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Abstract

The Antigen Receptors of p-Azobenzenearsonate-L-Tyrosine-Reactive

T Cells Mediating Delayed-Type Hypersensitivity

Craig T. Morita

Despite recent advances in our understanding of the structure of

the T cell antigen receptor, relatively little is known about the role

of this receptor in MHC restricted antigen recognition and in the

regulation of T cell mediated immune responses. This Thesis examines the

antigen receptors of p-azobenzenearsonate-L-tyrosine (ABA-Tyr) - reactive

T cells mediating delayed-type hypersensitivity (DTH) for their ability

to bind nominal antigen and for their expression of T and B cell

idiotypes.

To study the antigen receptors of ABA-Tyr-reactive T cells at the

functional level, I developed a hapten-specific delayed-type

hypersensitivity assay to ABA-Tyr which avoids the complications of

anti-hapten antibody and which is specific for the immunizing hapten and

not for conjugate-specific determinants. Unlike contact sensivitivy

induced by ABA diazonium, this ABA-Tyr-specific DTH was under Ir gene

control identical to that reported for ABA-Tyr-specific lymphocyte

proliferation. ABA-Tyr-reactive T cell clones grown in vitro mediated

DTH identical to that seen with in vivo immunization.

Using this in vivo assay and other in vitro assays, I identified

monoclonal anti-clonotype antibodies reactive against the antigen

receptors of one ABA-Tyr-reactive T cell clone. These antibodies

inhibited or induced proliferation of the clone, bound to the clone as
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demonstrated by indirect immunofluorescence and flow microfluormetry,

and immunoprecipitated an 85 kd disulfide-linked hetrodimeric

glycoprotein from the surface of the clone. Having identified the

receptor, the affinity of the receptor for nominal antigen was tested by

attempting to purify the receptor on an ABA-Tyr-coupled matrix, "pan"

ABA-Tyr-reactive T cells on ABA coated dishes, or inhibit ABA-specific

delayed-type hypersensitivity with soluble ABA-Tyr. B cell idiotype

expression by the receptors of ABA-Tyr-reactive T cells was tested by

using monoclonal anti-CRI* antibodies in in vivo protocols of other

investigators or in vitro assays developed for anti-clonotype

antibodies. Despite my efforts, I was unable to demonstrate affinity for

nominal antigen by the antigen receptors of ABA-Tyr-reactive T cells as

directly measured in our assays or as implied by the expression of

germline, heavy chain encoded CRI* idiotypes. These results suggest that

the antigen receptors of ABA-Tyr-reactive T cells may bind to complexes

of ABA-Tyr and MHC rather than to ABA-Tyr itself. Furthermore, the lack

of shared idiotypic determinants between ABA-specific T and B cells

argues against the coordinate regulation of the two cell types by

idiotype-specific regulatory cells.
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CHAPTER I

INTRODUCTION



Preface

The immune system mounts both cellular and humoral responses

against foreign antigens introduced to it. Although it has long been

known that cellular responses are mediated by T cells and humoral

responses by B cells, little is known about the regulation and

coordination of the two responses. One hypothesis has arisen from

reports that T cells and B cells specific for the same antigen share

antigenic determinants in the variable regions of their antigen

receptors. These antigenic determinants or idiotopes could serve as

markers allowing the coordinate regulation of both the cellular and

humoral immune responses against an antigen. Additionally, the

existence of shared idiotopes would argue for shared structural

features between the antigen receptors of T and B cells possibly

reflecting similar binding specificities. Evidence for shared

idiotypy has been difficult to obtain and to interpret because 1) in

vivo delayed-type hypersensitivity assays for T cell idiotype

expression are imprecise, 2) monoclonal antibodies against idiotopes

have not been available, and 3) the antigen receptor of the T cell has

until recently eluded identification. In this thesis, I have looked

for shared idiotypy between T and B cells specific for the hapten,

p-azobenzenearsonate (ABA) by using in vivo delayed type

hypersensitivity assays for T cells specific for p-azobenzenearsonate

L-tyrosine (ABA-Tyr) (Chapter II). Using this in vivo assay and other

in vitro assays with monoclonal anti-idiotypic antibodies which react

with the majority of Strain A anti-ABA antibodies, I have examined

ABA-specific T cells for the expression of these B cell idiotopes



(Chapter III). Next, I have produced monoclonal antibodies which

identify the antigen receptor of an ABA-Tyr-reactive T cell clone.

These monoclonal anti-T idiotype antibodies have been used to

biochemically characterize the antigen receptor, to determine the in

vivo frequency of ABA-Tyr-reactive T cells expressing the T cell

idiotopes, and to assess the expression of these T cell idiotopes on

anti-ABA antibodies of the B cell cross-reactive idiotype families

(Chapter III). Finally, the ability of the receptor of

ABA-Tyr-reactive T cells to bind to antigen was studied (Chapter III).

This introduction will describe 1) the cross-reactive idiotypes

of ABA-specific B cells, 2) the expression of B cell cross-reactive

idiotypes and T cell idiotypes on T cells induced by ABA-Tyr, ABA

foreign proteins, and ABA-self proteins, and 3) current knowledge

about the T cell antigen receptor, its binding specificity, and models

of T cell antigen recognition.

Idiotype Expression by Anti-ABA Antibodies

The expression of B cell idiotopes by T cells has been reported

by numerous investigators including several in the ABA system

(discussed below). Because idiotypic cross-reactivity between the

antigen receptors of T and B cells may reflect similarities in binding

site structure, the structure of B cell idiotopes may be important to

our understanding of the antigen receptors of T cells.

B-cell idiotype expression and regulation has been extensively

studied in the ABA system. The majority of anti-ABA antibodies

(20-70%) in strain A mice share a common cross-reactive idiotype (CRI)

(1). This cross-reactive idiotype can be further subdivided on the



basis of amino acid and DNA sequence data into three major families

termed Ars A, Ars B, and Ars C (2, 3). The cross-reactive idiotypes

for the Ars A and Ars C families have been termed CRI" and CRI*

respectively.

Ars A is the dominant family of anti-ABA antibodies in strain A

mice accounting for most CRI* antibodies. CRI* antibodies are 95%

homologous to each other in both heavy chain variable regions (encoded

by V PH, and "H gene segments) and light chain variable regionsH”

(encoded by VL and Jr. gene segments) (4,5). One germline VH gene has

been found to encode CRI* antibodies (4) and is generally associated

with a modified FL. 16. 1 D gene segment (4), a J gene segment (4),H2

and a CRI*-v.-J. or -J.2 light chain gene (4).1 2

One idiotope, AD8 (7,8), correlates with the expression of the

germline CRI* V gene segment (9,10). Three observations support thisH

correlation. First, antibodies using the germline CRI* VH gene

segment express the AD8 idiotope in conjunction with a variety of D

and J gene segments associated with both K and A light chains

(8, 9, 10). Second, the AD8 idiotope is expressed weakly or not at all

on antibodies using mutated CRI* VH genes (7,8). Lastly, isolated

CRI* heavy chains are reported to retain AD8 idiotope expression (11).

A second idiotope, 50i, is also expressed by CRI* heavy chains

(11,12). This idiotope is distinct from the AD8 idiotope and appears

to be expressed in the D portion of CRI* heavy chains (12,13).

Idiotopes expressed exclusively on the CRI* D gene segment have

been defined by polyclonal anti-CRI antisera. Their existence was

proven by treating BALB/C mice (a traditionally CRI mouse strain)

with anti-CRI antisera. Following immunization with ABA-proteins,



monoclonal anti-ABA antibodies were derived which express CRI*

idiotopes (14). While these antibodies use WH gene segments highly

divergent from the CRI* VH gene segment, the D gene segments used are

highly homologous and presumably the source of idiotypic cross

reactivity (15) . These experiments also demonstrate the existence of

control mechanisms which can alter idiotype expression and it will be

important to consider these mechanisms when examining the question of

B cell idiotype expression by T cells.

The second family of anti-ABA antibodies, the Ars C family,

represents a minor fraction of CRI* antibodies in Strain A mice and a

major fraction of CRI* antibodies in BALB/c mice (16, 17, 18). Both

strains, however, use the same composite gene composed of a single VH

gene segment, a short D gene segment, and a "H3 gene segment (18, 19).

The CRI* idiotype expressed by the Ars C family is both idiotypically

distinct and independently regulated from the CRI* idiotype (19). No

evidence has been presented for the expression of CRI* idiotopes on

ABA-specific T cells.

The third family of anti-ABA antibodies, the Ars B family, has

not been well studied and will not be discussed.

Idiotype Expression by ABA-reactive T Cells

Complexity of T Cell Antigen Recognition

While much is known about idiotype expression by ABA-specific B

cells, corresponding information for ABA-specific T cells is sparse.

Because the T cell antigen receptor had eluded identification until

recently, biochemical and serological analysis of T cell idiotypes has

been difficult. Accordingly, most studies have examined the



expression of the B cell cross-reactive idiotype on ABA-specific T

cells from A/J mice.

The complexity of T cell antigen recognition increases the

difficulties encountered in studying T cell idiotype expression.

Unlike B cells, T cells appear to require the simultaneous recognition

of antigen and proteins of the major histocompatibility complex (MHC)

for activation (20) and are unable to recognize free antigen.

Although the exact mechanisms have not been identified, present

evidence suggests that T cell antigen receptors bind antigen in

association with MHC. Inherent in this model of T cell antigen

recognition is the necessity for antigen to form complexes with MHC.

Indirect evidence for these complexes has been presented in the

ABA-Tyr system (21) and other systems (22, 23, 24). Thus, unlike B

cells whose antigen receptors (immunoglobulins) bind free antigen, T

cells probably bind complexes of antigen and MHC. Because of this

complexity of antigen recognition, T cell idiotype expression promises

to be more complex than that of B cell.

Another complication in studying T cell idiotype expression stems

from the differences in the structural requirements for antigen

exhibited by hapten-specific B cells and T cells. Whereas B cells can

recognize free hapten, T cells recognize MHC and hapten conjugated to

a "carrier". This additional "carrier" requirement leads hapten

reactive T cells to be divided into two classes: conjugate-specific

and hapten-specific (25). Conjugate-specific T cells are stimulated

by hapten conjugated to one type of carrier protein. Hapten

conjugated to other carrier proteins or to single amino acids are not

stimulatory. Specificity for hapten is less stringent in that hapten



analogs can also stimulate these T cells, albeit less efficiently

(25,26). Conjugate-specific T cells, then, recognize MHC and hapten

associated with a particular amino acid sequence. Hapten-specific T

cells, in contrast, are stimulated by hapten coupled to any carrier,

including spleen cells, and, in many cases, single amino acids. They

exhibit stringent hapten specificity, permitting few hapten

modifications or substitutions (25). Hapten-specific T cells, then,

recognize MHC and hapten without appreciable contributions from the

surrounding amino acid sequence.

Therefore, on this basis ABA-reactive T cells can be divided into

hapten- and conjugate-specific cells. The relative proportions of the

two cells types are dependent on the type of hapten-carrier used for

immunization. Three types of ABA-carrier immunogens have been used.

Immunization with ABA conjugated to a single amino acid such as

tyrosine or to a simple tyrosine rich antigen such as GAT

(poly-L[Glu" "-A1a**-Tyr" ") random copolymer) (27) stimulates

ABA-reactive T cells which are hapten-specific (21, 27, 28, 29) and under

Ir gene control (Chapter II, 29, 30). These cells respond to ABA

conjuated to spleen cells or foreign proteins (Chapter II, 28). On

the other hand, immunization with ABA-conjugated to foreign proteins

such as keyhole limpet hemocyanin (KLH) or bovine serum albumin (BSA)

stimulates T cells which primarily recognize the foreign proteins

(27). However, a minor fraction of these T cells are ABA-reactive

(26,27, 31, 32,33); most of these ABA reactive T cells are conjugate

specific (27) although hapten-specific cells can be isolated (26,31).

Immunization with reactive ABA compounds or with ABA conjugated

self-proteins such as spleen cells or mouse immunoglobulin stimulates



ABA-reactive T cell which are primarily conjugate specific (Chapter

II, 28, 34,35). These cells are stimulated best by the original

immunogen - hapten conjugated self proteins. Only a minor fraction of

these cells are stimulated by ABA-Tyr (28, 34) or other ABA-conjugated

proteins (Chapter II, 34). These immunogens do not exhibit Ir gene

control (Chapter II, 36,37). Thus, although there is some overlap,

each of these three types of ABA-carrier immunogens stimulate ABA

reactive T cells with distinctive fine antigen specificity. These

three types of ABA-carrier immunogens are reviewed in detail below.

ABA–Tyrosine as an Immunogen

ABA-Tyrosine is the best studied of the ABA T cell immunogens.

Despite its small size (molecular weight of 409), ABA-Tyr is capable

of activating T cells mediating delayed-type hypersensitivity (DTH),

help, and suppression. Because of its small size and simple

structure, it appears to act as a unideterminant antigen and induces

pure T cell responses without appreciable B cell antibody formation.

Early experiments in guinea pigs first described the immune

response to ABA-Tyr. Priming with ABA-Tyr and other related compounds

induce pure cellular immune responses as measured by delayed-type

hypersensitivity (38, 39,40) or in vitro T cell proliferation (41)

while anti-ABA antibody formation is undetectable (38, 39, 40,42).

Subsequent experiments with bideterminant ABA-Tyr compounds

established the requirement for two determinants on an immunogen to

elicit antibody formation (reviewed in Goodman et al. [40]). The

ABA–Tyr moiety functions as a carrier determinant for other haptenic

groups to which it is attached. Thus, ABA-Tyr is able to induce



anti-ABA antibody formation when two ABA-Tyr molecules are linked with

rigid proline spacers (40).

Structural analogs of ABA-Tyr have been used in guinea pigs to

study the structural requirements of ABA-Tyr for T cell immunogenicity

and the fine antigen specificity of the T cells induced. Analogs of

ABA-Tyr with charged substituents at the arsonate position retain

immunogenicity although the T cells induced showed little

cross-reactivity with each other (42) . Analogs of ABA-Tyr at the

tyrosine side chain position retain T cell immunogenicity only if a

carboxyl, an amino, or a polar group is present (43). Removal of all

charged or polar substituents from the side chain abolished

immunogenicity. The charged or polar substituents of the side chain

had to extend from the phenolic ring by at least two carbon atoms to

confer immunogenicity. The T cells activated by immunogenic side

chain analogs were cross-reactive, unlike the T cell activated by

arsonate analogs.

In addition to inducing T cells mediating help and DTH, ABA-Tyr

will induce T cells mediating suppression in guinea pigs and rats

(44,45). Pre immunization with ABA-Tyr in incomplete Freund's adjuvant

results in subsequent suppression of DTH and in vitro proliferative

responses to ABA-Tyr. Suppression in rats was transferrable by

surface Ig negative, nylon wool passed cells suggesting that the

suppressor cells were of T cell origin (45).

Data from the murine system complement and extend these results

from the guinea pig and rat. Because of the availability of different

Strains of mice, it was possible to investigate the genetic control of

the T cell responses to ABA-Tyr and its analogs. Murine T cell
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proliferative responses to ABA-Tyr (29) and delayed-type

hypersensitivity to ABA-Tyr (Chapter II) are under Ir gene control.

