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ABSTRACT

Antisuppression is an immunoregulatory T cell pathway activated

within 6 hours after antigenic stimulation which enhances immune

responses through the inhibition of suppressor cell function. The

antisuppressor mediator, present in the serum of mice at 6 hours (6HS),

contains a unique form of processed antigen which represents complexes

of immunoglobulin (Ig) and antigen. The formatíon of these complexes

is mediated by an inducer Lyl+ L3T4+ T cell while rheír funcrion

depends on binding to and activating an Ly2* effector T cell. Results

from this study have shown that the initial interaction between

macrophages and T ce1ls for the in vitro production of this mediator

requires antigen processing and presentation in association with major

histocompatibility complex (ìftIC) class rr molecules ro an Lyl+, L3T4+

inducer T cell. rnhibition of antigen uptake and its subsequent

degradation abolished the production of thís mediator. Its generation

was also blocked Ín the absence of cel1 contact between the maerophage

and T cell by both anti-L3T4 and anti-class II anribodies.

Lethally irradiated mice required reconstitution with syngeneic T

cells in order to generate the antisuppressor mediator. I^Ihen lgh

congenie T cells were used for reconstitution the antisuppressor

mediator was lacking. However, the addition of IgG from the same Igh

haplotype as the T ceIl donor generaÈed antisuppressor complexes that

enhanced IgG antibody response in suppressed cultures. The Igh

resEriction between the inducer T cell and IgG was observed in several



Igh congenic strains. The indueer T cell r¿as unable to express an

altered Tgh restriction when exposed to an Igh distínct environment for

several days. By using two Igh recombinant sËrains it rpas found thac

the formation of this mediator was regulated by genes of the IghV

locus. In addition, iË v¡as observed that genes of che IghC locus were

not involved in the formation and functional expression of

antisuppression. In the absence of the Fc portion of IgG, the divalent

F(ab'), fragment participated in the formation of functíonal complexes.

The effector stage of antisuppression was found to be MHC and lgh

nonrestricted.
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ABBREVTATIONS
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TNTRODUCTION

Antigen-specific suppressor T cells (Ts) and their soluble factors

(TsF) are important regulatory elements of humoral and cell-mediated

immune responses (reviewed by Dorf and Benacerraf, LgB4). one model of

an immunoregulatory T-cell circuit involved in enhancement of immune

responses through the inhibitíon of suppression has been described by

Gershon and colleagues (reviewed by Green et â1., 1983). AnoEher

model, which bears functional similarity with contrasuppression and has

been the focus of studies in this laboraEory, ís a pathway called

antisuppression (reviewed by Paraskevas et aI., 1984).

The antisuppressor pathway is distinct in that it is activated

!¡ithin 3 to 6 h after antigenic stimulation and its mediator is a

unigue form of 'complexes' containing immunoglobulin (rg), antigen and

ra antÍgen (Paraskevas and Lee, L979; Paraskevas et ar., Lglg). The

formation of this complex involves a factor released from the inducer

Lyl* T cells while íts funetion depends on Íts binding to and

activating an effector LyZ+, r"*, FeR+ T celr (Lee and paraskevas,

1981; Paraskevas et a7., L979; L984; 1985; Lee et aI., 1985). The

Presence of the complexes has been detected by a highly sensitive and

reproducible method called reverse immune cytoadherence (RTCA) assay

(Paraskevas et a7., L97I) while the ability of the complexes to

interfere with Ts cell function has been demonstrated in both humoral

and cel1-mediated immune responses (Lee and Paraskevas, 1981;

-1-



Al-Maghazachí et a7.,1983; Lee et ar., r9g5; paraskevas et al., r9g5;

1985a).

Previous studies have demonstrated that 6h complexes are involved

in the in vit.ro enhancement of antÍ-sRBC antibody response in
suppressed cultures (Lee et a7., l9B5). More recently, an in vitro

method for the producËion of SRBC-specífic antisuppressor mediator has

been estabrished in this laboratory (Maeba et a7., 19gB). Therefore,

the present investígation has focused on the role of antisuppression in
the regulation of the humoral anti-SRBC antibody response. The main

objective of this study v¡as two-fold: (1) to examine the cerrular
interactions in the stepwise assembly of the antisuppressor mediator,

and (2) to determine the nature of the genetic restrictions imposed

during the induction as well as the effector stage of antísuppression.

Produetion of the anÈisuppressor mediator in vitro comprises Ëwo

stages, first the culture of syngeneic T celrs v¡ith antigen-pursed

macrophages, and second, the additÍon of syngeneic rgG to the cerl-free
culture supernaEant in order to detect antisuppressor acLivity (Maeba

et a7-, 1988). Therefore, it was apparent that an 'intermediate
complex' was produced as a result of the interaction between T cells

and antigen-pulsed macrophages and syngeneic rgG was required for the

generation of antisupPressor activity. ExperimenÈal evidence from this

laboratory suggests that the earry índuction of the antisuppressor

pathway ensures the development of an immune response by preventing the

-2-



early induction and/or function of Ts cells (Al-Maghazachí et âr.,

1983; Paraskevas et a7., L984;1-985; Lee et aL.,1985). Therefore, it

v¡as of obvious importance to examine whether there are any striking

differences in the macrophage-T cell interactions which result in the

production of the antisuppressor mediator as compared to those which

lead to T cell activation for other effector functions.

It is now widely accepted that T cells recognize foreign antigen

in association with self-MHC molecules on the surface of an

antigen-presenting ce11 (APC). Previous studies have indicated that Ia

antígen is one of the components of 6h complexes (Paraskevas and Lee,

1981). rn the present study it was of relevance to examine not only

the role of Ia molecules in the generation of the 'intermediate

complex' but also the requirement for antigen processing. Recents

experimental evidence suggests that the T cell surface molecules CD4

and CD8 may be receptors for nonpolymorphic determinants of MHC class

rr and crass r molecules, respectively (Bierer and Burakoff, 1988).

Moreover, it appears that cD4 and cD8 morecules participate in cell

adhesíon between lymphocytes and APC and may have a role in the

generation of effector T cells from precursors. Therefore, the

invorvement of cD4 and cD8 molecules in the macrophage-T cell

interaction in Èhe production of the 'intermediate complex' lras also

examined.

Genes located v¡iËhin Èhe MllC as well as genes in or linked with

-3-



the Ig hearry chain (Igh) locus regulate both humoral and cell-mediated

immune responses. It has been shown that activation ín vi-vo of the

anti-suppressor pathway is regulated by genes in Ehe r-A subregion of
the MHC (Paraskevas et a7. , l-985). Irhire the phenomenon of rgh

restriction, i.e., a r"qrrir.*"rrt for functional identíty between

responding lymphocyte populations at. the rgh locus is not clearly

understood, nevertheless, there is substantial evidence demonstrating

lgh restricted cel1 interactions in both the suppressor (sy and

Benacerraf, 1988) as well as the contrasuppressor circuiÈ (Green and

Gershon , L9B4). rn elucidating Lhe cellular interactions in the

stepwise assembly of the antisuppressor mediator it was critical to

establish whether genes of the Igh locus are involved in the induction

of antisuppression.

rn earlier studies (Lee and paraskevas, L972; paraskevas et a7.,

1985a) it has been established that lethally irradiated mice are unable

to generate the 6h complexes unless reconstÍtuted with syngeneic T

ceIls. ïn the present study, lethally irradiated mice \,,rere

reconstítuted with rgh congenic T ce1ls, i.e., T cells from donor mice

that differ from the recipienrs ín the rgh haplotype. rn addition, the

availability of two rgh recombinant strains, Í.e., BAB-14 lrghv"-cb¡

and CBAL llgtrvd-cb¡ provided the opportunity to examíne whether the

induction of antisuppression vras restricted by rghv- or rghc-linked

genes. Furthermore, the in vitro assay for the production of the

antisuppressor mediator was utilized Ln order to examíne the structural

-4-



constraints, íf any, that were imposed upon the IgG molecule during the

formation of this mediator. The divalent F(ab'), fragment prepared by

enzymatic cleavage rÀ¡as evaluated for its ability to generate the

antisuppressor activity.

It has been demonstrated that the Ts ce1l repertoire is dependent

not only upon the genetic background of the specific T cel1s, but is

also influenced by Igh-linked detserminants present when the T celI

clones are selected during an immune response (HayGlass et a7., 1985).

Therefore, it was of interest to examine whether the lgh distinct B

cells of the host could influence the pattern of Igh restriction during

the in vÍvo generation of the antisuppressor mediator. Two approaches

were used, first Igh congenic T ce1ls rvere 'parked' in an Igh distinct

environment for several days before the production of 6h complexes, and

second Igh congenic T cells were transferred into athymic mice.

Previous studies (Paraskevas and Lee, 1981) have shown that in the

absence of T cel1s, e.8., in athyrnic mice, the effector function of the

6h complexes is MHC restrícted while in the presence of T cells the

complexes enhance anti-SRBC antibody response across MHC barriers. By

using lgh congenic strains it was possible to determine what role, if

âril, the genes linked to the Igh locus have in mediating the effector

function of antisuppression.

-5-



I.

LITERATURE REVIEW

IN]TIATTON OF THE IMMUNE RESPONSE

Processing of antigen

The centrar role played by the Apc in the generation of the T-cerl
immune response has been well documented (reviewed by unanue, 19g1;

1-984). rn general, protein antigens need to be physically altered or

'processed' by the Apc prior to being recognized by the T cell (Elrner

and Rosenthal, 1975; Ellner et al., r9l7). zíegrer and unanue (19g1;

1982) v/ere the first to directly demonstrate the requirement for
antigen processing' First, fixation of APC's wíth paraformaldehyde was

shown to block antigen internalizaxion, catabolism and presentation to
T celrs. second, Lreatment of Apc,s v¡ith chloroquine or ammonium

chloride which inhibits rysosomal proteinases (poole et ê1. , l9g0)

blocked degradation of antigen and presentation to T cells. However,

it ¡¿as observed that APC's fixed after exposure Èo antigen could sËill
serve as presenting cells. Therefore, from these initiar studies
(zíegrer and unanue 1981; r9B2) lr was inferred rhar anrigen had to be

internalized into an acid vesicular compartment and an immunogenic

determinant, not denatured by fixation, displayed on the celr surface.

The lysosomes are Èhe major site of antigen catabolism (Lloyd, l9B0)

although there is evidence that proteinases in the plasma membrane of
macrophages (Lavie et a7., 1978) can also produce immunologicalry

relevant peptides (Buus and l^Ierdelin, 19g6). Experiments using

prefixed APC's by Shimonkevitz et a7. (1983) and orhers (Shimonkevitz
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et a7., 1984; Arren et al., L9g4; Kovac and schwartz, 19g5) have shown

that peptide fragments of native antigen can be presented to

antigen-specif ic T ce1l clones. Furthermore, I,Iatts et ai. (19g4)

demonstrated that planar membranes containing immunoaffÍnity-purified

Ia antigen and defined peptide antigen was indeed sufficient for T cell
recognition. These observations suggested that degradatíon of an

antigen in vítto could substitute for whatever processing event(s)

occur within an APC.

llhile processing of antigen has been widely accepted as an early
event in the initiation of the T-cell immune response there Í-s however,

a minority view (Klein and tr^Ialden, 19g6) whose proponents claim that
degradation of antígen into peptides inside or outside the cell, is not

necessary for T ce1l recognition of most antigenic determinants. Klein

and coworkers (1986) believe that antigen binds to certain molecules on

the APc and via membrane currents is brought into close physical

proximity of the MHC molecule for recognition by the T celr. rn their
víew, antigen catabolism and the physicar association of peptide with

MHc molecules are not considered critical for an immune response

(i^Ialden et a7. , 1985, l_986).

Presentation of antig.n ín association rvith ra mo1ecule.

rt has long been accepted Èhat T helper (Th) ce1ls recognize

foreign antigen in association with Ia molecules on the surface of an

APC (Kindred and shreffler, rg72; Rosenrhal and shevach, Lg73; Katz and

Benacerraf, 1975). Until recently, there !¡as no unequivocal evidence

-7-



for the existence of Ia-antigen complexes. In some earlier studies

(Erb and Feldmann, L975; puri and Lonai, 1990; Friedman et a7., 19g3)

it was observed that the supernatant from macrophages cultured in Ehe

presence of antigen apparenË1y contained a soluble complex of Ia and

antigen. Direct biochemical evidence for the existence of such

complexes hTas first provided by Babbirt et a7. (19g5) . using

equilibrium dialysis they and orhers (Buus et a7. , 19g6) have

demonstrated that affinity purified Ia molecules were indeed capable of

binding immunogenic peptide antigen. Moreover, the binding of peptide

to purified ra was shown to be immunologically relevant by t\,¡o

different approaches (Buus et ar. , 1987) . competitive inhibition

studies r¡¡ere performed using reler¡ant peptides to inhibit the

presentatíon of antigen by prefixed Apcs. rn addition, it was shown

that Ia-peptide complexes incorporated into planar membranes could also

stimulate antigen-specific }fllc restricted T ce11 hybridomas (Buus et

a7., 1987). The sequence of events which resulÈ in an antigen-ra

complex and where this occurs in the macrophage are not clear. one

model that has been proposed (unanue and Allen, L}BT) suggests that the

antigen enters a prelysosomal compartment where it is subj ected to

partial fragmentation, encounters nascent Ia molecules and upon binding

is transported to the plasma membrane.

The basic function of the Ia molecule

Clearly, the Ia molecules are critical in the initiation of the

T-cel1 immune response. Rosenthar (1978) and Benacerraf (1978)

-8-



postulated that control of Ëhe T-cell responses is imposed at the level

of the APC. In their view, which is referred to as 'the

determinant-selection hypothesis', the Ia molecules select determinants

on a foreign antigen that are to be presented Ëo T cells. This

hypothesis has been challenged experimentally (rshii et â7,, 19g1;

L982; clark and shevach, L982) yex recent studies have provided

evidence that Ia antigens indeed have a higher intrinsic affinity for

some peptides compared to others. However, experimental evidence

indicates that bindÍng of peptide Ëo Ia is not sufficient to elicit an

rnmune response, ê.9., I repressor peptide (p12-26) binds strongly to

r-Ed molecule whire it is resrricted by r-ed qcuirtet eË a7., 19g7).

In vÍew of the recent undersËanding of peptide-Ia interactions (Guillet

et â7 . , 7987 ; Buus et af . , L987 a), it has been suggested that Ia

molecules funct.ion as a carrier system that protects peptides from

catabolism and transports them to the cell surface (Unanue and Allen,

1987 ; Allen et a7. , L987). Experimental evidence exists thar

autologous peptides compete with ímmunogenic peptides for binding to

the same MIIC molecule (Lorenz and Allen, l-988; Adorini et aI. , 19BB)

thereby indicatíng that ra molecures lack the fine specificity to

discriminate between self and non-self. Gefter and colleagues (Guillet

et â7., 1986) have postulated that the Ia antigen is a receptor

containing a single binding site for peptides and its function is ro

'uniquely' position the antigen for T cell recognition. In their model

it is the binding of self or foreign antigen in the polymorphic region

of Ëhe Ia molecule which irnparts unique qualities to both the peptide

-9-



binding site and the self recognirion site(s)

Macrophage regulatÍon of the immune response

IL is hardly surprisíng that the synthesis and expression of Ia
molecules is highly regulated. The capacity of macrophages ro

synthesize and express Ia antigens on their surface is not constitutíve
(unanue, 1984). The percentage of macrophages bearing detectable ra

determinants has been shov¡n to vary depending on the tissue from which

they are isorated (cowing et a7., L97g), ê.8 -5os ra* macrophages are

present in spleen and only l-0-2o8 ín the periLoneal cavity. The

expression of membrane ra is Lransient, on the order of L2-4g h, and

cells in culture eventually beeome ra (Beller and unanue, 19g1) . onry

those eells that display Ia can function as accessory cells for T cell
activation (Yamashita and shevach, LgTl). substantial evidence has

accumulated demonstrating the role of the Th cell in regurating ra

expression on the macrophage surface (Beller et a7,, l9g0; scher et

â7., 1980; steeg et a7., 1980). rt appears that after recognirion of

the ra-antigen complex, the T cell secretes interferon--y (rFN-.y), which

interacts ¡,¡ith a specific receptor on the macrophage to upregulate the

expression of ra molecules (steeg et ar., rgBZ; Basham and Merigan,

1983; celada et a7., l-984) thereby enhancing the macrophage's capacity

to present antigen (Walker et a7., I9B2; Beller, 19g4).

Macrophages release interleukin (rL)-1, a polypeptide Ëhat has

been shown to be critical for T eell activation (Larsson et aI., l9B0;
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Gillis and Mizel, l9B1). rt has been shown rhat rl.-l acts on T cel1s

ín t\.ro ways: it induces receptors for rL-2 thus allowing T cerls to

proliferate (smith et a7., 1980; Kaye et ar., 1984), and it also

stimulates rL-2 production (I^Iilliams eË af ., l9B5; Lowenthal et al .,

1986) . unanue and coworkers (Kurt-Jones et ar. , 19g5; I^Ieaver and

unanue, 1986) have suggested a role for a membrane-bound form of rL-1

in antigen presentation by fixed macrophages. However, it is not clear

whether all T cel1s regardless of their state of activation require

IL-1. Antigen-specific T cell hybridomas have been shown to respond to

peptide-Ia complexes incorporated in planar membranes in Ëhe absence of
exogenous IL-l (Ilatxs et a7., 1984).

T cel1 antigen receptor

our current understanding of antigen recognition by T cells has

evolved from a substantial body of work from many laboraËories

(reviewed by Davis and Bjorkman, l-9BB). rt is now apparent Ehat the T

ce11 antigen receptor complex (TCR-CD3) comprises the clonally variable

receptors made up of two different disulfide-linked heterodí_mers, aip

and 7:6 (Allison et a7., L982; Meuer et ar., 1983; Haskins et al.,

1983; saito et a7., ]-984; Brenner et a7., 1986) in non-covalenr

associaËion with an array of invariant proteins collectively referred

to as the cD3 complex (Oettgen and rerhorst, 1987). The more common

a:B reeeptor, expressed on the majority of peripheral T cells in mice,

is involved in antigen recognition (Yagüe et a7.,1985; Dembic et a7.,

1986; saito et a7., 1987) while the function of the -¡,:6 receptor is
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unknown. These TCR polypeptides are very siroilar to immunoglobulins in
primary sequence, gêîê organization, and modes of rearrangement

(Hedrick et a7., 1984; Yanagi et a7.,1984; sairo et ar., 19g4). The

TCR exists only on the ceII surface and in contradistinction to

immunoglobulin genes shows no evidence of somatic hypermutation (patten

et â7., 1984; Behlke et a7., 1985). Hence, the repertoire of

functional T cells cannot be modified by changes in receptor sequence

after exposure to antigen. The TCR associated CD3 complex comprises at

least fíve íntegral membrane proteins (Minami et a7. , I9g7) which may

function in transducing an activation signal upon ligand binding
(Oettgen and Terhorst, 1987).

T cell accessory molecules

Although antigen-specific activation of the T cel1 is mediated by

the TCR-CD3 complex, a number of other surface molecules partieipate in
the immune response and appear to be Ímportant in T ceIl adhesion to

APC and target cells (Bierer and Burakoff, 19sg). rdentÍficatÍon of
subset-specific celI surface antigens (cantor and Boyse , Lg75; Reinherz

and schlossman, 1980; Dialynas et al., 19g3) allowed division of T

cells into two classes: the herper/inducer T cell (Th/i) bearing Ly r
and L3T4 antigens (arso known as cD5 and cD4, respectively), and the

cytotoxic/suppressor T cells (Tc/s) bearing Ly 2 antigen (known as

CDB). The CD4 and CD8 molecules are expressed on mutually exclusive

populations of T cells, i.e., about 65t of peripheral T cells are cD4+

It appears that there is a stringent correlationand 25-35t are CD8*.
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between t}:,e CD4/CD8 phenotype and the class of MHC determinants that

these T cells reeognize (Meuer et a7. , L982; I¡Iilde et ar. , 19g3).

