HERZENBERG ET AL. 1

TITLE: Harten-specific Redulation of Heterodeneous Antibody Resronses!

Intersection of Theory and Fractice

L. A, HERZENBERG, T. TOKUHISAs D, R. FARKS

and L.+ A. HERZENBERG

Departmént of ééheticsv
_ Stanfbrd University School of Medicine

©Stanfords Californiss 94305, USA

Running Title! Harten-srecific Redulstion

hesuorost Isotapefﬁllotspefldlotspelﬁeéulotlon af antlbods Prnductlon/

Regulatoru c1rcu1ts/HaPt9n SPeFlfIC re§u13t10n

Thls opportunlts to acknowledge our 1ntellectual deot to the

Par+1CULar genlous of Nlels Jnrnn 15 espnc1allu t1mels bPLause ue hBVP JUSt

. comPleted 8 serles of studles ShOHlﬁB tﬂat 'hapten 5PFle1C mechanisms

akln ta 1d10tspe reSulatlon control the SPec+rum of anflbods cnmb1n1n3
51t95'an0 1sotspesvpr0dueed in ord1nar3 ‘antlbods resronses (2.9,1 to the
dinitrorhensl hasten (DNF))Y ( 1), Our work in this aresy uwhich introduces a
subsﬁantiﬁlls new rerserective on the mechanisms regulating heterogensous
antibody resronsess has been strongly influenced bu concerts of redulatory N

interasections involving the kinds of idioture-anti-idioture recosnitions

prorosed by Jerne and colleasgues ( 2 ) and by the evidence and ideas from

T

idiotyre suprression studies that dgrew from these srorosals { 3-5 ). Thus we
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‘see the followind discussion essentislle 3s offering fruit (horefullu

sweet) from the orchsrd Frof. Jerne thoushtfully rlanted many wears ago,

fﬁa var1et3 of 1d10tspe and allotspe regulatars ssstems to construct 3 model*

of ant1bods—re=90n5e reﬁulatzon ‘hased on circuitsf of interactions among

‘(Core)j'circuitsi each cumposed of two helrer 2nd two suppressor T cells B

nconnected:bu Pognltlve 1nteraet10ns that include complementars Uh

‘iantlbodles earrslns 3 ?artlcular 3n+1bod9-comb1n1n5 site coupled to a8

">tne com9051t10n of 3 tHPlCBl heteroéeneous antlbods response.,

:c1rcu1t, In addltlonr it depends on the rplaflve atrens+hs of PDSltlve and“

negative siSnals transmitted to the Core circuit from = series of
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In a recent £ﬁeoretical érticle ( 6 ) that rpreceded incertion of ocur

current StudIES! we had comh1ned and reassorted 1nformat10n avaxlable from

”resulatopsvand‘rgSulated cells. This model rrorosed 3 sustem of central

(comblnlns 51te) 1nteract10n5 such as those involved 1n 1dlotupe r99ulat10n

v (see F1§.1) and Ig heavs chaln constant regxon recodnitions such as those ‘

apparentlu 1nv01ved in allotspe SUPPPES:IOR {not shoun in Fig.1)}, Indlv1du3113! eact

of these c1rcu1ts PPDVldES the basic "on-off" regulation for Produetlon of

Part1cular Id heavy chaln (1sotspe/allotspe). Thus togetherr they regulateT

The decision as to whether a éivén Core circuit sermits or suppresses

: Productlon of the antlbods 1t reéulates is partially 1ntern31 to the

functionally distinct auxiliary redualatory circuits that directly sense

the antidenic environment, For exameler an suxiliary circuit containing
carrier-specific helrer T cells can be activated by antiden to issye

signals that favor antibody rroduction, This model thus rlaces Id-srecific

redulstion rroximal to the B cell being resulated and establishes 3 susten

whereby 2 variety of rositive and nedative auxiliary stimulatory sigmals
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are integrated (by the Core cireunits) to determine whether one or more of

- the rossible antibody ropulations shall be represented in 3 resronse.

Thelihebretical configuration we suddested for the cells in the Core

hc1rcu1t endow it wlth a novel regulators caPab11ts PPOPhEth for our

,f stud1es on the 'hapten-spec1flc supre551on descrlhed belou. BH allowing
“each suepressor cell in the circuit to attBEP one of the helrer C911S and

_Ybe helped (to dlfferentlate and e Pand) bs the other (see Fid, 1): we

fiarrlved at a set of cell 1nteract10ns that apprnx1mate5 the oehav1or of an
J"electron1c hlnars (" fllP -flar") c1rLu1t in that the c1rcu1t tends to

h stablll"e 1n 3 helr or suppr9551on mode but nevertheless can shift to tne

i 0??051te conflsuratlon in resronse to a dramatlc shift in stimulatory

cond1t10ns.