All mouse strains are high responders to ABA-Tyr except those with the

H-2° MHC haplotype. As H-2P strain mice do not express 1-E”, low

responsiveness maps to I-A" locus. There is no evidence for active T

cell suppression as 1) low responsiveness cannot be transferred by

cells, 2) F1 offspring of high responder x low responder matings are

high responders to ABA-Tyr and 3) congenic mice expressing both I-A"

and I-Ek/b are high responders to ABA-Tyr (Chapter II, 29). Although

both I-A and I-E are able to function as restriction elements, the

predominant MHC restriction elements for ABA-Tyr specific T cells

appears to be I-A (29,46).

The availability of ABA-Tyr-reactive T cell clones in the murine

system has allowed a closer study of receptor specificity than was

possible in the guinea pig system. With murine T cell clones, it has

been possible to study both antigen specificity by using analogs of

ABA-Tyr and MHC restriction and alloreactivity by using congenic and

allogeneic mouse strains. Such studies have found the antigen

specificity of murine T cells to be similar to that of guinea pig T

cells. Thus, analogs of ABA-Tyr with substitutions at the arsonate

position are unable to induce the proliferation of ABA-Tyr-reactive T

cells (21,26,46). Certain analogs of ABA-Tyr at the tyrosine side

chain position, however, do induce proliferation and can differentiate

clones of ABA-Tyr-reactive T cells from each other and from different

strains. A/J T cell clones are found to fall into at least three

fine specificity groups (Chapter III, 21). One group of clones is

stimulated only by ABA-Tyr. A second group is stimulated by ABA-Tyr
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and analogs which have an amino terminus, a hydroxyl group or are

unsubstituted. A third group is stimulated by ABA-Tyr and analogs

which have a carboxy terminus, a hydroxyl group or are unsubstituted.

Each of these groups was shown to have a different restriction

fragment pattern when their DNA was probed with a 98 gene fragment;

confirming the use of different 3 variable region gene segments (J.

Goodman, personal communication). Thus, fine antigen specificity

divides ABA-Tyr-reactive T cells into at least three specificity

groups. Additional specificity groups are likely to exist given the

limited number of ABA-Tyr-reactive T cell clones studied.

The antigen specificity of ABA-Tyr-reactive T cells from B10. BR

and B10. S. mice has also been studied (46). The ABA-Tyr-reactive T

cells in these strains are restricted to 1-A* and I-A* respectively

and one fine antigen specificity group is defined for each mouse

strain. The analog, ABA-D-Tyrosine, differentiates the two strains by

stimulating B10. S but not B10. BR T cells. Further differentiation of

the two strains is noted in the immunogenicity of the analogs which

lack either the carboxyl or amino groups; these analogs activate

ABA-Tyr-reactive T cells in B10. S but not B10. BR mice. Consistent

with these observations, when (B10. S x B10. BR) F1 mice are immunized

with these analogs, only ABA-Tyr-reactive T cells restricted to the

B10. S MHC haplotype are induced. The lack of T cells restricted to

the B10. BR MHC haplotype does not appear to be due either to the

inability of I-A* to present these analogs or to antigen presentation

defects as both A/J mice (an I-A* bearing strain) and B10. S. mice (an

MHC congenic strain) respond to these analogs. This suggests that the

T cell repertoire of B10. BR mice lacks T cells reactive with these
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analogs and is consistent with the presence of only one fine

specificity group in this strain (that which recognizes only ABA-Tyr).

ABA-Foreign Protein as Immunogens

ABA coupled to foreign proteins such as keyhole limpet hemocyanin

(KLH) or bovine serum albumin (BSA) is immunologically distinct from

ABA coupled to tyrosine. Coupling to large, multideterminant carrier

proteins impairs the ability of ABA to act as a T cell immunogen

(27,30,47). For example, immunization with ABA-KLH yields lymph node

cells responsive to ABA-KLH and KLH but not to ABA-Tyr (27,47).

Further studies using ABA conjugated to synthetic polypeptides

under Ir gene control have confirmed these observations:

hapten-reactive T cells are not induced in large numbers by ABA-GAT or

ABA-TGAL (poly-L- [Tyr, Glu) -poly-D, L-Ala-poly-L-Lys polymer) when GAT

or TGAL responder mouse strains are immunized. Instead, GAT and TGAL

reactive T cells are induced. When non-responder strains are

immunized, however, ABA-reactive T cells are induced. A "competition"

thus exists between ABA and the carrier protein or polypeptide whereby

the majority of T cells induced are carrier-specific (27,30,47).

This "competition", however, does not preclude the activation of

a small population of ABA-reactive T cells following immunization with

ABA-foreign proteins. T cells providing B cell help and specific for

ABA-protein conjugates exist in mice immunized with ABA-KLH (32,33).

These ABA-reactive T cells can be enriched by using a second

ABA-protein conjugate to stimulate ABA-reactive T cells in vitro as

has been done for other hapten-reactive T cells (25). In this

fashion, T cells specific for ABA are stimulated while T cells
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specific for the initial carrier proteins are not. ABA-reactive T

cells can then be cloned and maintained in vitro.

The fine antigen specificity of four ABA-reactive T cell clones

generated with this approach has been extensively studied (26). All

of the clones are restricted to the I-A region (either I-A* Or I-A").
A11 are stimulated by ABA coupled to different carrier proteins,

although there was some dependence on the carrier protein. Three of

the T cell clones were not stimulated by ABA-Tyr but did respond to

analogs of the arsonate moiety (i.e. benzenesulphonamide and benzoate)

when coupled to carrier proteins. On the other hand, the one ABA-Tyr

responding clone did not respond to analogs of the arsonate moiety,

thus exhibiting specificity similar to that noted for ABA-Tyr-reactive

T cell clones.

All of these T cell clones appear to bind antigen in the absence

of MHC proteins (48). Using ABA and other structural analogs

conjugated to iodinated carrier proteins, T cell binding of ABA was

demonstrated for ABA-specific T cell clones. The specificity of ABA

binding was assessed in three ways. First, the ABA reactive clones

bound ABA-proteins while non-reactive clones did not. Second, ABA

binding was inhibitable by unlabelled ABA-proteins and by ABA-Tyr and

ABA-histidine. Structural analogs which stimulated these clones also

inhibited ABA-protein binding whereas nonstimulatory analogs did not

inhibit. The ability of these analogs to inhibit binding, however,

did not strictly parallel their effectiveness as clone activators; one

weakly stimulatory analog inhibited binding at a similar concentration

to ABA. Lastly, structural analogs that inhibited the binding of ABA

to the clones also inhibited the functional responses of the cells to
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arsonate (49). It was also demonstrated that binding of ABA was

pronase sensitive, saturable, and required temperatures greater than

4° C. Although the affinity of the receptor could not be evaluated,

the average number of ABA-OVA molecules bound per cell was between

100,000-230,000 (48).

One additional example of antigen binding is reported for a T

cell hybridoma specific for a cytochrome C peptide derivatized with

4-dinitroaminophenyl (50). This Lyt 1+ T cell hybrid not only bound

the derivatized peptide in the absence of MHC products but also could

be activated by the derivatized peptide to produce IL-2. Again,

antigen binding was abolished by protease treatments and was not

observed at 4°C.

Outside of these two examples, however, few other studies support

direct antigen binding by the receptors of helper or cytotoxic T

cells. Extensive studies on an ovalbumin-specific T cell hybridoma

failed to demonstrate antigen binding by its T cell receptors (51,52).

Although this hybridoma was stimulated by a 16 residue peptide of

ovalbumin when presented in conjunction with MHC (52,53), in the

absence of MHC proteins the hybridoma did not bind this peptide or

respond to it. Similar conclusions were reached in studies on human T

helper clones specific for peptides of influenza haemagglutinin

(54,55). Initially it was felt that these T cells bound the peptide

antigen because the peptides were able to render the clones

unresponsive to further antigen stimulation. In later studies

however, it was found that these T cell clones express MHC class II

antigens and that anti-MHC antibodies could block the peptide induced
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unresponsiveness (55). This, then, reinforced the argument against

direct antigen recognition by the T cells.

Further experiments performed on ABA-Tyr-reactive T cell clones,

similar to those used by Rao et al. (48,49), also do not support direct

antigen binding by T cell receptors. First, although it was possible

to affinity purify the receptors of these clones with anti-T idiotype

antibody columns, the receptors could not be affinity purified on

ABA-Tyr columns (Chapter III). Second, these cells did not bind to

antigen coated plates as they do to anti-T idiotype coated plates

(C.T. Morita and G. K. Lewis, personal observation). Third, exposure to

free antigen (either ABA-Tyr or ABA-BSA) failed to inhibit the ability

of these T cell clones to mediate DTH (Chapter III). And fourth, in

contrast to the results of Rao et al. (49), inhibition of T cell

proliferation by free antigen was found to take place at the level of

the antigen presenting cell and not directly at the T cell level (21).

Thus, no evidence of direct antigen binding by ABA-Tyr-reactive T

cells could be discovered in this laboratory. Furthermore, based on

antigen binding, Rao et al. calculate 100,000-250,000 receptor

molecules per cell (48). This number is greater than all estimates

reported by other investigators on similar T cell clones or T cell

hybridomas (56, 57,58). The differences in all of these findings may

reflect different culture conditions or differences in the assays used

to detect antigen binding. It is possible that T cell antigen binding

is of low affinty in addition to being monovalent (as is likely given

the structure of the T cell receptor, see below) and is difficult to

demonstrate unless multivalent antigens are used in a sensitive assay.
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ABA-Self Proteins as Immunogens

Extensive work on ABA-reactive T cells has been done using

ABA-self proteins. ABA-self proteins are defined as either ABA

conjugated to mouse immunoglobulin G and spleen cells or as ABA

conjugated to skin surfaces (where immunization is achieved by direct

application of reactive ABA compounds to the skin). Despite their

extensive experimental use, the ABA-conjugated self protein(s) which

are responsible for the induction of responses to ABA-spleen cells or

ABA-skin surfaces are not characterized. It is likely that these

ABA-conjugated self proteins include both MHC proteins and non-MHC

proteins and that each protein contains several ABA-self determinants.

These ABA-self proteins can induce ABA-reactive T cells mediating

delayed-type hypersensitivity (DTH), help, cytotoxicity, and

Suppression.

ABA-reactive T cells mediating DTH and helper activity are Thy 1+

T cells (35,36). They mediate DTH which is MHC restricted to class II

histocompatibility antigens (I-A and I-E) (35,36). Unlike

immunization with nitrophenol/nitroiodophenol-self proteins or

dinitrophenol/trinitrophenol-self proteins (60,61), T cells mediating

DTH restricted to class I histocompatibility antigens (H-2K and H-2D)

are not induced (35,36). This may reflect the difficulty in inducing

ABA-reactive cytotoxic T cells restricted to H-2K and H-2D (62,63).

The ABA-reactive T cells induced by ABA-self proteins are primarily

"conjugate" specific as discussed above. The absence of demonstrable

Ir gene control of these responses (Chapter II, 35, 36,37) probably

reflects the existence of various immunogenic ABA-self proteins.
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ABA-self proteins also induce anti-ABA antibodies. In closely

related reactive hapten systems such as nitrophenol/nitroiodophenol

and oxazolone, hapten-specific antibodies mediating immediate

hypersensitivity and Arthus responses have been demonstrated

(64, 65,66). Immunization with ABA-spleen cells or ABA diazonium salt

will similarly induce anti-hapten antibodies as demonstrated by

immediate hypersensitivity responses (unpublished observation).

Unless cyclophosphamide is administered, the antibody-mediated

responses will contribute to the 24 hour footpad or ear swelling

commonly measured to quantitate delayed-type hypersensitivity

responses (35,67). Thus, the interpretation of DTH results obtained

in ABA-self protein systems is complicated by anti-hapten antibody

responses. This point will be discussed further when reviewing

experiments reporting the expression of B cell idiotopes on

ABA-reactive T cells.

ABA-reactive cytotoxic T cells can be induced by immunization

with ABA-conjugated spleen cells. These ABA-reactive T cells are

specific for ABA-self spleen cells, restricted to the class I

histocompatibility antigens, H-2K and H-2D, and do not demonstrate the

Ir gene control noted with ABA-Tyr (62,63). The primary cytotoxic

response to ABA-conjugated cells following subcutaneous immunization

in vivo is very limited. Substantial augmentation of the response can

be achieved by secondary in vitro exposure to ABA-conjugated cells.

Effective generation of ABA-reactive cytotoxic cells, then, requires

both in vivo priming and in vitro stimulation with ABA-conjugated

spleen cells. A similar immunization procedure is necessary for the
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induction of cytotoxic T cells specific for minor histocompatibility

antigens (68) and may indicate a low frequency of precursor clones.

Although ABA-reactive suppressor cells have been extensively

studied, they still remain enigmatic. They can be induced by

immunization with ABA-conjugated to mouse immunoglobulins (69) and

spleen cells (36, 37) or by exposure to ABA diazonium salts (35).

Three T cell subsets, distinguished by serological and functional

differences, appear to mediate the suppression (70). Relatively

little is known about these cells or their mechanisms of action.

Present information implies that the three T cell types, termed TS1,

TS2, and TS3, operate in concert. It has been suggested that TS1

cells produce a factor TSF1, which activates and/or induces TS2 cells.

TS2 cells, in turn, produce a second factor, TSF2, which activates

TS3. cells. It is these TS3 cells, which had been induced by exposure

to antigen and activated by TSF2, which mediate a non-specific form of

suppression.

TS1 cells or inducer suppressors are ABA-specific T cells which

are suppressive during the inductive phase of ABA immune responses

(71). They will suppress DTH, cytolytic, and antibody immune

responses (72). These Lyt 1+ cells bind free antigen, do not exhibit

MHC restriction and produce a factor(s), TSF1, which mediates

suppression in a 1ike fashion to intact cells (37, 73). A T cell

hybridoma producing this factor has been derived (72). TS1 cells and

their factors are reported to express I-J determinants and CRI

determinants of B cells (see below). Although TS1 cells are

functionally restricted to the Igh-1 gene, they are not restricted to

I-J or other MHC subregions. Little is known about the mechanism of
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action of TS1 cells. Although it has been reported that TS1 cells

directly suppress the generation of ABA-specific cytotoxic cells, this

suppression could be reversed by Con A supernatant addition,

suggesting a non-specific interference with IL-2 induced proliferation

(74). A more tenable hypothesis is based on the suggestion that TS1

cells or its factor bind TS2 cells via idiotype-anti-idiotype

interactions. TS1 would then mediate suppression indirectly via

inducing and/or activating TS2 cells.

TS2 cells or effector suppressors are idiotype-specific T cells

which are suppressive during the effector phase of ABA immune

responses (i.e. after ABA-specific cells are induced) (71). These Lyt

2+ cells bind "idiotype" (anti-ABA antibodies from CRI" mouse strains)

and produce a soluble factor(s) termed TSF2. TS2 cells appear to be

induced and activated by both idiotype-coupled spleen cells and by TS1

cells or their factor(s), TSF1. Upon activation, TS2 cells secrete a

second factor (s), TSF2, which expresses I-J determinants and activates

a third suppressor cell, TS3. The role of TS2 in causing suppression

is therefore proposed to be indirect, acting through TS3.

