se sf PCI st dq¡s 0 ard 7; on day 2l tteir

gleens wepe remcryed ôrd 5 x 107 splqn lympnooft¡s were tronsfered i.v. to irrodiated

(650R), q/ngenelc reclplents. The rælplent mlæ were subsquently lnJætel s.c ln tlpftrsat

flenk with 3 x I 07 of the indicated TNP-modìfied ælls arÉ l4 dsì/s later tlq/ were bled ûd

their TNP-specific titers were ùtermlrpd
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Figure I I : Schematic diogram of the experimentaì procedune uæd to determine if TNP-specific

lgE ræponæs to PCI sre suppressed by l.v. lnlætlon of haptenated ælls.

LEOEND

d0------- ---day 0

-----"skin pointing"
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worsbledondq/s l4 and 2l (Experiment l), dsys 2l and 28 (Experiment2) and dni57

( Experiment 5). The PC'{ titors of the æro were obtoined in the usuol wey, Ræults from

Experiments I and 2 (see Table 4) disclosed that the injection of TNP-splæn æìls reduced

the anti-TNP PCA titers 0f ry l4 (Expeniment I ) and day 2l (Experiment 2) æra when

æmpared to the groups which receivd æmperable numbers of undenivatized ( normal) splæn

cells ( NSC). The fæt thot onimols given TNP-splæn cells in Experiment I shovred higher dey

l4 tlters that thm reælvlng no ælls mry lndlæte that the TNP-splæn ælls ærve æ o form

of antiçnic stimulation or that æme of theæ ælls æn alæ ræpond to PCI "painting" ond

therefore augment the ræponæ. Horrwer, the titers of gnoups reæiving TNP-splæn ælls in

Experiment I were totally abolished by eV l4 (PCA titers < 4) in contræt the ræponses in

the NSC træted miæ. lnterætingly, no doæ effæt wæ sæn in groups reæiving varying

numbers of TNP-splæn ælls or NSC. Ræults from Experiment 5 (sæ Tabìe 4) show that

the tertiary dãy 37 TNP-spæiflc titers were alæ supprææd in the gnoups which ræeived

TNP-spleen ælls æmpored to thæ which ræeived normaì spleen cells. Also, it æn be seen

that TNP-modifled adherent-PE0 quelledthe TNP-spælflc ræponæwhen tnJætd l.v.

freraìl, the ræults of thæe experiments were somavhat difficult to interpret because of the

unexpæted and marked enhanæment of the responsss of the control groups receiving NSC

relative to the ræponses of the untræted æntrols.

F. Effæt 0f lnjection 0f Normal $olæn Cells

Tlre marked inmæse in the ability of miæ to &velop a piryl chloride induced lgE

response lollowlng the lnJætlon of normal splæn ælls wæ an unexpæted and tnteræ¡ng

findinO. Henæ additional experiments were ærried out to further ænfirm and charæteriæ

this phenomenon. Oroups of mice were given 3 X 107 splæn cells fnom normsl tnors 0n drys ,
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TABLE 4
suppræsion of TNP-spæiflc lgE Ræponsæ to PCI with Haptenated ceils (a)

Exoeriment Cells Admlnlstered ( t.v, ) TNP;soælfic PCA Tlter on Dw

2tt4

I x 106 TNP-sc

5 x to6 TNP-sc

5 x lo7 TNP-sc

5X t06 NSC

5 X t07 NSC

NIL

25

55

25

I r5

I t0

l2

<4

<4

<4

l6

25

l2

I x 106 TNP-sc

I X t07 TNP-SC

I X 106 NSC

I X lO7 NSC

NIL

TNP-soæific Titer on Day

l5
t5

40

60

t5

21 ?g_

6

6

55

30

t5

2

3

I x to7 TNP-sc

s x toS TNP-Adh-pEc

I x loT Nsc

NIL

TNP-soæific PCA Titer on Ds\¿37

t40

il0
450

60

(a) 0BA/J miæ were injæted i.v. on h,/-7 with varying numbers of the indiæted nonmal or

TNP-modified ælls and were paintd on @s 0 snd 7 (Experiments I and 2) or on days 0, 7

and 30 ( ExperTment 3) wlth the sensltlzlng thse of PCl, The mlæ were bled at wækly tntervals

snd the ïNP-spæific PCA titers of the serum æmplæ were determind.
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-7, -l or 6 endwere "peinted" withPClondñ/s l4 and 2l (sæFigure l2). Theresultsin

Table 5 indiæte thot olì NSC injectìons enhonæd the TNP-specific lgE ræponse to some extent

and thæe mlæ which ræelved ælls on dq¡s - I and +6 were signiftæntly htgher than æntrol

valuæ. Thoæ miæ which recaived NSC just pnior to PCI "painting" ( doy - I ) hd

substantially higher titers thon thæe groups which received ælls 7 days prior to or 6 doys

ofter the first "skin painting".

0. Effects of ÇVcloolgsphamide 0n Ths Contæt Sonsitizôtion lnducsd loE R€sponæ

Consi&rable widenæ suggæts thot cyclophæphamide spæificolly subduæ the effæts of

Ts ælls I I I 9]. Hence, in an attempt to discern the pæsibìe role of Ts ælls in the

TNP-spæific lgE response to piryl chìonide "painting", miæ were injæted with

cyclophæphamide (Cy) ( 100 mg/kgbodyweight) onCays -3 and/or +4 and "painted" on

doË 0 ond 7 in two saporate experimants. Subsequently, mice were bled on dq/s l4 ond 2l

and the PCA tlters of the ærum samplæ Étermlnd (sæ Flgure l3). $omewhat unexpætedly,

groups which neæived single injætions of CV demonstrated slightly lower PCA titers on tby

l4 than æntrol groups (Table 6). By æntræt, miæ which were inæulated twiæ with Cy

shCIved enhanced day l4 responses. The ænsistanry of the titers in both experiments indiætæ

thattwo-folddlfferencesareprobablyslglflænt. However, byday 2l theræponsesof all

groups feìl to the lwel of æntrol oroups which did not reæive CY.

H. loE Svnthæis ln Rægonæ to Contæt Senslliætjoo wit[ FIIC_enONP-0-5UCC

Although this study wæ principolly ænærned with the TNP-spæific lgE ræponæ to

"skin peinting" with PCI it wæ also of interæt to examine the hapten-spæific lgE ræponæ
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Flgure l2: Schematlc dlqr0m of the experlmental procædure used to ûtermlne the effæts of

the administration of normal spìeen cells ( NSC) on the lgE r€sponss to PCl.

LEOEND
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--- "skln palntlng"
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TABLE 5

The Effæts of Administration of Normal Soleen Cells on the loE Resoonse to PCI (o)

Cel ls Administered ( i.v. ) TNP-spæific PCA Titer

Day 14 Doy2l

sx loTNSc(day-7)

3x t07Nsc(dð}/-I) t30

3 x t 07 nta 16y+6)

NIL l2

ceììs and were painted on days 0 and 7 with the sensitizing dose of PCl. The mice were bled at

wæltly intervals and the ïNP-spæific PC'{ tlters of the serum mmples wene Ètermind.

50 25

90

l6

l2

48

(a) CBA/J miæ were administered i.v. on üy -7,- I or +6 3 x .l07 
nonmal, qynçneic splæn
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Flgurel S: A æhematlc dTs0ram of the experlmental procsdure usetlto rþtermlne the effects 0f

ryclophæphamide on the contæt ænsitiætion inducad lgE ræponæ,

------"skln palntlng"
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TABLE 6

The Effæts of CYcloohæoham ide on the Contæt Sensitiætion I nducsd lgE Ræoonæ ( a)

Expenlment Oroup CY Admlnlsterd TNP-spælflc PCA Tlters on Day

i.v.on DaTs 14 L

25

30

40

40

2

I

ll

ilt

IV

I

ll

ill
IV

-5
+4

'3r+4

NIL

-3
+4

-3,*4
NIL

20

t0

120

45

50

25

il0
55

t0
<4

30

30

(o) CBA/J mice were injected i.v. with 100 mg. qælophosphomide per kilogram 0f bûdy weight

0n fty-3, @*4 or both dq¡s and were skin painted with the sensitizing dæ of PCI on dq/s 0

and 7. The mics were i.hen biqi on ûrys i 4 anci 2 i anrj i.heir TNP-speciiic igE responsæ were

fttermined
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to other skin sansitizing rynts. Therefore, verious strains of miæ were contæt sansitiæd

with FITC and NP-O-SUCC on dq/s 0, 2l ond 42. Subsequentìy the miæ were bled on firs

3l and 47 ond the antl-hapten PCA tlters of the æra were determind. As can be æen in

Toble 7, CBA^J (H-zk) (see Tabìe 8) miæ produced a substontloì lgE ræponæ follorving

contæt sensitiætion with both antigens. All other strains tested, honwer, with the pmible

exception of A/,J were either non-responders or low responders.

l. Miæ Primed with NP-O-SUCC Resoond to CheìlenF with NIP-O-SUCC

Mæt miæ with on l$¡1b allotype hare bæn shown to produæ primary NP-spæific

antibodiæ which have a hlgher afftnity for NIP than for NP hapten [ 120- l2 t].