Independent of their effector function CD4+ and CD8+ T cells recognLze

nonpolyrnorphic determinants of MllC class II and class I molecules,

respectively (swain, 1981). Therefore, it has been suggested that the

interaction of CD4 or CD8 antigen wich MIIC molecules may contribute to

the avidity of the T ce1l for its APC or rarger cell (Swain, 19g1;

Marrack et a7., 1983). Evidence supporting this hypothesis has been

obtained from studies using monoclonal antibodies directed against

cD4/cD9 or class rr/r- determinants (Meuer et a7., L9B2; swain, 1983),

as r¡ell as gene transfer experíments (Dembic et a7., LgBj; sleckman eL

a7. , L987; G"y et a7. , 1987; Gaberr er aI. , Lg87). The earlier

observations coupled with the recent demonstration of direct binding of

cD4 to MHC class rr molecules (Doyle and strominger, r9B7; Gay et a7.,

r9BB) further support the idea that these accessory molecules

strengthen the interaction of the TCR with its ligand. Recent studies

have also suggested that CD4 and CD8 rnolecules may enhance antigen

responsiveness by transducing a signal directly or in concert with the

TCR-CD3 complex (Janeway et a7.,1988; Ledbetter et a7.,1988).

Functional heterogeneit-v of CD4+ T cells

Antigenie stimulatlon of T cel1s results in clonaI expansion, the

generation of T-memory cells and maturation into cel1s with regulatory

or effector function. one aspect of T cell regulation of immune

responses is through the release of antigen non-specific lymphokines
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that alter Ëhe behavior of various target cells. Recent studies r¿Íth

cloned T cell lines have revealed that murine CD4+ T cells could be

diwided ínto two subsets, T"1 and r"2, a classification that is based

on lymphokine secretion and functional analysis (Mosmann et al., 19g6;

Mosmann and coffman, L987; Bottomly, 19gg). Both subsets synthesize

rL-3 and granulocyte-monocyte colony-stirnulating factor (GM-csF), but

only tol clones produce rL-2, rFN-r and lymphotoxin (LT) while Tr2

clones produce rL-4 and TL-5 (Mosmann and coffman, LgBl; cherwinski et

â7. , 1987) . Furthermore, ín vitro and in vivo studies have

demonstrated that rL-4 induces secretion of rgGl and rgE (Vitetta et

a7', 1985; coffman et a7., 1986), rL-5 enhances the secretion of rgA

(coffman et a7., L987; Bond et ar., LgBl) and rFN--¡ enhances secretion

of rgG2a (snapper and Paul, LgBl). Functional anarysis of these

subsets indicate that Tu2 is a potent activator of B cells while Tr1

can ki1l appropriate targets, suppress antÍbody responses and. mediate

macrophage activatíon (Bottomly, 1988).

PhenoËypic heterogeneíty within the CD4+ T cells has been observed

in the human (Morimoto et a7.,1985; smith et ar.,1986), rat (spickerr

et a7., L983; Arthur and Mason, 1986) and mouse (Bottomly, 19gg). rn

all three species, tv/o functional subsets have been dístinguished on

the basís of expression of cD45 molecules (T200, leukocyte-common

antigen). cells which express low density of cD45 produce rL-4 and

provide effective help to B cells while the CD45 high densiry subser

produce rL-2 and provide poor help to B cells in a polyclonal antibody
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assay (Janeway et a7.,1988). Experimental evidence strongry supporrs

the existence of functionally distinct CD4 T cells ín normal T cell
populations as well as in cloned T celr lines. However, it Ís not

clear whether these two subsets represent differenu developmental

stages of Èhe same cell (Akbar et a7., 19gg) or differ in rheir

actívation requírements (Tite et aI., L?BT).
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II. REGULATION OF THE IMMIINE RESPONSE BY SUPPRESSOR T CELLS

General íntroduction

An important subset of T cells involved in the regulation of the

ímmune response is the suppressor T cel1 (Ts) (reviewed by Dorf and

Benacerraf, L984; Paraskevas, r9B4; Asherson et ar. , 19g6) . The

existence of antigen-specific Ts cells originally demonstrated by

Gershon and Kondo (1970) has recently been viewed with scepticism

(Möller, 1988). Nevertheless, the regulation of both humoral (Rohrer

et a7., L979; Braley-Mullen, 1980; Abbas et al., r9g2; suemura et a7.,

1983) and cell-medíared imrnunity (Bach et ar., L97g; sherr et âr.,

L979; I,Ieinberger et a7., 1979; Tada and okumura, LgTg) by Ts cells has

been extensively studied using a number of model antigen systems in an

effort to define the molecular basis of antigen-specific suppression.

Induction of Ts cells

The activation of Ts cells in vivo has been achieved by a variety

of procedures ineluding: (1) hyperimmunization (Gershon and Kondo,

L97L) , (2) deaggregated anrigen (Zan-Bar eË âI. , Lgl5), (3)

anti-idiotypic antibody (Eichmann, L975), (4) hapren-conjugated

syngeneic cells (Bach et a7., L978) and (5) immunization of some

non-responder strains (Kapp et a7., L974; 1976). rn contrast, it has

been reported that the in vitro activatíon of Ts cells can be achieved

with either high (Kontiainen and Feldmann, L976) or row doses of

anÈigen (Tshizaka and Adachi, 1976; Eardley and Gershon, L976)
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investigators have considered macrophages unnecessary for the inductíon

of Ts cells (rshizaka and Adachi, L976; Feldmann and Kontiainen, 1916)

while others have suggested a requirement for ra* Apc (sherr et al.,

1980) or I-J+ APC (Lowy et a7., 1983; Nakamura et aI., 1986). In

general, suppressor cells are often r-J+ and, when they are geneEicalry

restricted, the restriction maps to r-J. However, exampres of r-E

restricted suppression have been docurnented (Baxevanis et â1., I9B2;

I.Ialtenbaugh et a7., 1986). strains of mice which did noÈ express the E

molecule were shown to respond to the enz)rme lactate dehydrogenase B

(LDHB) and mice that were nonresponders to LDH' became responsive after

treatment with monoclonar anËi-r-E antibody (Baxevanis et a7., Lggz).

This would suggest that some antigens when presented in association

with r-E molecures may induce Ts cells. Treatment of mice with

monoclonal anti-I-A antibody has also been shov¡n to induce Ts cells
(Rosenbaum et a7., 1981; Perry and Greene, L9B2). From these data Ít

can be inferred that induction of Ts cells appears to be quite

different from that of Th ce1ls or cytotoxic T cel1s (Tc).

Phenotyoe of Ts cel1s

For several rnodel antigens it has been demonstrated that the Ts

eells which are first activated as a result of initial contact with

antigen or tolerogen are not the cells l¡hich actually mediate

suppression of the response. Rather a cascade of Ts cells is

established (reviewed by Germain and Benacerraf, 1981), i.e., Ts1, Ts2

and Ts3 cells r,¡hich act sequentially and are interconnected by theÍr
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respective suPpressor factors. It ís agreed that the effector Ts celÌ

belongs to the cD8+ subset while the inducer cell belongs to the cD4+

subset. rn two well studied haptenic systems, 4-hydroxy-3-nitrophenyl

acetyl (NP) and azobenzenearsonate (ABA), the Ts cells have been

characterized: the inducer suppressor cell, Tsl is id+, I-J*, Lyl+; a

transducer cell, Ts2 is id-specific, r-J*, Ly1,2+ and the effect.or

suppressor cell, Ts3 is id+, I-J*, Ly2* (Dorf and Benacerraf, lrg}4).

Attempts to elucidate Ehe nature of the antigen receptor on cells

of the Ts lineage have been unsuccessful. Earlier sLudies on murine Ts

hybridomas indicated that the TCR B-chain genes were either deleted or

in Èhe germline configuration (Hedriek et ar. , 1985; Kronenber g et a7. ,

1985; Blanckmeister et al. , l-985) . Repeated observations that Ts

cells, Iíke B cel1s, appear to bind antigen directly (Germain et a7.,

L979: Yamauchí et a7., 1982; Nakanishi et ar., r9B2; Taníguchi et ar.,

L984) and bear r-J encoded deË.erminants (Tada and okumura, LgTg)

suggested that these cells may use a distinct set of genes for their

receptors. However, recent studies in the human (Modlin et al., LggT)

and mouse (I,Ieiner et a7., 1988) have ídenrified cDB+ Ts cells which

express the clonally unique a:B TCR-CD3 complex.

The controversy and ambiguity surrounding the existence of Ts

cells (Möller, 1988; Janeway, 1988; Tada, 1988; pereira et aL, 1988)

stems from the fact that two subsets of cells with distinct effector

function, i.e., cytotoxic and suppressor, reside r+íthin Ëhe CD8+
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population. It is 1ike1y that Ts cells belong to a separate

differentiation lineage from CD8+ cytolytic precursor celIs.

Experimental evidence in studies of human lymphocyte populations by

Schlossman and associates suggests that the precursors of Îs and Tc

celIs are phenocypically similar. By using a monoclonal antibody that

detects a novel epitope of lymphocyte function-associated antigen

(LFA)-f they have demonstrated that the effector Tc cells may be

phenotypícal1y distinguished from the effector Ts cells (Morimoto et

a7., L987). Alternatively, Í-t has been postulated Ëhat these two cell

populations may ari-se as a consequence of differential activation

(Pereira et â7. , 1985; 1986) . Accumulating experimental evidence

suggests that this may indeed be the case. Again, in vitro studies of

the human indicate that only CD4+ T cells expressing high density of

CD45 rnolecules ( identif íed by monoclonal anti - 2H4 antibody) \^rere

essential in the induction of CD8 suppressor ce11 function in both a

pokeweed mitogen-stimulated IgG synthesis (Morimoto et â7., 1985a;

1988) and an antigen-specific antibody synthesis system (Morimoto et

a7. , f986) .

Structure of antigen-specific suPpressor factors

In nearly all the model systems examined to date it has been

demonstrated that the cells in the suppressor circuit communicate with

each other and their targets via soluble factors (TsF's). Considerable

information exists regarding the serological properÈies and

physicochemícal characteristics of TsFs isolated from hybridomas or
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cell lines (reviewed by I,Iebb et a7. , 1983) . In general,

antigen-specific TsF comprise two-chains, an antigen-binding chain and

an I-J bearing nonantigen-binding chain. Studies using the synthetic

polypeptide L-glutarnic acid60-L-alanineuo-L-tyto"i.,"10 (GAT) have

described both a single chain TsFl and a two-chain TsF2 (Sorensen and

Pierce, 1-982). Evidence ín the SRBC system suggests that TsFl activity

can result from complementation between separate antigen-binding chain

and the I-J chain made by cells of different phenotypes (Yamauchi et

a7., 1982). Thus, the two chains may not be disulfide-bonded and not

necessarily the producÈ of a síngle cell, hor,¡ever, they need to be

present simultaneously for suppressíon to occur.

Antigen-specifíc Ts cel1 hybridomas have been used in order to

isolate the messenger RNA (mRNA) coding for GAT-TsFI (i{ieder et â7. ,

L982), GAT-TsF2 (Funckes-shippy et a7., L987) and keyhole limper

hemocyanin (KLH) specific TsF2 (Taniguchi

translation products have been shown to

a7. , L982). The in vitro

biologieally active, yet

et

be

little is known regarding the structure and arrangement of genes

specifying these factors. The GAT-specific Ts2 hybridoma failed to

constitutively secrete a biologically active suppressor factor unless

it was induced with the suppressor inducer factor (GAT-TsF1) and GAT

(Funckes-Shippy et a7., Lg87). Furthermore, mRNA coding for the I-J+

chain was detected B h after induction, whereas the mRNA coding for the

antigen-binding chain was detected 16 h after induction. Therefore, it

appears that GAT-TsF2 is the product of tvto genes and the I-J+ chain
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may exert a regulatory effect on the expression of the antigen-bínding

chain.

Genetic restrictions in the suppressor circuit

It has been observed thât suppressor factors are often I-J and,

when they are genetically restricted, the restriction maps to I-J

(Murphy et a7., 1,976; Tada eË aI., 1976). This suggests that the I-J

restricted Ts ceIl is signalled by I-J+ factors usíng an I-J/receptor

for I-J interaction. Several serological and biochemical studies have

confirmed the existence of I-J determinants on Ts cells and their

factors (Habu et a7., 1981; Yamauchi et a7., 1982) although molecular

biologists have shown that the r-J locus does not map within the MHC

region (Steinmetz et a7., L982). It has been suggested that I-J is a

marker on a molecule that is a recepÈor for I-E (I^ialcenbaugh et a7.,

1986; Flood et a7., 1986). Recent studies by Tada and associates

indlcate thats I-J epitopes aie adaptively acquired by T cells

differentiated in radiation bone marrow chimeras according to the

environmental MHC phenotype (Uracz et a7., 1985). Although the

molecular nature of I-J is still unknown, it has now been postulated

that I-J may be a neI¡I isomorphic receptor inducible on functional T

cells distinct from the o:B TCR-CD3 complex (Nakayama et a7.,1988).

An additional genetic restriction that has been documented in

suppressor circuit is attributed to Igh-linked gene products. fn

simple hapten systems such as ABA and NP, the inducer Tsl cells

the

the

and
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their factors, TsFl and the rrr..aor Ts3 cells were shown to express

idiotypic determinants thaE l^rere crossreactive with those found on

antibodies of the same nominal specificity (Bach et a7., L979;

I^Ieinberger et a7., L979). Furthermore, the action of TsFl was shown to

be functionally restricted by genes linked to the Igh locus, i.ê., TsFl

produced in BaIb/c (fgh') nnice could suppress delayed-rype

hypersensitivity (DTH) reaction and in vitro generation of cytotoxic T

cell (CTL) response in Balb/c mice but not Ca1.20 (Ighd) rnice (Sy et

a7. , 1984) . It is well documented that the Ig idiotopes on Ts cells

are not the result of the expression of rgh variable region (vr) genes

in these cel1s (Nakanishi et a7., 1982; Kronenberg et a7., 1983). fn

fact, experimental evidence supports the postulate that Ig idiotypes of

B ce1ls influence some T ce11 subsets during T-cell differentiation

and/or in the course of T-ce1l-specific responses. It r¿as shown that

ABA-specific TsFl prepared frorn Balb/c mice that had been treated with

anti-fg¡t (¡r) antibody from birth, Lo eliminate their B cel1s, exhibited

an altered Igh restriction, i.e., it could novr suppress DTH responses

in Cal.20 mice (Sy et a7.,1984). Moreover, the ABA-TsF1 prepared from

anLí- ¡.t, treated animals did not express the maj or crossreactive

idiotypic determinants normally present in TsFl from untreaËed animals

(Sy et a7., 1985). Subsequent studies (HayGlass et a7., 1985) showed

that 'parking' of T cells in an Igh congenic recipient for 12-1-5 days

resulted in ABA-TsF1 having dual functional specificity, i.e., ít was

restricted by the Igh haplotype of both the donor and recipient mice.

From these studies it has been inferred that Ts cells, if induced in an
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Igh distínct environmenE, can undergo

differentiation (Sy and Benacerraf, 1988).

form of adaptive

The phenomenon of Igh restriction has also been documented in

studies of KLH-specific suppressor factor (Tokuhisa and raniguchi,

L982) and sRBC-specific suppressor inducer factor, TsiF (yamauchi et

a7., L982). In fact, the SRBC-TsiF is composed of two chains: an

antigen-binding chain which confers the specificity and an r-J+ chain

which deËermines the intact factor's rgh-V linked restriction. rt was

shown that the antigen-specific TsiF secreted by the Ly1+ inducer ce11

can acÈivate an Ly2* transducer (or acceptor) ce11, to express

suppressive activity, only if the two cells are from mice wíth the same

Igh V haplotype. Therefore, it has been inferred that a binding site

or recognition structure for the I-J+ chain must exist on the

transducer cell. Earlier studies (Owen et a7., L979; 1981; Owen, 1980)

have provided serological evidence that Igh-linked allotypic

determinants are expressed on differenË functional T cel} subsets.

Alloantibodies were raised by irnmunizing BaLb/c (H-2o, Igh') mice wirh

mitogen-induced blastic T cells of Igh congenic CaL.20 (H-2d, Igho)

strain that reacted specífically with Ly2+ Ts cells of the Ighu

haplotype (Owen, 1980). From these and other studÍes (Tokuhisa and

Taniguchi, L982; L982a; Karasuyama et a7., L984) it has been inferred

that Igh-linked allotypic determinanÈs are associated with the

functioning recognition strucÈures on some subseLs of mature T cel1s.

Immunochemical- characterízation of these unique structures on Ts cells
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has been difficult (Owen, 1983). However, in view of our currenc

understanding of the TCR-CD3 complex iË is like1y that rhese Tgh-linked

structures are distincË from the a:B TCR. While the molecular basis of

lgh restriction is still not clear, experimental evidence clearly shows

that a mode of selective communication, involving Igh-restrícted cell

inËeractions, exists within the suppressor pathway
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III. CONTRASUPPRESS]ON: AN IMMUNOREGUIATORY PATHWAY

General introduction

In 1974 Gershon postulated that active suppression of an immune

response vlas countered by an opposing ímmunoregulatory activity which

he called 'contrasuppression'. The end function of contrasuppressor T

cells (Tcs) rìIas to interfere with the inhibitory function of Ts cells

without otherwise augmenting ímmune responses (Green and Gershon,

f984). Contrasuppression, like the suppressor circuic, has been shown

to be mediated by a pathway consisting of three T cell types (Gershon

et a7., 1981; Green et a7., 1981). Recent studies from severar

laboratories have establíshed a role for Tcs cel1s in the regulation of

humoral and cel1-roediated immunity. The function(s) of Tcs cells has

been described in a number of experimental- systems: (f) in enhancement

of in vitro anti-SRBC antibody responses (Gershon et ar., 19g1;

Yamauchi et a7.,1981; Green et a7.,1981; Green and st. Martin, 19g3);

(2) in adoptive Ëransfer of contact sensitivity to haptens (Iverson et

â7-, 1983; PEak et a7., l9B4); (3) in studies of the regularion of B

ce11 responses to type rrr pneumocococcal polysaccharide (s3)

(Braley-Mulren, L984; 1986); (4) in rgA synrhesis by MOpc 315 myeloma

cel1s (Rohrer and Kemp, l-988); (5) in a model of spontaneous autoimmune

interstitial nephritis (Kelly and Neilson, 19gg); and (6) in rhe

reguration of isotype specific responses (Kiyono et ar., 19gg) In

studies of human lymphocyte response to streptococcal antigen (sA),

Lehner (1982), first identified a subset of cD8+ T cells v¡ith

contrasuppressor activity.
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fnductíon of Tcs cells

The priming requirements of antigen-specific Tcs cells have varied

depending upon the model antigen. In studying the antibody response to

xenogeneic red cells, the contrasuppressor T-cell circuit has been

activated by preculture of T ce1ls with antigen (Gershon et al., 19g1),

by repeated ín vivo exposure to antigen (Green and st. Martin, 19g3),

or by the culture of spleen cells from very young (Green et ar. , 19gl)

or very old animals (Green et â7., 1983). Activation of the

contrasuPPressor circuit in contacË sensitivity responses to haptens

such as trinitrophenyl (TNp) or picryl chloride (pcr) requires

conjugation to specific carriers , ê.8., rg (Green and ptak, 19g6),

Langerhans' cells (ptak et a7., 1986), splenic dendrÍtic cells or

peritoneal exudate cells induced with complete Freund,s adjuvant (CFA)

(Britz et â7., 1982). Low doses of s3 or s3-coupled spleen celrs
(s3-sc) have been shown to induce antigen-specific Tcs cells
(Braley-Mu11en, 1986a). Oral immunization of uríce with SRBC for up ro

4 weeks has also been reported to induce Tcs cells in peyer,s patches

(Kiyono et a7.,1988). Studies examining the role of contrasuppression

ín tumor regression have demonsËrated that adjuvants for tumor therapy

such as poly (A:U) and Corynebacterium parvum can directly activate Tcs

cells (Flood et a7., 1988). rn some cases, activation of Tcs celrs

seems to be dependent upon B ce1ls and/or Lheir producÈs

(Braley-Mu11en, 1986). In several studíes it has been found that Tcs

cells cannot be acLivated in rnice depleted of B cel1s by treatment from

birth with anti-¡.r antibody (Green and st. Martin, 19g3; Green and pËak,
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1986) or in immune defective (xid) mice v¿hich lack the Lyb5+ subset of

B cells (Braley-Mullen, 1986a; 1988). Recenrly, acrivation of Tcs

cells has also been achieved by neonatsal ad.ministration of monoclonal

anti-TNP antibody earryÍng a recurrenr idiotype (Andrighetto and

ZöLLer, 'J-987) 
.