TS3 cells are also effector suppressors but are non-specific in

their suppression. Immunization with ABA-self protein induces TS3

cells whose receptors appear to recognize ABA and I-J determinants

(75). TS3 cells can be triggered by exposure to TSF2 in an Igh-1 and

MHC restricted manner. As the receptors of TS3 cells are reported to

express idiotypic determinants, reciprocal binding of TS2 and TS3

receptors has been proposed wherein TS2 receptors bind TS3 idiotypes

and TS3 receptor bind TS2 I-J determinants. As a result of these

interactions, TS3 would be activated to directly cause suppression.
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This model of T cell suppression (70) is subject to several

criticisms. As discussed in this Introduction and Chapter II, DTH

responses induced by ABA-spleen cells probably include a significant

contribution from antibody-mediated Arthus responses. As DTH

responses were used to document suppression, the possibility exists

that the observed suppression is actually directed against anti-ABA

antibodies. Such a response would account for the Igh-1 restrictions

observed. This model also requires that TS1 and TS3 cells bind ABA

determinants and express idiotypic determinants. Results presented in

Chapter III of this thesis shown that ABA-reactive T cells studied in

this laboratory fail to meet either requirement. A third criticism is

the difficulty in consistently reproducing these suppressive systems

(data not shown, J. Hom, personal communication, 76). In addition,

data pertaining to the mechanisms of action of the three suppressor

cell types or the biochemical structure of the factors they produce is

lacking, despite the existence of suppressor T cell hybridomas.

Further experimentation will be required to validate this model of T

cell suppression.

ABA-specific suppressor cells induced by ABA-diazonium and

ABA-mouse immunoglobulin have also been reported (35,69). Suppressor

cells induced by these immunogens bind ABA and express CRI

determinants. The suppressor cells induced by ABA diazonium have been

further characterized and are found to be non-specific, effector

suppressors similar to TS3 cell (35). However, unlike TS3 cells,

these suppressor cells are H-2K restricted in action (35). Further

experimentation will be required to determine the relationship between
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these suppressor cells and those induced by ABA conjugated spleen

ce 11s.

Expression of B cell Idiotypes by ABA-reactive T Cells

The expression of B cell idiotopes on T cells remains a

controversial topic. Although a number of studies have demonstrated

the expression of B cell idiotopes on T cells reactive to the same

antigen there are a number of studies which fail to substantiate this

observation.

The ABA system, with its well characterized B cell cross-reactive

idiotype (as discussed above), has been the focus of several such

studies. ABA-reactive T cells expressing the cross-reactive idiotype

have been described (34,35, 37,63,69, 73,75, 77-81); they can be induced

by ABA-Tyr or ABA-self proteins and mediate DTH, help and suppression.

However, despite these and other reports demonstrating idiotypic

sharing, questions have been raised concerning the validity of the

methodology used, their reproducibility, and the completeness of the

studies, especially in the light of recent discoveries about T cell

antigen receptors.

In the earliest studies on the T cell antigen receptors,

immunoglobulins were demonstrated on T cell surfaces (reviewed in

82, 83, 84). However, subsequent biochemical, molecular and

serological evidence indicated that T cells did not express complete

immunoglobulins (85); only VH determinants were expressed. This led

investigators to propose that T cells use VH gene segments in

combination with T cell constant region genes as their antigen

receptors (reviewed in 82,83, 84). Unfortunately, because most of
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these studies used polyclonal anti-idiotypic or anti-Vil antisera, one

could not rule out the possibility that the antibodies reacting with

the T cells were different from those reacting with the B cells. In

addition, because the T cell antigen receptor had not been identified,

one could not rule out the possibility that the antibodies were

reacting with T cell surface proteins other than the T cell antigen

receptor. For these reasons, it is difficult to establish from these

studies whether T and B cell antigen receptors truly share idiotypic

determinants. It is clear, however, that T cells do not express VH
genes. When several T cell hybridomas reported to express B cell

idiotypes were studied by DNA hybridization using the appropriate VH
probes, neither Wu gene expression nor productive somaticH

recombination of heavy chain genes was detected (86-90). Thus, if

idiotypic sharing exists, it cannot be explained on the basis of VH
gene expression by T cells.

The identification and sequencing of the antigen receptors of T

cells mediating help, DTH (this thesis) and cytotoxicity do not

support the alternative hypothesis that T cells express variable

region genes highly homologous to VH genes. Although the gene

organization of immunoglobulin heavy chains and the c. and 3 chains of

the T cell receptor (discussed below) are similar, only low to

moderate levels of homology are noted between the variable regions of

the receptors of T and B cells (91,92). The extent of homology

observed is comparable to that noted between variable regions of Ig

heavy and light chains. The degree of homology is still low even when

the receptors of T and B cells reactive for the same hapten are

compared (92); this may reflect the requirement for recognition of MHC
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and carrier determinants in addition to haptenic determinants. This

aspect of recognition may be mediated by proposed hypervariable

regions which have been found outside the well characterized binding

site for immunoglobulin (as discussed below). The possible existence

of these hypervariable regions suggests additional complexity in

idiotypic expression by T cells. In conclusion, present sequence data

of variable regions of T cell antigen receptors provides no support

for idiotypic sharing.

Although DNA sequence data does not support idiotypic sharing,

the existence of small regions of amino acid sequence homology between

T and B cell antigen receptors could allow idiotypic sharing. For

instance, the idiotypic sharing between anti-ABA antibodies of BALB/c

and A/J mice is based on a short region of homology (i.e. the D

segment) (15). Homology between T and B cell receptors could arise for

several reasons. Idiotypic sharing may serve a regulatory function

allowing coordinate regulation of T and B cells specific for the same

antigen. This extension of Jerne's network theory to include T cells

has been proposed by several investigators studying suppression

including those in the ABA system (70). In this model, immunoglobulin

idiotypes influence the repertoire of antigen receptors expressed by T

cells (93, 94,95) much as Ir genes influence T cell repertoires (96).

T cells which bear B cell idiotypes or are specific for B cell

idiotypes are preferentially selected (93, 94). This would allow

anti-idiotypic T or B cells to directly interact with idiotype

positive T and B cells specific for an antigen and to regulate both T

cell mediated immune responses and B cell antibody responses to that

antigen.
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Alternatively, idiotypic sharing could arise from the recognition

of similar antigenic determinants by T and B cell antigen receptors

(97). For instance, anti-idiotypic antibodies made against

anti-hormone antibodies cross-react with the binding sites of the

corresponding hormone receptors (98). These anti-idiotypic antibodies

either react to amino acid sequences in the binding sites of the

receptors (corresponding to an AB 2 in Jerne's terminology) or they

mimic the hormone as an "internal image" and are bound by the

receptors (99). In either case, antisera prepared against the binding

sites of one protein may cross react with the binding site of another

protein even when there is little homology between the genes encoding

the proteins.

In the ABA system, several initial investigations found idiotypic

sharing between CRI* ABA-specific B cells and ABA-reactive T cells.

Polyclonal and monoclonal anti-idiotypic antisera prepared against

CRI* antibodies were reported to both induce ABA-reactive T cells

mediating DTH and delete ABA-reactive T cells mediating DTH or helper

activity (34, 77, 80). Despite these findings, subsequent attempts to

isolate and culture in vitro idiotype positive ABA-reactive T cells

have been unsuccessful. Such difficulties have led the authors of one

report detailing induction of DTH by monoclonal anti-idiotype to

propose the existence of an idiotype-positive B cell intermediate

sensitive to cyclophosphamide (100). Also, it has been reported that

Cytotoxic T cells induced by ABA-spleen also do not demonstrate CRI

expression (62). Experiments presented in Chapter III reinvestigate

the earlier results; monoclonal anti-idiotypic antibodies prepared
+

against CRI antibodies were tested for their ability to induce
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ABA-specific DTH, enrich for ABA-reactive T cells, block the

elicitation of ABA-specific DTH, or bind to ABA-Tyr reactive T cells

mediating DTH. The antibodies were found not to have any of these

activities. Thus, despite reports of idiotype sharing between

ABA-specific B cells and ABA-reactive T cells mediating help and DTH,

experiments presented in this thesis and by others (100) do not

support these findings.

B cell idiotype expression has been reported for suppressor T

cells induced by ABA-self proteins. As described above, two cell

types of the suppressor cell network, TS1 and TS3 cells, have been

reported to express CRI idiotopes. The TS1 suppressor cell and its

suppressor factor TSF1 have been extensively studied using genetic and

serological approaches (37,79). TSF1 appears to express idiotypic

determinants of the CRI* VH region because (1) the correct heavy chain

but not the correct light chain gene is required for idiotype

expression by TSF1, (2) TSF1 expresses idiotypic determinants found on

CRI* heavy chains, (3) site-specific idiotypic determinants requiring

both heavy and light chains are not expressed by TSF1, and (4) the

idiotypic determinants expressed on TSF1 are also present on the CRI*

monoclonal antibody, R16. 7 (79). Although TSF1 expresses idiotypic

determinants of VH regions, it is clear that CRI* VH gene segments are

not used (A. Maxam, unpublished data, L. Adorini, unpublished data) as

was originally proposed. Nor do suppressor T cells use the 3 chains

of the antigen receptors of helper and cytotoxic T cells (discussed

below). Regardless of what gene (s) are discovered to encode the

antigen receptors of suppressor TS1 cells, the idiotypic determinants

expressed on the suppressor cells appear to be influenced by
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immunoglobulin bearing B cells. Experiments in the ABA-system (93)

and the NIP-system (94) using two different approaches showed that T

cell idiotype expression was dependent and identical to B cell

idiotype expression. Thus, it is postulated that T cell repertoire

development is influenced by B cell idiotype expression whereby T

cells bear receptors which either express or bind B cell idiotypic

determinants.

However, this hypothesis is not supported by data obtained by

this laboratory (Chapter III) and by others (100) who have

investigated the expression of CRI* idiotypic determinants by

ABA-reactive suppressor T cells from A/J mice. In experiments

presented in Chapter III, two monoclonal anti-CRI* antibodies which

bind to isolated heavy chains (7, 11, 12), did not induce ABA-reactive T

suppressor cells. Difficulties in reproducibly obtaining TSF1

precluded direct serological analysis with the two monoclonals. Other

investigators, while able to induce and enrich suppressor T cells

using a monoclonal anti-CRI* antibody (81) were unable to produce

ABA-reactive suppressor T hybridomas expressing CRI* idiotypic

determinants. The existence of an idiotype-positive B cell

intermediate (100) which activates idiotype-negative suppressor T

cells was proposed. Resolution of these different results awaits the

identification and primary structure determination of the antigen

receptor of idiotype-positive suppressor T cells and a clearer

understanding of the mechanism(s) of suppression by suppressor cells.

Expression of T cell Idiotypes by ABA-reactive T Cells
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While B cell idiotype expression on ABA-reactive T cells has been

extensively studied, only this thesis and one other report have

studied T cell idiotype expression by ABA-reactive T cells. The lack

of studies reflects the general lack of knowledge about T cell

idiotypes. Unlike anti-B idiotype antibodies, present anti-T idiotype

antibodies define only one major cross-reactive T cell idiotype and

have not been used in detailed serological studies enumerating and

characterizing T cell idiotopes. The lack of amino acid sequence data

for T cell receptor variable regions has precluded the correlation of

idiotype expression with protein structure as has been reported with B

cell idiotypes. Similarly, little is known about the developmental

expression of T cell idiotypes or the control of T cell idiotypes

during immune responses. Compared with B cells, the study of T cell

idiotypes is in its infancy.

T cell idiotypes have been studied, for the most part, at the

clonal level due to the lack of major cross-reactive T idiotypes.

Most monoclonal anti-T idiotype antibodies found thus far react with

either minor cross-reactive idiotypes expressed on a small proportion

of T cells reactive to an antigen or private idiotypes expressed on a

single T cell clone. T cells reactive to Sendai virus are the most

notable exception. A monoclonal anti-T idiotype antibody defines an

idiotope expressed on 4-30% of all Sendai-virus-reactive T cells

mediating cytolysis or DTH (101). In contrast, the idiotype of an

ovalbumin-reactive T cell hybridoma, which is typical of the majority

of T cell idiotypes (56, 102), was expressed on only one of an

additional 397 ovalbumin-reactive hybridomas tested. This T cell

hybridoma was derived independently of the original hybridoma but has



-28 -

identical fine antigen specificity, MHC restriction, and

alloreactivity. Similar results were reported for a minor

cross-reactive idiotype of alloreactive cytotoxic T cells specific for

H-2D” (103). Two monoclonal anti-idiotypic antibodies raised against

one clone cross-reacted with about 2% of the T cells from a primary

alloreactive line. Idiotype positive T cell clones isolated from this

line were specific for H-2p* and reactive with both monoclonal

antibodies. Thus, in both cases, idiotype expression was predictive

of receptor specificity and cross-reactive with only a small

proportion of T cells with similar receptor specificity. In contrast,

the idiotypes of murine T cells specific for cytochrome c (57) and

H-2D" (104) and the idiotypes of human and mouse T cell tumors

(105,106) are all expressed at undetectable levels on the total T cell

population and may represent "private" idiotypes.

Cross-reactive T cell idiotype expression in the ABA-Tyr system

is similarly low. In one study, an antiserum prepared against an

ABA-reactive T cell line induced by ABA-spleen cells appeared to

define a minor cross-reactive T cell idiotype (107,108). The

antiserum was able to induce T cells mediating DTH (arguing for cross

reactivity) but required the administration of pertussigen to enhance

the weak response (arguing against the idiotype being expressed on the

majority of ABA-reactive T cells). The lack of monoclonal antibodies

and clonal T cell analysis, however, makes interpretation of these

results difficult. More detailed studies are presented in this

thesis. As described in Chapter III, a T cell idiotype was defined by

a panel of four monoclonal anti-idiotypic antibodies specific for the

antigen receptor of an ABA-Tyr reactive T cell clone. This idiotype
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is expressed on less than 5% of ABA-Tyr-reactive T cells but appears

to be a minor cross-reactive idiotype as evidenced by the ability of

the anti-idiotype antibodies to activate and expand ABA-Tyr reactive T

cells in vivo in preliminary experiments ( G. K. Lewis, personal

communication). This low level of idiotype expression is somewhat

surprising given the structural simplicity of ABA-Tyr, but is

consistent with the existence of at least three (and probably more)

fine specificity groups for ABA-Tyr-reactive T cells (discussed

above).

Like T cells induced by ABA-Tyr, T cells induced by other

antigens or alloantigens can also be subdivided into numerous fine

specificity groups due to subtle differences in specificity for

antigen, MHC, and a11oantigens (109-112). These differences in T cell

receptor specificity must reflect sequence differences in their

variable regions, which in turn, may result in the expression of

different idiotypes. Thus, a variety of private or minor

cross-reactive idiotypes may be expressed on T cells specific for the

same antigen or alloantigen.