Furthermore, Sunday et al [ | 22J showed thst miæ with lg0¡ 6,b,d,e 0r f ollotypæ produæ an

NP-spæific contæt ssnsitization ræponss which could be successfully challenged with NlP.

By æntræt, miæ with lgCH c or j u¡61tpæ did not ræpond to contæt ænsitivity challenç

with NiP Ll22l foiiowlngsonslüz8il0nwlth NP. ltwæof lnterætto*termtnelf thetgE

antibody responæ to the contæt sensitizing qents rvere gwennd by the mme genetic

restrictions, Henæ, experiments were camied out to tæt the ability of NIP-0-Sl,ffi to bmst

the NP-specific lgE response in NP-0-SUCC skinsensitizdonimols.

C57BL/ l0 ( H-zb lsnb) and DBA/2 ( n-Ztl lg0Hc) miæ were skin ssnsitiæd with

NP-O-SUCC on @ 0. The miæwere then re-ænsitizd0n d4l 2l wfth NP-O-SUCC,

NIP-O-SUCC or NlL. Allgroupswerebledondays 26 and 5l andthe NP-spæific

PCâ titers determined æ deæribed in lletho6. lt is súidsnt from Toble 9 that rëìponses

produd by C57BL/ l0 ( tçHb¡ and DBA/2 ( lg0Hc) miæ were sucæssfutly bmted with

NIP-O-SUCC. Hence, from the ræults of thæ two experiments NP and NIP æem to
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TABLE 7

loE Svnthæis in Ræsonæ to Contæt Sensitiætion With FITC and NP-0-SUCC (al

Contæt Sensitiær Strain Haoten-soæific PCA Titers on Drvs

flJ.t

FITC

NP-0-SUCC

CBA

B IO.A

Bt0

DgA/2

B6D2F I

CBA

Alr)

BIO.A

Bt0

vDtlt ¿

B6D2F I

90

<4

6

<4

(4

500

<4

t0
<4

<4

r80

ND

4

35
t11IU

55

t0

25

<4

20
to

6

(a) l"liæ were injected s.c, on days 0,2 I and 42 with either FITC or NP-0-SUCC, æ deæribed

unGr |1ETH0DS, and were bled on do/s 5l ond 47. The hopten-spælflc PCA tlters 0f the ærum

æmplæ were thsn determined.
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TABLE 8

H-2 Haolotvoe of Various $trains oü1iælmrnunized with_FlïC and NP-0-SUCC

Stroin H-2 Haolotvoe

Ap Aß Ep EcK SD

cBA ( H-2k)

Bt0.A(H-24)

Bt0 (H-zb)

DïA/2(H-2d)

A/.J (H-24)

B6D2F¡ 1¡-2b/d¡

kkkkkkk

kkkkkdd

bbbbbbb

ddddddd

kkkkkdd

bld bld bld bld bld bld btd



TABLE 9

Mice Prlrned Wlth NP-O-SUCC Respond to Challenge

wtrh NrP-o-succ
(a)

Contact Sensftf.zer

-

Admlnletered on DavExperlment

(a)

Strain

C.STBLlLO

DBAI2

c57BL/10

DBAI2

NP-0-SUCC

NP-0-SUCC

NP-o-SUCC

NIP-O-SUCC

2L0
Antl-NP PCA llter on

26 31

5

20

30I
5

NP-0-SUCC

NP-0-SUCC

NP-0-SUCC

NIP-O-SUCC

<4

<4

10

10

15

<4

<4

2 NP-0-SUCC

NP-0-SUCC

NP-O.SUCC

NP-0-succ

NIP-O-SUCC

NIL

15

2A

<4

NP-0-SUCC

NP-0-SUCC

NP-0-succ

NP-0-SUCC

NrP-0-succ

NIL

25

10

<4

10

5

<4

Mlce t¡ere adninÍstered s.c. lnJectlons of NP-O-SUCC on day 0 and of efther wp-O-SUCC,
NIP-0-SUCC or NIL on day 21. llhe mfce were bled 5 and 10 days afcer the second inJectlon
and the antf-NP PCA tfters of the serum sarnpJ.es ¡¡ere detemfned.

oì
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cross-react in the lgE rssponss to contact sensitizing agents. ln this respect, the lgE antib@

responæ to skin ænsitization with NP oppæns to diffen from the NP-spæific æntæt

ænsitizotion induced inflammotion response. However, theæ cunclusions should be viewed

with some côution due to the fæt that the titens obtoind ïyere very low and vaniable, possibly

becauæ of the method of ænsitization.
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DISCUSSION

l. The Oenetiæ of the Contæt Sensitivitv Ræoonse

Various studiæ hwe shown that the contæt ænsitlviÇ responses to picryl chloride

I tZ¡- 124] ond oxæolone [ 125] ore heorily influenced by the çnes within the tlHC. T æ[s

which æn edoptively trensfer the contæt sensitivity response ( To) ore restricted to K and/or

D detenminents I l4]. Henæ it would be expæted that the hoplotype of the K and/or D

subr4ions of the MHC wouìd play an essential role in the induction of æntæt ænsitivity.

Accordingly, Schultz ond Bailey I I 23] found that the haptoÇpes of both the K end ( K l-A) snd

the D endof the llHC grætlyinfluenæthelwelofæntætænsitivltytoptmylchloritþ.

llone spæifiælly, they prop06ed that Kd ond Dk hsplotypæ were ossæietd with high

responses while Kk, Dd, Kb and Db haplotypæ foretold of wæk æntæt ænsitiviÇ responæs

[ 123]. A subsequent study by Thomæ et ol [ | Z,fJ confinmed thot B l0 (H-2b) mice, which

pæsess Kb antl Db haploÇpæ, producedpmrcontætsensitlvltyresoonssst0 "skinpaTnilng"

with pimyl chlori&. Hûwwer, in æntræt to the ærlier study t lz3l, Thomæ et al t l24I

ætablishedthat Bl0.A(H-24) miæ, whichpmsessthe Kk and Dd haplotypæ, ræpondedæ

well æ B 10.D2 ( H-2d) and B l0.BR ( H-2k) mice which hare KdDd and KkDk haplotypæ

ræpætively. ln viar of these differenæs, the aforementioned studies of Schultz and Bailey

might be reinterpretd and better explained by suffistirp that miæ pæssing K l-A and/or D

rEions of the MHC with the "b" haplotype are lour responders. By contræt, mico for which

both tte K l-A and D regions are of "k" 0r "d" hoplotypes produce o strong response.

Oenæ outslrþ the llHC (bækground çnæ) also play a larç role ln tÞtermlnlng the level

of æntæt ænsitiviÇ responses to various æmpounds [ 123- 125]. For instonæ, miæ with

C58/J, C57lJ or A/WySn bækgrounds produced strong contæt ænsitivity ræpgns€s to
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piryl chìorlde while miæwith C57BL/lOSn or C3H.HÀJ bækgrounds produæ pær

ræponses t I 231. The some study estobìisM thot while çnder wæ not o fætor, oge did pl6f 0

role ln determlnlng the ablltty of a mouæ to çnerate a æntæt sensltivlty response to plmyl

chlori&. Thus, Balb/c mice were able to produæ maximal responses at 70 days of æ but

only æntrol responses by 185 dq¡s of aæ.
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ll. The 0enetiæ of the Antibodv Ræoonse to Contæt Sensitizino Amnts

0enes within the MHC LIZS- l25J extensìvely inftuenæ the humoral rssponsss to æntæt

ænsltlzing açnts. Thomæ et al [ 124] examlned the lgE ond lg0 ræponsæ to "skln polnilng"

with picryl chìori& in ænçnic mouse strains which shared 0 common B l0 bækground.