PhenotJrpe of Tcs cells

Accordíng to Gershon and colleagues (1981) the contrasuppressor

path\¡ray consists of two independent stages, an induction stage followed

by an effector stage. The contrasuppressor inducer cell (Tcsi) is an

immune t-l+¡l-yz T cell r,¡hich produces a factor (TcsiF) that bears r-J

determinants and binds antigen. Activation of contrasuppression

requires an Ínteraction between the Tcsi cell or its factor and an

t-f7ty1,2 transducer ce11. The final effector cerl (Tcs) is an

l-f¡ryt T cell which requires rhe presence of an Ly2 Ts celr in order

to produce its effect.

From recent studies it is apparent that considerable heterogeneity

exists within the subset of T cells having contrasuppressor activity.

There is no single phenotypic marker which al1ows one to definitively

identify Tcs cells rvith the apparent exception of their ability to

adhere to vicia viJJosa (vv) lectin (Green and ptak, 19g6; Lehner,

L986; Braley-MuIIen, 1986). studies examining the antibody response to

s3 indícated that Ëhere are two distincE subsets of Tcs cells, i.ê.,

those induced by 53 are cD4 whíle those induced by s3-sc are cD4+
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(Braley-Mullen, L986; 1988). rnducËion of Tcs cells by oral or

systemic ímmunization has also shov¡n phenotypic heterogeneiuy. The

effector Tcs cel1s isolaÈed from spleens of orally inmunized mice are

cD4- (KÍtamura et a7., Lg87). rn conErasc, lrhen mice erere primed

intravenously (i.v.) the phenotype of Tcs cells was dependent upon the

dose of antigen, ê.g., 1or¿ dose of antigen (0.01-1g SRBC) induced cD4-

Tcs ce1ls whereas high dose of anrigen (10t sRBc) induced cD4- and cD4+

Tcs cells (Kiyono et a7., l-988). rn several studies it has been

observed Èhat the effector Tcs ce1ls faíl to express either CD4 or CDg

molecules, nevertheless, they function in an antigen-specific manner,

thereby suggesting that these cells use a functional TCR. By using an

antí-cD3 antibody Kiyono et a7. (1988) have demonstrated that cD4 ,

cD8- Tcs cel1s in fact express the TcR-cD3 complex and abrogate

unresponsiveness in orally Ëolerized mice. only a minor population of

peripheral T cells in mice are double negative and these express the

'y:6 form of che TCR (Brenner et a7.,1986; Lew et a7., 19g6). It is

not clear whether the effector Tcs cells in fact belong Ëo the 1:6

bearing cD3+ subset which has been suggested to represent a separate T

cell líneage (Bluestone et a7., 1987). rn humans a cD8+, vv adherent T

cell capable of bindíng antigen has been shown to mediate Tcs cell

function (Lehner and Jones, 1984; Brines and Lehner, 19BB).

ContrasuDpressor factors

Substantial functíona1 evidence for active contrasuppression

exists in many model systems, yet biochernical characterization of the
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factors that mediate thts effect ís lacking. Biologically active

factors from the various Tcs cell populations have been obtained by

culturíng the ceIls for 48 h in the absence of additional antigenic

stimulation (Yamauchi et a7., 1-981; ptak et al., 19gg) and also by

rapid freeze- thawíng (Braley-Mullen, 1986). rn some aspects Ëhese

factors show similarities with TsF, i.ê., they bind antigen and bear

r-J determinants. Gershon et aI., (1981) had demonstrated that the

SRBC-specific TcsiF could be removed by absorption with heterologous

erythrocytes such as horse (HRBC) and burro (BRBC) suggesting tshar it
has a broad specificity. In contrast, the SRBC-specÍfic TsF could only

be removed by absorption with specific antigen.

Studies of adoptive transfer of contact sensitivity responses to
PCI indicated that Lwo distinct cell populations \^rere required to

reconstitute the TcsF (ptak et a7.,1ggg). The antigen_binding factor

v¡as isolated from PCI-primed vv spleen ceIls while the r-J*,

antigen-nonbindíng factor was isolated from normal r-J*, Lyl*, vv* T

cells. The activity of Ts cells in the adoptive transfer of DTH ro pCI

was overcome by the addition of both components of TcsF. In studies of

a TNP-specific tr.mor rejection rnodel, Flood et a7. (19gg) have

generated a hybridoma producing TcsF. The monoclonal TcsF has been

characterized to be functionally and serologically identical to

spleen-cerl derived rcsF, i.e., it binds specifically to TNp, bears r-J

deÈerminants and functions by inducíng release of an

antigen-nonspecific intermediate contrasuppressor factor. The human
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CD8+, Vv+ Tcs cells have

release of a nonspecific

also been shown

medÍator (Brines

to mediate their function via

and Lehner, 1988).

Target cells for Tcs cel1s

Contrasuppression \¡ras first described

t¿hich counteracted suppressive influences

a regulatory activity

Th cel1s and thereby

promoted antibody responses (Gershon et a7. , 19g1; yamauchi et al. ,

1981; Green et a7.,1991). The mechanism by which rarget Th cells were

rendered resistant to subsequent Ts cell signals has not been

elucidated. However, it was observed that Th cells treated with
nonspecific contrasuppressor factor lost their ability to bind

suppressor factor (Green and ptak, 19g6). subsequent studies have

demonstrated that several cell types other than Th cells are targets of
contrasuppression, ê.g., T cells mediating contact sensitivity (rverson

et â7. , 1983) , B cells ln the T-independent response to 53

(Braley-Mullen, 1984; 1988) and Mopc-315 myeloma cells (Kemp and

Rohrer, 1984; Rohrer and Kemp, lggg). rn srudies of the antibody

response Ëo s3 it has been suggested that Tcs cells may interact

directly with Ts cells and neutral-íze their activity or Tcs cells
somehow make s3-specific B cells resistant to Ts celr signals

(Braley-Mullen, L984). rn agreement with the murine studies, the

acËivity of human cDB+, w* Tcs cells has also been reported to be

directed noË at the cD8+ vv Ts cells but at one of the cD4+ T celr, B

cell or monocyte comPonents in the culture system (Brines and Lehner,

1988). In several rnodel systems experímental evidence supporÈs the

AS

on
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hypothesis that contrasuppression is manifested only in the presence of

Ts cells and is unable to reverse an ongoing suppressed response (Green

and Gershon, 1-984; Braley-l{ullen, 1986; Green and prak, 1996) . Given

the apparent phenotypic heterogeneity of Tcs cells, it has been

demonstrated thaË at the functional level these cells ínteract with

distinct subsets of Ts cells, e.8., cD4+ Tcs cells induced by s3-sc are

unable to reverse suppression rnediated by s3-specific Ts cells

(Braley-Mullen, 1984).

Genetíc restriction in contrasuppressíon

Genes linked to the Igh locus have been shov¡n to regulate both the

induction and the effector stage of contrasuppression. Braley-l'fullen

(1986) demonstrated by adoptive transfer experiments that Tcs cells

could not abrogate the effects of Ts cells from lgh-incompatible mice.

rn addítion, the restriction was found to be rgh-v linked since Tcs

cells from BA3-14 (Igh V'-Co) mice lrere unable Èo interfere wirh the

suppressor acrivity of cB.20 (rgh t'-co) Ts cells. Furrhermore,

contsrasuppression !¡as observed only when the Tcs cells were rgh

compatible rr¡ith both the Ts ce1ls and the responding B celrs.

The sRBc-specific TcsiF comprises two chains, one binds antígen

and the other bears r-J determinants and is antigen-nonbinding

(Yamauchi et a7., 1-981). Green et a7. (l-988) showed that rhe acrion of

TcsiF v'ras not restricted by genes of the MHC locus since TcsiF produced

in 810 (H-2b¡ nice abolished suppression in several 810 MHC congenic
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strains, i.e., H-2u'd'k. By using rgh congenic strains for the

production of TcsiF, Green et a7. (1988) demonstrated that the factor

and the target cell, an Lyl,2 transducer cerl, required identity at the

Igh-V 1ocus. The role of each chain ín controlling the Igh restriction

!¡as assessed by affinity isolacing the r-J+ chain and preparing a

hybrid TcsiF, i.ê., an antigen-binding chain from rgh'haplotype and

I-J* chain from Ighb haplotype. From these results it r¡as concluded

that the I-J+ antigen-nonbinding chain imparts the Igh restriction of

Tcs iF.
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IV. ANTISUPPRESSION : AN TMMIINOREGUI,ATORY PATH\^IAY

General introduction

An immunoregulatory T cell pathway termed antisuppression has been

extensively studied by paraskevas and colleagues (paraskevas et âf.,
1984; L984a). Many similariries have been noted berween rhe

antisuppressor pathway and Gershon's contrasuppressor circuÍt,
nevertheless, several unique features which disËinguish these tlro

pathways have also been documented (paraskevas et aJ., 19g5; Lee et

â7. , 1985; Maeba et a7. , 19s8) . By defínition, the antisuppressor

mediator, i.ê., the '6 h complexes', act by interfering with the

inhibitory function of Ts cells without otherwise augmenting the immune

response (41-Maghazaehj, et a7., 1983; paraskevas et aJ., l9g4; 19g5;

Lee et a7., 1985). Antisuppression has been shown to regurate both

humoral and cell-mediated immune responses. Paraskevas and associates

have examined the function(s) of the antisuppressor mediator in several

model systems: (1) in the in vivo enhancement of antibody responses

against soluble and particulate antigens at subirn¡nunogenic dose (Lee

and Paraskevas, 1981; paraskevas and Lee, j_981), (2) in the enhancement

of in vitro anEí-sRBC antibody response (Lee et a7.,19g5), (3) the jn

vivo enhancement of crl- responses (Al-Maghazachi et ar., r9g3), (4) in
a model of tumor progression (Harrop and Paraskevas, unpublished data) ,

(5) in studíes of unresponsiveness co the slmthetie polypeptide

L-gluramic acid56-L-lysine3s-L-phenylalanines (Grrd) (Anhalt, Lggr), (6)

in the regulation of Ísotype-specific antibody responses (paraskevas et

â7. , 1988a; Ernst et a7. , 1988) , and (7) ín studies of rhe

12



iuununosuppression in graft-versus-host (GVH) reaction (Paraskevâs

a7., 1988).

et

Terminology

The terms 6HS, 6 h eomplexes or antisuppressor mediator all refer

to a soluble mediator whÍch consists of 3 components: (l) an

immunogenic epitope of foreign antigen in association vzíth MHC class II

molecules, (2) a factor released from Lyl+, L3T4+ T ce1Is, and (3)

normal irnmunoglobulin from B cells. The T ceIl factor, the nature of

which has not been identífied at present, has been termed

immunoglobulin and antigen complexing factor (rAcF). All 3 components

need to be Present in order to detsect a functionally active mediator

with antisuppressor activity.

Complete complexes

components derived from

Macrophage

Ly1*, L3T4+ T cerr

B cell

are assembled with the contribution of 3

appropriate ce1ls as shown below:

Ia-Ag

Factor 'X' or IACF

Immunoglobulin

Tnduction of antisuppression

One feature that readily distinguishes the anti-suppressor pathway

from contrasuppression is its mode of activation. The antisuppressor

pathway is activated within the first 3-6 h after primary immunizatÍon

(Lee and Paraskevas, 1981; Paraskevas and Lee, 1981; Al-Maghazachi eÈ
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â7., 1983; Paraskevas et a7., 19B5) whereas contrasuppression is

detected late and requires repeated antigenic stimulation. Earlier

studíes had indicated that the antÍsuppressor mediator present in the

serum of mice within 6 h after immunization comprised a unique form of

complex between rg, antigen and a T-cerl-derived factor. (orr and

Paraskevas, 1973; Paraskevas et ar., Ig79). These observations have

recently been substantiated with an in vitro rnethod for the production

of the antisuppressor mediator (l"taeba et âL , f ggg) . Several

immunogenic sEimuli have been shown capable of aetivating this pathway,

ê.8., solubre proteín antigens in cFA, synthetic polypeptides of at

least three amino acids in CFA, particulate antÍgens, allogeneic cells

and syngeneic tumor cells (paraskevas et al., Lgg4). rn add.ition, it
has been noted that self antigens are incapable of activating

antisuppression. chronic adminisËration of anti-p antibody to mice

from birth disruprs the antfsuppressor pathway (Gordon et a7., l-9g5).

rt has been observed that in the absence of B cells, anti-¡.r treated

mice lacked both the antisuppressor inducer as well as the effector T

cells.

PhenotJ¡pe of the cells of the antisuppressor pathwal¿

The antisuppressor pathway consists of two stages: an inducÈion

stage and an effector sEage. Experimental evidence has indicated that

T cells are crucial in the induction of the antisuppressor medíator

since nude mice or thymectomized, lethally irradiated and bone marrow

reconstituted (TxxBM) mice do not produce 6h cornplexes (Lee and
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Paraskevas, L972; Paraskevas et ar. , r97g: r9g4) . rt has been

suggested that the in vivo f.ormation of the complexes requires the

participation of

(Paraskevas et

tv¡o T cells both of which bear rhe Lyl phenotype

a7., 1985a). The tqro Lyl* T cells have been

dístínguished on the basis of their sensitivity to antilymphocyte serum

and dependence on the presence of the thymus (paraskevas et âr.,

1985a). Furthermore, experimental evidence indicates that the inducer

antisuppressor T cell also bears Ia antigens and ís FcR+ (Paraskevas et

â7. , 1985a) . Production of the antisuppressor mediator in vitro has

also demonstrated a requirement for an Ly1+ inducer T cell (Maeba et

a7., f988)' It should be noted that the antisuppressor inducer T cell

is phenotypically distinct from the r-J*, Ly2+ inducer T cell of

Gershon's contrasuppressor circuit (Gershon et al., 19g1).

Expression of Èhe antisuppressor effect involves an interaction

between t!¡o T cells, one which bears the Ly2+ phenotype and is the

immediate target of the 6h eomplexes, while the other bears the Ly11.23+

phenotype (Lee et a7., 1985). Previous studies have reported rhat the

6h complexes are strongly cytophilic for T cel1s (Orr and Paraskevas,

L973) and in particular for an Ly2*, FcR*, r"* subset (paraskevas and

Lee, 1979; Paraskevas et a7., Lg84). rt has been postulated that

uptake of the 6h complexes by an ty2+ t cell and its subsequenr

interaction with an Lyl23+ T ceIl result in a potent antisuppressor

effect (Lee et a7. , 1985; Paraskevas et â7. , 1985a) . Therefore,

antisuppression is mediated by an Ly2+ effector ce11 which requires an
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Lyl23+ transducer cell,

I-Jn, Lyl* effector cell

transducer cell (Gershon

whereas contrasuppression is mediated by an

v¡hich also needs a phenotypically similar

et a7. , f981) .

Nature of the antisuppressor mediator

In several rnodel systems, 'Paraskevas and associates have provided

evidence that the formation of the 6h complexes (also referred to as

the antisuppressor rnedíator) is critical ín the events leading to an

immune response. Several approaches have been used in an effort to

define the individual components of the 6h complexes. In L973, Orr and

Paraskevas, first provided evidence that within 6h after immunization

the serum of mice contained a unique complex of Ig and foreign antigen.

Using radioactively 1abelled antigen, bovine serum albumin (BSA), it

was found that the serum of mice contained some form of processed

antigen in association with Ig (Orr and Paraskevas, L973). The

appearance of the complexes in the serum within 6h suggests that they

do not represent conventional antígen-antibody complexes. Moreover,

the formation of these complexes depends on a factor which can be

induced ln vivo (Orr and Paraskevas, L974; Paraskevas et a7., 1984),

and in vi-tro (Paraskevas et a7., ltgTg) from an l-yl+ t cell (Paraskevas

et a7., L984; 1985a; Maeba et a7., 1988). In earlier studies, this

factor known as Ig and antigen complexing factor (IACF), has been

characterized by serological methods. The production of IACF depends

on a macrophage-T cell interaction (Paraskevas et a7., L979) and the

IACF molecule(s) comprises Ia antigens and idiotype (Paraskevas et a7.,

-37 -



L984; 1984a). At present, it is not known whether rACF is a single

chain or two-chain factor, however, affinity chromatography with

anti-ra antibody removes the 6h comprexes (paraskevas et al. l9g1;

Haeba et a7. 1988). The ídiotype component of the rACF has been

demonstrated with an anti-idiotypic antibody against an anti-ABA

antibody and subsequent removal of an ABA-specific rAcF using an

anËi-idiotypic immunoadsorbent column (Paraskevas et ar. , 1984) .

Therefore, based on these observations it \.¡as postulated that the Ig in

the 6h complexes represents a naturally occurring anti-idiotypic

antibody (Paraskevas et a7., L984; 1984a). Recent studies by Gordon

and AbÍkar (1988) have in fact shown that antigen-specific T cerl

antisuppressor factors (IACF), prepared against antigens such as GAT,

PcI, phosphorylcholine (PC) and dextran, carry an idiotype vzhich can

interact with the respective monoclonal anti-idiotypic antibody.

Experimental evidenee indicates that the 6h cornplexes are Ëaken up by

an Ly2* T cell whích bears Fe receptors and Ia antigens (Paraskevas and

Lee, 1979; Paraskevas et a7., l-984). In contrast to eonventional

antibody-antigen complexes which bind to T cells through the Fc

receptor, the binding of the 6h complexes has been suggested to involve

Ia antigens (Paraskevas and Lee, 1-979) . ProducÈion of the

antisuppressor mediaÈor in vitro in cocultures of antigen-pulsed

macrophages with normal Ly1+ f cells and addition of Ig (Maeba et af. ,

1988), has further verified the earlier observations on the nature of

these complexes. By using affinity columns it has again been observed

that the antisuppressor mediator produced in vitro also consisËs of
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Ig, foreign antigen and Ia antigens (Maeba et a7., 1988). The manner

in which these components are assembled to produce the antisuppressor

effect is not known at present, however, it has been demonstrated that

removal of any one comPonent results in loss of antisuppressor function

(Maeba et a7., 1988).