The predominance of minor cross-reactive idiotypes and private

idiotypes may indicate that present anti-T idiotype antibodies react

with determinants specified by either the Ps and "6 region or cº-chain

variable region and not by V8 regions. Only a limited repertoire of

V8 variable regions appears to exist (91,92, 113) and as such,

individual V8 gene segments are expressed in a substantial number of T

cells. For example, T cells which are specific for hen egg white

lysozyme and restricted by I-A", use the same V8 variable region as

B10. A T cells specific for pigeon cytochrome C and restricted by I-E*
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(113). Furthermore, although several cytochrome-specific T cells

appear to use this variable region (114), a monoclonal anti-idiotypic

antibody prepared against one of these T cells does not cross-react

with the others or with normal T cells (57). Such specificity argues

that present T cell idiotypes are not specified solely by V8 regions.

These results also imply that anti-idiotypic antisera prepared against

V8 regions may be widely cross-reactive. Further studies will be

required to verify the existence of these widely cross-reactive

idiotopes and to identify the variable region segments which

participate in forming T cell receptor idiotopes.

Idiotype expression of T cells can be manipulated with

anti-idiotypic antibodies. Injection of anti-T idiotype antibodies

can selectively induce T cells with similar antigen specificity. In

this regard, T cells are similar to B cells where injection of anti-B

idiotype antibodies can selectively alter B cell idiotype expression

(7, 14, 19). Manipulation of T cell idiotype expression has been

extensively studied in the Sendai virus system. Injection of a

monoclonal anti-T idiotype antibody prepared against a Sendai

virus-reactive T helper cell will induce Sendai virus-reactive T cells

mediating both DTH and cytolysis (101,115). These T cells provide

protective immunity against a subsequent lethal infection of Sendai

virus. The T cells induced by the anti-idiotype antibodies are unlike

normal Sendai virus-reactive T cell in that they exhibit less MHC

restriction. Whereas the original Sendai virus-reactive T cell used

to elicit the anti-idiotypic antibody is restricted to the I-A" locus,

T cells induced by the anti-T idiotype antibody do not exhibit MHC

restriction. Thus, the induced Sendai virus-reactive T cells mediate
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DTH in allogenic mice and lyse both syngeneic and allogeneic cell

lines infected with Sendai virus. These cytolytic and DTH-mediating T

cells were inducible in all mouse strains tested, indicating that this

idiotype is not genetically restricted to H-2 or Igh-1 genes.

Results obtained from anti-idiotypic antisera prepared against

ABA-reactive T cell 1 ines have been similar to those obtained from the

Sendai virus system; the anti-idiotypic antisera exhibit no genetic

restriction, inducing DTH responses in a11 mouse strains tested (108).

However, unlike T cells reactive to Sendai virus, ABA reactive T cells

induced by anti-idiotype antisera exhibit MHC restriction to the I-A

region. In conclusion, although the original antigen-induced T cells

used as immunogens to produce anti-T idiotype antibodies exhibit

strict MHC restricted antigen recognition, the resulting antibodies do

not exhibit MHC restriction in inducing antigen reactive T cells. T

cell idiotype expression in these studies, then, does not seem to be

strictly correlated with MHC restriction and contradicts studies with

ovalbumin and H-2D" reactive T cells where idiotype expression was

predictive of receptor specificity. Further studies will be required

to resolve these seemingly contradictory results.

Structure of the T cell Antigen Receptor

Initial experiments to identify the T cell antigen receptor

employed anti-T idiotype antibodies. Given the exquisite specificity

exhibited by T cells for antigen and MHC, it was concluded that T

cells should possess idiotypic determinants on their antigen receptor.

These determinants could then serve as clonotypic markers on the T

cell receptor analogous to idiotypic determinants on the
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immunoglobulin receptors of B cells. Based on these assertions,

strategies for obtaining anti-T idiotype antibodies were developed and

used successfully in our laboratory and in others. Accordingly,

monoclonal T cells were used as immunogens to raise antisera and

monoclonal antibodies which inhibit or stimulate T cells in a clone

specific manner (56-58, 102-104,116-118). A description of one such

set of anti-T idiotype antibodies is given in Chapter III. A panel of

four monoclonal anti-T idiotype (anti-clonotype) antibodies were

raised that are specific for an ABA-Tyr-reactive T cell clone. These

antibodies inhibit the antigen-induced but not the IL-2 induced

proliferation of a set of daughter clones specific for ABA-Tyr. Two

of the antibodies will also induce proliferation of the clones in the

absence of antigen. Other ABA-Tyr reactive or KLH-reactive T cells

are not affected by the antibodies, demonstrating their clonotypic

specificity.

Anti-T idiotype antibodies were then used to identify the T cell

receptor of helper and cytotoxic T cells by immunoprecipitation. The

receptor is an 80-90kD, sulfhydryl- linked, heterodimer expressed on

the T cell surface. Upon reduction, a and 6 chains of 40-50 kD are

resolved. The c and B chains differ in their isoelectric points and

are glycoproteins with polypeptide backbones of 27 kD and 32 kD

respectively (119, 120). When receptors from different T cells are

compared, both chains exhibit extensive heterogeneity in their

isoelectric points (119, 120, 121) Tryptic peptide mapping and partial

amino acid sequence data demonstrate that these chains have variable

and constant regions similar to immunoglobulins (119, 121, 122).
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By cloning T cell specific mRNA obtained by subtractive

hybridization, clones of the c and 3 chains of the antigen receptor

were obtained; sequence analysis confirmed their identity

(91, 123-127). A clone for a third T cell specific chain, the 8 chain,

has also been isolated; the function of this chain is unknown (128).

All of these genes undergo somatic DNA rearrangements to produce

complete chains composed of variable and constant regions.

The B chain of the T cell antigen receptor, which has been the

most extensively studied, is encoded by V8, Ps, '5 and 95 gene

segments. The gene organization and sequence of the 6 chain shows

significant homology with immunoglobulin heavy and light chain genes

and establishes the B chain as a member of the immunoglobulin super

gene family (129). The 6 chain gene is similar in structure to heavy

chain genes and encodes an integral membrane protein. Similar to A

light chain genes, the 3 chain gene has tandemly repeated "B and 96
gene segments. The variable regions of the 6 chain most resemble K

variable regions in the sharing of conserved residues. The 3 variable

regions show moderate homology with K and other immunoglobulin

variable regions comparable to that noted between variable regions of

immunoglobulin heavy and light chains. The constant regions also

exhibit similarities with immunoglobulins particularly around cysteine

regions (91,92, 124).

É variable region diversity is generated using similar strategies

to B cells. Both employ multiple germline gene segments (V, D, and J),

combinatorial joining of these segments, somatic mutation, and

combinatorial association of the receptor subunits. Although only a

limited number of V8 gene segments have been studied thus far, there
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are several examples of T cells with different antigen specificity

which use the same V8 gene segment (113). Also, four 8 variable

regions account for 40% of the functional 3 transcripts of thymocytes

(92). These findings suggest that unlike immunoglobulins, there is

either a limited repertoire of V8 gene segments or biases in Wo usage6

such that only a few gene segments from a larger pool are used by most

T cells. In either case, only a limited number of 3 variable regions

appear to be used as compared with immunoglobulins. On the other

hand, 3 chains have 12 functional J regions versus 4 J regions for

heavy chains of immunoglobulins. B variable regions employ two

somatic mutational mechanisms used by B cells (junctional flexibility

and N-region diversification), but significantly do not exhibit

somatic hypermutation, a mutational mechanism occurring late in B cell

development. They do employ one somatic diversification mechanism not

found in B cell - the joining of Ps gene segments in all three

translation frames (113). Additionally, V5 gene segments can

potentially join directly to 96 gene segments or to two or more

tandemly linked P8 gene segments to increase variable region

diversity. Because the 5' flanking recognition signals for DNA

rearrangements of PB and 96 gene segments are spaced by one turn of

DNA, both can rearrange to the 3' flanking recognition signals of V8

Or Ps gene segments which are spaced by two turns of DNA. In

conclusion, unlike immunoglobulin diversification, V8 diversification

appears to operate early in differentiation and diversifies only the

3' end.

The analysis of available 3 chain variable regions (92) indicate

marked similarities and differences with those of immunoglobulins. 8
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chain and heavy or light chain variable regions are similar in their

secondary structure. Besides sharing conserved residues necessary for

the interface between heavy and light chain variable regions and for

correct disulfide bonding, 3 chain variable regions are predicted to

have 3-sheets and turns similar to those of immunoglobulins (92).

Significantly, immunoglobulin variable regions and 3 chain variable

regions appear to differ in the number of hypervariable regions they

contain. Whereas immunoglobulin H or L chain variable regions have

three hypervariable regions, 3 chain variable regions are reported to

have seven hypervariable regions, three of which correspond to those

found in immunoglobulin chains (92). The existence of the remaining

four, however, remains controversial and will be discussed below in

the context of T cell recognition models.

The ". genes have similar organization to immunoglobulin V genes.

They are located 5' to the D and 98 gene segments and areB’ 'B'
composed of two exons, a short leader segment and a variable region

segment. The remaining portion of the É chain is encoded by one of

two tandemly arranged D 96. and 95 genes (D3’ B17981-931/952-932-952).

Each 98 gene is preceded by one Ps gene segment and a cluster of 6

functional "3 gene segments (130-135). It is not known whether

additional Ps gene segments exist. Both 95 genes are expressed in

helper and cytotoxic T cells (although the °52 is more commonly used)

and do not appear to delineate functional T cell subsets

(114, 136, 137). The 98 gene segments are composed of 4 exons encoding

the external domain (CT1), a small hinge like region (Cr2), a

transmembrane region (CT3), and a cytoplasmic tail (C14) plus 3'

untranslated region. C andC 2 differ at only 4 amino acids and 2431 B
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base pairs in their coding regions but differ extensively in their 3'

untranslated regions, indicating strong selection for homology between

the two genes.

The G chain of the T cell antigen receptor has only recently been

cloned. Significant but low levels of homology to immunoglobulins and

the 3 chain were observed. Q chains appear to have leader, variable,

J, and constant regions (125, 126, 127). They may also have D regions

(127). The constant regions of a chains are similar to 3 chains in

that both have transmembrane regions, hydrophilic C terminal regions

and an extra cysteine located outside the intra-domain cysteines. In

É chains, this extra cysteine is in a separate hinge-like exon and

probably serves to disulfide link the o and 3 chains. Although their

general organization is similar, a and 3 chains have a relatively low

level of homology. The variable region of the C. chain probably

utilizes similar strategies for diversification as the 3 chain -

multiple germline gene segments (V, possibly D, and J), combinatorial

assortment of these segments, and somatic mutation.

The role of the 8 chain of T cells has yet to be determined.

Although its gene is clearly rearranged and expressed in cytotoxic T

cells, its function is unknown (128, 138). In gene organization and

sequence, it shows homology to T cell a and fl chains. Like a and 3

chains, the 8 chain is composed of Vx, probable D Jy, and C3 * {

regions. Its constant region contains 3 exons encoding an external

domain, a hinge region with a single cysteine and a transmembrane

region plus a small cytoplasmic C-terminal stretch of hydrophilic

residues. Like a and 3 chains, the 3 transmembrane region contains a

lysine residue flanked by tyrosine and leucine residues. If the
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transmembrane domain is an a helix, these conserved residues would all

face the same surface of the helix (138) and could interact with

receptor-associated proteins such as T3, which has an as partic acid

residue in its transmembrane segment (139).

The 3 gene undergoes genomic rearrangements just like the o or 3

chain genes or the heavy and light chain genes. 3 chain rearrangement

apparently involves only one V; gene, one Jy gene segment and one 0x
gene (there are three available genes of each) (138). 3 chains

appear, then, to have limited combinatorial diversity with productive

rearrangement of only one Wy and one Jy gene segment (138).

Junctional diversity or Dx gene segments may compensate for this lack

of combinatorial diversification.

The expression of c. , 3 and 3 chains has been studied in the

three primary types of functional T cells: cytotoxic T cells, helper T

cells, and suppressor T cells. Despite their differences in function,

cytotoxic and helper T cells use a and 3 genes to encode their MHC

restricted antigen receptors and exhibit no major biases in °81 Or °52

constant region or V8, Ps Or "B region expression (114, 136, 137).

Similarly, °. isotype expression does not appear to correlate with

cytotoxic or helper activity as identical °. regions have been

isolated from murine cytotoxic and helper T cells (125, 126, 127).

In contrast, & chain transcription has been detected in cytotoxic

T cells but not in helper T cells. The function of the 3 chain,

however, is unknown. Since antisera directed against the heterodimer

or the associated T3 molecule have never precipitated additional

subunits, the Y chain does not appear to be a member of the T cell

receptor complex. Thus, it has been proposed that the * chain may be
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part of a second receptor mediating MHC-antigen recognition or thymic

differentiation (138).

Suppressor T cells do not appear to express B chains. The 6

chain genes in 16 of 19 antigen-specific suppressor T hybridomas had

either been deleted (15 hybridomas) or had not rearranged (1

hybridoma) (114, 136). K chain genes linked to the 3 chain genes were

similarly deleted, indicating that deletion in suppressor T cells

extends beyond the 3 chain genes and is not caused by W6 rearrangement

to downstream suppressor 98 chains. The lack of expression of 3 chain

genes is further evidenced by the inability to detect heterodimer,

clonotypic molecules on murine T suppressor cells. However, human T

suppressor cells do, in at least 1 case, demonstrate 3 chain

rearrangement and expression (137). As of yet, c. and & chain

expression have not been studied. Thus, although the bulk of the

evidence from murine studies suggests that suppressor T cells utilize

antigen receptors unrelated to those of cytotoxic and helper T cells,

B chain use in suppressor T cells is still a possibility. If

suppressor T cells use a different T cell antigen receptor, it might

account for their apparent ability to bind to antigen, their

expression of and MHC restriction to I-J determinants, and their

secretion of antigen-specific suppressor factors.

Current Models of T Cell Recognition

Many of the results reviewed above contribute towards our

understanding of a fundamental issue of T cell function - how T cells

recognize antigen and MHC. Given these recent structural, functional,

and serological findings concerning the T cell receptors of helper and
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cytotoxic cells, a re-evaluation of the models of T cell recognition

will be presented here. This re-evaluation, however, will not address

recognition by suppressor T cells which do not appear to show MHC

restricted antigen recognition and alloreactivity or to use the of

heterodimer.

Models of T cell recognition have been traditionally divided into

dual receptor and single receptor models (140). In its simplist form,

the dual receptor model proposes that there exists two distinct

receptors; one specific for antigen and one specific for MHC. On the

other hand, the single receptor model proposes that only one receptor

exists which is specific for a complex of antigen and MHC (i.e. a

neoantigenic determinant). Many variations of both these models have

been proposed.

Little evidence remains for simple dual receptor models of T cell

recognition. First, independent recognition of antigen, MHC, or

alloantigen was not found in fusions of T cell hybridomas (141).

Second, experiments with anti-clonotypic antibodies provide no

evidence for the expression of a second receptor molecule. Lastly,

binding studies provide little support for dual receptor models.