Thæe conditions would sppear to be ideal for studying the effæts of the H-2 heplotype upon the

lg0 ond lgE responses. Howwer, ræults from the present study lndiæted thot strains with a

B l0 bækground produæ pær lgE respons€s to contæt sensltlzlng qents. Ne,'/ertheless,

Thomæ et al I I 24J found thot B I 0 ( H-zb) miæ were pmn lgE and lg0 ræponûrs, while

Bl0.BR(H-2k) miæwsrecapebleofstrongentibodyresponsssofbothclm. Thomæetal

l,l24l alæ discovered thot B I 0.4 ( H-24) and B I 0.02 ( H-2d) strains produæ strong lg0

ræponses in ænjuction with pmr lgE respons. As no exomination of the lg0 response wæ

made in the preænt study, their conclusions about lg0 could not be supported, or refuted, on

the bæis of the præent ræults. Hourwer, it æn be sean in Table I that in this study

B l0.A (H-2s) ond DBA/2 (H-2d) miæ ore not strong TNP-spæific lgE ræpondars to picryl

chlorl&. Other studlæ IIZO- I 271 hsre found that AQR ( H-zy| ) rtn æn çnerate strong

lgE and wæk lg0 rsìporisæ simultonæusly, ln this study AQR miæ were similorly sem to

demonstrate a strong TNP-spæific lgE ræponæ after two "skin paintings" with picryl chloride

(seeTable l). lndition, thisstudyolsodemonstratedthat H-24'k,sEndQ hoplotypæforor

the TNP-spælfic lgE responss to skin pointlng with picryl chlorlde. Hence, it æn be ænclu&d

thot the ræults of this study are in çneral agnæment with the conclusions of the precding

litereture. lToreouer, the present study wæ the first to demonstnate that miæ with ¡.1-2 s 0r Q

hoplotypes tend to produce high TNP-specific lgE responses to "skin pointing" with picryl

chlori&. lnviavofthefætthatællsofthe H-2Q0¡'s haplotypesúnotexpræs l-Eencoæd

determinants ond that there is nov, some agræment that marry Ts cells are rætrictd by l-E

determinants, the ræults tend to suggæt a dominant role for Ts ælls in the regulation of thæe
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lgE responsas. By comparing the TNP-spæific ræponsas of miæ with ldentlcel llHC heplotype,

but with different bækgrounds, {eg. C3H (H-2k) vs B l0.BR (H-2k): AlJ 1¡-¡-2k/d¡ ru

B I o.A çx-2k/d¡' A.sw (H-zs) vs B l0.s ( H-zs)) (see Figure 8)thls present study wæ aìm

the first to shor thot non-llH0 Fnæ influenæ the TNP-spæific lgE responæ to picryl chlonitr.

It wæ also seen that the "so-called" lgE non-ræponder strain AKR produced s pær response

to picryl chloride despite hwing o H-2k haploÇpe, thus parolleling its lgE responæ to

proteln ænJugotæ.

An exploratory exomination of the hapten-spæific lgE responæs to æntæt ænsitiætion

with FITC and NP-O-SUCC wæ also undertaken. As shorn in Table 7, CBA/J (H-2k)

produce a substantiol lgE responæ folìowing æntæt sensitization with both antiçns. All other

stroins, withthepmibleexæptionof A/,J were, howarer, either non-responÈrsor

lovu-ræponftrs. lt would penhaps be not tæ mæningful to æmpare the ability of the various

strains to produce lgE antibodiæ in ræponse to piryl chloride vs FITC and NP-O-SUCC

beca¡æ of tha different methoß of skin sensitiætion that were used in these experiments.

It ls, howwer, llkely safe to ænclutþ that CBA/J miæ are strong lgE ræponûrs to contæt

ænsitiætion with all thræ antiËns and that this stroin is, therefore, the mæt appropriate

strain for the study of hapten-spæific lgE responæs to various æntæt ænsitizing açnts.
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!l l. The Fine Spæificitv of the Antibqtv Ræoonæ to Contæt Sgnsitizing Aoonts

It would be of interest to know if the concomitont contæt ænsitiviÇ ond lgE ontibody

resp0nses to æntæt sensltlzlng agents are medlated and/or helped by T ælls bærlng ltþnticaì

antiçn receptors. Thermodynomic laws would sæm to favor the expansion of clonæ which bær

reæptors with the highæt affinity for a particular hapten I l2S]. ln some cæesr a ræponæ is

çnerated which involves antibqry ond/or ræeptors which bind an ontiçn distinct from the

lmmunogen wlth o græter afflnlty than they blnd the lmmunqen. For example mlæ wlth an

lg0¡b allotype produæ primary antibodiæ to NP which bind NIP with a higher affinity than

they bind NP [ 120- l2l]. ln a soma,hat æntroyertial study, Sunday et al [ | 22J cletmed that

the contoct sensitivity induced inflammatory responss to NP-O-SUCÛ could be bmted by

N¡P-0-SUCC in mouæ strains with lg0¡a'b,d,e ond f allotypæ but not in miæ with

lgCH c and j allotypes. This present study also examined the ability of NIP-o-SUCC to boæt

the NP-0-succ-çnerated NP-spætftc tgE responæ tn cszBL/to (lgcnb) antt

nRA/21 1il..Cì mir.o Ac nnn ho coon in Tnhlo O lho ND-ana¡ifi¡ lnF nænnnm ln LlD-ñ-er lôñrrr tsere / rrrv rlr gPwrr19 rgL r wPutfarg tt ltF-v-rJvv1,,

could be bmted by NIP-O-succ ìn both the c57BL/ t o ( tgc¡b) and DBA/2 ( r$nÐ *ir*.

Henæ, it is suææted thot in DBAI? miæ the lgt antiboûy responss to Np-O-succ is

mediatsd by a repertoire of lymphocytæ which are distinct from thæ which mediate the

concomitont contæt ænsitivity induced inflommotory responsÊ. lt is pmible thot the cells

mediating the lgE respons prduced by DBA/2 tn the præent study ma/ not be heterælitic but

rathen they mey only recogniæ NlP. Horilsver, due to the low titers çneroted in this

experiment the results and conclusions drewn from them should be viald with caution.

Further experiments in which the lgt and inflommatory responsæ ôre meæured simultoneousìy

would be required to substantiate thæe trypothæes.
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lV. The Regulation of the Antibody Resoonse to Contæt Sonsitiætion

A, lnduction of the Ræponse

It appærs thet the æntæt ænsltlvlty lnflammatory response ls lnduced by antlgen

modified llHC Èterminants 0n "mærophry-like" Lançrhan's ælls [2-3]. ln an attempt to

charæteriæ the APC involved in the TNP-spæific lgE ræponæ to picryl chloride "skin

pointing", vorious call populations were hoptenated with TNP ond their ability to bmt the

TNP-spælfic lgt ræponæ ln synçnelc lrradlated rælplents wæ æsæd. As æn be seen in

TableS (Experiments I and2) haptenated PEC weneabletosignifiæntlybmttheræponæ,

while TNP-SC andnormal (unhaptenatd) PECwerenot. Aclæerexaminationof thedherent

and non-odherent PEC populations ( Experiment 5) rs/e6led that the "mænophage-like"

adherent PEC wene ræponslble for bmtlng the ræponæ. This would lndiæte that the humoral

and æntæt ænsitivity responses to picryl chloni& æn be bmtd by similor, if not identiæl,

cells. Furthen work with TNP-modified Lonprhen's cells end other "mærophage-like" cell

populotions will be needed to ræolve this question. lt would also be interæting to discorer not

only whlch ælls preænt antiçn (APC) but the ætual surfæe fttermlnants lnvolved. Thls

might reguire attempts to bmst the TNP-spæific lgE response with hoptenated APCs from

congenic mice bæning recombinant H-2 hoplotypæ.

8." Effætor and Helper Cells of the Ræoonæ

Cells which can transfer dth to neive ræipients are found in the spleen and draining

lymph nÊ t l29l , thæ which çnerote primary TNP-spæific primory PFC responses to

ptcryl chlorl& "skln palntlng" sre læoted ln the splæn and not the lymph noús that drain the

innæulation site [ 130] 2-3 @s after skin ænsitiætion. lt seems from this study (Teble 2)

thst the æll ræponsible for the concomltant lgE response is also lmtd in both the splæn and
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dnaining lymph nodes. This simllerlty between the læstion of the cslls which mediate the dth

ond humorol responæs odò furthen widenæ thot the two responsæ ore mediotd by similor

subpopulatlons 0f T ælls. As outllned ln the Ræults wtlon, horwer, thæe concluslons

should be ænsidered tentative, sinæ the ræuìts were fnom only one experiment and sinæ æme

of the miæ wene sick and dying æ a ræult of the radiation treatment.