Ue uculd be Pleased to Pla1m that the experlments uncoverlné the =

‘haPten SPecific' reSUIafors ssstem and showlng that it zrrroximates the

‘hbehav1or of the the model c1rcu1t5 were actualls 1nst1§ated by 1deas

‘generated dur1n§ our 'thnoretlcal 83 erc1se , butr 1f truth be told: thesef"

expérlments han 3 much.morévmundane:b931nn1n3.r Thea hedany au1te sxmplsy’
- 8% an attempt to evplaln 3 supr151ns anti- hapten response failure 1n 3 group
f:nf cuntrol anlmals added tc an ex Perlment malnls to assure ourselves that
k carrier;PEimed animals would make the deneralls euPeeted BUSmenied
anti-harten resronse when stimulated subseauentls with 3 narten on the

spiming carrier. Contrars to pupectationsy these animals eroduced both 3
smaller and lower affinitw anti-harten resronse than animals exrosed only

to the harten-carrvier conJdugste (1 ).

0f coursey we should should not have been sureriseds since both
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RéJeusku et al., (7 i and Mitchison at 3l, (9 )y in the first eparers

demonstratin§ carrier-specific helr interzctionss rerorted that in situ

ant1~hapten resronses fail when mice are eypose first to a carrler rrotein
and then to haPten on that carrler {(i.e.y to what ue call the

'carrier/hapten-carrier' 1mmun1;at10n seauence)’ howevers like most

“1mmun01091stSr we had removed this odd PESPDnSE fallure from the anomalles -

to be remembered' ea*eéors some time ado bncause it arreared to be due to

v;nterferenee_thh (uhat we uould now call) antl harten memors B cell

. dEVEIOPment ( 10 ). Thus, belns unPreparnd fur the resul*s we obta;nedy we ff.

1nadvertent15 reopened an old GUE:tan! andy bn1n§ armed ulth F modern

_arsenal of tnchnlauns for measuring both memory B cell development and the

: amount and 3ff1n1ty of each 1sntspe rEPresented in ; gity responses from a

nlarge number of individual animals { 11 )y wound ur some Si months later

_with neu_evxdence excludlns any substantial 1nterferenee ulth B cell

kaleth and demonstratlns 1nstead that the observed non- respon51veness is

due to the carrler spec1f1c 1nduct10n of 3 'haPten spec1f1c suppre551on

;mechanlsm uhobe PPOPEPtlES match those deflned for the theoretxcal

'lregulatnrs c1rcu1t5 we had ?roposed earller."

ThEBE studles shnw *hat the carrler/hapten carrler eyPosure seauence

: Senera*es F SUPPPESSIDH whlch largelg Prevenfs Frimary IQG antx hapten

responsps to tha 1ndected hapten carrier CORJUSBtE and then contlnues to

surpress 146 resronses to the harten whether sresented subsecuently on the

initial ors more significantlyy an unrelated carrier. This §UPPression does
not interfere with resronses to either carrier moleculey is,e, it is

specific for anti-harten resronses, Furthermorer it tends to

rreferentially surpress the high-affinits comronent of this resronse. Thus

our studies demonstrate the existance of @ surrression mechanisms orerative
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in heterodeneous resronsess that can be induced to selectively surrress
production of nearly a1l of the antibodies resctive with an individual
hartenic determinant on 3 comrlex antidenr without reference to the carrier

'Dn'uhiéh ihat determinant is subseauently rresented.

Thls suPPr9551on mechanxsm clearls Prevents the erPr95510ny rather

'"than the dEVEIOPmentr of antl haP*en MEMOTY s Adoptlve transfer studles

”( 1 ) shuu that memory Populatlons in suppressed mice are 1nd15t1n9u1shable

*”from memors Populat1ons in non suppressed mice (exposed anls to the

hapten—carriev conJuSate). SPleen cell Populat1ons from the SUPPPESSEd

_mices houever; must be derleted of T CPllb rrior to transfer since total

7,(non T depteted) splenlc PDPUlBtanS sleld suppressed antl hapten responses

| in- adoptlve rec1plents (Herkenbers and Tokuhisar unPubllshed

» observatlons). Thus the hapten carrier CDnJUQBte 1nduces normal

'fant1~hapten memoru Populatlons 1n the carr1er Prxmed 3n1malv but 1t also

‘1nduces a T cell- dePendent suppr9551on effector mechanlsm that spec1f1calls

prevents the exrression of these memorw cells.