Thus, T cell activation by antigen and MHC or alloantigens appears to

be mediated by a single heterodimeric receptor (discussed below). Both

chains of this receptor have been isolated and their genomic

organization and DNA sequences determined (discussed above). Although

evidence for an additional receptor has not been found during

isolation of T cell surface proteins, cDNA cloning of T cell surface

proteins has yielded one possible candidate molecule. Although there

is no known function for this molecule, the 8 chain has a similar
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structure to a and 3 chains, with variable and constant regions, which

undergo DNA rearrangements during development. It has been proposed

that the 8 chain functions as a second receptor in conjunction with an

c., 3 or unidentified fourth chain. However, this proposition is not

supported by the following findings: the 3 chain is expressed only in

cytotoxic T cells, it has not been identified by anti-idiotypic

antibodies, and it has a limited capacity for variable region

diversity (128, 138). The strength of the evidence points to a single

receptor on mature T cells with the 3 chain possibly playing a role in

T cell development in the thymus.

It should be noted that there exist T cell surface proteins that

play a role as non-essential second "receptors" for MHC proteins

(142). Mature helper and cytotoxic cells express on their cell

surface either the T4 (human) and L3T4 (murine) proteins or the T8

(human) and Lyt2, 3 (murine) proteins. Expression of either T4/L3T4 or

T8/Lyt2, 3 proteins correlates with T cell restriction to Class II or

to Class I histocompatibility antigens respectively. These two classes

of proteins appear to function as associative-recognition elements

(142, 143). That is, while not absolutely required for T cell

activation and not conferring receptor specificity, these proteins may

facilitate T cell activation by binding to their respective MHC

proteins and facilitating the juxtaposition of the antigen-MHC

molecules and the T cell receptor. With a high affinity T cell

receptor, these associative-recognition elements are not required or

are less important (143). Also, there exist T cells with high

affinity receptors for antigen and MHC which express the "wrong"

associative recognition elements (144). Thus, although the
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characteristics of these associative-recognition elements do not agree

with strict dual receptor models of T cell recognition, T cell

recognition does appear to utilize non-essential second receptors.

Strong evidence exists for single receptor models of T cell

recognition. As discussed above, the heterodimeric T cell surface

protein composed of o and 3 chains meets many of the criteria for the

T cell receptor for MHC restricted antigen recognition. Functional

studies using monoclonal antibodies directed to of heterodimers

clearly establish their importance in the antigen and MHC mediated

activation of T cells. a6 heterodimers express antigenic determinants

unique to individual T cells, exactly as expected for idiotypic

determinants of an immunoglobulin-like receptor. Finally, the genomic

organization of both o and 3 chains is similar to immunoglobulins and

consistent with their function as the T cell antigen receptor.

The of chain heterodimer mediates not only MHC restricted antigen

recognition but also alloreactivity. Experimental support for the

identity between the receptor for antigen-MHC and that for

alloantigens comes from the following observations: 1) T cell clones

specific for an insulin epitope in association with the syngeneic I-A"

protein consistently also respond to alloantigens of H-2" haplotype

(145), 2) independently derived OVA-specific T cell hybridomas sharing

heterodimeric determinants also share identical fine antigen

specificity, MHC restriction, and alloreactivity (102), 3) monoclonal

antibodies prepared against the a■ heterodimers of T cells inhibit T

cell activation not only by antigen and MHC but by alloantigens as

well (146, 147), and 4) changes in the alloreactivity of T cell

hybridomas are paralleled by changes in the biochemical properties of
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the of heterodimer (148). Thus, the available evidence provides strong

support for a single receptor mediating MHC restriction, antigen

recognition and alloreactivity. No support was found for a second

receptor mediating allorecognition or MHC recognition.

Though a single receptor is used in T cell recognition, the

number of binding sites on this receptor is unclear. As discussed

above, the variable region of the 3 chain is similar in secondary

structure to heavy and light chain variable regions, sharing conserved

residues necessary for correct disulfide bonding and 3 sheets and

turns. Unlike immunoglobulins, however, the 3 chain variable region

appears to have seven hypervariable regions; three corresponding to

those regions forming half of the classical immunoglobulin antigen

binding site and four lying on the outer surface of the receptor (92).

Although less is known about the o chain variable region, given its 3

chain-like structure, it probably has at least three hypervariable

regions forming half of the classical immunoglobulin binding site and

may also have additional hypervariable regions. Thus, the combined

variable regions of the of heterodimer form at least one binding site

analogous to a classical immunoglobulin site and may have an

additional one or two binding sites lying on the outer surface of the

receptor. The existence of these additional binding sites remains

controversial as some are not convinced that the data unequivocally

provides evidence for extra hypervariable regions (149). Furthermore,

it is possible that the extra hypervariable regions, if real, may

serve to extend and enlarge the single binding site rather than to

form additional binding sites (149).
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The specificity of the binding site(s) of the of heterodimer is

unknown. The possibilities include 1) a single binding site specific

for an antigen-MHC complex, 2) multiple binding sites specific for an

antigen-MHC complex, 3) multiple binding sites specific for either

antigen or MHC alone, or 4) multiple binding sites with some specific

for an antigen-MHC complex and others specific for either antigen or

MHC alone. Although technical difficulties have made direct studies

of ligand binding difficult, current evidence primarily support

possibilities 1), 2), or 4). There is little evidence for T cell

binding to self-MHC. Similarly, while direct antigen binding by T

cells has been demonstrated by a few investigators, most investigators

have not found any evidence for antigen binding (discussed above).

On the other hand, T cell binding to alloantigens and to

antigen-MHC complexes has been demonstrated. Alloreactive T cells

specifically bind Ia containing membrane vesicles (as quantitated by

flow microcytometry) and Ia-expressing cell monolayers (51, 150). In

each case, binding was specific for stimulatory MHC protein and could

be blocked by appropriate anti-MHC antibodies. Similarly, T cell

binding to neoantigenic determinants of antigen and MHC complexes has

been demonstrated albeit indirectly due to the unavailability of the

ligand (antigen-MHC complexes). MHC restricted, antigen-specific T

cells bind to antigen-pulsed macrophages expressing the correct MHC

molecules (51,56). This binding can be blocked by antibodies specific

for the restricting MHC proteins or for the a■ heterodimer of the T

cells (51,56). Also, T cell hybridomas lacking the heterodimer fail

to bind to antigen-pulsed macrophages (56). Such experiments,

however, while suggesting single or multiple binding sites for an
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antigen-MHC complex, do not exclude the existence of binding sites

specific for either antigen or MHC and under allosteric control of a

binding site specific for an antigen-MHC complex. Also, T cell

receptors are likely to be monovalent and of low affinity (as

evidenced by their requirement for associative recognition elements)

and thus may not be amenable to conventional ligand binding

techniques.

The correlation of available DNA sequence data with T cell MHC

restriction and antigen specificity data also supports possibilities

(1), (2), or (4) above; that is, the existence of single or multiple

binding sites for an antigen-MHC complex or multiple binding sites

with some specific for an antigen-MHC complex and some specific for

antigen or MHC. A single V8 gene segment encoding the two of the

three hypervariable regions of the classical immunoglobulin site and

all of the hypervariable regions of the putative outer binding site,

when rearranged with different Ps and '6 segment and in combination

with o chain variable regions, can mediate T cell receptor recognition

of both cytochrome c/I-E" and lysozyme/I-A" (113). The simplest

interpretation of this finding is that there exists a single binding

site corresponding to the classical immunoglobulin binding site that

is specific for a neoantigenic determinant. Binding specificity,

then, would be primarily conveyed by the C. chain variable region and

the portion of the 3 chain variable region corresponding to the

immunoglobulin hypervariable III region. An alternative

interpretation is that the proposed second binding site of the 3 chain

located outside of the classical immunoglobulin binding site is

specific for an antigenic determinant shared between 1-A* and I-E* Or,
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less likely, between cytochrome c and lysozyme. The data is not

consistent with a model proposing that the binding site located

outside of the classical immunoglobulin binding site (which is encoded

in the V8 gene segment) confers either MHC or antigen specificity to

the T cell receptor.

Thus, the present evidence provides strong support for models of

T cell recognition involving a single receptor. This receptor, though

non-specifically assisted in its binding by associative-recognition

elements, mediates specific T cell activation by MHC restricted

antigen recognition and by alloreactivity. The receptor clearly has a

classical immunoglobulin binding site and may have one or two

additional binding sites located on the outer portions of the receptor

which interact with solvent. Although the specificity of these

binding sites is unclear, it is likely that at least one of the sites

is specific for a neoantigenic determinant of an antigen-MHC complex.

Less evidence supports the existence of separate antigen or MHC

binding sites. As discussed above, only limited experimental evidence

has been found for direct antigen binding by helper or cytotoxic T

cells. Antigen binding in these cases could be mediated by a binding

site specific for a neoantigenic determinant but with residual, low

affinity for nominal antigen. In any case, the binding specificity of

the T cell receptor will become clearer with further studies.

Additional a and 3 chain sequence data correlated with antigen, MHC,

and alloantigen specificity should prove valuable. The use of T cell

receptor mutants with altered amino acid sequence should help

delineate the binding specificity of different areas of the T cell

receptor, especially if antigen, MHC, or alloantigen specificity has
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been altered in the mutant. Such mutants can be generated by random

mutagenesis, site-specific mutagenesis, or by transforming T cell

lines which lack the o or 3 chain with o or 3 chain genes that have

altered variable regions. X-ray crystallography studies may be

possible using recombinant DNA technology and would provide knowledge

of the shape and size of the binding site (s). Finally, mutagenesis of

the MHC proteins and determination of those areas important in

presenting antigen, determining MHC restriction, or determining

alloantigenicity could help define the areas of contact of MHC with

antigen and the T cell receptor.
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CHAPTER II

Delayed-Type Hypersensitivity Induced by

p-Azobenzenearsonate-L-Tyrosine
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ABSTRACT

To study T cell idiotype expression at the functional level, we

developed a hapten specific delayed-type hypersensitivity system which

avoids the complication of anti-hapten antibody and which is specific only

for the immunizing hapten and not for conjugate specific determinants.

Immunization with ABA-Tyr and challenge with ABA diazonium induced footpad

swelling with the characteristics of DTH. Anti-ABA antibodies did not

contribute to this reaction as they were undetectable in mice immunized

with ABA-Tyr. Furthermore, this ABA-Tyr-specific DTH was under Ir gene

control identical to that reported for ABA-Tyr-specific lymphocyte

proliferation. All mouse strains tested responded to ABA-Tyr except those

of the b haplotype across the entire Ia region. In contrast, contact

sensitivity induced by ABA diazonium was not under apparent Ir gene

control, probably reflecting (1) different specificities of the induced T

cells and (2) the production of anti-ABA antibodies which contribute to the

footpad swelling via an Arthus reaction.

Having shown that ABA-Tyr can induce T cells mediating DTH, we then

examined ABA-Tyr-reactive T cell clones, propagated in vitro, for their

ability to mediate DTH. Such clones elicited a response identical to that

seen with in vivo immunization with respect to dose dependency, I-A"
restriction and antigen specificity.
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l! Abbreviations used in this paper :

ABA, p-azobenzenearsonate; ABA–Tyr, p-azobenzenearsonate-L-tyrosine; BBS,

borate-buffered saline; DMSO, dimethylsulfoxide; DNFB, 2,4-dinitro-1-

fluorobenzene; DTH, delayed-type hypersensitivity; ELISA, enzyme-linked

immunosorbent assay; HBSS, Hank's balanced salt solution; HEPES, N-2-

hydroxy ethylpiperazine-N-2-ethane sulfonic acid; H-2, murine major

histocompatibility complex; Ia, I region associated; Ir, immune response;

NIP, (l-hydroxy-5-iodo-3-nitrophenyl)acetyl; NP, (11-hydroxy-3-

nitrophenyl)acetyl; PBS, phosphate-buffered saline; TNP, 2, l, 6–

trinitrophenyl.
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INTRODUCTION

Hapten-specific murine DTH" systems have enjoyed a wide audience in

studies on immune regulation and have been the basis for a number of

important observations, including shared idiotypy between T and B cells.

Despite the apparent simplicity of these systems, several recent reports

(1-5) argue that they are more complicated than originally suspected and

call for the use of simpler systems in future studies. Two complexities

stem from the common practice of immunizing with reactive haptens (ll, 6, 7),

or hapten conjugated proteins (7,8) or haplen-conjugated spleen cells (9).

First, most , if not all, T cells induced by these immunogens are not

truly hapten-specific but, rather, are specific for the conjugate between

hapten and self (1,2,3,5). Second, these immunogens elicit significant

anti-hapten antibody responses which may complicate interpretation of the

results. For example, earlier studies which reported heteroclicity for the

hapten NIP in NP-specific DTH responses (7,8) were consistent with the

picture seen in anti-NP antibody responses and led to the conclusion that

NP-specific T cells have antigen binding sites similar to those on NP

Specific B cells. These conclusions were challenged in recent studies

(2, 4) where antibody production was abrogated by pretreatment of the test

mice with high doses of cyclophosphamide prior to inducing DTH to NP.

Heteroclitic DTH was not found in cyclophosphamide pretreated mice,

suggesting that it was due to antibody rather than to T cells. Thus, in

any study of idiotype expression in DTH, it is important to establish

conditions such that the results are not complicated by anti-hapten

antibody production. For these reasons, our laboratory sought a new murine

hapten-specific DTH system to study idiotype expression on T cells.

Earlier studies in guinea pigs (10) and rats (11) showing that the



72

immunogenic determinant p-azobenzenearsonate-L-tyrosine (ABA–Tyr) elicited

determinant specific DTH and helper activity in the absence of detectable

anti-ABA antibody production suggested that this compound would be a

promising candidate. However, because others have had difficulty

demonstrating murine DTH to the N-acetyl-derivative of ABA (1,5), it has

been suspected that the mouse might not be a suitable species for eliciting

ABA-Tyr-specific DTH. Nevertheless, our laboratory recently demonstrated

murine Ir gene controlled T cell proliferation to ABA–Tyr (12), offering

some promise that this immunogen might also elicit DTH in the mouse and

provide a better system with which to study idiotype expression in DTH. In

this report, we show that ABA-Tyr-specific DTH responses can be elicited in

mice in the absence of concommitant anti-ABA antibody production.

Furthermore, the patterns of Ir gene control for the induction and transfer

of ABA-Tyr-specific DTH are identical to those reported for T cell

proliferation (12). And, finally, ABA-Tyr-specific T cell clones passively

transferred DTH in a MHC restricted manner identical to that observed with

ABA–Tyr primed lymph node T cells. The significance of this system for

future studies is discussed.

MATERIALS AND METHODS

Mice. A/J, A/WY, A. BY/Snj, A.SW/SJ, C3H/HeSnj, C3H.SW/Snj, C57BL/6J

(B6), C57BL/10 (B10), B10. A, B10. A(5R), and B10. A(2R) mice were purchased

from Jackson Laboratory, Bar Harbor, ME. A/J, C57BL/6, (C57BL/6 x DBA/2)

F1, and DBA/2 mice were purchased from Diablo Laboratories, Berkeley, CA.