Target cells for antisuppression

Although the cel1s and mediators of antisuppression and

contrasuppression are distinct, it is apparent that functionally these

two pathways are similar. Experimental evidence indicates that B cells

as well as T cells are the targets of antisuppression. Evaluation of

the role of 6h complexes in the in vivo humoral response to

subimmunogenic dose of SRBC showed that they enJranced the IgG anti-SRBC

response in athymic (nu/nu) mice (Lee and Paraskevas, 1981) . The exact

mechanism by which this occurs remains to be investigated, however, it

has been suggested that ín the absence of T cells these complexes

activate B cells directly or through macrophages (Lee and Paraskevas,

1981; Paraskevas and Lee, 1981). Considerable experimental evidence

exists indicating that 6h complexes ínterfere with the suppressor ce1l

pathway (Al-Maghazachi et a7., 1983; Paraskevas et a7., 1985; Lee et

â7., 1985; Maeba et a7., l-988). The role of antisuppressí-on was first

documented in studies of CTL responses (41-Maghazachi et â7., 1983)

wherein it v¡as observed that 6h eomplexes induced by allogeneic

stimulation enhanced the in vivo CTL response. Adoptive transfer of Ts

cel1s was shown to be capable of suppressing the in vivo CTL response
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and the suppressive effecc \,¡as abolished by injecting Ts cells together

with the 6h complexes. Therefore, it was inferred that the complexes

blocked the function of Ts cells (A1-Maghazachí et a7. , 1983;

Paraskevas et a7., 1984).

In studies of the enhancement in vitro of the anti-SRBC antibody

resPonse it has been demonstrated that 6h complexes exert no augmenting

effect on antibody formation in the absence of Ts cells (Lee et âr. ,

1e8s). The addition of either the 6h complexes or activated. Ly2*,

I"*, FcR+ antisuppressor effector cells restores the anti-SRBC antibody

Tesponse of onry suppressed spleen cell cultures (Lee et âj., j_995).

It has been suggested that the antisuppressor ce1l function ís dominant

over the Ts cell function since elimination of the former, by adherence

to vv lectin, allowed recovery of fully functional Ts celrs (Lee et

a7., 1985). Studies of the DTH response to 1509a fibrosarcoma tumor

cel1s have provided yet another rnodel where the antisuppressor function

of 6h complexes has been doeumented. By adoptive transfer of Ts cel1s

the DTH response to tumor ce1ls I¡Ias suppressed and suppression vras

abolished only when tumor-specific 6h complexes \^rere injeeted together

with Ts cells (Harrop and Paraskevas, unpublished data) .

Recent studies by Paraskevas and colleagues have provided a role

for 6h complexes in the regulation of isotype-specific antibody

response (Paraskevas et a7., 1988a; Ernst et a7., 1988). The

antisuppressor mediatolwas prepared in vitro by the addition of a
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single Tg isotype, ê.8., normal IgGZa, and it was found that this

mediator enhanced only TgG2a anËi-SRBC antibody when added to

suppressed spleen cell cultures (Paraskevas et aI., l988a). From these

observations it has been inferred that more than one IACF exists which

can selectively interact with Ig of only one isotype. Experimental

evidence provided by the studíes of Ernst et aI. (1988) has in fact

shown that antisuppressor inducer and effector cells isolated from

Peyer's patches selectively enhance the production of rgA antibody ín

spleen cell culEures. rn contrast, Ëhe antisuppressor inducer and

effector ce1ls isolated from the spleen enhanced IgG antibody over IgA.

These observations suggest that besides interfering with Ts cell

function the antisuppressor mediator may in fact exert a posítive

influence on the humoral immune response. At present it is not knor,¡n

whelher the posiËive influence reflecËs direct activation of B cells by

the antisuppressor mediator as postulated in earlier studies (Lee and

Paraskevas, 1981). Alternatively, it may be a consequence of selective

T cel1 actívation, i.e., cells analogous to Tr1 or Trz, which have been

shown to regulate the isotype of antibody produced by B cells via

appropriate lymphokines (Mossman and Coffman, 1987).

Genetic restriction in antisuppression

The genetic restrictions ímposed at the effector stage of

antisuppression \,¡ere first examined ín studies of the in vivo

enhancement of anti-SRBC antibody response at subimmunogenic dose of

antigen (Paraskevas and Lee, 1981). The 6h complexes '$¡ere unable to
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enlrance in vivo antibody formation across MHC barriers in mice lacking

T cells, i.e.,TxxBM mice, thereby indicating that the interaction

between the complexes and B cells (or macrophages) is MHC restricted

(Paraskevas and Lee, 1981). rn the presence of T celrs, however, the

complexes enhanced antibody formation across MHC barriers suggesting

that the uptake of the complexes and subsequent activation of the

effector cel1s is ì{}IC nonrestricted. More recently, it has been

demonstrated that Ëreatment of mice with monoclonal anti-I-A antibody

blocks the induction of the complexes (paraskevas et ar., 1985),

thereby abolishing the enhancing effect on the in vivo rgG antibody

response. FurÈhermore, the in vitro production of the antisuppressor

mediator using H-2 congenic strains of mice has shov¡n that the

induction of antisuppression is MIIC restricted and is, in fact,

regulated by genes of the r-A subregion (Paraskevas et aI., manuscrípt

in preparaËion).

Functional signifieance of antísuppression

Jerne (r974) postulated a unÍ-versal form of suppression in his

network hypothesis: in Ëhe nonimmune state, cells of the Ímmune system

communicate with each other via inËeractions of their specific

receptors and thus form a self-suppressive network. Paraskevas and

associates have postulated that antigenic stimulation results in the

early activation of the antisuppressor pathway, thereby allowing the

immune system a means of overcoming the normal self-suppressive state

(Paraskevas et a7., L9B4 I984a). A basíc premise of this hypothesis
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states that antisuppression is dominant over suppression. Furthermore,

it has been postulated that the fundamental cause of suppressor

cell-mediated unresponsiveness may be due to an inability in the

induction of antisuppression or interference with its effector

mechanism(s) (Paraskevas et a7., I984a). rn several model systems

where abnormal suppressor cell funetion has been estabrished,

Paraskevas and colreagues have no\¡r documented accompanying

abnormalities in the antisuppressor pathway (Paraskevas et a7., 1988,

1988a; Anhalt, 1987).

In a murine model of acute GVH reaction, which results in profound

suppression of humoral and ce11-mediated immunity (Lapp and Mö11er,

L969; Lapp et a7.,1985), both the índuction and effector stage of the

antisuppressor pathway are compromised (Paraskevas et a7. , 1988) . It

r,tas found that within 3 weeks of the induction of GVH reaction the

antisuppressor inducer cells lost their ability to generate the

antisuppressor mediator. In addition, the LyZ* effector cells

collected 2 weeks after the induction of GVH reaction also lost their

ability to be activated by the antisuppressor mediator produced in

normal mice.

Studíes of immune responsiveness to synthetic polypeptide

antigens, such as GAT, have suggested that unresponsiveness in

nonresponder strains of mice may be attributed to the induction of Ts

cells (Kapp et a7., I974a). The unresponsiveness to the synthetie

polypeptide GI/ has been examined in t¡,¡o nonresponder strains, C3H and
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C57BL/6 mice (Anhalt, L987). In,C57BL/6 mice there \¡¡as a defecL in the

uptake of antisupPressor mediator by the Ly2* f cells, whereas C3H rnice

showed normal uptake but v¡ere unable to activate the antisuppressor

effector cell. In this model, it has been documented that competent

Ly2* effector cells are in fact present in c3H mice and it is the

antisuppressor mediator that ís functionally ínactíve.

Míce bearíng rg-secreting plasmacytomas have been reported to

develop ísotype-specific Ts eells (Hoover and Lynch, 1980; Mathur and

Lynch, 1986). The functional integrity of the antisuppressor pathway

has been studied in mice bearing IgA and lgG2a-secreting plasmacytomas

(Paraskevas et a7., 1988a). The l,yl+ r cells ísolated from spleens of

tumor bearing mice v¡ere unable to generate an isotype-specific

antisuppressor mediator in vitro, thereby suggesting that the function

of the antisuppressor inducer ce11 has been compromised.

The experimental evidence accumulated to date clearly demonstrates

that a functionally intact antisuppressor pathway is crucial in the

expression of immunity.

-44-



MATERIALS AND METHODS

1. Buffers

The eomposition of rouËineIy used buffers in thís study are:

(a) Phosphate-buffered saline (PBS): 0.01M sodium phosphare, 0.13M

NaCl, pH 7.4 and pH 8.0;

(b) Acetate buffer: 0.lM sodium acexaxe/acetie acid, pH 4.5;

(c) Citrate buffer: 0.1M sodium cixraxe/citric acid, pH 3.5;

(d) Phosphate buffer: 0.02M sodium phosphate, pH 6.6;

(e) Tris Buffer: lM Tris - (hydroxymethyl) aminomethane/HCl, pH 9.0;

(f) Trís-NHoCl: 1 part 0.l7l,l Tris/HCL, pH 7.6 + 9 parts 0.15M NH4CI.

2. Tissue culture medium

Ce1ls were cultured in Eag1e' s minimum essential medium (ì4E¡,I) or

RPMI 1640 (Gibco, Grand Island, NY). The medium vras prepared according

to the manufacturer's instructions and supplemented with: 50 units/ml

penicillin, 50 p.g/nl streptomycin, 1 rnM sodium pyruvate, 3 rnM HEPES,

0.3 mM non-essential amino acids and 6 mM L-glutamine. The medium was

sterilized by filtration through a 0.22 ¡rm filter (Millipore, Bedford,

MA) and stored at 4"G. Prior to use the medium was supplemented wiEh

10* fetal calf serum (FCS; Gibco, Grand Island, NY).

3. Animals

Mice used in this study vrere generally 6-8 weeks old. All animals
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lrere maintained in the Animal care Facility of the university of

Manitoba . Bal'L/c mice were obtained from Canadian Breeding (Montreal,

Canada). The following strains were obtained from the Jackson

Laboratory (Bar Harbor, ME):. C57BL/6 (abbreviared 86), DBA/2, AKR/J,

(c57BL/6 x DBA/2) Fr-hybrid (abbreviared BDFI) and. BaLb/c (nulnu). The

athyrnic (nu/nu) mice were maíntained under aseptic conditions in a

restricted access room. The colony of Igh congenie and recombinant

strains rÂras established from 'breeding pairs kindly provided as

indicated: c8.20 and Balb/b, Dr. D.B. Murphy, yale universiry; car.20,

Dr. J. Gordon, McGill university; BAB-14, Dr. K.T. HayGlass, Harvard

Medicar school; CBAL, Dr. R. Riblet, rnstitute for cancer Research,

Philadelphia. The H-2 and rgh haplorypes of these mice are listed in

Table I.

4. Antisen

Sheep red blood cells (SRBC) v¡ere obtained weekly from Narional

Biological Laboratories (Ì,üinnipeg, canada). Prior to use the sRBC were

washed three times (1000 x g, 5 min) in sterile Hanks' baranced salt

solution (HBSS; Gibco, Grand Island, NY).

5. Antisera

Anti-Thy L.2 antiserum was prepared according to established

procedures (Reif and Al1en, 1964). Adult AKR/J mice r,/ere injecred

inÈraperitoneally (i.p.) at weekly inÈervals with c3H/HeJ thymocytes

(5x107 cells/mouse) for 6 weeks. The serum was collected by cardíac
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Table 1

H-2 and Igh haplotypes of mice used in this study

Haplotype

Strain H-2 rgh

BaLbþ

csTBL/6

BaLb/c

CB.2O

Cal.20

BAB- 14

CBAL

DBA/2

AKR/J

BDF
1

b

b

d

d

d

d

d

d

k

b/d

b

b

av
av

a

b

a

b

d

-c

-c

c

d
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puncture 10 days after the last injection. It was heat inactivated

(56'C, 30 nin) and then absorbed with packed red blood cells from

c3H/HeJ and Balb/c mice (4'c, I hr). The titre of this antiserum was

established by the mierocytotoxicity assay (Mitra1 et a7., 1968).

Thymocytes and spleen cells from Balb /c mice were used as target cel1s

(106 cells/O.l rn1) together with serial dílutions of the antiserum in

the presence of Hemo-Lo guinea pig comprement (L/4 final dilution;

cedarlane Laboratories, Hornby, ontario) and incubated ax 37"c for 45

min. The cytotoxieity titre was 1:256 by trypan blue excrusion.

Aliquots of this antiserum \,rere stored at -70'c until further use.

Rabbit anti-mouse rgG (RcmrgG) for developing indirect

plaque-forming cells (PFC) \¡ras prepared according to previously

described methods (Paraskevas and Lee, L976). Briefly, rabbits were

immunized by multiple injections of purified mouse IgG emulsified in

compleÈe Freund's adjuvant (CFA; Difco Laboratories, Detroit, MI). The

immunoglobulins vrere lsolated from the rabbft serum by an

anion-exchange column (DEAE sephadex 450; Pharmacia Fine chemicals,

Uppsala, Sweden). The imrnunoglobulins carry a predominantly positive

charge at pH 6.6 and therefore pass through the column. The

concentration of protein was determíned by measuring the absorbance at

280 nm (A-- ). FurËher purification was achieved by ge1 filtration on- 280'

a Sephacryl S-300 (Pharmacia Fine Chemicals, Uppsala, Sweden) column

(bed heighc 94 cm; flor,¡ rate 2.6 n:../ri.Í-n).
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Monoclonal antibodies

Monoclonal antibodies (nìAb) specific for T cell surface markers

Ly-L.2 and Ly-2.2 were purchased from New England Nuclear (Boston, MA).

The hybridoma cell line GKl.5 secreting the rat mAb specific for the

muríne T celI surface antigen L3T4 (wilde et a7., 1983) was obtained

from the American Type Culture Collection (ATCC; Rockville, MD). All

hybridoma ce11 lines were cultured according to the recommended

instructíons.

Hybridoma celI lines secreting inAbs with specificities agaínst

determinants encoded by the I-A or I-E subregions of the MIIC were also

obtained from the ATCC: 25-9-3s, anti-r-Ab (ozato and sachs, 19g1);

MKD6, anri-l-ad (rappLer et a7., 1981); 10.2.L6, anri-I-Ak,',t,= qoi 
"t

a7., Lg78) and 14 .4.4s, anri-r-Ek'd'p'' (ozaro et aI., 19g0). The mAbs

were prepared either as the cell-free supernatant of the hybridoma

cultures grown to 106 cells/ml or as the ascitic fluid of pristane

(2,6,10,14-tetramethylpentadecane; Aldrich, l,Iilwaukee, I,II) primed mice

carrying Èhe hybridoma tumor. A minimum of 106 viable cerls vras

inoculated i.p. between 7 to 10 days after pristane priming.

Purification of monoclonal antibodies

Antibodies vrere isolated from the cell-free supernatant using

Protein A-Sepharose CL-48 affinity column (PharmacÍa Fine Chemicals,

Uppsala, Sweden) according to established procedures (Ey et a7., 1978).

Large volumes (2-3 liters) of cell-free supernatant were concentrated

100 to 200-fold by membrane ultrafilËration (YM 30, nominal cut-off
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30,000 daltons; Amicon, Lexington, MA) and the pH adjusted to g.o. The

sample I¡ras applíed to a Protein A-Sepharose CL-48 eolumn which vras

pre-equilibrated \,rith 0.14 M PBS, pH 8.0 at 4"c. The column vras washed

extensively with PBS, pH 8.0 and the bound rnaterial eluted \{rith 0.1 M

citrate buffer, pH 3.5 in 3 m1 fractions in tubes containing 0.5 ml 1 M

Tris buffer, pH 9.0. The Arro was measured and the appropriate

fractions r\rere pooled and concentrated. All mAbs were dialysed

overnight agaínst PBS, pH 7. 4 at 4o c and sterilízed by filtration

through a 0.22 ¡m filter. The proteín concentration lras determined

using an extinction coeffícient, ,ror" (HGG) : 14.3.

Monoclonal antibodies from ascites were first partially purified

by precipitation with ammonium surfate at 40g saturation (4"c,

overnight v¡ith stirring). The precipitaLed proteins were removed by

centrifugation (15,000 x g, 30 min, 4"C), dissolved in pBS, pH 7.4 and

dialysed extensively to remove all traces of ammonium ions. Further

purifieation rvas achieved by using the protein A-Sepharose column. All

mAbs were sÈored ax -70"C until further use.

Isolation of normal IgG from mouse serum

Serum was collected from each of the mouse strains used in this

study. Normal mouse rgG r¡¡as purified by elution from proteÍn

A-Sepharose column as described in sec. 7. The eluate v¡as concentrated

ín order to approximate the IgG concentration of normal mouse serum

(NMS). The puríty of the IgG preparation was verified by Ouchterlony

(1958) immunodiffusion using rabbit anti-mouse antisera specific for
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7-chaÍn, /r-chain and @-chain (Miles Scientific, Naperville, IL)

Preparation of F(ab')2 bv pepsin degradation

The divalenÈ F(ab'), fragment of normal mouse IgG was prepared

according to the method of Lamoyi and Nisonoff (1983). Mouse rgG at a

concentration of 20 ng/mL was dialysed overnight against 0.1 M acetate

buffer, pH 4.5 at 4" c. The pH v¡as lowered Lo 4.2 ttl-xln 2 M acetic acid

and sufficient pepsín (2x crystaLLLzed; calbiochem-Behring, La Jolla,

cA) was added to give an enz)rme: globulin weight rarion of 1:60. The

mixture was incubated at 37'c for 6 h. The digestion was stopped by

raising the pH to 8.0 with 0.5 N NaOH. The F(ab'), fragments were

separated from the intact IgG and smaller peptides by ge1 filtration on

a Sephadex G-200 (Pharmacia Fine Chemicals, Uppsala, Sweden) column

(bed height 90 crn; flow raÈe 0.25 ml/nin). The column was calibrared

using molecular weight markers and the fractions corresponding to a

relative morecular weight of 100,000, a value which agrees well wíth

the expected molecular weight of F(ab, ), fragments, r^¡ere collected.

The preparation rlas subsequently passed through a protein A-Sepharose

column in order Èo ensure complete removal of all Fc components. The

purity of the preparation r.ras determined by Ouchterlony ímmunodiffusion

using an Fe-specific goat anti-mouse antiserum (Miles Scientific,

Naperville, IL) .

10. Antígen presenting ce11 lines

The cell line 4.20, a BaLb/c B celI lymphoma was obtained from Dr.
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D. Ra¡mer, Department of Pathology, university of Manitoba. This is an

Ia* B cell line capable of presenting both alloantigens and protein

antigens to T lymphocytes in an Mltc restricted manner (Kim et al.,

L979). The ce1ls were culrured in RPMI + lOt FCS.

P388D cells were obtained from Dr. p.K. Maíti, Department of1

rmmunology, universicy of Manitoba. This is an ra- macrophage-1Íke

cell line. I t l¡¡as originally isolated from a

(Koren etmethyrcholanthrene-induced lymphoid neoprasm of a DBA/2 mouse

a7., 1-975>. These cells were cultured in RPMI + 10t FCS.

11. Collectíon of macrophages

Mice \{ere sacrifíced by cervicar dislocation. The abdomen \¡ras

liberally wetted \.rith 708 alcohol and 7 ml RpMr was inj ected (2r G r\
needle) into the peritoneal cavity of each mouse. Resident macrophages

were collected by gently massaging the peritoneum and withdrawing the

medium back into the syringe. The pooled nediun r,ras centrifuged (200 x

E, 10 min) and the cells washed once with RPMI. The peritoneal cells
7(10' ce11/m1) v/ere depleted of Thyl-.2+ cells by treatmenr with

anti-Thy1.2 antiserum (L/rc final dilurion) and guinea pig complement

(I/4 fínal dilution) for 45 min at 37"C. The treated cells r,¡ere washed

tv¡ice with RPMr and resuspended in RPMr + 10t FCS ar a final

concentration of 5xl-0s cells/ml. The cells were cultured at 37"C for 2

h in Falcon petri dishes (35x10 mm; Becton DickÍnson, Líncoln park, NJ)

in a 58 C0 atmosphere. The cel1s were washed with warm medium to
2

remove loosely adherent ce1ls.
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L2 Preparation of spleen ce11 susoensíon

Spleens were removed aseptically from mice and placed in a sterile
petri dish containing MEM medium. A single cell suspension \das made by

teasing the spleen with forceps. The suspension \¡ras filtered through a

fine mesh screen to remove any rarge clumps of cells or tissue and

centrifuged (150 x g, 7 min). The pelleted cells r,¡ere resuspended in 5

ml of Tris-NHocl buffer (5 rnin, 3i"c) to lyse the red celrs. The

splenocytes '$rere washed twice, counted (lx1o8 cells/spIeen, 9gg

Erypan-blue impermeable), resuspended in MEM + 10g FCS and stored on

ice.