C. Clæs andAntiæn-soæific Supormr Cells

There are both clæ and ontiçn-spæific T suppressor calls which regulate the

TNP-spæific antiboûy response to "skin-painting" with pimyl chloride. Howwer, like the

T suppræmr cells involved in the suppræsion of TNP-spæific mntæt ænsitivity, the

various populations of humonal-æting Ts ælls hare not bæn well chanæteriæd. While an

exsmination of ell thæe cells wes beyond the scope of this study, æme preliminary examination

of the role of ïs cells wos mde.

14iller et al [ | l7] demonstrated prwiously that the i.v. injætion of DNP-derivatized

splæn ælls ( DNP-SC) lnto mlæ markdly lnhlbltd the ablllty of the* anlmaìs to dwelop a

DNP-spæific, æntæt ænsitiætion induced inflammatory response. The mæhanisms

underlying this phenomenon Eppesred to involve both the direct toleriætion of appropriate

lymphoid cells, and the ætivation of Ts ælls I I l8J, Therefore, it was of inter'æt in the

prænt stuúy to cþtenmlne whether or not the lgE response t0 skln polntlng wlth PCI could also

be suppnessd by the i.v. injætion of TNP-SC. As shown in Table 4, miæ reæiving æ fav æ

I X l06 TNP-SC i.v. 7 6ys prion to skin ænsitization &veloped o notably nduæd

TNP-spæific lgE responæ relative to thot produd by control miæ receiving

5 ts 50 X 106 NSC. Theinterpretatlonof theæræuìtswæ, however, æmavhat

æmpliæted by the obærvation thot the sbove æntrol miæ &veloped an enhanced lgE ræponæ
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rslstlve to that produced by a second group of control animels which hd not bæn inJæted wlth

SC prior to skin sensitizotion. The PCA titers of üy 2ll28 æro from the test miæ in

Experlments I ontl 2 were lower than the tlters of the ærræpondlng æra from the untræted

æntnols, but the degnæ of suppræsion was, 0f couræ, less than when the formen titers were

æmporedtothoseof theæroobtaindfrom NSC trætedcontrols. 0verall,theæræultsæuld

be coutiously interpreted to indiæte thot the i.v. injection of TNP-SC could inhibit the ability

of miæ to elaborate a contæt ænsltiætion prwoked lgE ræponæ. Whether o¡ not thls

suppression wæ due, in part, to the ætivation of Ts ælls owoits furthen invæti$tion.

The enhancement of the PCI inducd lgE response following the i.v. injætion of NSC wæ

on unexpæted but intenesting finding, The mechanism( s) underlying this enhanæment ane

cumently not clær, but the ræult may simply haye been due to an inmæsed number of hapten

rætive lymphoid ælls in the ræponding animal. lt would be of interæt to repæt theæ

experiments using subpopulations of NSC in order to further eluci6te the mæhanism.

Further evidencs fon the pressnce of T suppressor cells in the TNP-spæific lgE ræponæ

to POl æme fr0m the examlnatlon, ln thls study, of the effect 0f cyclophosphamltr on the

response. lt is knorn that cyclophæphamide æn ælætively abolish T suppressor æll ætivity

I74,ll9,l3l], AscenbemninTable6, groupswhichreceivedryclophæphamide(375

mg/kg bofi weight) thræ days before both the first and the sæond picryl chloride "painting"

demonstnated enhanæd TNP-spælflc lgE tlters. By æntræt, groups whlch reælved one

ryclophæphamift trætment (either before or the finst or the wnd picryl chloride

"painting") shorryd titers which were not incn# reletive to thæ of control groups. Henæ,

this study has presented sdditionol olbeit very suggestive eridenæ thet the TNP-specific lgE

respons to plcryl chlol'lrþ "skln palntlng" ls under ï suppressor æll controì.



78

RIFERENCTS CIÏID

[ | J Askenæ, P. W. ond H. Van Loveren, 1983. Delayed-type hyperænsitivity: ætivation of

most ælls by antiçn-spæific T-æll fætors initiotæ the cMe of ællulor intenætions.

lmmunol. Todav 4:259,

Ï21 Shelley, W, B. and C. Juhlin. 1976. Langenhens calls fonm e reticulæpithelial trep for

external contæt ontiçns. Noture 261:46.

l3l Ptok,W., D. Rozycka, P.W. Askenæe and R. K. Oershon. 1980, Roìeof

antigen-præenting cells in the dwelopment and persistenæ of contæt lrypenænsitiviÇ

J. Exo. Hed. 15l:362.

141 Cohn, Z,4., lf . E. Fedorko and J.0. Hirsch. 1966. The lnvitrodifferentiationof

mononuclear phagæt¡tæ. V. The formation of mærophage lysosomes. J. Exo, l'led. 125;757.

l5l Van Loveren, H, and P. W. Askenæe. 1984. Dela/ed-type lryperænsltlvlty ls metllated

by a sequenæ of two different ï æll ætivitiæ. J. lmmunol-lLI2tr9Z

t6l VonLoreren,H,, K.Kato, R. Mede, D. R.Oreen,M. Horovitz, W.Ptok ondP. W.

Askenæ. 1984. Choræterlætlon of two dlffenent Ly- | * T æll populations thot

mediote ft layed type tryperænsi tivity J. lmmunol. 133:2402.



79

l7l Rc/,M.C., M, D, Thanp, T. J. Suììivon andR. E. Tigelaor. 1983.Contæt

hyperænsitivity rætions to dinitrofluorobenæne medioted by monælonal lgE anti-DNP

ontlbodlæ. rJ. lmmunol, l3l: .l096.

l8l Ptak,W., P.W. Askeneæ, R. W. Rosenstein and R. K. Oershon. 1969. Trensferof an

antiçn-spæific immediote lryperænsitivity-like reætion with on ontiçn-binding fætor

producd by ï ælls. P. N. A. S. 79: 1969,

tgl Askenæ, P. W., R. W. Ræenstein and W. Ptok. 1983. T ælls produæ an

antiçn-binding fætor with in vivo ætivity analqous to lgt antiboüy.

rl. Exo. lled. 157:862.

I l0] Benær¡af , B. and P. 0. H. 0oll. 1959. Studiæ on hypersensitivity. l. Delayd and

onthus Çpe skin reætiviÇ to protein conjugtæ in guineo piç. lmmunolmr 2:53.

t I I I Benæerrof, B. and P. 0. H. 0ell. I 959. Studiæ0n lrypensensitivity. ll. The relation

betwæn &layed reætivity to a pimyl group of ænjugatæ and æntæt ænsitiviÇ.

lmmunolmr 2:219.

f,121 VEh,M.A. and14. l. 0ræne. 1981. Roleof thel-lHCintlelrytd-typehyperænsitivity

ln The Roleof the llojor HistoæmpatibilityComplex in lmmunobiology,14. E. Dorf editor,

0arland Press, New York.



80

I I 3] Oreene, l'1. 1,, M. Sugimoto and B. Benænrof. 1977. Mæhanisms of reguletion of

cell-mediated immune respons€s. l. Effæt of the route of immunlætion with TNP-coupled

syngenelc ælìs on the lnductlon ond suppr'æslon of æntæt ænsltlvlty to plcryl chlonlft.

J. lmmunol, 120:1604.

I l4] Bottisto, rJ. R, ond B. R. Blæm. 1966. Dual immunological unresponsiveness

lnduced by æll membrane æupld hapten or antlçn. Noture 212: 156.

I l5] Miller, S. D. and L. D. Butler. 1983. T æll ræponæs induced by the perenteral

injætion of ontiçn-modifiedsynçneicælls. L lnduction, charæteriætion, and rEulation

of antlçn-spælflc T helper ælls lnvolved ln Élayetl-Çpe hypersensltlvlty responses,

J. lmmunol. l3l:77.

I I 6] Tucker, ll. rJ. and P, A. Bretseher. I 982. T cells æoperoting in the induction of

tþlayed-type lryperænsltlvlty æt vla the llnked recognltlon of antlçnlc frtermlnants.