B10. A(3R) and B10. A(l, R) mice were provided by Dr. Claudia Henry. C57BL/6Kh

(B6/Kh) and C57BL/6. C–H–2bml2 (bm 12) mice were provided by Dr. Hugh

McDevitt. Male and female mice 6-16 weeks of age were used.

Antigens and Immunizations. ABA-Tyr was prepared as previously
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described (10) or purchased from Biosearch (San Rafael, CA). A total of

0.15 mg ABA-Tyr emulsified in 0.15 ml of complete Freund's adjuvant (H37Ra,

Difco Laboratories, Detroit, MI) was injected into three sites for

immunization. Mice used for delayed-type hypersensitivity assays were

inoculated subcutaneously in two sites on the dorsal flanks and in the base

of the tail.

The diazonium salt of arsanilic acid was prepared as described (6)

with slight modifications. Briefly, 1.085 g p-arsanilic acid (Bryant

Laboratories, Berkeley, CA) was mixed with 1.25 ml water and 1.25 ml

concentrated HCl cooled on ice. 380 mg sodium nitrite was dissolved into

1.9 ml chilled water and then added dropwise to the above mixture over a 1

minute period. ABA diazonium solution (1 M) was diluted to 100 mM in DMSO

for the sensitization of mice. Mice were sensitized by painting 10 pul of

the 100 mM ABA diazonium solution on the shaved abdomen for two consecutive

days.

2, 1-dinitro-1-fluorobenzene (DNFB) was purchased from Sigma Chemical

Company (St. Louis, MO). Mice were sensitized by painting 25 pil of a 0.5%

DNFB solution (prepared in l; ; 1 acetone to olive oil) on the shaved abdomen

for two consecutive days.

DTH Assays. To assess DTH in situ, mice were challenged in the hind

footpads with 30 jul of a 10 mM ABA diazonium solution (pH 8.15 in borate

buffered saline (BBS)) six days after the injection of ABA-Tyr or the skin

painting of ABA diazonium. To test the antigen specificity of the DTH,

mice were challenged in the hind footpads with 30 jul of a 2 mM 2, 1

dinitro-1-fluorobenzene (DNFB) solution (pH 7.1, in PBS) prepared from a 10

mM DNFB stock solution (13). Footpad measurements were made in triplicate

on both feet with a Tyoda micrometer (Schlesinger's Tool Co., New York, NY)



T ly

immediately before and 24 hours after the injection of the challenge

solutions. Four to six mice were used per experimental group.

Histological examinations were performed on representative mice from each

grOup .

To assess DTH mediated by T cell clones or primed lymph node cells,

unprimed mice were challenged in the hind footpads with either ABA

diazonium solution, DNFB solution, or buffer (BBS or PBS) as described

above. Twenty four hours later, these mice were injected with 30 jul of

either a cell suspension or Hank's balanced salt solution (HBSS) alone.

Cell suspensions of T cell clones were prepared by washing the clones l;

times in HBSS 7 to 11 days after restimulation with ABA-Tyr. Cell

suspensions of primed lymph node cells were prepared by harvesting the

draining lymph nodes of mice 7 days after immunization. The lymph nodes

were trimmed of fat and teased between the frosted ends of glass slides.

Cellular debris was allowed to settle out and the cells were then washed 3

times in HBSS. Footpad measurements were made immediately before the

injection of the challenge solutions and 24 h after the injection of the T

cell clones or primed lymph node cells. Four to six mice were used per

experimental group.

To deplete cells bearing the Thy 1.2 antigen, lymph node cells were

Suspended at 1 x 10" cells/ml in HBSS and mixed with an equal volume of

anti-Thy 1.2 culture supernatant (HO-13). After 10 minutes at 4°c, the

cells were pelleted and resuspended at 2 x 10" cells/ml in agarose absorbed

guinea pig complement (Gibco, Grand Island, NY) diluted 1 to 10. After an

additional l;0 minutes at 37°c, the cells were washed three times and used.

Footpad swelling was calculated by subtracting the footpad thickness

before challenge from the footpad thickness at 24 h either after challenge
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or after cell injection. The footpad swelling is expressed as the

arithmetic mean and standard error. The statistical significance of the

results was analyzed by the two-tailed Student's t test.

The histology of the DTH was assessed on footpads fixed in 10%

formalin. The fixed footpads were decalcified, embedded in paraffin,

transversely sectioned, and stained with hematoxylin and eosin.

The levels of anti-ABA antibodies were determined by ELISA as

described (111).

Antigen Reactive T Cell Lines. ABA-Tyr-reactive T cell clones were

maintained as described (12) with minor modifications. The clones were

stimulated every 7-10 days by culturing 9 x 10° T cells with 3.25 x 10"

irradiated (3000 rad) A/J spleen cells in an upright 75 on” tissue culture

flask with 13 ml of media. The media used was RPMI 1640 supplemented with

5 x 10-2 M 2-mercaptoethanol, 20 mM L-glutamine, 50 pg/ml gentamycin, 10 mM

HEPES, 10% heat-inactivated fetal calf serum, 25–50 jug/ml ABA-Tyr and 1%

Supernatant from rat spleen cells stimulated with Con A. For assays, the

clones were usually harvested 7-14 d after the initiation of culture.

RESULTS

Induction of ABA-Tyr-Specific Delayed-Type Hypersensitivity. A/J mice

were immunized with ABA-Tyr and then challenged by injection of ABA

diazonium 1-11 days after immunization (Fig. 1). Significant 24 hour and

48 hour footpad swelling was observed in mice challenged 1-8 days after

immunization, whereas swelling was not seen at 4 hours. Histological

studies disclosed a cellular infiltrate composed of lymphocytes, monocytes,

and neutrophils, but without basophils. The time course of the footpad

swelling and the histological observations are thus consistent with a

classical murine DTH response (15). The footpad swelling reaction could be
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transferred by ABA-Tyr primed lymph node cells in a local passive transfer

assay (Fig. 2), and transfer of swelling was dependent on the presence of

Thy 1.2+ cells, as shown by the inability of primed lymph node cells

treated with monoclonal anti-Thy 1. 2 and complement to transfer the

reaction (Fig. 2). Anti-ABA antibodies do not appear to contribute to this

reaction, as they were undetectable in A/J mice undergoing peak DTH and in

mice hyperimmunized with ABA-Tyr (Table I). The absence of footpad

swelling at 11 hours also argues against the involvement of antibody in this

response. The antigen specificity of the footpad swelling was confirmed by

the inability of challenge with DNFB to induce footpad swelling in ABA-Tyr

immunized mice (data not shown). Thus, based on these studies,

immunization with ABA-Tyr can induce classical DTH in A/J mice. This DTH

can be passively tranferred by T cells, occurs in the absence of detectable

anti-ABA antibody formation, and is antigen specific.

Ir Gene Control of ABA-Tyr-Specific. DTH. Since ABA-Tyr-specific T

cell proliferative responses are under Ir gene control (12), ABA-Tyr

Specific DTH was induced in congenic strains of mice to determine the

effect of the H-2 haplotype on responsiveness. Like ABA-Tyr-specific

proliferative responses, all strains of mice tested showed significant DTH

responses except those of the H-2” haplotype (Fig. 3). The non-H-2 genetic

background had no dramatic influence on the response (Fig. 3 and Fig. 5).

High responsiveness to ABA-Tyr was dominant in the F1 hybrid offspring of

low responder C57BL/6 and high responder DBA/2 parents (Fig. 4). Further

analysis using B10 congenic recombinant strains demonstrated that low

responder strains were haplotype b across the entire I region of the H-2

complex (Fig. 5). Thus, strains which were haplotype b at either the I-A

locus (B10. A(3R) and B10. A(5R)) or the I-E locus (B10. A(HA)) but haplotype
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k at the other class II locus were high responders to ABA–Tyr. The Bebm 12

mutation which confers "k"ness to the I-A" molecule (16) and responsiveness

to poly (GLU, TYR) in vivo (17) failed to convert the low responder H-2°

haplotype to a high responder to ABA–Tyr (Fig. 5). Thus, ABA–Tyr induced

DTH is controlled by Ir genes in a manner identical to ABA-Tyr induced

proliferative responses. By contrast , all strains skin painted with

reactive ABA diazonium made significant DTH responses (Fig. 6). In vitro

studies (data not shown) showed that lymph node cells from mice primed with

ABA diazonium did not proliferate in response to ABA-Tyr whereas ABA-Tyr

primed lymph node cells proliferated in response to spleen cells reacted

with ABA diazonium, suggesting that the majority of cells responding to ABA

diazonium in vivo are not specific for ABA-Tyr.

DTH Mediated by ABA-Tyr-Reactive T Cell Clones. ABA-Tyr reactive T

cell clones derived from ABA-Tyr primed A/J lymph nodes (12) were able to

mediate DTH when tested in a local passive transfer assay (Table II and

Fig. 7). The DTH mediated by the T cell clones had a similar histology to

that seen with in vivo immunization. A diffuse infiltrate of lymphocytes,

monocytes, and neutrophils was observed along with edema of the connective

tissues. One representative clone (16–F2) was further tested to compare

its ability to transfer DTH responses with that of primed lymph node cells.

The 16-F2 clone was approximately 60-fold more efficient than ABA-Tyr

primed lymph node cells at transferring DTH (Fig. 7), and was H-2

restricted in its ability to transfer DTH (Table III). Fine genetic

analysis (Table III, Exp. 2) mapped this restriction to the I-A" locus. The

antigen specificity of the DTH transfer was tested with clones 16–F2 and

16-1 (Fig. 8). Recipient mice were challenged in the footpad with either

ABA diazonium or DNFB and inoculated again 1 d later with the T cell
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clones. Although slight footpad swelling was found at 24 h with footpads

inoculated with DNFB and the T cell clones, this swelling was of lower

magnitude than that found in footpads inoculated with ABA diazonium and the

T cell clones. At 18 and 72 h, significant footpad swelling was found only

with footpads inoculated with ABA diazonium and the T cell clones. Thus,

the DTH system is specific for ABA.

DISCUSSION

The above results show, for the first time in a murine system, that

ABA–Tyr can induce hapten-specific, Ir gene controlled DTH. The major

advantages of this system over pre-existing ones are that anti-ABA

antibody, which may confuse the DTH response with strong Arthus reactions,

is not produced, and DTH can be transferred with ABA-Tyr-specific T cell

clones in a MHC restricted fashion identical to that observed with ABA-Tyr

primed lymph node cells. Both of these features should greatly facilitate

future experiments on the control of DTH by network interactions and on the

biochemistry of DTH regulation.

To induce DTH, previous investigators has resorted to using ABA

conjugated spleen cells (9) or skin painting with ABA diazonium (6) after

experiencing difficulties in obtaining a response with ABA conjugated amino

acids. The earlier difficulties with ABA conjugated amino acids may reflect

the use of different immunization protocols, the narrow time window during

which ABA-Tyr-specific DTH was manifest (Fig. 1), and the use of N-acetyl

tyrosine instead of tyrosine to make the conjugate (5). With regard to the

last point, we in fact have found N-acetyl-ABA-tyrosine to be both a poor

immunogen in mice and a poor in vitro stimulus of T cell proliferation with

either ABA-Tyr-reactive clones or ABA-Tyr primed lymph node cells

(unpublished results).
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Our observations clearly show that ABA-Tyr can induce DTH in mice

without the complications encountered when using reactive hapten or

haptenated spleen cells. For example, the ABA diazonium induced DTH

response appears not to be controlled by Ir genes in the same way that the

ABA–Tyr response is controlled. This difference in regulation may reflect

two factors. First, a large fraction of the T cells induced by ABA

diazonium are probably "conjugate specific." That is, they respond to ABA

in association with a particular sequence of amino acids and do not respond

to ABA in association with a single amino acid. In agreement with this

hypothesis, we found that T cells induced by ABA diazonium proliferated in

vitro when cultured with ABA-coupled spleen cells but not when cultured

with ABA-Tyr (data not shown). On the other hand, T cells induced by ABA

Tyr proliferated when cultured with either antigen (data not shown). Other

investigators working with the ABA (1, 5, 18) and other hapten systems (2, 3)

have also reported large degrees of "conjugate" or "carrier" specificity

when T cells were induced by haptenated proteins (2, 3, 18) or haptenated

cells (1, 5). Thus, it is likely that a large fraction of the T cells

induced by ABA diazonium do not recognize the same determinant(s) as T

cells induced by ABA-Tyr. Accordingly, the two antigens would not be

expected to be under the same Ir gene control.

A second factor contributing to the difference in the Ir gene control

of the two antigens may be the presence or absence of anti-ABA antibodies.

While we have shown that ABA-Tyr immunized mice do not produce hapten

Specific antibodies, such antibodies have been found following immunization

with reactive haptens (l) and haptenated proteins (2). Unless mice are

treated with cyclophosphamide before immunization (1,6), these antibodies

will contribute to the footpad swelling elicited by challenge. Antibody
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mediated reactions may account for part of the footpad swelling induced by

ABA diazonium, as moderate swelling 1 h after challenge was noted (data not

shown). Therefore, it is difficult to dissect the relative contributions

of antibodies and T cells to the maximal swelling at 24 h. This further

emphasizes the difficulties of interpreting DTH or contact sensitivity

induced by haptenated cells or proteins and underscores the usefulness of

ABA–Tyr.

DTH identical to that induced by ABA-Tyr can be mediated by ABA-Tyr

reactive T cell clones. These clones are representative of proliferating

ABA–Tyr reactive T cells in vivo as they were derived from lymph node cells

of A/J mice immunized with ABA-Tyr (12). The clones express the Thy-1 and

Lyt-1 antigens, but do not express the Lyt-2 antigen (data not shown). All

T cell clones assayed transferred ABA-specific DTH (Table II) when tested

by a local passive transfer assay. This type of assay was necessary

because T cells maintained in culture cannot efficiently migrate from the

systemic circulation into peripheral lymph nodes (19). DTH transferred by

these clones was similar to that induced by ABA-Tyr in its histology, time

course (Fig. 8), and antigen specificity (Fig. 8). The transfer of DTH was

restricted to the I-A" locus of the H-2 complex (Table III); this I-A"

restriction is identical to that determined by in vitro blocking with

monoclonal of antigen-induced proliferation anti-Ia antibodies (12). The

above observations are in accord with others using T cell lines and clones

to mediate DTH (2, 20–22), and clearly demonstrate that the ABA-Tyr

reactive T cell clones do, indeed, mediate DTH. As these clones were

isolated by their ability to proliferate to ABA-Tyr, T cells which

Proliferate appear to be identical, in at least some instances, to T cells

which mediate DTH.
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In conclusion, we have succeeded in inducing DTH to ABA-Tyr. This DTH

is under Ir gene control whereas contact sensitivity induced by ABA

diazonium is not under similar control. ABA-Tyr-specific DTH is induced

without the production of anti-ABA antibodies and the ABA-Tyr-reactive T

cells are hapten specific rather than "conjugate" specific. ABA-Tyr

immunization, then, should prove useful for further studies of ABA-specific

DTH and ABA-specific T suppressor cells. Also, the ABA-Tyr-reactive T cell

clones appear to be identical to functional ABA-Tyr-specific T cells found

in vivo, and have proven useful in our studies of the antigen receptors of

ABA-reactive T cells (manuscript in preparation).
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FIGURE LEGENDS

Figure 1. Time kinetics of ABA-Tyr-specific DTH. A/J mice were

immunized with ABA-Tyr on various days before challenge with ABA diazonium.