13. Nylon wool enrichrnent of T cells from the spleen

T cells were obtained by passing normal spreen celrs through a

nylon wool corumn (NIJC) according to the urethod of Julius et al_.

(L973). Before use the scrubbed nylon fiber (3 denier, 3.gl- cm, rype

200; Fenwal Laboratories, Deerfield, rL) was acid treated (boiled for

30 min in 0.2 N HCl) and washed with distilled, deionized warer (ddHzo)

for 5 consecutive days. The clean nylon wool was dried at 37"c and

ready for use. Nylon wool (0.6 gm/spleen) was teased ín ddH2o to

remove air bubbles, packed into a 20 ce syringe fitted with a stop-cock

and autoclaved. The NttIC was first flushed \,¡irh 50 ml RpMI + 10t FCS

followed by 50 ml Dulbecco's phosphare-buffered saline (DPBS; Gibco,

Grand rsland, NY) + 10t FCS and incubared at 3l.c for t h. The spleen

cells resuspended in 2-3 ml of DpBS + lot FCS r,¡ere layered on Èop of
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the NIIC and allowed to percolate about I/4 ínto the column. The column

was left ax 37" C for t h and the non-adherent cells (referred to as NI^I

T cells) were eluted with warm (37'c) DPBS + 108 Fcs. The cells v¡ere

nashed twice (150 x g, 7 min) then resuspended in MEM + 10t FCS. The

NiÁi r cells (98* trypan-blue impermeable) conrained 80-85t Thyl.2+ and

2-42 slg+ ce1ls as assessed by membrane immunofluorescence using the

fluorescence activated cell sorter (EPICS, Coulter Electronics Inc. ,

Hialeah, FL). The celI recovery v/as 20-308 of the starting population.

14. Enrichment of T ce11 subpopulations

The concentration of Ni{ T ce1ls lras adjusted to 107 cells/m1 in

eytotoxicity uredium (RPMI containing 0.3S bovine serum alburnin) . In

order to deplete the Ly-1.2+ cells anti-Lyl.2 mAb was added (L/20 final

dilution) and the cells incubated aE 4"c for L h. The cells vrere

centrifuged, the supernatant discarded and the pellet resuspended in

Low-Tox-M rabbit complemenx (r/10 final dilutíon; cedarlane, Hornby,

ontario) and the cells incubated at 37"c for l- h. The cells were

washed three times with MEM and resuspended in MEM + 10t FCS.

15. Inductíon and preparation of antigen-specific Ts cells

Antigen-specific Ts cells were índuced as previously described

(Perry and Greene , L982) . Bal-b./c mice v/ere injected i.v. wirh

anti-l-Ad mRb (20 ¡.tg/nouse). Three days later the mice were immunized

with 108 SRBC/O.2 rnl (i.p.). Spleen cells were collected 4 days afrer

antigenic stimulation and enriched for T cells by NI,I filtration as
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described previously. The ."rrr remaining after depletion

Ly-1.2+ cells (sec. 14) were used as antigen-specific Ts.

of the

l-6. Induction of antisuppressor mediator in vivo

Mice were immunized with 5x10u SRBC (i.p.) and the serum collected

6 h (6HS) later. Serum collected from mice in the absence of antÍgenic

stimulation (NMS) served as control. The 6HS has been shown to contain

the antisuppressor medÍator (Paraskevas et a7. , 1985; Lee et al. ,

1985). Two assays (described below) have been used primarily, first an

assay that detects the presence of 6h complexes and second., an assay

for the function of these complexes.

17. Detection of antisuppressor mediator

The reverse immune cytoadherenee (RICA) techníque has been used

for detecting the presence of 6h complexes which are present in the

serum shortly after antigenic stimulation (paraskevas eÈ âI. , I}TL) .

When normal spleen cells are incubated with 6HS the complexes are

passively adsorbed by a subpopulation of T cells thereby rendering them

"rg*. Briefly, the method utilizes a 5s hybrid antibody wirh one

combining site specific for rg while the other site is specific for

bovine serum albumin (BSA). The hybrid antibody binds ro an rg+ cell

with one combining site and to BSA-coated sRBC (Paraskevas et â7.,

L97I) v¡ith the other, thereby forming a roseËte. The number of rosette

forming cells (a1so referred to as Ig+ cells) were calculated by

countíng 500-1000 lymphocytes. This assay derecrs -25-30t sIg* B cells
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in the spleen.

18. Function of antisuppressor medÍator

The in vitro assay for the function of the complexes has been

described prevíously (Lee et a7., 1985) and involves: (a) a read-out

system necessary to measure the level of immune responsiveness, (b)

suppression of antibody formation upon addition of antigen-specific Ts

cells, and (c) restoration of immunologic responsiveness of suppressed

cultures upon addition of the antisuppressor mediator. The assay

involves culturing spleen cells in Marbrook flasks using the modified

Diener and Armstrong urethod (1967).

Briefly, the antibody response was elicited by culturing 2xLo7

spleen cells in 1 m1 MEM + lot Fcs and srimularing them wirh 5-8x106

SRBC/O.I nl. The immune response \^ras suppressed by the addition of

2-3x106 Ts/o.l-ml which vrere prepared as described in sec. 15. serum

collected 6 h afËer antigenic stimulation, containing the

antisuppressor mediator, r^ras added to the suppressed cultures at a

final concenLration of l-8. The Marbrook flasks were incubated for 5

days aL 37"C in 53 CO2 atmosphere. The number of plaque forming cel1s

(PFC) v¡ere enumerated as described be1ow.

L9. Plaque forming cell assal¡

The PFC assay was a modification of the Cunningham assay

(Cunningham and Szenberg, 1968). Briefly, precleaned microscope slides

(Gold SeaI; Becton Dickinson, Lincoln Park, NJ) were separated from
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each other by doubled sided tape in such a manner xha: 2 microchambers

are formed bet¡¿een the 2 slides.

The lymphoid cells were collecced from the Marbrook culture flasks

and washed once wíth HBSS. The cell pe1let vras resuspended in 1 ml

HBSS and stored on ice. A suspension of the indicator cells, i.ê.,

sRBc (2.5xL0e/n1) was prepared. Guinea pig compremenr (Gpc) was used

at I/4 dilution. The RamrgG (sec. 5) was added in order to develop the

IgG plaques. The spleen cells (SC) , SRBC and complement v¿ere mixed as

follows:

IeM PFC

30 pl SRBC

30 ¡r1 SC

30 pl HBSS

30 ¡tg GPC

(TeM + TsG) PFC

30 pl SRBC

30 pl SC

30 ¡r1 RornIgG

30 pl GPC

The Cunníngham slídes were fi1led with the ce11 suspensions,

sealed with rnelted paraffín wax, and incubated at 3ioc for 45 min. The

number of PFC v¡ere enumerated using a Zeiss microscope at low

magnification (30X).

20. Preparation of antisuppressor mediator in vitro

The method for the in vitro production of the antÍsuppressor

mediator has been previously described (Maeba et a7., 1988). Briefly,

resident periËoneaI macrophages !¡ere isolated as described in sec. 11.

The adherent cells were pulsed v¡ith 5xl-06 SRBC resuspended in 1 nl RPMI

+ 10s FCS for 4 h ax 37'C in 5t CO2 atmosphere. Subsequenrly, the
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adherent cells urere \¡rashed 5-6 times in warm medium (37"C) Eo remove

excess SRBC and 2xIO7 NI^I T cells in 1. 5 ml RPMI + 10S FCS i.rere added ro

each petri dish. The macrophage-T cel1 culLures were incubated

overníght ax 37"C. The cell.free supernatant was collected and used in

both the RrcA assay as well as the functional assay. rn these assays,

the macrophage-T ce1l supernatant q¡as added together with NMS or rgc

such that the final concentratíon of the supernaÈant was 58 and that of

the NMS vras lt. rnstead of the intact rgG, the divalent F(ab,),

fragment (sec. 9) was also used together with the macrophage-T cell

supernatant.

2L. Macrophage-T ce11 culture: treatment of macrophages

Resident macrophages were isolated from the peritoneal cavity and

split into 2 groups. one group of adherent cells was treated: (a)

before exposure to antigen, (b) after exposure to antigen, or (c)

continuously during the entire antigen pulsing period. The treated an¿

untreated cells were pulsed with antigen for 4h, washed and

subsequently exposed to Ni^I T cells overnight. The macrophage-T cell

supernatant \,¡as evaluated for antisuppressor activity as described

above (sec. 17 and 18).

(i) Fixation: The macrophage monolayers rTere fixed in lt

paraformaldehyde (20' , 37"c) according to established procedures

(Ziegler and Unanue, 1982). The cells were fixed both before and. after

exposure to intact SRBC. In addition, sonicated SRBC were also used

for pulsing fixed and unfixed macrophages. Packed SRBC were sonicated
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and used at a final concentration of

(ii) Lt'sosomotropic asents:

108 for pulsing macrophages.

The macrophage monolayers vrere

cultured with meditun containing either 10 mM NH4C1 (Fisher Scientific,

Faírlawn, NJ) or 0.1 ¡nM chloroquine (sigma chemical co., st. Louis, Mo)

according to established methods (Ziegler and unanue, ]-gg2). These

agents were present continuously during the 4 h antigen-pulsing period.

(iii) Anti-I-Ad * complement: The macrophages r^7ere treated with

anti-l-Ad neb ,1-oo p,g/L06 cells , 4oc, t h). The cells !7ere resuspended

in GPC (L/4 finar dílurion) and incubared ax 37oc, t h. The celrs were

washed three times and then cultured (5x106 ce1ls/rn1) ín the presence

of SRBC.

(iv) Blockine with anri-class II mAbs : The macrophages v¡ere

pretreated with mAbs that have specificity against determinants encoded

by the I-A or I-E subregíon (100 ¡,r,g nAb/LO6 cells, 45 min, 4.C) and

subsequently exposed to SRBC in rnedium containing these antibodies (100

pg/nr). Anti-class rr mAbs which did not cross-react with the H-2

haplotype of Èhe macrophages provided specificity control.

22 Macrophage-T ce11 culture: treatment of T cells

Normal Nl,I T cells were treated (as indicated below) before

culturing overnight r+ith SRBC-pulsed macrophages. The supernarant from

the macrophage-T ce11 interaction was evaluated for antisuppressor

activity as described earlier (sec. 17 and 18).

(i) Anti-L3T4 + complemenr: The NI,I T cerls were depleted of L3T4+

cerls by treatment wíth antí-L3T4 mAb (100 p,L GK l-.5 currure
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supernatanx/2xt06 cells, 4oc, t h) then resuspended in Gpc (l/4 f.:na|

dilution and incubated at 37"c, t h. The cells were washed, counted

and cultured with SRBC-pulsed macrophages.

(ii) Blocking with anri-L3T4 and anri-L)¡-2.2 mAbs: The Ni.{ T cells
were treated with anti-L3T4 or anri-Ly-2.2 rnAbs (50 p,g/ro6 cells , 4oc,

th). The cells v¡ere washed with ice-co1d medium and then cultured with

SRBC -pulsed macrophages .

23. X-irradiation of mice

Mice were lethally irradiated (850 rads, whole body irradiation)

using a Theratron F cobalt 60 unit, Atomic Energy of canada. The 60co

source was calibrated by che Physics DeparËment of the Manitoba Cancer

Treatment and Research Foundation.

24. Reconstitution of mice v¡ith NI{ T cells and corlection of 6HS

Twenty-four hours after lethal irradiation mice were injected
(i.v. ) with 15-20x106 syngeneic or rgh congenic NI,,Ì T cells. These mice

were immunized 24 h later r¡ith 5x108 SRBC/0.2 ml (i.p.). serum vras

collected from these mice 6 h after antigenic stimulation. The 6HS was

evaluated by both the RrcA and functional assays (sec. 17 and lg).

l^Ihen Igh congenic T cells were used for reconstitution of irradiaEed

mice, affinity purifÍed rgG from the same rgh haplotype as the T cerl

donor was added to the serum at a concentration of L mg/nJ..
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RESULTS

1. Production of antisuppressor mediator: in vjvo and jn vitro

Earlier studies from this laboratory (Orr and Paraskewas, Lg: 3)

have identifíed ín the serum of mice within 3-6 h after immunization a

unique form of 'processed' antigen representing cornplexes of r_g and

antigen. More recently, a simple method for the generation of a

soluble mediator with functional properties identical to those of the

complexes formed in vivo (6 h after immunizatíon) has been described

(Maeba et a7., 1988). rn contrast to the in vivo method. (Fig. ra)

where serum was collected 6 h after antigenic stimulation, the jn vitro
method for the production of the antisuppressor mediator involved 2

stages. During the first stage (Fig. 1b) antigen-pulsed macrophages

r4lere co-cultured with NI,tl T cells. In the second stage, normal mouse

rgG v¡as added to the cell-free supernatant obtained from the

macrophage-T ce11 interaction.

2.

2.r

Assays for the 6HS or antisuppressor mediator

Detectíon of the complexes

The antisuPPressor mediator produced by both in vivo as well as jn

vitro methods is cytophilic for a subpopulaÈion of T cells (orr and

Paraskevas, L973; Maeba et a7.,1988). For detecrion of the cytophilic

Ig, BaLb/c spleen cells were incubated wíth the serum and the uptake of

Ig by these cells was examined by the previously established RICA

method (Paraskevas et a7., L97r) (Fig. 2). The number of rg+ cells in
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Production of antísuppressor mediator
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Fig. 2 Detection of antisuppressor mediator
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the Balb/c spleen has been shown to vary between 29-332. Ilhen normal_

spleen eerls vrere incubated with the 6HS the number of rg* cells
increased by 5-Bg above the control. The resurts reported in this
study represent the mean of.two separate counts of ïg+ cel1s detected
after incubation with NMS or 6HS.

2.2 Functional assay

rn humoral responses the 6 h comprexes have been found to
interfere with suppressor T cel1 functíon (Lee et a7. , 19g5; paraskevas

et a7., 1985) and have, therefore, been termed antisuppressor mediator.

The previously described (Lee et a7., 1985) Marbrook-Diener culture
system (Diener and Armstrong, Lg67) has been utilized for the

antisuppressor assay. Spleen cel1s from Balb /e m1'ee were stimulated in
vitro with sRBC and the rgG anti-sRBC response determined (Fig. 3,

group A). The response in these cultures was suppressed upon the
addition of anrigen-specific Ts cells (Fig. 3, group B) induced by the

method of Perry and Greene (19g2). The subsequent addition of 6HS or
the antisuppressor mediator produced in viËro vras able to restore the

anti-SRBC response of such suppressed cultures (Fig. 3, group C).

Previous studies have shov¡n that only Èhe rgG antibody response has

been regulated by the complexes while the rgM response is not affected
(Paraskevas et a7., 1985). Similar results have also been obtained in
the present study. Both the rgM and rgG antÍbody responses have been

determined but only the rgG response is reported here. The number of
PFC/curture is Ëhe mean of six to nine curtures + s.E. from
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Fig. 3 Assa]¡ for antisuppressor function
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J.

Lvro or 3 separate experiments.

mediator

rn the present study it was decided to examine whether antigen
presenting cell 1ínes could also be used for the production of the
anÈisuppressor mediator. The antisuppressor mediator produced in vivo
and in vitro served as positive concrols in the experiment. As shown

ín Fig. !+ (group 1), stimulation of 2xLo7 Ba:l:p/c spleen cel1s in vitro
with sRBc gave an rgG anri-sRBc response of 1700 pFC/currure. The

response was suppressed upon the addition of antigen-specific Ts cells
(group 2). The immune response v¡as restored when 6HS at 1g final
concentratíon ü'as added to the suppressed cultures (group 3). The

presence of the cytophilic rg was evident by the inerease in the number

of Tg+ cells as compared with the control (group 3 vs 1). As expected,

the celr-free supernatant from the co-culture of antigen-pursed

macrophages and NI,I T celrs in the presence of BaLb/c NMS (finar
concentrations: 5g supernatant + 1g NMS) was also able to restore the

anti-SRBC response of the suppressed cultures (group 4).

The mouse macrophage-rike cel1 rine, p3ggD1(H-2d) (Koren et ar.,
L975) hras used instead of normal peritoneal adherent cells. These

cells were pulsed with SRBC, then cultured with (group 6) and withouË

(group 5) Barb/c (H-2d) NW T cerls. rn each case the celr-free
supernatant in the presence of BaLb/c NMS v¡as examined for
antisuppres sor activiÈy.
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Fig. 4 Antigen presenting cell lines for generation
of antisupÐressor merlí:tor
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The P388D1 supernatant (group 6) v/as found to

antisuppressor activity by the RICA and pFC assays.

antigens on thís phagocytic ceIl line rnay provide an

the absence of antisuppressor activity since

(Paraskewas et a7-, 1984) have demonstrated that one

of the complexes was Ia antigens.

be lacking in

The lack of Ia

explanation for

previous studies

of the components

4.

The cell line A.20, a Barb/e B cerr l¡rmphoma (Kim et af . , LgTg)

was also used for the production of the antisuppressor mediator. After
exposure to SRBC the A.20 cells were co-cultured. with BaLb/e Nw r
ceIls. The supernatant from this B cell rine which is capable of
presenting both alloantigens and protein antigens (Glirncher et âf. ,

L982) had no antisuppressor activity (group 7) when examined by the

RICA and PFC assays.

antisuppressor mediator

4.1, Fixation of macrophages

Fixation of APCs with paraformaldehyde or glutaraldehyde has been

extensivery used to inhibit antigen processing (Ziegler and unanue,

L982). In order to demonstrate that internalization and. processing of
antigen vrere requisite early steps in the forrnation of antisuppressor

mediator, the macrophages hTere fixed both before and after exposure to

SRBC. The rgG anri-sRBC response is shown in Fig. 5 (group 1). The

response I.Ias suppressed upon addition of antigen-specific Ts cells
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(group 2). The addition of supernatant from untreated macrophages

together with Balb/c NMS (group 3) restored the anti-sRBC response of

the suppressed cultures. rn contrast, the supernatants from

macrophages that had been fixed both before and after exposure to SRBC

were lacking the antisuppressor mediator when examined by RICA and pFC

assays (group 4 and 5).

It has been demonstrated that prefixed macrophages while incapable

of presenting intact protein antigens can present fragments of the

protein (ShimonkevLxz et a7., 1983). Therefore, sRBC were sonicated

and the hemolysate used for pulsing the macrophages. The supernatant

from untreated macrophages pulsed wÍth sRBC-hemolysate showed

antisuppressor activity (group 6), whereas supernatant from macrophages

fixed before and after exposure to the hemolysate lacked antisuppressor

activity (group 7 and 8). The requirement for antigen internalizaxion

as one of Ëhe iniËial events in the productfon of an antlgen-speclffe

antisuppressor mediator v/as most likely since fixation of macrophages

before exposure to intact SRBC or hemolysate abolished this activity.

The fact that macrophages fixed after exposure to antigen \¡/ere also

unable to produce the antisuppressor mediator suggests that some other

as yet unidentified signal(s) between the macrophage and r cell may be

required.

4.2 Treatment of macrophages with l]¡sosomotropic agents

It was decided to use Èhe lysosomotropic agents chloroquine and
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Fig. 5

Group
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NH4c1 to demonstrate that inhibition of antigen cacabolism wourd

abolish the productíon of the antisuppressor medÍator. Chloroquine and

NH4CI are thought to exert their effects via disruptíon of normal

lysosome function, i.e. by raising rysosomal pH with concomitant

decrease in the activity of acid hydrolases (poore et a7. , 1980) . The

macrophages were exposed continuously to these agents during the 4 h

incubatíon with SRBC. The adherent cells were subsequently co-cultured

wiÈh NW T cells. As expected, the ce11-free supernatant from these

treated macrophages v/as lacking the antisuppressor mediator (Fig. 5,

groups 9 and 10) by RICA and rhe pFC assay.