The induction of'fhé'efféétdg mechanisar in bagtfaét:;itﬁ its

?‘DPEPBtIDnr 1nv01ves both carrler spec1f1c and haPten SPEPIfIP 1nteract10n5

”'ulth the 1nduc1n§ ha?ten~earr1er COHJUSBtE» Suppr9551on is 1nduced onlB

when mice are Primed uith a carrier and then expcsed to haFten on that

parrier. It is not induced when carrier-rrimed mice are exrosed to harten
an an unrelated carriers (even thoudgh subseauent resranses to harien on an

unrelated carrier are suprressed once surpression has been induced), Thus,

for exameley DNF- hLH induces surpression for anti-DNP resronses in KLH

(keshole limret hemocuanin) rrimed mice but not inm CGG- (chicken damma

¢lobulin} rprimed mice while DINF-CGG inducea'suppression in CGG-primed wice

5
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but not in KLH-primed mice. Thereforer carrier-rriming must generate 3
_Populatxon(s) of carrier- 599c1f1c cells thats once presenty induce the

: hapten-SPEC1f1c mechanlsm to SUPPTE5S anti-harten resronses when the animal

1s‘confronteﬁ with a new harten aon the Pr1m1n§ carrier, (The uwell knoun

carrler SPElelC supsressar T cell rorulation could be 3 mador cnmponent

ot thxs suPPr9551on 1nduct10n mechanisms since the avallable data are.

35 commonly believeds mount a direct attack on carrier-specific hele,)

Onee harten-specific suppression is induceds it can persist throush

:ultlple rest1mulat10ns u1th hapten {on the rriming or an unrelated
carrler): huwever: there is a3 clear hlerarchs amond 1sctsPes vxs a—v1s the
induction and maintenance of SUPPFTESS10N, That iss ISH responses are not

_suppressedy IsGl are SUParessed 1n1t13115 but frenuentls e5CaFER from

. suppr9551nn after a second hapten stlmulatlon and con51stent13 escape aftpr'

2 thl?dy and ISG av IQG”b and 1363 responses usualls remain SUPPPESSEd in q

‘:doublg st1mulated an1mals”and ESCBPE onls after a thlrd ar fourth hapten

These multlple stxmulatlons are each diven at dose levels

:capable of stlmulatlns 3 primary response (100 us of haPten—carr1er

,mconJugate on. alum)y 1ndlcat1n§ that suppression can Per51st 3331n5t 8

'ISUI than for the other Iéu 1sotspes) 35 stlmulators condltlons favorlns

response mount,
. »1 .

Resronse is also "reversible® in that snti-harten antibpdy eroduction

initiated f0110w1ng sriming with harten on one carrier can later be

surpressed by comeletion of 2 carrier/harten- carrier seeuence wlth the

hartern on 8 different carrier. The initiation of resronser houevers

amblslous as to uhetner these cells 1nduce naPten 59991f1c suprression oryﬂ

6

i;strons 1mmun1kat1un schedule but ultlmatels is rpver51b1e (more 935119 for L
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f;rouﬁhls comparable to that in gruups of 1n1t13113 suppressed anlmals after"“
SUPPFESSlon has been lar§els reversed bs several subseauent exs osures to

narten,

l'(on the
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markedls impairs subseauent surpression induction. 1361 resronses remain

essentially normal under these conditions and only about half the animals
show dramatic surpression for the 14623, I262b and 1463 resronses. Thusy
as a droury initislly resronding animals exrosed subseauently to &

_mcarrler/hapten CBPPIEP 1mmunlzat10n sequence show 2 supression rattern

This erotocol was used in the earls 1970's to show that hapten-carrier

‘helP 1nteract10ns can occur in 51tu ( 10 ); since these 1nteraet10ns had

'Xprevxousls been demonstrated onls in adoptlve ssstems. The observed

restorat1on of respon51veness apreared to 1nd1vatn that 1nadeauate B cell

Prlmlng was r95P0n51ble for the 1n30111t3 of carrier primed mlce to hapten

nlevant LBFPlEP)? houever;'xn retrospecty the Predomlnantls 1961

response reported susaest: that the restoratlon observed Wwas actuallu o

dUEr

we have shoun here; to 1ntnrference wlth the 1nduct10n of

hapten~spec1f1c suppr9551on.

These f1nd1n§s, 351dp from e Plalnlng an aPParent dlscrepanes betueen

,and ear11er rePorts; reveal one of the bas:c sxmllarltles betueen
the observed Properfles of the hapten spec1f1c mechanxsm and the theoret1c 1.