Footpad swelling was then measured at (A) 1 h (O), 24 h (e) and (B) l;8 h

( e ) after challenge. Control footpad swellings for challenge with ABA

diazonium were 1.5 + 1. 1, 5.4 t 0.5, and 8.4 + 1.5 for 1 h, 24 h, and 72 h

respectively. Values represent the mean + SE for groups of 5 mice.

Figure 2. Sensitivity of cells mediating DTH to treatment with anti

Thy 1.2 antibodies and complement. Lymph node cells from A/J mice which

were immunized with ABA-Tyr 7 d earlier, were treated either with guinea

pig complement alone or with monoclonal anti-Thy 1.2 antibodies and guinea

pig complement. Recipient A/J mice, which had been challenged with ABA

diazonium 1 d earlier, received 2 x 10" treated lymph node cells per

footpad. Footpad swelling was measured 24 h later. Values represent the

mean + SE for groups of 5 mice. "Significantly different from ABA challenge

control (p K 0.001).

Figure 3. Levels of DTH induced by ABA–Tyr in various H-2 congenic

mouse strains. Mice were either immunized with ABA-Tyr (white bars) or

left unimmunized (shaded bars). They were challenged with ABA diazonium on

day 6 and the footpad swelling was measured 24 h later. Walues represent

the mean + SE for groups of 1-6 mice. “Significantly different from ABA

challenge control (p & 0.001).

Figure 1. DTH induced by ABA-Tyr is dominant in F1 progeny of low and

high parental strains. For details see legend to Figure 3.

Figure 5. Levels of DTH induced by ABA-Tyr in various B10 congenic

recombinant strains and a B6 mutant strain. For details, see legend to

Figure 3. "Significantly different from ABA challenge controls
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(p K 0.005).

Figure 6. Lack of apparent Ir gene control of contact sensitivity

induced by ABA diazonium. Mice were immunized for contact sensitivity with

ABA diazonium, for DTH with ABA-Tyr, or were left unimmunized (shaded

bars). They were challenged with ABA diazonium on day 6 and the footpad

swelling was measured 24 h later. Values represent the mean + SE for

groups of 11-6 mice. *Significantly different from ABA challenge controls
(p K 0.001). *

Figure 7. Local passive transfer of DTH mediated by an ABA-Tyr

reactive T cell clone and by ABA-Tyr primed lymph node cells. Recipient

A/J mice were challenged in the footpads with either ABA diazonium (OA)

or BBS (O A). After 21, h, varying numbers of clone 16-F2 cells (AA) or

ABA–Tyr primed lymph node cells ( e o ) were injected into the footpads,
and swelling was measured 24 h after cell injection. Values represent the

mean + SE for groups of 1 - 6 mice.

Figure 8. DTH mediated by ABA-Tyr-reactive T cell clones, 16-F2 and

16-1 is antigen-specific. Recipient A/J mice were challenged in the

footpads with ABA diazonium, DNFB, or BBS- After 21, h, 2.5 x 10° clone

16-F2 cells or 1.9 x 10? clone 16-1 cells were injected in these footpads.

Footpad swelling was measured 21, h, 48 h, and 72 h after cell challenge.

Values represent the mean + SE for groups of 1 - 6 mice.
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TABLE I

Anti-ABA Antibodies are not Induced by

Immunization with ABA–Tyr

* of Anti-ABA Antibodies”
Antigen Mice (ug equivalent/ml)

Experiment 1b

CFA (day 6) 4 K1

ABA–Tyr/CFA (day 6) 5 K1

ABA–Tyr/CFA (day 14) 5 K1

Experiment 2°

CFA (hyperimmunized) 5 K1

ABA–Tyr/CFA 6 K1.
(hyperimmunized)

Antibody equivalents of anti-arsonate immunoglobulin

were determined for individual mice by ELISA. All

values reported correspond to the background levels

of anti-ABA activity found in normal mouse serum.

A/J mice were immunized for DTH with either ABA-Tyr/
CFA (150 pg/0.15 ml) or CFA (0.15 ml) and then bled
on day 6 and day 14. The levels of footpad swelling

are given in Figure 1.

A/J mice were immunized by intraperitoneal injection

with ABA–Tyr/CFA (150 pg/0.15 ml) or CFA (0.15 ml)
followed by weekly in traperitoneal injection with
ABA–Tyr/IFA (150 ug/0.15 ml) or IFA (0.15 ml) for
6 weeks.
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TABLE II

DTH to ABA Mediated by T cell Clones”

# of Cells Injected Footpad swelling (x10°m)*
T Cell Clone per footpad (x10°) ABA Challenge" BBS Challenge

Experiment 1

16–1 5 39.9 + 1.5 8.7 ± 0.9

16–2 5 41.4 + 2.8 6. 1 + 1.3

16–4 5 38.4 + 2.5 8. 1 + 1.0

16-5F1 4 32.4 + 1.9 11.9 + 0.8

Experiment 2

16–4 5 27, 3 + 1 .. 5 4.8 + 0.7

16–5F1 5 33. 1 + 3.2 12.5 + 1.3

16–19 5 34.7 ± 2.5 4. 1 + 1.0

16–24 2 24. 0 + 1.7 4. 6 + 0.6

a
Recipient A/J mice were challenged in the footpads with either ABA

diazonium or BBS. After 24 h, ABA-Tyr-reactive T cell clones were

injected into these footpads. Footpad swelling was measured 24 h
after injection of the clones

b Mean + SE for groups of 5 mice for ABA challenged or 4 mice for

C

BBS challenged.

ABA diazonium challenge resulted in non-specific swelling of 8. 3 +

0.1 in experiment 1 and 4.9 + 0.8 in experiment 2.
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TABLE III

H-2 Restriction of Transfer of DTH Mediated by the

16–F2 Clone (A/J Origin)”

Recipient Strain H-2 composition” Footpad Swelling (x10°m)*
K A E D ABA Challenge BBS Challenge ABA Challenge

with 16–F2 with 16–R2 with HBSS

Experiment 1

A/J k_k k d 27.9 + 0.8 7. 9 + 1.3 5. 4 + 0.8

C3H/HeJ k k k k 31. 1 + 2.2 8.5 + 1.6 4.7 ± 0.8

BALB/c d d d d 11. 8 + 1, 0 6. 2 + 1.1 11. 7 # 1. 1

C57BL/6 b b b b 6. 4 + 1.0 5. 6 + 1.4 5.7 ± 0.8

Experiment 2

B10. A k k k d 26. 1 + 1.3 5.9 + 1.2 5.8 + 0.6

B10. MBR b k k k 27. 0 + 2.6 N.D." 3. 4 + 0.8

B10. A(4R) k k b b 34.9 + 2. 3 7. 3 + 1. 1 5. 4 + 0.7

B10. A(5R) b b k_d 6. 8 + 1.3 4. 3 + 1.2 6.3 + 1. 0

C57BL/10 b b b b 6. 1 + 1 .. 2 4. 2 + 0.8 6.3 + 1. ()

8
See note to Table II. 2 x 10° T cells and 5 x 10° T cells were injected into

footpad for experiment 1 and experiment 2 respectively.
b

Homologous regions to the A/J H-2 regions (haplotype a) are underlined.
C

Mean t SE for groups of 4–5 mice. Significant footpad swelling is
underlined (p < 0.001).

d
Not determined.
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CHAPTER III

Antigen Receptor Characterization of T Cells

Mediating Delayed-Type Hypersensitivity
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ABSTRACT

Despite recent advances in our understanding of the structure of the T

cell antigen receptor, relatively little is known about the role of this

receptor in MHC restricted antigen recognition. To study this problem, we

have examined the antigen receptors of murine ABA-Tyr-reactive T cells for

nominal antigen binding and B cell idiotype expression. To this end, a

panel of monoclonal anti-clonotype antibodies was produced against the

receptor of one ABA-Tyr-reactive T cell clone. These antibodies inhibited

or induced proliferation of the clone, bound to the clone as demonstrated

by indirect immunofluorescence and flow microfluorometry, and

immunoprecipitated an 85 kd disulfide-linked heterodimeric glycoprotein

from the surface of the clone. Having identified the receptor, the

affinity of the receptor for nominal antigen was tested by attempting to

affinity purify the receptor on an ABA-Tyr-coupled matrix, "pan" ABA-Tyr

reactive T cells on ABA coated dishes, or inhibit ABA-specific delayed-type

hypersensitivity with soluble ABA-Tyr. B cell idiotype expression by the

receptors of ABA-Tyr-reactive T cells was tested by using monoclonal anti

cRI* antibodies in in vivo protocols of other investigators or in vitro

assays developed for anti-clonotype antibodies. Despite our efforts, we

were unable to demonstrate affinity for nominal antigen by the antigen

receptors of ABA-Tyr-reactive T cells as directly measured in our assays or

as implied by the expression of germline, heavy chain encoded CRI*

idiotopes. These results suggest that the antigen receptors of ABA-Tyr

reactive T cells may bind to complexes of ABA-Tyr and MHC rather than to

ABA–Tyr itself.
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Abbreviations used in this paper:

ABA, p-azobenzenearsonate; ABA-Tyr, p-azobenzenearsonate-L-tyrosine; APC,

antigen presenting cells; BBS, borate buffered saline; BRAT, p

azobenzenearsonate-p'-hydroxybenzoic acid; BSA, bovine serum albumin; Con A

Sup, culture Supernant from rat Spleen cells stimulated with concanavalin

A; CRI, cross reactive idiotype; DNFB, 2, 1-dinitro-1-fluorobenzene; DNP,

2, 11-dinitrophenyl; DTH, delayed-type hypersensitivity; FCS, fetal calf

Serum; HBSS, Hank's balanced Salt solution; IL-2, interleukin-2; KLH,

keyhole limpet hemocyanin; MHC, major histocompatibility complex; PAB-Tyr,

azobenzene-L-tyrosine; PAS, protein A-Sepharose CLAB; POOKIE, 3-(p-

azobenzenearsonate)-l-hydroxyphenyl-methyl alcohol; TRAT, p

azobenzenearsonate-L-tyramine; TURK, B-3-p-azobenzenearsonate-li

hydroxyphenyl-ethyl alcohol.

5 PAB-Tyr is azobenzene-L-tyrosine, a non-immunogenic analog of ABA–Tyr.
6

The clones respond in vitro to antigen presenting cells pulsed

with ABA-KLH (15).
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INTRODUCTION

Largely due to advances made in the last two years, it appears that

the T cell antigen receptor is an 85 kd heterodimeric glycoprotein

expressed on the surface of most T cells (1,2,3,4). Both chains of the

heterodimer are encoded by multiple variable region and constant region

gene segments which rearrange during T cell ontogeny to form a

transcriptionally active complex; these events ultimately lead to the

expression of the receptor on the cell surface (5,6,7,8,9). The surface

borne receptor can be visualized by antibodies against unique (clonotypic)

(1,2,3,4) or shared determinants (10). These anti-clonotype antibodies can

inhibit (2, 3) or stimulate (11) antigen-specific T cell responses. Because

it is not yet possible to directly study the binding of the heterodimer to

nominal antigen plus MHc", these studies constitute the strongest evidence

that clonotypic structures are associated with molecules important for

antigen recognition.

Despite these recent gains in our understanding of the T cell antigen

receptor, little is known about the role of this receptor in MHC restricted

antigen recognition. Although it appears that the heterodimer is the only

molecule functioning as an antigen receptor on T cells, there are several

possible mechanisms of recognition by these molecules. First, the receptor

may have a single binding site specific for a complex between nominal

antigen plus MHC. Second, the receptor may have two binding sites, one

each for nominal antigen and MHC. And, third, there may be two nominal

antigen binding sites per receptor, each formed by an association between

the receptor W regions and the alpha-1 or beta-1 domains of MHC (12) with

this otherwise tenuous association being stabilized by the presence of

nominal antigen. Clearly, to decide between these models, the binding of



- * * * • * , , --
--, -, -, -- --



102

the antigen receptor to its ligand must be characterized.

With this goal in mind, our laboratory has been studying the

specificity of T cell activation using the immunogenic determinant p

azobenzenearsonate-L-tyrosine (ABA–Tyr). Our previous studies have shown

that ABA-Tyr induces MHC restricted delayed-type hypersensitivity (13) and

in vitro T cell proliferation (14) without detectable anti-ABA antibody

production. Recently, using this system, Godfrey et al. (15) were able to

show that non-immunogenic analogs of ABA-Tyr could block the "functional"

uptake of ABA-Tyr by antigen presenting cells (APC). Others have reported

Similar results using synthetic polyamino acid antigens (16, 17). Our

studies suggest that the region of ABA–Tyr recognized by the APC (i.e., the

agretope) is comprised of the planar azo-benzene groups while the region

recognized by the T cell (i.e., the epitope) is comprised of the arsonic

acid and alpha-carbon backbone of ABA–Tyr.

The anti-ABA-Tyr T cell response represents an interesting paradox

which may hold important clues for understanding the mechanism of MHC

restriction. On one hand, the T cells appear to be hapten-specific in that

our ABA-Tyr-reactive T cell clones respond to ABA-conjugated carriers

regardless of the protein carrier ( 13, 15). On the other hand, the APC

studies argue that the T cells are specific for a complex between ABA–Tyr

and a self-molecule, which is most likely MHC. If ABA-Tyr-reactive T cell

clones are truly hapten-specific, the heterodimer and the T cells bearing

it should have measurable affinity for ABA. However, if the T cell clones

recognize a complex between ABA-Tyr and self-MHC, there may not be affinity

for ABA alone. Two lines of evidence support the former possibility.

First, Rao et al. (18) have reported that ABA-specific T cell clones bind

ABA-conjugated proteins. Second, two groups have reported expression of
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idiotypes associated with anti-ABA antibodies on ABA-specific DTH cells

(19) or helper cells (20). By contrast, in this communication, we report

the lack of either ABA binding or expression of major cross reactive B cell

idiotypes by the antigen receptors of ABA-Tyr-reactive T cells. The

significance of these observations for the mechanism of MHC restricted

antigen recognition and the network organization of the immune system are

discussed.

MATERIALS AND METHODS

Mice. Female A/J and A. By/Snj mice were purchased from Jackson

Laboratories, Bar Harbor, ME. Additional female A/J, BALB/c and (C57BL/6 x

DBA/2) F1 mice were purchased from Diablo Laboratories, Berkeley, CA. (A.BY

x BALB/c) F1 mice were bred in our animal facilities.

Antigens. p-Azobenzenearsonate-L-tyrosine (ABA-TYR) and azobenzene

L-tyrosine (PAB-Tyr) were prepared as described previously (21) or

purchased from Biosearch, San Rafael, CA. Giant keyhole limpet hemocyanin

(KLH) was purchased from Calbiochem, La Jolla, CA. Conjugation of ABA or

2, 4-dinitrophenol to bovine serum albumin was by standard techniques.