5.

mediator

5.1 Elimination of Ta+ macrophages

Previous studies from this laboratory have demonstrated that Ia

antigen \¡ras one of the serologically detectable components of the

complexes (Paraskevas et a7., L984). rn addition, Maeba et ar. (19gg)

have provided evidence that the antisuppressor activity r^ras removed

from the supernatant of the macrophage-T cell co-culture by adsorption

to a specifíc anti-Ia immunoadsorbent column. Therefore, ic v,ras

expected that elimination of Ia+ macrophages from the PECs would also

result in a loss of antisuppressor activíty. Fig. 6 shows the rgG

anti-sRBC response of Bal-b/c spleen cells in vitro (group 1), the

suppression of this response (group 2) and the subsequent

antisuppression (group 3) when normal macrophages were used for the
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Fig. 6

Group

1

Role of MHC class II antigClLs duríng generatíon

of antisuppressor mediator
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o

Production of Ëhe antisuppressor mediator. The Ia* macrophages uTere

el-iminated by treating the PECs with anti-I-Ad rnAb plus complement and

the remaining Ia- cells were pulsed with antigen then co-cultured with

NIJ T cerls. As shov¡n in Fig. 6 (group 4), the supernatant after

elimination of Ia+ macrophages vras indeed lacking the antísuppressor

mediator.

5.2 Blocking with anti-class II mAbs

Monoclonal antlbodies with specificities agaínst determinants

encoded by the r-A or r-E subregion were used for blocking. As shown

in Fig' 6 (group 5) anti-I-A-d urAb was able to block the production of

antisuppressor mediator from BaLb/c (H-2d) macrophages whereas

anti-T-nk mAb cross-reacting ¡vith H-2d haplotype \¡ras ineffective (group

6). Monoclonal antíbodies with specificity against the I-A molecules

of H-2k and H-2b haplot)æe \,¡ere also ineffective (group 7 and g) .

While this data suggested that the I-A molecules were involved ín the

production of the antisuppressor rnediator it did not exclude the

possibilíty that the anti-l-ed meb may be working by some unknown

mechanism.

Direct evidence implicating the I-A antigens r,zas provided by using

macrophages from BDF, (H-2bld) mice. The experimental protocol is in

outrined Fig. 7. The BDF, macrophages \¡/ere blocked separately with

anti-r-Ab and anti-r-Ad mAbs. These macrophages LTere subsequentry co-

cultured with NII T cells, in the fÍrst experimenË from DBA/2 (H-2d)
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Fig. 7 Blocking MHC class II antigens on BDF,

for in vjtro production of antisuDpressor mediator
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r'íce (Fig. 7A) and in the second experimenr from B6 (H-2b) mice

(Fig.78). rn each case it \¡ras expected that brocking the macrophage-T

cell interaction with only the specific mAb would abolish the

production of the antisuppressor mediator.

The results of the first experimenL are shown in Fig. g. The rgG

anti-sRBC response of DBA/2 spleen cells is shown in group 1 and this
response !¡as suppressed by antigen-specific Ts cells (group 2). The

supernatant from DBA/2 macrophages co-cultured with DBA/2 Ni^I T cells in
the presence of DBA/2 NMS had antisuppressor activity (group 3).
substitution of F, macrophages in plaee of DBA/2 macrophages also
restored the anti-SRBC response of suppressed curtures (group 4). As

expected, blocking of F, macrophages with anti-t-ed rneb and subsequent

co-culture with DBA/2 T cells abolished the production of the

anËisuppressor mediaËor (group 6) whereas blocking with anti-r-Ab mAb

was fneffecËive (group 5).

The resulrs of the second experiment (Fig. 9) show rhe ïgG

anti-sRBC response of 86 spleen cells (group l) and suppression of the

response (group 2). The positive control for antisuppression was

supernatant from 86 macrophages co-cultured with B6 NI^I T cells in the

presence of 86 NMS (group 3). Again, using F, macrophages instead of
86 macrophages also produced antisuppressor activity (group 4).

Blocking F, macrophages gave the expected results, i.e., onry anti-r-Ab

nAb effectively blocked the production of the antisuppressor mediator
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Fig. B
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Fig. 9
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(group 6) whereas the anLi-I-Ad neb vzas ineffectÍve

Therefore, these data suggested that the

interaction involved I-A antigens.

(group 5).

macrophage-T ce11

6. Characterization of T cel1 surface antigens in the generation of

antisuppressor mediator

6.1 Role of T cel1s

fn the present study an attempt was made to characterize the T

cell surface molecules that may be involved in the macrophage-T ce1l

interaction for the production of the antisuppressor mediator. Fig. 10

shows the rgG anti-sRBC response of Barb/c spleen cells (group l) and

the suppression of this response by Ts cells (group 2). The addition

of the ceIl-free supernatant from the rnacrophage-T cell co-culture in

the presence of Barb/c NMS restored the anti-sRBC response (group 3).

However, when supernatant obtained from macrophages cultured in the

absence of NII r celrs together r¡ith Bal-b/c NMS !¡as used, no

antisuppressor activity was observed (group 4). Previous studies have

established the requirement for T cells in the production of the anti-

suppressor mediator (Paraskevas eË aJ., 1985a; Maeba et a7.,1988). rn

order to demonstrate that cell-cell inËeractions between macrophages

and T cells may be required, the T cells were cultured alone using the

ceII-free supernatant of SRBC-pulsed macrophages. Lrlhen the supernatant

from these T cel1s not directly stimulated by APCs was examined in the

presence of BaLb/c NMS it was found lacking ín antisuppressor activity

(group 5).
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Fig. 10
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6.2 Elimination of L3T4t-ce11s

The phenot¡rpe of the antisuppressor inducer cell has been

established as the Ly1+ T cell from in vivo stud.Íes (Paraskev as et al. ,

1985a) and also from rhe jn vjrro work of Maeba et ar. (19gg).

Therefore, iË was decided to examine whether the elirnination of L3T4+

cells would consequently abolish the production of the antisuppressor

mediator. The Nw r cells were treated virh anti-L3T4 mAb plus

complement and the remaining ce1ls co-cultured wíth sRBC-pulsed

macrophages. The cell-free supernatant in the presence of Barb/c NMS

was found lacking in antisuppressor activity (group 6).

6.3 Blocking with anri-L3T4 rnAb

It is widely accepEed that the MHC class

surface of APCs interact with the L3T4 antigen the surface of T

cells (I'Iilde et a7., 1983). Previous experiments in this study showed.

that antí-r-A mAbs could effectively block the production of the

antísuppressor mediator. Therefore, the anti-L3T4 mAb v¡as used to

saturate the L3T4 molecules on the surface of T cells. These cells

r,rere co-cultured wÍth sRBC pulsed macrophages. As expected, the

anti-L3T4 mAb effectively blocked the production of the antisuppressor

mediator (group 7) whereas the anti-Ly2 mAb was íneffective (group g).

7. Igh restriction in the eeneration of antisupDressor mediator

In order to examine the Tgh

assembly of antisuppressor complexes

molecules on the

restriction imposed during the

strains of mice which were

II

on
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identical at the Mllc locus but differed only aË the rgh locus were

used. Previous studies (Paraskevas et a7., j_gg4) had shown that

inductÍon of the antisuppressor medíator was abolíshed in lethally

irradiated mice and T cells alone reconstituted its formation.

Therefore, Èhe experímental approach (Fig. 1r) involved lethal

írradiation of mice and subsequent reconstituËion 24 h Later with: (a)

syngeneic Ni.rI T cells, or (b) rgh congenic NI{ T cells. The mice $rere

immunized with 5x10t sR¡c and the serum (6HS) corlected 6 h rater. The

antisuppressor activíty of the 6HS was examined by the RrcA and pFc

assays.

7.L Balb (H-24. Ighel - C¡.20 (H-2d. IghÞl combinati.n

Fig. L2 (group 1) shows rhe rgG anri-sRBC response of BaLb/c

spleen ce1ls and suppression of'this response by Ts cells (group z),
The antisuppressor activity was present in the 6HS of irradiated Balb/c

mice reconstituted with syngeneic T cerls (group 3). rn contrast, this
activíty was lacking in the 6HS of irradiated CB.20 mice reconstituted.

with rgh congenic BaLb/c T cells (group 4). However, addition of

Balb/c NMS to c8.20 6HS showed rhe presence of complexes by rhe RrcA

assay and Ëhe antisuppressor function in the pFC assay (group 5). i+rhen

NMS from other strains was added to C8.20 6HS it was observed that only

BaLbþ (rghu) NMS restored antisuppressor acrívity (group 6), whereas

serum from 86 (rgho) or DBA/2 (rgh") mice (groups 7 and g,

respectively) was íneffective.
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Fig. 11 Protocol to examine Ish restriction ín
the generation of antisuppressor mediator
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Fig. L2
antisuppres sor mediator

Group SC

L BaLb/c

T-cell T-cell
Donor Recipient (6HSl
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BaLb/c CB. 20

NMS
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DBA/2, Igh"

BaLb/c

-83-



[gG anti-SREC pFÇ 
f cuårcjre (Xt0'2] t S.n.

0510f5?rA

2ß

% åg+cet¡s

29.6

37.V

30.8

39.8

37.7

30.2

30.4

q)vl

4l

7l

8þ



The resurts of the reverse experimenE are shov¡n in Fig. 13, i.e.,
Igh eongenic CB.2O Î ceIls were used to reconstitute irradiated BaLb/c

mice. The anti-sRBc response of cB.2o spleen cells is shown (Fig. 13,

group 1) and this response was suppressed by Ts cells (group 2). The

antisuppressor activity *"" pr"r"nt in the 6HS of irradiated c8.20 mice

reconstituted with syngeneic T eells (group 3). This activity 
'¿as

lacking in the 6HS of írradiated Balb /c mice reconstirured with lgh

congenic c8.20 T cells (group 4). As expected, addition of c8.20 NMS

t.o Barb/e 6HS showed the presence of complexes by the RrcA assay and

the antisuppressor function in the pFC assay (group 5). i,Ihen NMS from

other strains was added xo BaLb/c 6Hs it was nored thar only 86 (rghb)

Nl"ls restored antisuppressor activity (group 7), whereas serum from

Balbþ (rgh") or DBA/Z (rgh") mice (groups 6 and B, respecrively) 
'ras

ineffectíve.

These data suggested the presence of some 'intermediate' component

in the 6HS obtained from mice reconsÈituted with Igh congenic T cells
which lacked antisuppressor actívÍty. Furthermore, the addition of NMS

from the same rgh haplotype as the T cel1 donor resulted in complete

antisuppressor function.

7.2 Normal mouse fgG is a component of the antisuppressor medÍator

Prevíous studies (Paraskevas et a7., L979) from this laboratory

have identified irnmunoglobulins as one of the componenÈs of the 6h

complexes. Therefore, normal mouse rgG was purified by protein
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Fig. 13 I-eh=re€lrictíon in the inducrion of
antisuppres sor mediator
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A-sepharose affinity ehromatography from the serum of each mouse straÍn
used in this study. The experiments described in sec. 7 .r r¡¡ere

repeated using purified normal IgG in order to demonstrate that only

IgG of Ehe appropriate Igh haplotype vras effective.

Fig. 14 shows the rgG anti-sRBC response (group 1) and suppression

upon addition of Ts celrs (group 2). The suppressed response \¡ras

antisuppressed by 6HS from irradiated Balb/c nice reconstituted. with
syngeneic T eells (group 3). Suppression r^ras maintained when 6HS from

irradiated c8.20 mice reconstituted with BaLb/c T cerls was used (group

4). As shown previousry, rhe addirion of Balb/c NMS (group 5) or

Balb/b NMS (group 8) to cB.20 6HS restored the antisuppïessor activÍty.
Addition of the serum components lacking rgG from Barb/c (group 7) or

BaLbþ (group 10) rnice was ineffective whereas the purified rgG (groups

6 and 9) restored complete antisuppressor activity as evj_dent by the

RICA and PFC assays.

These findings were verified in the reverse experiment (Fig. 15)

when irradiated Balb/c mice were reconstituted with C8.20 T cells. The

anti-sRBC response of c8.20 spleen cerls is shown (group l) and the

suppressíon of this response (group 2). The 6HS from irradiared c8.20

mice reconstituted with syngeneic T cells contained antisuppressor

activity (group 3), whereas 6HS from Balb/c mice reconstituted with

cB.2o T cells was lacking such acrivity (group 4) . The addition of

c8.20 NMS (group 5) or 86 NMS (group g) ro Balb/e 6HS resrored rhe
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Fig.L4
antisuppres sor mediator
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Fig. 15 Normal TgG is required for generatíon of
antisuÞpressor medíator
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antisuppressor

C8.20 (group

purified IgG

actívity.

activity.

7) or 86

(groups 6

Addition

(group 10)

and 9)

of serum

mice was

restored

components lacking IgG from

ineffective whereas the

complete antisuppressor

7.3 Cal.20 (H-2d. Ighd) - Balb/c (H-2d. Ighsl combinarion

These studies qTere extended to include other Igh congenic strains.

Fig. 16 shows the rgG anti-sRBC response of cal.20 spleen ce1ls (group

1) and the suppressíon of this response by Ts cells (group 2). The 6HS

from irradiated CaI.20 mice reconstituted with syngeneic T cells showed

antisuppressor actiwity (group 3). However, 6HS from irradiated BaLb/c

mice reconstituted with CaL.20 T cells lacked antisuppressor activity

(group 4). The addírion of cal .20 rgG ro rhe BaLb/c 6HS resrored

antisuppressor activity (group 5). Furthermore, addítion of rgG from

AKR (rghd) mice xo BaLb/c 6HS was equally effective in resroring

antisuppressor function (group 7) , whereas Barb/c (rgh") rgG r,ùas

ineffective (group 6).

ïn the reverse experiment (Fig. L7) irradiated caL.2o mice hTere

reconstituted with Igh congenic Bal-b/c T cells. The anti-SRBC response

of Barb/c spleen cells is shor^¡n in Fig. L7 (group 1) and rhe

suppression of this response by Ts ce1ls (group 2). The 6HS from

irradiated BaLb/c mice reconstituted with syngeneic T cells showed

antisuppressor activity (group 3). This activiry was lacking in the
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Fig. 16 IBh restriction in the índuction of antisuppressor mediator
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Fig. L7
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6HS of irradiated Cal.20 urice reconstituted v¡ith Ba:I]o/c T cells (group

4) and r¡/as restored upon add.ition of BaLb/c rgG to the cal .20 6Hs

(group 5). The addirion of BaLbþ (rgh") rgG ro rhe ca1.20 6Hs arso

restored the antisuppressor activity (group 6), whereas AI(R (rghd) or

DBA/2 (rgh") rgG (groups 7 and 8, respecrively) was ineffecrive. These

findings vrere not unexpected since the donor T cells in this case were
^ - -a- -ot lgh haplotype.

7.4

Fig. 18 shov¡s the anti-sRBC response of car.2o spleen ce1ls (group

1) and the suppression of this response by Ts cells (group 2). As

expected, 6HS from cal.20 míce reconstituted wíth syngeneic T celrs
showed antisuppressor activity (group 3) whereas 6HS from irradiated.

C8.20 mice reconstituted with Igh congenic CaL.2O T cel1s 1acked this
activity (group 4). As the donor T cells were of rgho haplotype,

therefore addirion of cal . 20 (rghd) rgG (group 5) or AKR (rghd) rec

(group 6) to c8.20 6HS restored complete antisuppressor activity
whereas BaIbþ (tgh') IgG was ineffecrive (group 7).

In the reverse experiment (Fig. 19) similar results were obtaÍned.

The anti-sRBC response of cB.20 spleen cells is shown (group 1) and was

suppressed by Ts cells (group 2). The 6HS from irradiared c8.20 mice

reconstituted with syngeneic T ce1ls showed antisuppressor activity
(group 3), whereas 6HS from irradiated CaI.20 mice reconstituted with

rgh congenic cB .20 1 cells lacked rhis activiry (group 4). rn this
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Fig. 18
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Fie. L9 I
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case ' the donor T cells were of rghb haplotype, therefore the additíon
of c8.20 (rghb) rgG (group 5) or 86 (rgho) rgG (group 7) ro car.20 6HS

restored comprete antisuppressor activity whereas AKR (rghd) rgc r¡ras

ineffective (group 6).

7.s B6IXJÞ-Jg¡Þ) - B"lblb (H-2Þ. r*É
It vlas decided to include one Igh congenic strain combination

v¡hich was H-2b haplotype since the others were H-2d haplotype. The

results obtained were similar to those shown earlier, i.ê., when 6HS

from írradiated mice reconstituted with rgh congenic T cells lacked
antisuppressor activity and this activíty was restored onry by the

addition of rgG from the same rgh haplot)æe as the T celr donor.

Fig. 20 (group l) shows the anti-sRBC response of 86 spreen cells
and suppression of this response by Ts cells (group 2). Antisuppressor

activity r{7as present in 6HS from irradiated 86 mice reconstiÈuted with
syngeneic T ce1ls (group 3), whereas it was lacking in 6HS frorn

irradiated BaIbþ mice reconstituted with 86T celIs (group /+). The

addítÍon of 86 (fehb) IgG (group 5) or CB.2O (rghb) IgG (group 6) ro

Barbþ 6HS restored antisuppressor activity, whereas cal.2o (rghd) rgG

(group 7) was ineffective.

ïn the reverse experiment (Fig. 2r), the anEi-sRBC response of
Bal-b/h spleen cells is shown (group 1) and rhe suppression of this
response by Ts ce1ls (group 2). Again, antisuppressor activity was
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Fig. 20 I8h restriction in the induction of antísuppressor medÍator
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Fig. 2L
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present ín 6HS from irradiated BaLbþ mice reconstituted with syngeneic

T ce1ls (group 3), whereas it was lacking in 6HS from 86 mice

reconstituted with Barbþ T cells (group 4). rn this case the addition
of Barbþ (rgh") rgG (group 5) or Barb/c (rgh') rgG (group 6) ro 86 6HS

restored the antisuppressor activity whereas cal.20 (rghd) rgG (group

7) was ineffective.

of antisuppressor medíator

8.1 "Parking" T cells in an Igh eongenic host

An attempt \,¡as made to examine whether the rgh restriction pattern
observed in the induction of the antisuppressor mediator courd be

altered. In the preceding experimenËs, irradiated mice vrere

reconstituted with Igh congenic T cells and immunized 24 h later wÍth
SRBC. studies by HayGlass et a7. (19g5) have shown thar longer

exposure to an Igh distinct environment resulted in an alÈered pat¡ern

of rgh restriction. Therefore, in Ëhe present study, irradÍated mice

lzere reconstituted with rgh congenic T cells for 5 days. After 5 days

the mice vrere immunized with SRBC and the 6HS examined for
antisuppressor activity.

The results of this experiment are shown in Fig . 22 where groups

1-5 !¡ere controls. The anti-sRBC response of BaLb/e spleen cerls
(group 1) was suppressed upon addition of Ts cells (group 2). The 6HS

collected from irradiated mice reconstituted with syngeneic T cells for
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Fig. 22
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24 h or 5 days (groups 4 and 5, respectively) had antisuppressor

activiLy. rn Ëhe absence of reconstitution wÍth T cells (group 3)

antísuppressor activity vras lacking. This data indicated that
antisuppressor activity courd be induced even 5 days after
reconstitution. When the 6HS from irradiated C8.20 mice reconstituted
for 5 days with rgh congenic Balb/c T cells was examined antisuppressor

activity !¡as not detected (group 6). This suggested that the ïgh
restriction of Balb/c T cerls was not artered since the host rgc (rghb)

present in the c8.20 6HS was unable to give complete antisuppressor
activity. rn facr, the addition of Barb/c rgG (rgha) ro the c8.20 6HS

restored antisuppressor activity (group 7).