PPOPEPtlES of the Core redulaturs circuit in the model dlscussed above. The

theoret1L31 cell interactions Predlct that responses will tend to stabxllge '
in the 1n1t13113 induced configuration (suppre551on ar helr) so that more

stlmulatlon u111 be required to shift the circuit to the 0P9051*e

configuratian than would have heen reauired to establish that ronf1ﬁurat1on

initially. Our exrerimental evidence demonstrates that initialls

7




[

. of rESPonse cond1t1ons the animal to re515t SUPPPESSIDn 1nduct1on and vxce,

VQPSBo

'j;hap+nn spec1f1c SUPPPESSIDH for allota?e marked respanans to all

determlnants on an sntigen so that these responses later fail when anlmals
. are re-ex Posed tn the 1mmun121n3 detnrmlnantb {on the same or 3n unrelated

ficarrler) durlns remlssiony (between 12 and 20 ueeks of 339) when these

HERZENBERG ET AL.

suppresséd and initialiu resronding animals can be brought to roughly the

same level of surpressiony but that one or two additional stimulations with
; haPten are reau1red to reverse an initisl sueeression to the level that is
vlnduced in 1n1t13119 respondlng animals subseauently exposed to the

carrler/hapten carrzer SEQUENCEe, Thus; as the model suagestSr 1n1t13t19n

The 1sot39e (and oc0351on31 allotspe) spec1f1c1t5 of the

haptan SPECIfIC suppr9551on mechanlsm refleets anntﬁer of the theoretxcal

errOPertles of the Core e1rcu1t. The allutspe spec1f1c1t3 1ntruduced into

°,th15 c1rcu1t to accaunt for allotspe suppress1on offers a ratlonal around

fDP e Plalnlns the observed reSulatlon of antlbods rroduction: accordlns to'

Is heavs cha1n structure. In additionr it rredicts a connection betueen

”vallotSPe and hapten4spec1f1c suppr9551on uhlch e Plains now (asiue have

recentlu shown) 1mmun1"at10n of allutsPe suppressed mice during the1r

7w1n1t131 Perlod of suppr9551on (betueen 6 3nd 12 weeks of ade) can 1nduce 3

PESPDHSES would otherwlse Proceed nnrmallu* (Hlnur modlflcatlon of the

cireuit as drawn is reeuiredsy however: to accommodate the isoture/alloture

specificity of the harten-seecific mechanism,) . e

Finallys the demonstration that carrier-seecific interactions determine
whether &upprssion or response is established and/or maintained also

recalls the model’s suxiliarw circuits that sense the sntidenic environment

8
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?;account f"r the unusual Propertles of the napten ~-specific resulators

ssstem.
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and sisnal the Core circuit in favor of resronse or suprressian. Althoudh

the Published version of the model did not include carrier-srecific

,au41111aru c1rcu1t which would induce the Eore c1rcu1t to surpressions this
ture nf c1rcu1t can readily be added. Thus wlth SUPPFISIHEIB little

=1‘@.*\/151(:"'” the hBPOthEthBl cell 1nferact10n5 we prorosed esrller can

‘r thls model'truls aPProxlmates real1ts cannot be determlned {{;'?

“ ffdm éxistlna data. Nevertheless; the 1nte§rat1on of coneepts from studxesy

ef 1d10tspe r93ulat1on and regulators T cells on which it is based have now

”i?roven to deflne a fhearetlcal ssstem uhose PPOPBPtlES match the actual
‘ ProPertles of the regulatoru ssstem controlling heterodgeneous antlbods

jresyonses. The develupment of this mudel; we submits owes much to the

wiSroundwnrk lald bu Prof. Jerne: uhose 1m351nat1ve view of the PDSSIblE i
br93ulator3 1ntersLt10ns 1n the immune sgstem broush‘ us ond so mans others

'Hto fpuitful_inve;tiéations of reseponse regulation:
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LEGENDS' FOR FIGURES

Figure fﬁ Theoretical Core Regulatory Circuit
The B cell carrying id+ VH Ig surface receptors is helped by a
T cell, Th®; with complementary (id” ) receptors. This Th,
which is ana1ogous to an idiotype-specific he]perkT cell, is
depleted by a suppressor T cell, Ts@ , analogous to an idiotype
suppression T cell. It carries id+ receptors similar to the
B cell and therefore could bind the same haptenic determinant.
Th® and Ts@) are distinguished from_Th(:) and Ts(:) by
non—VH re1éted surface determinants. The configuration of this
circuit is such that it will tend to stabilize either with O]
“and Ts(:) dominant or Th(:) and Ts(:) dominant. Thus it will
tend to maintain itse]f}éither'in a help or suppression configuration

depending on the initial conditions of antigenic stimulation.

: *Appearéd in European Journal of Immunology, Volume 10, pp. 1-11, 1980.
Herzenberg;,L.'A., S. J. Black and L. A. Herzenberg. Regulatory |

circuits and antibody responses.

L. A. HERZENBERG, Department of Genetics

Stanford University School of Medicine

Stanford, California, 94305, USA
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