J. Exo. lled. 155:1037.

I I 7] Colizi , V., 0. L. Asheræn, B. M. B. rJames ond 11. l4alkwsky. 1984. T he'lper

fætor ln contæt sensltlvlty: antlçn-spælflc l-A+ helper fætor ls matþ by on Lyt- l+ Z- ,

l-A* , l-J- T æll, lmmunology 52:261 .

t l 8l Romshaw, L A, , P. A, Bretschen and C, R. Porish, 1 976. Regulotion of the immune

response. l. Suppresslon of del@-type lryperænsltlvlV by T ælls from mlæ expressf ng

humonal immunity. Eur.,J. lmmunol. 6:674.



81

I l9] Dorf , M. E. and B. Benffirraf, 1984. Suppræsor æìls end lmmunonegulation.

Ann, Reú. lmmunol. 2;127.

l20l Sherr, D. H., N-K. V. Cheung, K, ll. Heghinisn, B. Benærraf and 11. t. Dorf

lmmune suppræsion in vivo with entigen-modified syngeneic cells. ll. T æll-medieted

nonresponsiveness to fowl ¡globulin, ,,1. lmmunol, 122: 1899.

I2ll Tsds T., ond K. 0kumure, I 980. The role of antigen spæific T cell fætors in the

immuneresponss, Adv. lmmunol. 28:1.

I 979

l22l Finberg, R., S. J. Burakoff, B. Benaænraf and 11. l.Onæne.

ï lymphoq¡te responss to trinitropherryl-modified synçneic cells. ll

ontiçn-specific suppressor T cells. rl. lmmunol. 123: 1210.

1979. ïhe cytolytic

tvidenæ for

f,æl Oræne, ll. 1,, S. Ratnofsky, l{. Takæki, M. S, Sy, S.Burakoff and R. W. Finberg,

1982. Antiçn-specific suppression of cytotoxic T æll responsas: An idioÇpe-bæring fætor

regulotæ the rytotoxic ï æll respons to æobenzeneansonate-æupled ælls.

rl. lmmunol. 126:llE6.

124) Arenæ, B. A. ond J. A. Kapp. 1981. Oenetic anelysis of immune suppression. l. 0ene

complementotion is required for suppression of antiçn-spæific proliferative responses by

T-æll *rlved fætors. lmmunænetlæ l4:221.



82

[25] Bo<wanis, C.N,, N. lshii , 7.A. Negy and J. Klein. 1982. H-Z-controlled

suppression of T cell response to lætote dotrydrogenæe B Choræteniætion of the lætote

ûhytlrqenæe B suppræsor pathwoy rJ. Exo. Med. 156:622.

l261 Oræne, N, 1., M.J. Nellæ, M-S. Sy and A, Nisonoff. 1982. Regulotionof immuniÇto

the azobenzeneorsonote hopten, Añ. lmmunol. 32:253.

Í,271 Weinberçr,J.2,, R. N. 0ermain, S-T.Ju, Jf, I 0ræne, B. Benærraf and

14. E. Dorf, 1979. Hapten-specific T-æll rssponsss to 4-hydroxy-3-nitrophenyl æeÇl

ll. Demonstration of idiotypic detorminonts 0n suppressor T cells. J. txo. Med. 150:761.

t28l Suemura, M., A. lshiæka, S. Kobatake, K. Sugimurs, K. Nædû, K, Nakanishi,

S. Kishimoto, Y. Yamamura and T. KÍshimoto, 1985. lnhibition of lgE production in B

trybridomæ by lgE class-speeific suppræsor fætor frsm T trybridomæ.

,J. lmmunol. 150: 1056.

1,29) Dorf,M.E., K.Okuda and 14.Minami. 1982. Dissectionofasuppressorællcæcade.

Crrrn Tnn Minnn lmm I fìO.Â I

t50l Whiteker, R.8,, J. T. Nepom, l1-S, Sy, t1. Tokæki, C.F,0ramm, L Fox,

R. N, Oenmain, Ì1. ,J. Nelles, M. l. 0ræne and B, Benacenraf l98l. Suppræsor fætor

from a T æll trybrid inhibits delayed-type lryperænsitivity respons to æobenænænsonate.

P. N. A. S. 78:6441.



83

tSll 0kude, K., N.Minami, D. H. Sherr and M. E. Dorf. 1981. Hapten-specificTcell

responses to 4-trydrory-3-nitropherryl æÇ1. Xl. Pseudogenetic restrictlons of hybridoma

supprffir fætors. J. Exo. t 54:468

I32l Shenr, D. H., N. llinami, K. 0ku& and ll. E. Dorf. I 983. Analysis of T ælì

trybridomæ, lll, Distinctions botwæn two typæ of hopten-spæific suppressor fætors thot

affæt ploque-formlng cell responsæ. rJ. Exp. lletl, 157:515.

[33] Aoki,l., l'1, Minami and 14. E. Dorf. 1983. Amechanism responsiblefortheinduction

of H-2 resricted æcond orden suppnessor T ælls. J. Exo. Med. 157:1726.

t34l Sun&y, l{. E., B. Benaærraf and M. E, Dorf, 1981. Hapten-spæific T æll ræponsæ

to 4-hydroxy-3-nitropherryl ecetyl. Vlll. Suppresson æìl pathwoys in cutanæus ænsitivity

responæs. rJ. Exo. Med. 153:81l.

t35l Sy,l1-S., A. Brorvn, B.A. Bæh, B, Beneærraf, P.D. Oottlieb, A, Nimnoff and

14. l. 0ræne. 1981. 0enetic and serologiæì analysis of the expression of rossreætive

idiotypic determ i nants on anti - p-aæbenzeneorsnote onti bodiæ and

p- aæbenænærsonate- spælflc suppresson T æll fætors. P. N. A. S. 7E:l 1.13.

t36l Weinberger,J.7., R. N.Oermain, B. Benffirraf and l'1. E. Dorf. 1980.

Hopten-spæific T cell re€pons€s to 4-lrydrory-3-nitropherryì æetyl. V, Role of idiotypes in

the suppressor pathway J. Exo. l'1d. 152: 16l.



84

[37] Dietz,M.H., M-S.Sy, B,Benænraf, A.Nisonoff, t1. l.0ræne end R.N.0ermain.

1981. Antiçn- ond reæptor-driven regulotory mæhonisms, Vll. H-z-rætricted

antl - ltllotyp lc suppressor fætor from efferent suppressor T ælls. 
'.1. 

Exo. l1ed. 153:450.

t38l tlinami, H., K.Okuda, S. Furusawa, B. Benærraf and 11. E. Donf. 1981. Analysisof

T æll trybridomæ, l. Charætenization of H-2- and lgh-rætricted monælonol suppressor

fætors, ,J. Exo. l"led. 154: 1390.

[39] Sherr, D. H. end M. E. Donf. 1982. Hapten-spæific T æll responses to

4-hydroxy-3-nitropherryl æÇ1. Xlll, Charæteriætion of a third T æll populotion involved

in suppræsion of in vitro PFC ræponsæ. .J, lmmunol . 128:1261.

[40] ]linami , M, , S. Furuso¡re and t1. E. Donf. I 982. l-J nætrictions on the activetion and

interætion of porental and F I -derÍved Tsg suppressor ælls. ,J. Exo. Hed. 156:465.

t4ll Benænraf,B,, M. l, 0reene, M-S. Sy and 11. E, Dorf. 1982. SuppressorTæll

circuits. Annals N. Y. A. S. 392:300.

l42J 0ku&,K., N, llinami, S. Furusawa and 11.E Dorf, 1981. Analysisof Tæll

trybridomæ. ll. hmpariæns among thræ distinct typæ of monælonal suppræsor fætors.

J. Exo. l"ld. 154:1838.

[45] Sunúy, N. E., N. rJ. Staffiker, J. A. Wrlght, l. Aokl ond 11. E. Dorf. I 963. lnduction

of immune respons by æhistmme granuloma mæroph6. J. lmmunol. 150:2413.