8.2 Role of B cells in Ish restricrion

rn order to examine the rore, íf any, of B cerls in artering the

PaËtern of rgh restricËion Balb/c athymic mice qrere reconstituted. with
rgh congenic cB.2o T cells. The mice were irnmunized 24 h after
reconstitution and Lhe 6HS was examined for antisuppressor activity.
Fíg' 23 shows the anri-sRBC response of Balb/c spleen cerrs (group r)
and the suppression of this response upon addition of Ts celrs (group

2). Antisuppressor activity was detected in rhe 6HS of Balb/c (nu/nu)

mice reconsituted with Balb /c T cerrs (group 4) , whereas it was racking

in the 6HS from unreconstituted nude mice (group 3). The 6HS from

BaLb/c (nu/nu) mice reconstitured with rgh congenic c8.20 T cells
lacked antisuppressor activÍty (group 5) indicatÍng that the hosr B

cells or rgG (rgh" haprorype) was unable to alrer the rgh restriction
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Fig. 23 Role of ïeh coneeníc B cells in rgh restriction
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of the donor T cel1s (fghb haplorype).

9.

antisuppressor mediator

9.1 Reeulation bv IehV resion senêç

The data presented earlier showed that antisuppressor activÍty was

generated only when the rgh haplotype of the T cells and rgG rÀ7as

identical- Therefore, it was of ínterest to examine whether genes of
the immunoglobulin heawy chain v-region or c-region were invorved in
restricting the formation of the antisuppressor mediator. The rgG from

the rgh recombinant strains, BAB-14 ltgtrv"-cb) and CBAL (rghvd_cb) was

used. The appropriate strain of mice were selected so that the rgh

haplotype of the donor T celrs and rgG was idenrical at only the rghv

locus' rn Fig. 24A, the contrors are shown in groups i--5. The

anti-sRBC response of Ba].b/c spleen celrs (group 1); suppression of rhe

response (group 2); antisuppression using 6HS from irradiated BaLb/c

mice reconstituted with slmgeneic T cells (group 3); lack of
antisuppressor activity in 6HS of irradiated c8.20 nice reconstituted
with rgh congenic BaLb/c T cerls (group 4); and rhe antisuppressor

activity of c8.20 6HS restored upon the addition of Balb/c rgG (group

5). Furrhermore, rhe addirion of BAB-14 rgc (tghv"-cb) ro c8.20 6HS

was equally effective (group 6). rn Fig. 24F. Èhe controls are again

shown in group 1--5. The anti-sRBC response of car.2o spleen cerls
(group 1); suppression of the response (group 2); antisuppression usÍng

6HS from irradiated CaL.20 mice reconstituted with syngeneic T cells
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Fig. 24 Generation of antisuppressor mediator regulated
by IghV region eenes
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(group 3); rack of antisuppressor aetívity in 6HS of irradiared c8.20

mice reconstituted with rgh congenic caL.2o T cells (group 4); and the
antisuppressor activity of C8.20 6HS restored upon the addition of
caL'20 rgG (group 5). Moreover, the addition of 

'BAL 
tgc (tghvd-cb) ro

c8.20 6HS was equalry effective (group 6). Therefore, these resurts
showed thar when the rgh haprocype of the donor T celrs and rgG vras

identical at the rghv locus antisuppressor activity was generated.

9.2

rn order to identify the role of rgh c-region genes the
appropriate strains of mice were selected so that the donor T cells and

rgG (obtained from the rgh recombinant nice) was identical at only the

rgh c locus. rn Fig. 25A the controls are shown in groups 1-5. The

anti-sRBC response of c8.20 spleen cerls (group r); suppression of the

response by Ts cells (group 2); antisuppression usíng 6HS from

irradiated cB-20 mice reconstiruted with syngeneic T cerls (group 3);
lack of antisupPressor activiËy ín the 6HS of írradiated Barb/c mice

reconstitured with Igh congeníc CB.20 T cells (group 4); the

antisuppressor activity detected after the addition of cB.20 rgG to
Balb/c 6HS (group 5). However, rhe addirion of BAB-14 (tghv"-cb) rgG

which has the same rgh c haplotype as the donor T cerrs was unabre to

restore antisuppressor activity (group 6). rn Fig. 25B, Lhe contrors

are again shown in groups 1-5. In this case, the 6HS from irradiated
car.20 mice reconstituted with rgh congenic c8.20 T cells was lacking
antisuppressor activity (group 4). This activity was restored upon the

-L04-



Fig. 25
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addirion of c8.20 lrghf-cb¡ rgG but nor .BAL lrgnvd-cb¡ rgG (groups 5

and 6 ' respectively) . Therefore, these results shov¡ed that e¡hen the
rgh haplotype of the donor T cells and IgG was identical at only the
rgh c locus antisuppressor activity was lacking in the 6Hs when

examined by RICA and pFC assays.

9.3

mediator

The in vitro rnethod for the production of the antisuppressor
mediator (Maeba et a7., 1988) rrzas used to verify the requirement for
rgh v idenríry berween rhe rgG and r cerls. rn FÍg. 26A the anti_sRBC

response of BAB-14 spleen cells (group 1) was suppressed upon additíon
of Ts cells (group 2). The cell-free supernatant from BAB-14

macrophage-T cell cultures lacked antisuppressor actÍvíty (group 3).
Addition of BAB-14 rgG (group 4) or Barb/e rgG (group 5) resrored rhe
antisuppressor activity whereas c8.20 rgG (group 6) was íneffective.
rn Fig- 268 the anti-sRBC response of cB.20 spleen cerls (group 1) was

suppressed by Ts cells (group 2). fn this case, the cell-free
supernatant from c8.20 macrophage-T cel1 cultures lacked antisuppressor

activity (group 3) and this activity was restored upon addition of
cB'20 IgG (group 4) but not BAB-14 IgG (group 5). These resulrs r{¡ere

similar to those obtained from the in vivo reconstitution experiments.
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antisuDDressor medi ator
Fig. 26
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9.4

antisupÐressor mediator

Ïrradiated mice were reconstituted with Igh congeníc T cells such

that the Igh haplotype of the T ce11 donor and recipient mice differed

at only the Igh C locus. In this case, the 6HS should contain complete

antisuppressor actÍvity without the need of exogenous fgG since the

host rgG and the donor T cells have the same rgh v haplotype. rn Fig.

27A Ëhe controls show the anti-SRBC response of CaL.20 spleen ce1ls

(group 1) ; suppression of this response by Ts cells (group 2); and

antisuppressíon using 6HS from irradíated, CaI.20 mice reconstituted

with syngeneic T cells (group 3). The 6HS from irradíared CBAL (rgh

vo-co) mice reconstiruted wirh caL.20 llgh vd-cb¡ r celrs conrained

complete antisuppressor activiËy (group 4). rn addition, 6HS from

irradiated CaI.2O mice reconstituted with CBAL T cells also contained

comprete antisuppressor activity (group 5). Therefore, these results

showed that the host IgG could be utilized for the production of the

antisuppressor mediator províded the rgh v haplotype was identical to

that of the donor T ce11s. The antisuppressor aetivity of the 6HS was

also examined using CBAL cultures and CBAL Ts celIs (Fig. 278).

similar results vrere obtained thereby indicating that only the

generation of the antisuppressor mediator was rgh V restricted.
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of the antisuporessor med.iator
Fig. 27
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10.

mediator

The structural requírements, if any, for Ëhe rgG in the 6HS !¡as

examined. The Fc portion of the ïgG was remowed by enzymatic cleavage
and the F(ab'), fragments were examined. for their ability to generate
the antisuppressor mediator. rn this case, the prevíously estabrished
in vitro method (Maeba et a7., 19gg) for the production of the
antisuppressor mediator was used. As shown in FÍg. 2g the anti_SRBC

response of Balb/e spreen cells (group 1-) was suppressed upon addition
of Ts cells (group 2). The cerr-free supernatant from BaLb/c

macrophage-T cell cultures in the presence of BaLb/c rgG had

antisuppressor acÈivity (group 3). Antísuppressor activity lras arso

detected in the presence of the F(ab'), fragment of Barb/c rgG (group

4) ' The cell-free supernatant from cB.2o macrophage-T ce1l cultures in
the presence of c8.20 rgG also had antisuppressor activity (group 7),
whereas it lacked antisuppressor aetivity in the absence of c8.20 ïgG

(group 5) and in rhe presence inappropriate Barb/c (rgh") rgG (group

6). Antisuppressor activity r¡as detected when the F(ab,)rfragment of
c8.20 rgG was added to the supernatant (group g). Therefore, these

results indicate that the F(ab'), fragment was equarly effective as the

intact IgG in producing complete antisuppressor activity.

11. G 1n fe 1Srl

II

the

was of interest

effector stage

to examine whether any

of antisuppression.
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Fig. 28
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restriction between the antisuppressor inducer celr and the

antisuppressor effecEor celr was examíned by using Barb/e (H-2d)

effector cells and 6HS collected from different strains of mice, í.ê.,
Igh and H-2 distinct. rn Fig. 29 the anri-sRBC response of Balb/c mice

(group 1) was suppressed by Ts cells (group 2). As expected, Bdlb/c

6HS had anrisuppressor activity (group 3). when c8.20 6HS or ca]-.2o

6HS (groups 4 and 5, respectively) was examined with Balb/c effector
cells antísuppressor activity was detected. rn addítion, B6 6Hs or sJL

6HS (groups 6 and 7, respectivery) was arso antísuppressive in BaLb/c

cultures. These results indicated that the antisuppressor mediator
present in the 6HS was not lgh or MIIC restricted at the effector stage.

rn the preceding reconstitution experiments the rgh haplotype of
the antisuppressor inducer T cerl and the effector T cell had arways

been identical ' Furthermore, the 6HS from irradiated mice

reconstituted wiËh rgh congenic T cells lacked antísuppressor activity.
rt r'ras of interest Ëo see whether using the incomptete 6HS with rgh

dístínct effector celrs would arrow completion of antÍsuppressor
activity as this would ímplicate rgh restriction at the effector stage.
rn Fig' 304 the anri-sRBC response of c8.20 spleen cerls (group 1) was

suppressed by Ts cells (group 2). The 6HS from irradiared Balb/c mice

reconstituted with syngeneic T ce1ls had antisuppressor activity in
C8.20 cultures (group 3) The 6HS from irradÍared C8.20 mice
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Fig. 29
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Fig. 30
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reconstituted with BaLb/c T ce1ls lacked antisuppressor activity (group

4) and this activiry was restored upon addition of Balb/c rgG (group

5) ' similar results were also obtained when the reverse experiment r¡zas

done (Fig. 308). These resurts strongly suggested thar the

'incomplete' activíty present in c8.20 6Hs required the appropriate rgG

prior to its interaction with the antisuppressor effector cell.
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DISCUSSTON

studies from this laboratory have described the presence of a

unique form of processed antigen in the serum of mice 6 h after
antigenic stimulation (orr and paraskevas, rg73). The components of
the 6HS have been partially characterized. and include an antigen

fragment, rg and ra determinants (paraskevas and Lee, 19gl). These

complexes enhanced Èhe IgG antibody response in vivo to sub-immunogenic

dose of antigen (Lee and paraskevas, lggl). More recently, the 6h

complexes were shown to interfere with Ts cell function in humoral (Lee

et a7., 1985; Paraskevas et a7., 1985; 19g5a) and celr-rnediared

responses (41-Maghazaehi et a7., 1983) and are therefore considered

mediators of an immunoregulatory T cel1 pathway termed antisuppression.

Blocking of the antisuppressor pathrray results in the induction of
Ts cel1s by otherwise strong immunogenic stimuli (paraskevas et âr.,

1985). Frorn these observations it is apparent that antisuppression

plays an important role in the activation of the immune system.

Therefore, the present study v¡as undertaken in an effort to further
characterize the cellular interactíons leading to the stepwÍse

formation of the antisuppressor medÍator. An in vitro method recently

established in this laborarory (Maeba et a7., 19gg) v¡as used for the

production of the antÍsuppressor mediator. The first stage in the

formation of this mediator involves culËure of T celrs with

antigen-pulsed macrophages, while the second stage requires the
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addition of IgG to the eell free supernatant.

It is widely accepted that antigen-specific activation of T cel1s

requires recognition of antigen in association with self MHC molecules

on the surface of an Apc. The iniËial step in the production of the

antisuppressor mediator also involves a macrophage-T cell interacti-on
(Maeba et a7., 1988). Therefore, an attempt $¡as made to examine the

role of the macrophage in the generation of the antisuppressor

mediator. A cloned B lymphoblastoid cell line, A.zo, has been shown

capable of presenting protein antigens to ¡lHC restricted.,
antigen-specific T cerls (chesnut et ar., r9g2; Glimcher et ar., Lggz).

rt was found that the ra+, A.2o B-cell líne was unabre to generate the

antisuppressor mediator (Fig. 4, group 7). This may be attributed to
the poor capability of these celrs to phagocytose and process

partÍculate antigen such as sRBC. rt has been demonstrated that
effective presentation by B cells requires high concentratíons of
protein antigen similar to that. required by other ra+ Apc such as

macrophages and dendritic cells. The only instance in which B cells
have been found to be highly efficient as Apc is when they bind anrigen

via surface rg receptors (Rock et ar., L9g4; Abbas et ar.,19g5). The

phagocytic cel1 line, p38BD1 was also unable to replace normal

macrophages for the production of the antisuppressor mediator (Fig. h,

group 6). This is most likely due Èo the lack of expression of ra

antigens on these ceIls. rt has been reported that L cells are

incapable of presenting protein antigens but do so upon transfection
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v¡ith MlIc class rr genes (Norcross et ar., Lgg4). rn the present study
it \''as observed that elimination of ra+ macrophages from the pEC by

treatment with monoclonal anti-r-A antibody plus eomplement also
abolished the production of the antisuppressor mediator (Fig. 6, group

4). Therefore, these results suggested that the first step leading to
the formation of the antísuppressor mediator requires antigen
processing and Presentation in association with MHC class II antÍgens.

Additional evidence of the requirement for antigen processing \,ras

obtained by: (1) fixíng the rnacrophages with paraformaldehyde ro
prevent antigen uptake, and (2) by usíng the lysosomoÈropic agents
chloroquine and ammonium chloride. Fixation of macrophages inhibits
all secretory funetions of the macrophage and in this case it abolished
the generation of anEisuppressor activity (Fig. 5, group 4) ,

rnhibition of the intracellular processing step by chloroquine or
ammonium chloride also abolished production of the antisuppressor

mediator (Fig' 5, groups 9 and 10). For prorein antigens it has been

obse.rved that fixation of Apc after exposure to antigen can stÍll
trigger antigen-specific T cerl clones or hybridomas for rL_z

producÈion (Allen et a7., 1984), thereby suggesting that fixation does

not denature the MHC class rI molecules or the antigenic determinant.

rn contrast, the productíon of the antisuppressor mediator lras

ínhibited when macrophages were fixed after exposure to either intact
sRBC or hemolysate (Fig. 5, groups 5 and g). unanue and coworkers in
their studies with the bacteria LÍsteria monocytogenes (zieg\er and

unanue, 1982) and the proteín hen-egg lysoz¡rme (Arren et ai., Lgg4)
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have used 'activated' macrophages as well as immune T cells. The in
vitro production of the antisuppressor mediator however, has involved
the culture of resident peritoneal macrophages and normal sprenic T

lymphocytes. Therefore, it is likery that the kinetics of antigen
catabolism and concomitanË appearance of immunologically relevant
peptide(s) on the ce1l surface in these two instances is different.
Furthermore, experimental evidence favors rL-l_ as beíng an important
component in the activation of resting T ce1ls during antigen

Presentatíon (Smith et a7., 1980; Williams et a7., l-9g5) but not of T

celI hybridomas (lnlatts et ar., 19g4). rt is not clear r,¡hether fixation
of APC interferes with their ability to secrete rL-1. Hov¡ever, from
the data presented here it is apparent that fixation of macrophages

afler ingestion of sRBC interferes with their ability to generaÈe the
antisuppressor mediator. FurËher studies wíth werl-defined proteín
antigens are required to determine whether rL- ! and/ox some as yet
unidentified signal is required during this initial macrophage_T cell
interaction in the production of the antísuppressor mediator.

Previous studÍes have provided evidence that Ia determinants are

one of the serologicalry detectable components present in the 6h

complexes (Paraskevas and Lee, 1981) . These observations have been

verified in a recent study where a specific anti-Ia immunoadsorbent

corumn effectively removed the antisuppressive activity from the

rracrophage-T cell supernatant (Maeba et a7., 19BB). rn the present

study iÈ was observed Èhat a mAb with specificity against determinants

- l_19 -



encoded by the r-A subregion blocked the generation of the

antisuppressor mediator, whereas the urAb specific for r-E encoded

determinants was ineffective (Fig. 6, groups 5 and 6). rn earrier

studies (Paraskevas et a7., 19s5), treatment of mice with anti-r-A mAb

blocked the índuction of tf," complexes and abolished the errìrancing

effect these complexes exert on the in vivo rgG anti-sRBC antibody

response. More recently, studies with H-2 congenic straíns have

demonstrated thaL identity at the r-A subregion alone between the

macrophage and r cell is sufficient for the production of the

antisuppressor medÍator (paraskevas et a7., manuscrípt in preparation).

Therefore, taken together these results indicate that in mice of the d

haplotype the immunodominant epitopes of a complex antigen such as SRBC

are most likely I-A restrÍcted. Studies with protein antigens such as

myoglobin (cease et a7., 1986), ovalbumin (shimonkevítz et al., 19g4),

lysozyme (Manca et a7., l-984) and cytochrome c (schwarxz et a7., r9g5)

have shown that an immunodominant antigenic site exists and is not a

single epitope but a cluster of tightly overlapping epitopes seen by

dífferent T cells with different receptors (reviewed by Berzofsky,

1988). Furthermore, it appears Èhat immunodominance is not due to the

pre-emption of the response by a single predominant clone of T cells,
but is due in part to the relative affinity of the processed antÍgen

for either r-A or r-E molecules (Allen et al., L9g7; Buus et â1.,

1987).

Blocking the production of the antisuppressor med.iator by treating
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the macrophages r¿ith anti-r-A antibody did not provide direct evidence

Èhat these molecules may be involved in its formation. rt is likely
that the anti-r-A antibody rnay be eliciting its effect by some orher

mechanism such as binding to FcRs on the macrophage surface.

Therefore, BDF' Gl-2olu) macrophages lrere used in order to provide

direct evidence irnplicating I-A molecules in the generation of the

antisuppressor mediator. culturing H-2d T cells wiËh BDF, macrophages

pretreated with anti-r-Ad nAb abolished the generatÍon of the

antisuppressor mediator whereas exposure to anti-r-Ab mAb lras

ineffective (Fig' 8, groups 6 and 5 respectivery). similarLy, when

Il-2b t ce1ls were used it was found that treatment of BDF, macrophages

with antí-r-Ab nAb effectively brocked the production of the
antisuppressor mediator (Fig. g, group 6) but noL the treatment with
anti-r-ed rneb (Fig. g, group 5). These results crearly suggest that ra
antigens are involved in the generation of the antisuppressor mediator.