85

t44l Nome, T., M. Usul and H. E. Dorf. 1985. Cheræteriætion of the accessot'y ælìs

involved in suppressor T cell induction. ,J. lmmunol. 134: 1374.

l45l Nakomura,R.M., H.Tanaka ond T,Tokunaoa. 1982. lnvitroinductionofsuppressor

T cells in delayed-type hyperænsitivity to BCO and an essantial nole of l-J pæitive ffissory

ælls. lmmunol. Lett. 4:295.

t461 Loly,A., A. Tominoga, J.A. Drebin, 11. Takæki, B. Benoærraf and 11. l. 0ræne,

I 983. ldentification of an l-J+ antigen-presanting call required for third order suppressor'

cell ætivation J. Exo. lt4ed. 157:353.

l47l l'linami, H., K. 0kuds, S. Furusawa ond 14.E. Dorf. I 985. Analysis of T ælì

l-lybridomæ. lV. Charæteriætion of inducible suppressor æll hybridomæ.

J, Exo. l{ed. 157:1379,

t4Sl Minami, M., N. Honji ond M.E. Donf. I 982. Mæhanism ræponsible for the induction

of l-rJ rætrictions on ïs3 supp ressor ælls. J. Exo. Nd. 156:1502.

t49l Furuæwa,S., M, llinami, D. H. Sherr and 11. E. Dorf. 1984. ln Analysisof the

suppressor T æll cMe with products úrived from T æll l¡ybriúmæ. Cell Fusion: 0ene

Trensfer and Transformation, R.F. Beers,Jr. and E.0. Bæet, editors, Roren Prm,

Nevú York.



86

t50l Taniguchi,M., T.Salto, LTokei and T.Tokuhisa. 1981. Presenæ of lnterchain

disulfide bonds betwæn two çne products thot compæe the secreted form of on antigen-specific

suppressor fætor .J Fxn I 55: I 672.

tsll Taniguchi,N., T.Tokuhisa, M.Kanno, Y.Yæite, A, Shimizu and T.Honji. lgBZ,

Reconstitution of antiçn-specific suppressor ætivity with tronslotion products of mRM.

Nature 298: I 72.

t52l Clamen, H. N., S. D. Miller, P. J. Conlon and J. W. Mmrhed. 1980. Controt of

experimental contæt sensitivity. Adv, lmmunol, 30: l2l.

t55l Tsurufuji, H,, B. Benæenrof and l4-S. Sy, 1985. Anontiçn-specificsignal is

required for the ætivotion of second-on&r suppræsor T ælls in the nqulation of deleyd-type

hyperænsitivity to 2,4,6-trinitrobenzene sulfonic æid. rJ. Exo, Med. 158:932.

t541 Asherson, 0.1., V. Colizi and B.ll. ,Jamæ. 1985. The control of the æntæt ænsitivity

skin reætion: T-suppræsor afferent cell blæks the production of antiçn-spæific T-helper

fætor. lmmunolmr 54:521.

t55l Malkovsky, N., 0 L. Asherson, P. Chandler, V, Colizi, ll. C. Wotkins snd

11. Zembale. 1983. Nonspecific inhibitor of DM synthesis elaborated by T acæptor cells.

l. Spæific hopten- ond l-J-driven liberation of on inhibito¡' of æll proliferotion by

Lyt- l-2+ cyclophæphamlde-ænsltlve T ææptor ælls armd wtth a product of

Lyt- l+2+-spæific suppressor ælls. ,J. lmmunol-[50:785.



87

t56l Zembale, l*1., 0. 1. Asherson, V. Colizzi and ll. C. Wetkins. 1982. Desensitiætion in

vitro: the rols of T-suppnossor cells, T-suppressor fætor ond T-æptor calls in the

lnhlbltlon of the pmlve transfer of æntæt sensltlvlty to plcryl chlorltþ by expæure to antlgen

in vitro, lmmunoloov 47:605.

l57l Colizi , V., 0. L. Ashenson and B.t1.B. rlamæ. I 983. The role of l-J in the

suppressor T-æll clrcult whlch lnfluencæ the effætor stage of æntæt ænsltlvlty: antlçn

together with syngeneic l-rJ region determinonts induæs and ætivatæ T suppræsor ælls.

lmmunoloq/ 49: l9l.

tSSl Ashenson,0.L., M.E.Dorf, V. Colizzi, 11. Zembala and B.N.B. rlamæ. 1984.

Equivalenæ of ænventional snti- picryl T suppressor fæton in the, æntæt ænsitivity system

and momælonal antl-NP TsFg: thelr flnal non-spælflc effæt vla the T æptor æll.

lmmunolm¡ 53Í19!,

l59l Ptak, W., R. W. Rosenstein and R. K.0ershon. 1982. lnterætions betwæn molæulæ

( subfætors) releasd by different T cal I sets that yield a æmplete fætor with biologiæl

(suppræsive) ætiviÇ P. N. A. S. 79:2375.

t60l Zembala, 1"1., N. Watkins, V. Colizi and 0, L. Asherson. 1984. T suppresson fætor

ætivity is due to two separate molæules. The Lyt- | -2+ ¡-J+ ælls of mice primed with antigen

make on antiçn binding molecule which is only ætive when complemented by æfætor mde by

Lyt- t 
+2- l-,J+ ælls. Cellular lmmunol. 87:240.



88

[61 ] Flood, P. , K. Yemauchi ond R. K. Oershon. 1982. Analysis of tha lnteraction between

two molæulæ that ore required for the expression of Ly-2 supprosstr æll ætivity. Thræ

dlffenent typæ of fæusf ng effæts may be n# to rþllver the suppresslve slgnal.

J. Exo. l4d. 156:561 .

l62l Yomouchi, K., N. Chæ, D.B. |4urplry ond K. 0ershon. 1982. Molæular compæition of

en antlçn-spælflc, Ly- I T suppressor lnduær fætor. One molæule blnds antlçn ond ls l-,J- ;

another is l-J+ , dæs not bind antigen, and imparts on lgh-variable region-linked rætriction.

J. Exo, l4ed. 155:655

[63] Ashenson,0.L,, 11.C. Watklns, 11.4. Zembala and V.C. Collzl. 1984, Two-choln

structure of T-suppressor fætor: Antigen-spæific T-suppresson fætor murs æ a single

molecule and as sepgrate entiçn-binding and l-J+ parts, both of which are required for

biological ætivity. Cellular lmmunol. 86:448.

164l Ptak,W., R.K. 0ershon, R. W. Roænstein, rJ.H. llurnç/ and R, E. Cone, 1983.

Purification end charæteriætion of TNP-spæific immunoregulatory molæulæ produced by

T cellsænsitized by picrylchloride (PCIF). .J. lmmunol. l5l:2859.

165l Zembala, 11.4.,0.1. Asheræn, Bll.B.James, V,E,Stein and 11.C. Watkins, 1982.

Anti-haptene T suppressor fætor æts thnough on l-J+, Lyl -2+, T ææptor æll that releases a

nonspecific inhibitor of the tronsfer of contæt ænsitiviÇ when exposed to antiçn.

J. lmmunol. 129:lE?3.



89

[66] Asherson, 0. L. and M. Zembale, 1982. The role of the T mptor ælì in suppressor

systems. Antiçn-spæific T suppressor fætor æts vio a T mptor æll; this rslæ a

nonspælflc lnhlbltor of the tronsfer of æntæt ænsltlvlty when exposod to antlçn ln the

context of I -J Annnls N Y S 392:71

167l Asheræn, 0. 1., V. Colizi, Pl. Zembola, B. B. Pt. ,,fomes ond M. C. Watkins. 1994.

Nonspælflc lnhlbltor of æntæt ænsltlvlty matþ by T-æptor ælls: trlggerlng of T ælls

ormd with ontiçn-spæifìc T-suppræsor fætor (TsF) requiræ both mupancy of the major

histmmpatibility complex ræognition site by soluble l-J product and ræs-linking of the

antiçn recognition sitæ of the TsF. Cellular lmmunol. 83:389.

t68l Zembala, N.4., V. Colizi, 0.1, Asherson and M,C. Watkins. 1984. Non-spæific

inhibitor m* by T æptor cells inhibits both the affenent and efferent stry of the contæt

sensitivity rætion, lmmunolmr 52:599.

t691 Cæper, E. L. 1982, 0eneral lmmunolog/, Penmryn Press, Oxford.

t 701 Katz, D. H. I 980. Recent studies on the rEulation of lgE ontibody synthesis in

experlmental onimals and man. lmmunoloo¡ 4l: L

[71 ] llichæI, J. 0. and LL. Bernstein. ,l 973, Ttrymus dependenæ of reEinic ontiboúy

formation ln mice. J. lmmunol. I ll;1600.



90

1,721 0kudaira, H. and K. lshlæka. 1974. Ræglnic antibody formatlon in the mouso.

lV. Afuptive anti-hopten lgE responæ ln irnodiated ræipients of hopten-primed ord

ænrlen-spælflc ælls. rJ. lmmunol. I l5:565,

[73] Tamura, S-1. end K. lshiæka, 1978. Rqinic entibqüy formetion in the mouæ.

X, Possible role of suppresstr T calls in tronsient lgE antiboty responses.

J. lmmunol, 120:637.

Í741 Chiora¿zi, N., D. A. Fox and D.H. Kstz. I 976. Hepten-specific lgE entibody responsss

in mice. Vl. Selætive enhancement of lgE antiboüy production by lol dæes of X-irrdiation and

by cyclophæpham iÉ, J. lmmunol. l17:1629.

l75l Walters, C S, end H, Wigzell. I 970. Demonstration of heaqy and light chein antigenic

detenminonts on the cell-bound ræeptor for antiçn. Similaritiæ betwæn membrane-ottæh€rl

End humonal antlbodlæ produced by thesemecell. rJ. Exo. lled. 132:1233.

t 761 Warner, N. L. I 974. Membrane immunoglobulins and antiçn receptors on

B and T lymphoqftæ. Adv. lmmunol. l9:67.

1,771 0kumura,K., 11.H. Julius, T.Tsu, L(Lænore) A. Henænberg and L.A.Herænberg.

1976. Demonstration that lg0 memory is carnied by lgO-bearing ælls.

Eur. rJ, lmmunol. 6:467.

tTEl Raff , M. C., M. Feldmonn and S. de Petris. 1975. llonæpæificity of bone

merro¡¡-derived lymphoq¡tes. J. Exo. l'led. 157: 1024.



9t

[79] Jullus, M. H., C. A. Jansuray, Jr. and L. A. Herænberg, 1976. lsoletion of

antiçn-binding ælls from unprimed mice. ll. Evi&nce for monæpæificity of ontigen-binding

ælls. Eur, rJ. lmmunol. 6:288.

tS0l Rore, D. S., K. Hug, L. Forni and B. Pernis. I 973. lmmunoglobulin D æ a lymphocyte

receptor. ,J. Exp. Med. 158:965.

tEll Zan-Bar, 1,, E.S.Vitetto and S.Stroben. 1977. Therelationshipbetwænsurfaæ

immunoglobulin isoÇpe end immune function of murine B lymphoq¡tes. ll. Surfæ

immunoglobulin isotypæ on unprimed B ælls in the splæn. J. Exo, lled. 145:1206.

t82l Zan-Bor, 1., S. Stroben and E. S. Vitetta, 1977. The relationship betwæn surfece

immunoglobulin iætype and immune function of murine B lymphoo¡tes. L Surfæe

immunoglobulin isoÇpæ on primed B cells in the sploon. rJ. txo, l4ed. 145:l 188.

l85l 0ronolicz, E, S., C. Doss, F. Assisi, E. S. Vitetta, R. L. Coffman and S, Strober. 1979.

Surfæe lg isotypæ on æìls ræponding to lipopolysaæharide by lgM and lg0 æcretion.

,J. lmmunol. 123:2049.

t84l Kærney, J. F., H.D. Cæper and A.R. Lawton. 1976. B æll differentiation induced by

lipopolysæcharide, lV. Dwelopment of immunoglobulin class rætriction in precursors of

lg0-synthesizing cells. J. lmmunol. I l7: 1567.



92

[8S] fatona, L M., J,F,UrbsnJr., l.Scher, C. Kanellopoulæ-Langevin and F.D. Finkelman,

1983. lnduction of on lgE ræponæ in mice by Niooostronwlus bræiliensis: Choræteriætion

of lympholrl ælls wlth lntræ,¡toplæmlc on surfæ lgt. rJ. lmmunol. 130:550.

[86J Kowsnishi, H., L.E. Saltzmon and W. Strober. 1983. l4æhonisms r4ulating

lgA closs-specific immunoglobulin production in murine gut-æsæiated lymphoid tissuæ.

l. T ælls &rlved from Peyer's patchæ thot s-wltch slgll ælls to sl$ B ælls ln vltro.

J. Exp. Med. 157:435.

[87] Romagnani, S. 1985. ln vitro production of lgE by human peripherol blood mononuclear

ælls. lll. Demonstnation of o circulatlng lgt heary æll involved in the spontanæus lgE

bioq/nthæis. Clin. Exo, lmmunol. 49:176.

lSSl Oeorhart, P. \,., \r. HurwiÞ ond rl. J. Cebro. 1980. $uccessive witching of ontibody

lsotypæ expressed wlthln the llnæ of a B-æll clone. P. N. A. S. 77:5424.

t89l Shigemoto, S., T. Kishimoto and Y. Yamamuna. I 981 . Chanæteriætion of

phæphorylcholine-(PC) spæific lgE-B ælls in CBA/N or (CBA/N X BALB/c)F I male miæ,

rJ. lmmunol. 127: 1070.

t 901 l'longini , P. K. 4., W E. Peul and E. S. lletcelf. I 983, lg0 subclæs, lgE, and lgA

onti-trinitropherryl antiboúy production within trinitropherryl-Fiæll-ræponsive B celì clones.

EvlGnæ ln support of thræ tllstlnct srvltchlng pathwoys. rJ. Exo. Ned. 157:69,



93

[9,l ] Koj ime, S. end Z, tuary. I 975. tffect of Nippætrono¡lus bræiliensis infætion on

anti-hapten lgE antiboúy response in the mouse. L lnduction of carrier-spæific helpen ælls.

Cellular lmmunol. 15:271.

t92l Chiorozi, N., D. A, Fox and D. H. KoÞ. 1977. Hepten-spæific lgE ræponm in

miæ, Vll. Conversion of lgE "non-responder" stroins to lgt "ræpondens" by elimination of

suppresson T æìl ætlvlty J. lmmunol, ll6:.18,

t93l Suemura,ll., J. Yodoi, M. Hiræhima and K. lshizeka. 1980. Regulatory roleof lgE

binding fætors from ret T lymphæytes. l. l{æhanisms of enhoncement of lgE ræponæ by

lgE-potentiating fætor. J. lmmunol. 125:148.

t94l Hiræhima, N., J. Yodoi and K, lshizaka. 1980. Reguletory role of lgE-bindinS fætors

from rot T lymphoqftes. lll. lgE-specific suppressive fætor with lgE-binding ætivity.

rJ. lmmunol. 125:1442.

l95l U*, T., T.F. Huff and K. lshiæka. 1982. Formation of lgE-binding fætons by rat T

lymphocytæ. V. Effect of adjuvant fon the priming immuniætion on the nature of lgE binding

fætons formed by antigenic stlmulatlon. J. lmmunol. 129:1384.

[96] Uede, T. and K, lshizaka. 1982. Formetion of lgE-binding fector by rat T lymphq¡tes.

Vl. Cellulor mæhonisms for the formotion of lgE-potentioting fætor and lgE-suppressive fætor

by antlgenfc stlmulotlon of antlgen-primd splæn ælls.

J. lmmunol. 129:1591.



94

t97l Yoôi, J., M, Hiræhima and K. lshiæko. I 981 . Lymphooytes bæring Fc receptors for'

lgE. V, Effoct of tunicamycin on the formotion of lgt-potentioting fætor ond lgE-suppressive

fætor by Con A-ætlvated lymphoq¡tæ. .l lmmunnl . 126:877.

t98l Jardieu, P., T. Ue& and K. lshiæka. 1984. lgE-bindingfætorsfrom mouæ

T lymphoq¡tæ. lll. Role of ontiçn-specific suppressor T ælls in the formotion of

lgt-suppræsive fætor. .1. lmmunol. ll33:5266.

[99] Ude, T. and K. lshizake. 1984. lgE-binding factors from mouse T lymphær¡tæ.

ll. Strain differences in the noture of lgE binding fætor. rJ, lmmunol. 133:359.

I l00l Paul, W.E. 1984. lmmune response genes lg Fundamental lmmunolqy, W.E.Poul,

editor, Rsren Press, N.Y.