Previous studies have indicated that an Lyl*, r"n, FcR+ T cerr is
required for the in vivo production of the antisuppressor mediator
(Paraskevas et a7-, L985a) as well as its in vitro production (Maeba

et &7. , l-988) . substantiar experimentar evidence exists that the

glycoproteins cD4 and cD8, expressed on rnutually exclusíve populations

of T cells, recognize nonpol¡rmorphic determinants of MHC class II and

class r antigens respectively on target cells (swain 19g1; Meuer et

a7., 1982; Marrack et ar., 1983). rt was found that the inducer

antisuppressor T cell belongs to the CD4+ subset since treatment with
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anti-CD4 rnAb plus compleurent abolished production of the anËisuppressor

medíator (Fig. 10, group 6). Furthermore, it !7as observed that
exposure of the T ceIls to anti-cD4 nAb before culturing with
sRBC-pulsed macrophages effectively blocked produetion of the

antisuppressor mediaror (Fig. 10, group 7). Anribody inhibition
studies (Marrack et al., 1983; GreensËein et ar., !9g4; shaw et aJ.,
1985), analysis of spontaneous cD4 loss variants (Gay et a7.,19g7), as

rvell as gene transfer experiments (Gay et a7. , r9g7; sleckman et al. ,

L987) suggest Èhats the expression of CD4 augments T cell responses to
specific anËigen and that cD4 is particurarly important when

concentrations of antigen are suboptimal or when the avidity of the T

cell for antigen plus MHC is low. Recent studies have suggested an

additional role for the cD4 glycoprotein, i.e., it appears to be

involved in signar transduction when brought into close physical
proximity to the cD3-TCR during MHC class restricted antigen

recognition (Ledbetxer et al., l-9gg). rt is most probable that in the

Present case Ëhe CD4 molecules participate in strengthening the overall
macrophage-T cel1 interaetíon since normal resting T cells, instead of
cloned cell lines, have been used for the production of che

antisuppressor mediator. Therefore, it appears that the initial stage

in the generation of the antisuppressoï mediator involves conjugate

formation betvreen cD4+ T cells and ra+Apc. Doyle and strominger

(1987) have reported that ce11'adhesion mediated by cD4 inreraction
with class rr antigen can occur even in the absence of TCR-antigen

interaction and is specifieally inhibitable by anti-class rr and

-t22-



anti-cD4 antibodies. The ..rr-""rr contacc betsvTeen the macrophage and

T cell appears to be essential sinee it was observed Ëhat T celrs
cultured alone in supernatant from sRBC-pulsed macrophages viere not
stimulated for production of the antísuppressor mediaËor (Fig. 10,

group 5).

Two cotrrPonents, whích are both required for the functional
expression of antisuppression, have been serologically identified in
the macrophage-T cell culture supernatant, i.e. , antigenic
determinant(s) and ra antigen (Maeba et a7., 19gg). The preser¡ce of
ra-antigen complexes in macrophage supernatants has previousry been

reported in at least two instances (Erb and Feld.mann, Lg75; puri and

Lonai, 1980). The difficurty in demonstrating the presence of such

complexes in solution may stem from their inabilíty to effectively
trigger T cell línes or hybridomas for rL-2 production. More recently,
Babbitt et ar. (1985) and others (Buus et al., 19g6) have unequivocalry

demonstrated the existence of MIIC class rr molecules in assocÍ-ation

with immunogenic peptides in solution. The rate of peptide-ra
association is very slow (Buus et a7., 19g7) and it has been suggested

that T cells may promote and stabilize this association (I^Iatts er aI .,
L986)' rt is conceivable that although the complexes are formed on the

membrane of APC, T-cell-associated proteinases which have been reported

to participate in regulation of humoral immune function (Kramer and

simon, 1987> nay facilitate their release into soluEion.
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At present the natlrre of the T cell factor rereased by the inducer
Lyl*, L3T4+ T cell is not known. rn previous studies the activity of
the in vivo induced r celr factor, referred to as ïACF, has been found.

to correspond to a molecular weight of 6g,000 (paraskevas et âf. ,

1984). However, the isoration of this factor from macrophage-T celr
cultures in sufficient quantities for biochemical character izaxion has

been diffícurt. This is not unexpected in view of the fact that
biochemical characÈerízatíon oi monocronal, anËÍgen-specific TsF
(wieder et a7., LgB2) or TcsF (Frood et ar., 19gg) has also mer wirh
limited success. unlike antibody-secreting B cerl hybrídomas, it
appears that hybrids rvhich secrete suppressor or contrasuppressor
factors in curture do so in riurited quantities (Krupen et a7. , rggz) .

Moreover, the biologie activity of such factors requires the concerted
action of two pol¡rpeptide chains which are usualry the product of
different genes and may be regulated separately (Funckes-shippy et ar.,
l-987) ' A SRBC-specifíc antisuppressor inducer cell line has been

cloned recenÈ1y by Dr. Tom Lee in this raboratory in an effort to
facilitate biochemical and molecular characterization of the T celr
facÈor.

The Ig is the most easily detectable structural component of the
antisuppressor rnediator which is essential for its assembly and its
effector function. Genes of the r-A subregion of the MHC regurate the

in vivo induction of the antisuppressor pathway (paraskevas et âf. ,

1985). Therefore, it was imporÈant to deterrnine whether genes in oÍ
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linked to the rgh locus imposed another level of restriction in the

induction of thís immunoregulatory pathway. rn earlier studies it v¡as

found that the induction of the 6h complexes ís T ce1l dependent (Lee

and Paraskevas, ]-972) and 6HS from lethally irradiated mice is
incapable of enhancing the in vivo rgG anti-sRBC antibody response

(Paraskevas et al. , 1985a) . However, as reported prevíousry
(Paraskevas et a7., 1985a) and also shown here, 6HS from irradiated
mice reconstituted with slmgeneic T celrs can restore the rgG antÍ_sRBC

antibody response of suppressed cultures (Fig . L2r gfoup 3). fn
contrast, it was found that 6HS frorn irradiated cB.20 (H-2d, rghb) mice

reconstituted with rgh congenie Balb/c (H-2d, tgh'¡ t cerrs racked
antisuppressor activity (Fig. L2, group 4). The addition Ëo the cB.20

6HS of NMS from strains of onry rgh" haprot¡rpe generated the
antisuppressor activity (Fig. 12, groups 5 and 6). sirnilar results
were obtained in the reverse experiment, i.e., 6HS from irradiated
Ba1-b/e mice reconstituted urith CB.20 T cells lacked antisuppressor

acÈivity (Fig. 13, group 4) and this activity \¡¡as detected. upon

addition to rhe Barb/c 6HS of NMS frorn strains of only rghb haprorype

(Fig. 13, groups 5 and 7). Furthermore, it was observed that the

addition of affínity purifÍed rgG from serum of mice with the same rgh

haplotype as the donor T celrs generated complete antisuppressor

activity. Several Tgh congenic strain combinations were used in order

to demonstrate that the induction of the antisuppressor mediator

requires identity at the lgh locus between the donor T cells and the

IgG (Figs. L6-2L). The results of these reconstitution experiments are
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consistent v¡ith the earlier data from the macrophage-T eell cultures
since, these data also indicate that a functionally inactive

'inËermediate complex' is present in the 6HS of mice reconstituted \{ith
rgh congeníc T cells. Moreover, the requirement for identity at the

rgh locus between the inducer T cell and the rgG implicates rgh genes

ín exerting the second genetic control regulating the formation of the

antisuppressor mediator.

Genes linked to the rgh locus have also been reported to function
as restriction elements in both the suppressor (Eardley et a7., L979;

Dorf and Benacerraf, 1984) and contrasuppressor circuits (Braley-Murlen

L986; Green et a7., 1988). srudies with haptens such as ABA (Bach er
a7., 1979) and Np (I{einberger et ar., Lg:.g), capable of elieiting
antibody responses characterized by the expression of dominant

crossreactive idiotypes (cRr) , 'have demonstrated the presence of rg
idiotopes on some subsets of T cells involved in immune regulation. In
addition, the action of ABA-specific TsFl, for exampre, v¡as

functionally restricted by genes rinked to the rgh locus (Bach et ar. ,

L979). similarly, Braley-Mullen (1986) has demonsrrared by adoprive

transfer experiments that contrasuppression is elicited only when Tcs

cells are rgh compatible with both Ts and responding B cells. rt is
not known whether the rg idiotopes on T cells, identified by the

anEi-cRr reagents, are structural components of the a:p rcR or

represent determinants Present on some other ce11 surface molecule.

The experimental evidence presented here, on the other hand, clearry
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shows that Èhe rgG which is a product of rg genes is restricted in its
interaction r,¡ith the T cerl factor. The f inding of a genetic
restriction carries t\.üo implications: first, that a product of the gene

ís involved in the phenomenon and second that there must be a binding
site or receptor for thaL product. Based on an earlier study
(Paraskevas et a7., L9B4) it has been postulated that rhe rg in rhe 6h

complexes represents a naturally occurríng anti-idiotypic antibody
while the T cell facror bears the idiorype. Gordon and Abikar (19gg)

have provided experimental evidence, using antigens such as GAT and pc,

that monocronal anti-idiotypic antibodies can in fact replace the rgG

from NMS in the production of the antisuppressor mediator.

It has been reported that the lgh-linked functional restrictions
imposed upon the Ts celr repertoire can be partially artered by

transfer of peripheral rymph node or sprenic T cerls into an rgh
distinct environment for 12-15 days (HayGlass, et ar.,19g5). ït was

observed that the rgh restriction inposed in the induetion of the
antisuppressor mediator however,. v¡as not altered when Balb /e (Tgh") T

cells were allowed to adapt to an rgh congenic cB.2o (rghb) environment

for 5 days (Fig' 22, group 8). A time interval greater than 5 days was

not examined since the lethally irradiated mice became moribund. rn
some studies it has been suggested thaË antigen-activated B cerls
display or produce rg-associated structures that trÍgger T cells that
have receptors specific for these molecules, thereby clonarry expanding

the popularion of rgh resrricted r cells (L'age-stehr, 19g0; Nutr et
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â7., 1981). rn Ëhe present study athlrmic mice lrere used since the
effect of lethal irradiation on the B cells of the host is not known.

rt was found that the 6HS fron ath¡rmic BaLb/e mice reconstituted with
Bal-b/c T cel1s enhanced the rgc anti-sRBC antibody response of
suppressed curtures (Fig. 23, group 4). The 6HS produced from ath¡rmic

Balb/c mice reconstituLed with cB .20 T cells was functionally inactive
(Fig' 23, group 5), thereby indicating that the factor released by the

CB'20 antisuppressor inducer T ce1I was unable to ínteract with the

host IgG. The in vívo acxivation of antisuppression results in the

formation of the antisuppressor mediator rvithin 6 hours (paraskevas et
a7., 1985), whereas A3A-specific TsFl has been isorated from splenic T

cells 7 days after the induction of Ts cerls (Baeh et a7., rgTg). Due

to the difference in the kinetics of induetion of Èhese two pathways,

i. e. , a few hours as opposed to severar days, further experiments

involving 'parking' of T cerls in ath¡rmic rgh congenic hosts for an

extended time interval are required.

The degree of adaptÍve differentiation that T cells can undergo in
an lgh congenic host in the absence of antigenic stimulation is not
known. From the sÈudies of Nutt et aJ. (19g1) it appears that prÍming
of Th cells is infruenced by rhe rgh phenorype of the priming
environment. AnËigen-primed tghb t cells r¡ere inefficÍent helpers for
tghj n cells, but upon activation in an rghJ host they were capable of
helping rghj B cells. Therefore, this data suggests that T cells
require rgh-linked products to be present at the time of antigenic
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stimulation in order to express an altered rgh restriction. production

of a "re-educated" ABA-TsF1 (HayGrass eÊ aJ., 19g5) on the other hand,
required an antÍgen-independent stage where irradiated mice v/ere

reconstítuted with rgh congenic T cells for 5 days. The rgh chimeric
mice r,¡ere immunized with A3A-conjugated spreen celrs and 7 days later
ABA-TsFl lras prepared from splenic T cells. The extent of
"re-education" that may have occurred during the antigen-Índependent

stage is not crear from this study. Moreover, it is not known whether

such rgh-linked alteratíons reflect a transient adaptatíon of the T

ce1ls or some permanent phenotypic change.

chronic treatment of míce with anti-p antibody from birth also
altered the rgh restrictíon of ABA-specific TsFl (sy et ar., r9g4).
similar anti-p treatment of mice apparentry disrupted both the
anËisuppressor (Gordon et ar., j-9g5) and also the contrasuppressor
(Green and Ptak, 1986; Brarey-Mu1len, 19g6a) pathway. rr was found
that the antisuppressor inducer as well as the effector T celrs l,/ere

lacking in anti-¡.r treated mice (Gordon et ar., 19g5). Therefore, from
these observations it can be inferred that B cells and/or their
products have a significant role in influencing the functional
activation and/ot differentiation of the subset of T cells mediating

antisuppression. rn the suppressor cascade however, it appears that in
the absence of B cerrs and/or their products other genes rnay be capable

of influencing the Ts cell reperLoire.
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ït has been posturated that the generation of the 6h comprexes

occurs as a consequence of an idiotype-anti-idiotype ínteraction
between the T cerl deriwed factor and the rgG (paraskevas et af. ,

L984). Therefore, it was expected that genes of the rgh v region may

be the restricting element in regulating the formation of the

antisuppressor mediator. This lras experimentally verified by usÍng rgG

isolated from Èhe serum of two rgh recombinant strains, BAB-14

ltghv"-cb¡ and CBAL lfgnvd-cb¡. Ir was found rhar rhe 6HS from

irradiated mice reconstituted with rgh congenic Barb/c (rghv"-cu) T

cel1s was functionally acrive upon addiríon of BAB-14 rgG (Fig. 24A,

group 6). Similarly, 6HS from irradiated mice reconstituted with Igh

congenic Cal .20 llgtrvd-cd¡ T cells r,¡as also functionally active after
addition of CBAL rgc (Fig - 248, group 6). rn addition, it was observed

that when the rgh haprotype of the rgG and the T cerl donor !/as

ídentical at only the rgh c locus, DO antisuppressor activÍty rras

generated, ê.9. , as shown in Fig . 25A (group 6) when BAB_14 IgG

(tgtrv"-cb¡ lras added to 6Hs from mice reconstiruted with c8.20

(IghVb-co) t cells. Therefore, these results indÍcate that generation

of the antisuppressor mediator is indeed regulated by rghv region

genes. Additional verification of this was obtained by using rgh

recombinant BAB-14 T cells for the in vitro production of the

antisuppressor mediator. rt !/as found that only rgG from rghv"

haplotypes interacÈed with the 'intermediate complex' and enhanced the

rgG anti-sRBC antibody response of suppressed curtures (Fig. 26A,

groups 4 and 5) . Based upon these observatíons, it !/as expected that
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íf two strains of mice having the same rghv haplotype v¡ere used for in
vivo reconstitution experiments, Èhen the host rgG should participate
ín generating complete antisuppressor activity in the 6HS. Therefore,

irradiated CBAL llgtrvd-cb¡ mice !/ere reconstituted vrith CaL.20

lrgnvd-cd¡ T cells and vice versa and the 6HS produced was indeed

capable of enhancing the antibody response of suppressed curtures Ín
the absence of exogenous rgc (Fig . 27A, groups 4 and 5). The CBAL and

caL.2o mice differ at only the rghc locus hence, this data crearly
indicates that rghv region genes restrict the assembly of a functional
antisuppressor mediator. A similar rghv restriction in the inductÍon
of contrasuppression has not been reported. Brarey-Mullen (19g6) has

reported an rghv-linked restriction in the effector stage of
confrasuppression, while Green et a7. (1988) have observed such a

restriction betr¿een the TcsiF and the transducer cerl.

An idiotype-anti-idiotype interaction between the T celI factor
and the TgG favors the view thaÈ the Fc portion of the rgG may nor

participate in the assembly of the antisuppressor mediator. This was

examined by enzymatic cleavage of the Fc fragment and it was found that
the divalent F(ab'), fragment not only formed the complexes, but it was

as effective as the intact morecure in ericitíng antisuppressor

activity in suppressed curtures (Fíg. 29, groups 4 and 3 respectively).
These resurts indicate that the product of Tghc genes does not appear

to participate in the structural assembly and functional expression of
antisuppression' Moreover, this data confírms the earlier observation
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that the uptake of the

FcR+) does not involve

6h cornplexes by the

FcRs (Paraskevas and

effector T cells (Ly2*, Ia*

Lee, L979).

In earlier studies (paraskevas and Lee, 19g1) the 6h complexes

vrere reported to enhance in vivo antibody formation across MHC

barríers, thereby suggesting that the effector stage of antisuppression

is MIIC nonrestricted. rn the present study, 6HS from severar strains
of mice was examined for its ability to enhance the antibody response

of suppressed culËures. It rvas found that 6HS produced in mice which

differed in the rgt' and./or MHC haprotype from the assay cerrs was fu1ly
capable of restoring the antibody response in suppressed curtures (Fig.
29) ' Therefore, these results indicate that the uptake and activation
of antisuppressor effector T celrs is MHC and rgh nonrestricted.

In order to determine whether lgh restrfction ',ras imposed at the

effector stage of antisuppression, rgh incornpatibre inducer and

effector T cel1s were used (Fig. 3oA). rn this case, the 6HS from

irradiated c8.20 rnice reconstituted with BaLb/c T cells was assayed. in
rgh distinct c8.20 cultures. The presence of antisuppressor acÈivity
in this 6HS (Fig. 304, group 4) , r,¡hich has been shown to rack

functional activity, would indicate that uptake of the ,intermedÍate

complex' allows the effector ceIl to dictate lgh restriction. However,

it v¡as found thar onry the inducer Barb/c T ce11 dictates the rgh

restriction sínce addition of Barb/c rgG to this 6HS generated

antisuppressor actÍvity (FÍg. 30A, group 5).
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rn concrusion, the results presented in this study have

demonstrated that the gene products associated v¡ith both the Mllc and

the Ig gene complex guide a serÍes of cellular ínteractions leading to
the formation and functional expression of a unique mediator linked to
ímrnunity. The ínitial stage in the assembry of the antisuppressor

medíator requires antigen processing and presentation in association
with MHc class rr antigens to an Ly1+, L3T4+ inducer T cer1. cerl
contact between the antigen-pursed macrophages and r celrs, medÍated by
the interactíon of L3T4 and MHC crass rr antigens, is crÍticar for the
generation of this mediator. The macrophage-T cerl interactÍon
facilitates the rerease of an 'intermediate comprex, v¡hich racks
antisuppressor actívity and has previously been reported to consist of
some form of processed antigen and ra deËerminanËs. The addiÈion of
normal IgG to the 'intermediate complex' results in the formation of
the antisupPressor complexes which exert their function in the presence
of Ts cells by enhancing IgG anti_SR¡C anribody.

The in vivo reconstitution experiments have indicated that the
antisuppressor índucer T cell dictates the rgh restriction imposed

during the assembly of this mediator. Formation of the 6h complexes

requires rgG of the same rgh haprotype as the inducer T celr. The

índucer T cells were incapabre of exhibiting an altered pattern of rgh

restriction. Furthermore, genes of the rghV region were the onry

restricting element in the assembry of thís mediator. By using the
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divarent F(ab'), fragment of rgG ít was demonstrated that the Fc

portion of rgG is not invorved in the formation and functional
expression of the antisuppressor complexes. The effector stage of
antisuppression was found to be both MIIC and Igh nonrestricted.

According to Jerne's neÈwork theory (Lg74), the immune system

maintains a steady state of activity via idiotypíc-anti-idiotypic
interactions. rn line with this hypothesis, the steady state of the
immune sysÈem has been perceived to be self-suppressÍve (Eichmann et
a7.,1983; coutinho et a7., Lgg4) and response is manifested by rerease
from suppression. Activation of the immunoregulatory antisuppressor
pathway could be one mechanism by which release from the
self-suppressive state takes place (paraskevas et ar., 19g4).
Therefore, the detection of the functionarly active mediator which
ínhibits suppressor ce11 function and is formed v¡ithin hours after
ímmunizatíon would be of crucial importance to the final outcome of the
immune response.
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