I I 0l ] llltchell, 0.F., F.C. 0rumet ond H.0. mcDsrltt. I 972. 0enetlc control of the lmmune

response. The effæt of thymætomy 0n the primory and seændary antibsúy responæ of miæ to

Poly- L( Tyr,0lu )- poly- D-,1 -Alo- - poly- L - Lys. J. txo, Med. 135:126.

[ 102] Bottomìy, K. antl P.H. llauren. 19E0. Anttgen-spælflc helper T ælls requlred for

dominant production of an idiotype ( Thld) ane not un&r immune response ( lr) æne æntnol.

J. Exo. l4ed. 152;1571.

[103] Klndt,T,J. and 11,4. Roblnmn, 1984. llHCAntlçns. ln Funtþmentol tmmunology,

Vf. E. Paul, editor. Raven Præs, N.Y.



95

[ 104] SchwonÞ, R, H. 1984. Role of l4HC lmmune Products. !g Fundemental lmmunology,

l{. E. Paul, editor. Roven Press, N.Y.

[ 105] shsræh, E. 11. and A. s, Rwnthal. 1973. Function of mær'ophqæ in antigen

recognition by guinea-pig T lymphoq¡tess. ll. Role of the mærophEe in the regulation of

çnetic control of the immune respons. rJ. Exp. l{ed. l38: l2lJ.

t l06l Benæerraf , 8., l. Oræn ond W.E. Paul. 1967. The immune response of guinæ pigs

to hapten-poly-L-lysine conjugtes æ an exsmple of the çnetic control of the recognition of

antiçnicity. Cold Soring Horbor Svmo. Quont, Biol. 52:569=

[ 107] Bluætein, H.0., l. Oræn and B. Benacerraf. 1971. Spæific immune nesponsegenes

of the guinæ pig. ll. Reletionship betwesn the poly-L-lysine gane and the genæ æntroìling

immune responsiveness to copolymers of L-glutamic æid ond L-olenine ond L-olanine ond

L-glutomlc æid snd L-tyrmlne ln random-bred Hartley Oulnæ plç. rJ. Exo. l1ed. 134:471.

I l0S] Benærraf , B. 1978. A hypothæis to relate the spæificity of T lymphooytæ and the

octivity of I rEion-spæific lr çnes in mocrophEæ and B lymphoq¡tæ.

J. lmmunol. 120: 1609.

[ 109] Theæ, J. 1984. lr gene contnol: An or¡erview.

An¡. lmmunol. ( lnst. Pæteur )_!!5C:579.



96

I I l0] Rosenthel. 1982. Determinant selætion ond mærophqe function

lmmunol. Toda¿ 3;35.

lllll Katz,D,Z,, BrJ.Skidmore, L.R,Katz and C.A.Bogonitz. t978. Aftptive

differentiation of murine lymphoq¡tæ, l. Both T ond B lymphoq¡tes diffenentiating in

F I ->Porentol chimeræ monifæt preferentiol cæperotive ætiviÇ for parentol lymphoq¡tæ

Grlved from the mme panental type corræpondlng to the chlmerlc host. ,LExo. Í1ú. 148:727.

I I l2] Dunhsm, t.K., lf .E. Dorf , D c. shreffler and B. Benærref. I g7s. l4apping the

H-2-linked genes gwerning, respectively, the immune ræponm to o

gìutamic æid-elanine-tyræine æpolymer and to limiting doses of oralbumin.

J. lmmunol. lllJ62l.

I I l3] ]4erryman, C.F. ond P. A. Maurer. 1972. Oenetic æntrol of immune ræponæ to

glutamlc æld, alsnlne, Çrælne æpolymers ln mlæ. l. Assælotlon of ræponslveness to

H-2 ænotype ond spæificity of the responæ. rJ. lmmunol. 108: 135.

I I I 4] Kopp, J. 4., C. W. Pieræ, S. Schlæsman and B. Benærrof. 1974. Oenetic contnol of

lmmune responses ln vltro. V. Stlmulatlon of supprmr T ælls ln nonræponden m'læ by the

terpolymer L-glutamic æid60-L-alanine30-L-tyræinel0 (oRr). J. Exo. lled. I 40:ó48.

I I l5] Hirqyomo, N., T. Hinono, 0. Kohler, A. Kurota, K. Okumuro and Z. 0v0ry. lggz

Blolqlæl ætivltiæ of antitrlnltropherryl and antidlnitropherryl mouse antibodiæ.

P. N,A. S.79:613



97

I I l6] Heiniger, H-J. and J.J. Dorey. 19S2. ltr Handbæk on Oenetiælly Stondardized Jax

Miæ, SrdEdition, Heiniçr, H-,.1. and ,1..1. Dorey, editors. TherJæksonLobonotory,

Bar Harbor, Ilolne.

I I I 7] Miller, S. and H. Claman. I 976. The induction of hapten-spæific T æll toleranæ

induction, rJ. lmmunol. I l7:1519.

t I I 8l lliller, S. , t1-S. Sy snd H. Claman. I 977. The induction of hapten-spæific T æll

tolerence using hapten modifid lymphoid ælls. ll. Relative rolæ of supprmn T ælls and

clone inhibition in the tolerant stote. Eur. rJ. lmmunol. 7: 165.

t I l9l Polak, L. and .J.1. Turk. 1974. Reversal of immunologiæl toìeranæby

cyclophæphamide through inhibition of suppr'æsor æll activiÇ. Nature 249:6s4.

[120] lmanlshl, T. and 0. llakela. 1974. lnherltanæof ontlb@spætffcfty

l. Anti-(4-hydroxy-nitropherryl) ætyl of the mouæ primory response.

J. Exo. l4ed. 140: 1498.

I I 2l ] l"lclllchæl , 4. J., J. 11. Phillips, A.R. Willlamson, T. lmanishl and 0. llakele, I 975.

lnheritanæ of an iwlectriætly fæused spætrotype linkd to the lg- I b alrotype.

lmmunmnetics 2:161.



98

ll22l Sundsy, M.E., B. Benmnaf and 11. E. Dorf. 1980, Hepten-spæific T call ræponsæ to

4-hydroxy-5-nitrophenyl ætyl. Vl. Evidenæ for different T cell neceptors in cells that

medlote H-21 -rætricted and H-2D-rætricted cutanæus ænslüvlty ræponæ.

J. Exg. Hed. 1521554.

[ 123] Schultz, L.D. ond D. W. Bailey. 1975. 0enetic control of contæt sensitivity in mice:

Effæt of H-2 and non H-2 læ1. lmmunmnetlæ l:570.

Il24l Thomas, W.R., M. C. Wetkins and 0 .1. Asherson. 1979. Selective expression of

antiboúy classes ond contæt sensitivity affected by genes in the major histæompotability

æmplex. .Scand .l lm unol. 9:25.

I I 25] Fachet, J. and L Ando. 1977. Oenetic æntrol of contæt sensitiviÇ to oxazolone in

inbred, H-2 conçnic ond intra-H-2 ræombinant strains of miæ. Eur. J lm .7:223.

I l26l Thomos, W. R., M. C. Watkins, S.S. .Jouhal and 0. L. Asherson. 1978. lnduction ond

modification of anti-TNP ræginic and lg0 antiboúy responsss by reactive trinitrophenyl

derivativæ. lmmunolowSS:675,

t1271 Thomæ,W. R., 11. C. Watkins and 0. L. Asheræn. 1978. Reaginicontibodytoæntæt

ænsitizing Eents. 0ccurrenæ of ælls which suppress lg0 and not rægin responsæ.

lmmunolær¡ 35;41.



99

I l2S] Ferreira,4.M., M. Herme, M. Keartinen end o.tlekela. 1981. Fine-spæificity of

the immune nesponse to oxoælone. l. contæt sensitiviÇ ond ærly ontibodiæ.

tJ. lmmunol. 127:2566.

[ 129] lf iller, J.F. 4.P., M A. Vsdæ, A, Whitelw, J. Oamble and C. Bernsrd. 1977.

HistæompatobiliÇ linked immune responsivenæs and restrictions impM on ænsitized

lymphoq¡tes, J. Exo. lled. 145:t 625.

[130] Thomæ,w.R., N.c. watkins, P.J. w00d and 0. L. Asherson. lg7g. Antiboúy

responses to contæt ænsitizing agents. Effæt of ænsitized ælls. lmmunolmr 34:41 I .

t l3l I Zembala, 11. and 0. L. Asherson. 1973. Depression of the T cell phenomenon of æntæt

ænsitivity by T ælls from unresponsive mice. Nature 244:227.