Antigen-reactive T cell lines. ABA-Tyr-reactive T cell clones and

lines were maintained as described in an earlier report (14). The cells

were usually harvested 7 to 14 days after restimulation for assays. A

KLH-reactive line was derived according to Shigeta and Fathman (22) and was

cloned at limiting dilution. The KLH clones were restimulated as above

except that 50 pg/ml KLH was substituted for ABA–Tyr. The T cell lines and

clones used in this investigation are listed in Table I.

Antigen-induced T cell proliferation. Twenty thousand T cells were

Cultured with 1 x 10° irradiated (3300 rads) A/J spleen cells in 0.2 ml of

medium without Con A supernatant. Antigen was added to 50 - 100 yug■ ml and
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the cells cultured for 3 to 1 days in flat bottomed microtiter trays. For

inhibition experiments, 0.1 to 5 jug of purified antibody, 25 Jul of culture

supernatant, or 1 yul of antiserum was added per culture. At the end of

culture, each well was pulsed with 1 310i of tritiated thymidine. In some

experiments the cultues were pulsed with high specific activity thymidine

(25 Ci/mM) for the last 1 hr of culture, and in other experiments, the

cultures were pulsed with low specific activity thymidine (2 Ci/mN■ ) for the

last 16 hr of culture. After pulsing, the cells were harvested onto

filters and incorporation was determined by liquid scintillation counting.

The data are expressed as the mean of triplicate cultures. The standard

deviation was within 10 - 15% of the mean.

Immunization with T cell clones. T cell clones were cultured as

above, harvested 5 to 7 days after restimulation, and washed 5 times in

Hank's balanced salt solution (HBSS). A/J or A. BY mice were immunized

first in the hind footpads and intraperitoneally with 1 to 2 x 10" cells

emulsified in 0.2 ml of complete Freund's adjuvant distributed equally

among all three sites. Two weeks later, the mice received the same number

of cells emulsified in incomplete Freund's adjuvant intraperitoneally, and

thereafter they were immunized weekly with 1 to 8 x 10° cells in HBSS

intra peritoneally. All mice were bled before the first immunization and at

various times after 5 or more inoculations of cells. Each antiserum was

evaluated for inhibition of proliferation as described above. Specificity

was measured by testing several different T cell clones and T cell lines

(see Table I).

Monoclonal anti-clonotype antibodies. An A. By mouse which had been

immunized 7 times with clone 16-F2 was selected for fusion. The mouse was

boosted by two intravenous inoculations of approximately 5 x 10° 16-F2
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cells 2 and 3 days preceding fusion. Fusions were performed according to

Fazekas de St. Groth and Sheidegger (23) for 96 well plates. Approximately

87% of the 800 wells plated contained growing hybrids by 11, days post

fusion. Supernatants were screened for inhibition of ABA-Tyr-induced

proliferation on days 15 and 22 post fusion by adding 25 Jul of culture

Supernatant to test wells containing 2 x 10" 16-F2 cells, 1 x 10%

irradiated spleen cells, and 50 yug■ ml ABA-Tyr. Hybridomas that inhibited

proliferation by more than 60% were expanded and cloned by limiting

dilution. Control hybridomas, 11–72 and D-1, secreting IgG1 and IgG2b
respectively, were also expanded. Hybrids of interest could be grown as

ascites in either (C57BL/6 x DBA/2) F1 or (A. By x BALB/c) F1 mice.

Antibodies were purified by either protein A-Sepharose chromatography or by

ion-exchange chromatography.

Immunofluorescence and flow microfluorometry. T cell lines or clones

were separated from dead cells by Ficoll-Hypaque centrifugation (Histopaque

1.077, Sigma Chemical Company, St. Louis, MO). The cells were washed l;

times in HBSS containing 1% FCS and 0.1% sodium azide at *c. The washed

cells were incubated on ice with culture supernatants or with purified rat

monoclonal anti-idiotypes labelled with biotin. The cells were washed and

incubated at lºc for 30 min with fluorescein-conjugated rabbit anti-mouse

immunoglobulin antibody or with fluorescein-conjugated avidin. The

fluorescent reagents were usually centrifuged at 100,000 x G prior to use.

Flow microfluorometry analyses were performed on a Becton Dickenson FACS

Analyzer with the gates set to exclude cell debris and aggregates.

Cell surface radioiodination and cell extraction. T cell clones were

1251radioiodinated using lactoperoxidase (Calbiochem) and Na . The cells to

be labelled were separated from dead cells and debris on Ficoll-Hypaque
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gradients and then washed three times. The procedure of Kessler (24) was

used except that 110 jul and 16 Jul lactoperoxidase (500 IU/ml) were the first

and second additions, respectively. After labelling, the cells were washed

three times in HBSS containing 2 mM KI and 0.02% sodium azide. Iodinated

cells were lysed at 1 - 2.5 x 107 cells/ml in lysis buffer containng 150 mM

NaCl, 1 mM EDTA, 50 mM Tris-HCl (pH 7.4), 0.5% (w/v) NP-40, 1 mM PMSF, and

0.02% NaN3. The lysis was performed at room temperature for 20 min.

Debris was removed by centrifugation at 100,000 x G for 30 min. The

lysates were stored at –70°c before use.

Immunoprecipitation and affinity chromatography. Immunoprecipitations

were performed using protein A-Sepharose CL4B beads (PAS) (Sigma Chemical

Co., St. Louis, MO) and monoclonal antibodies. Fifty microliters of

Protein A beads were incubated for 2 hr at lºc with 1.5 ml of either

control D-1 culture supernatant or anti-clonotype 3–86 culture supernatant.

The unbound antibody was removed by washing the beads three times with

lysis buffer. Cell extracts were precleared on a 50 jul column of PAS-D-1

beads and then reacted with PAS-3–86 beads. After 2 to 1 hr at lºc, the

cell extracts were removed and the beads washed 3 times with 10 ml of lysis

buffer per wash. The washed beads were transferred to a 250 jul pipette tip

plugged with siliconized glass wool and eluted with SDS sample buffer.

For antigen specific affinity chromatography, the antigens ABA–Tyr and

azobenzene-L-tyrosine (PAB-Tyr) were coupled to Affigel-10 (BioHad,

Richmond, CA) by suspending l, ml of beads in 10 ml of antigen solution (0.1

mg/ml in 0.1M HC03) and reacting for 16 hr at lºc. The matrices were
washed with lysis buffer and substituted for PAS-3–86 in the

immunoprecipitation protocol.

Labelled proteins were resolved by SDS-PAGE using the system of
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Lammeli (25). Radioactive bands were identified by autoradiography at

–70°c using intensifying screens and occasionally also pre-fogged film.

Antigen treatment of T cell clones and local passive transfer of

delayed-type hypersensitivity. To determine whether antigen treatment of

the T cell clones could diminish their ability to mediate DTH, cell

suspensions of the T cell clones were prepared by washing the clones l,

times in HBSS 7 to 11 days after restimulation with ABA-Tyr and irradiated

spleen cells. The T cells were then resuspended at 2.0 - 2.5 x 10°
cells/ml in cold HBSS with or without antigen. The antigens used were

ABA–Tyr, ABA-BSA, and DNP-BSA. After 1–2 hr on ice, the cells were washed

twice and used in a local passive transfer assay (13) within 30 min. For

the local passive transfer assay, recipient A/J mice were challenged in the

hind footpads with ABA diazonium or borate buffered saline. Twenty four

hours later, these mice were injected with the T cell clones which had been

treated as described above. Footpad measurements were made immediately

before the injection of the challenge solution and 21. hr after the

injection of the T cell clones. Four to six mice were used per experimental

group .

Monoclonal anti-B cell idiotype antibodies • Monoclonal anti-idiotype

D8 andantibodies which react with the germline encoded idiotopes, CRI*

cR15°i, were kindly provided by Dr. Peter W. Hornbeck and Dr. Larry

Wysockci, respectively. These anti-idiotopes react with the majority of

CRI* positive anti-ABA antibodies in A/J mice (26, 27, 28, 29), and react with

isolated idiotope positive heavy chains (30). Antibodies were purified

from ascites by ammonium sulfate preicpitation, DEAE cellulose

chromatograpahy, and by sizing on Sephadex G-200.

Radioimmunoassay. Purified monoclonal antibodies were labelled with
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125 125I using Iodo-Beads (Pierce Chemical, Ill.). O.5 mCi Na I (Amersham)

was added to 100 yug of antibody in 0.2 ml PBS pH 7.2 followed by the

addition of one Iodo-Bead. After 15 min at room temperature, free iodine

was removed on a minicolumn of G-25.

To assess binding of labelled antibody to T cells, T cells were

purified on Ficoll-Hypague gradients, resuspended at 1 x 10° cells in 0.2

ml HBSS with 0.1% (w/v) BSA (Pathocyte, Miles Laboratory), and reacted with

0.1 ml of 10 jug/ml labelled monoclonal antibody. After 2 hr at room

temperature, the cells were washed three times, dried overnight and

counted. To assess binding of labelled antibody to antibodies or

haptenated proteins, wells of polyvinyl 96-well plates were coated with 0.1

ml of either purified antibody or haptenated-protein at 10 pug/ml. BBS (pH

8.0) followed by blocking free protein sites with BBS containing 10%

filtered FCS. The wells were then washed with BBS and reacted with 0.1 ml

of 10 jug/ml labelled antibody. After 16 hr at lºc, unbound antibody was

removed by washing and the remaining 1251 cpm determined.

RESULTS

Production and characterization of monoclonal anti-clonotype

antibodies. To study the antigen receptors of ABA-Tyr-reactive clones,

anti-clonotype antibodies were produced by immunizing A/J and A. By mice

with ABA-Tyr-reactive clones 16–F2 and 16-1}. The properties of these T

cell clones are summarized in Table I. Approximately, one out of four

Syngeneic A/J mice and all A. By mice produced antisera which inhibited the

antigen-induced proliferation of the immunizing clone. Furthermore, the

antisera also suppressed responses of 5 other type I clones. The

inhibition was specific since the syngeneic antisera did not affect either

IL-2-induced proliferation of ABA-Tyr-reactive clones or KLH-induced



- - -



109

proliferation of KLH-reactive clones. Additionally, the A. By antisera

inhibited KLH-induced responses at antiserum concentrations much higher

than those required to inhibit ABA-Tyr-induced responses. This result

suggests that immunization across an H-2 barrier elicits both anti-H-2 and

anti-clonotype antibodies and increases the fraction of mice making anti

clonotype antibodies.

Monoclonal anti-clonotypes were made by fusing the spleen cells of a

16-F2 immune A. By mouse with the myeloma SP2/0. Approximately 700

hybridomas were produced of which seven secreted antibodies inhibiting the

ABA-Tyr-induced proliferation of clone 16-F2. Three of the seven bound to

Splenic B cells and suppressed proliferation of all I-A" restricted T cell

clones regardless of their antigen specificity, thereby invalidating their

candidacy as anti-clonotype antibodies.

The other four monoclonals exhibited clonotypic specificity in that

they suppressed ABA-Tyr-induced responses in the same pattern as the

antisera. The four also varied in their ability to inhibit proliferation.

At plateau levels, antibodies 1-90 and B-22 did not inhibit ABA-Tyr-induced

proliferation as strongly as 3-86 and A-24 antibodies (Table II). Since

this difference could reflect the concomitant stimulation by 1-90 and B-22,

these antibodies were tested for induction of proliferation in the absence

of ABA-Tyr. As shown in Table III, both 1-90 and B-22 stimulated

proliferation of Type I clones. The observed levels of proliferation were

equivalent to the residual levels of proliferation observed when 1-90 and

B-22 were used to inhibit proliferation, suggesting that the degree of

inhibition is tempered by the ability of these anti-clonotypes to induce

proliferation. The clonotypic specificity of our four monoclonals was

further verified by indirect immunofluorescence and flow microfluorometry
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which showed that the antibodies bound only to relevant clones (data not

shown). In other studies, we have found no evidence for the widespread use

of these clonotypic structures by ABA-Tyr-reactive cells from other mice or

bulk cultures. Thus, within the sensitivity of our methods, it appears

that these clonotypes recur at a frequency of less than 5%.

Structural characterization of molecules recognized by the anti

clonotype 3–86. To identify the molecules recognized by monoclonal anti

clonotype 3–86, clonotype positive clone 16-F2 and clonotype negative clone

16–2 were surface labelled with 1251, immunoprecipitated with 3-86 or D-1

(a control IgG2b immunoglobulin), and analyzed by SDS-PAGE under reducing

conditions. Monoclonal 3-86 was chosen because it bound to protein A

Sepharose (similar results have now been obtained using the other anti

clonotypes conjugated to Sepharose l'E). As shown in Fig. 1A, a diffuse

band with a molecular weight of 37-114 kd was found in cell lysates of clone

16-F2 immunoprecipitated with 3-86 antibody (lane b). This band was not

seen in 3-86 immunoprecipitates of clone 16–2 (lane d), and neither was it

seen when cell lysates of either clone were immunoprecipitated with the

Control IgG2b immunoglobulin, D-1 (lane a and c.) When immunoprecipitates

of a second idiotype positive clone, 16–24, were analyzed by SDS-PAGE under

non-reducing conditions (Fig. 1B), a band with molecular weight of 80-85 kd

was observed (lane b). Upon reduction, this molecule migrated as two

subunits (lane e ) with molecular weights (37–44 kd) identical to that

observed with immunoprecipitates of clone 16-F2 (Fig. 1A, lane b). Two

dimensional gel electrophoresis of the immunoprecipitates of another

idiotype positive clone, 16-5F1, demonstrated that the molecule was

composed of two non-identical receptor subunits (Fig. 10 and 1D), with each

showing charge heterogeneity typical of glycoproteins. One of the subunits
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had an acidic plbetween 1.1 - 5.5 while the other subunit had a slightly

basic plbetween 7.5 - 8.5. No inter-clonal charge heterogeneity of the

alpha subunit was found in 2D gel analysis of the heterodimers precipitated

from the original bulk culture (Fig. 10) suggesting that the clones of the

Type I specificity group are derived from a single clone.

Lack of antigen-binding by the antigen receptors of ABA-Tyr-reactive T

cells. To determine if the antigen receptors of clonotype positive T cell

clones bind ABA with appreciable affinity, we attempted to purify the

receptor by affinity chromatography on an ABA-Tyr-coupled matrix. Cell

lysates of *I-labelled clone 16-19 were reacted with ABA-Tyr conjugated

Affigel-10, with PAB-Tyrºconjugated Affigel-10, or with 3-86 Protein A

Sepharose. After reacting 1 hr at *c, the matrices were washed rapidly

and eluted with SDS-sample buffer. The eluates were then analyzed by SDS

PAGE under reducing conditions. As shown in Fig. 2, there was no evidence

of specific receptor binding to ABA-Tyr although receptor binding to anti

clonotype 3-86 was easily demonstrated. We have also looked for antigen

*s-methionine pulse labelledbinding or clonotype positive molecules in

supernatants of Con A or ABA-Tyr stimulated T cells, and while the low

molecular weight molecules reported by others (31,32) were observed, none

of these molecules reacted with ABA or anti-clonotype 3-86 (data not

shown).

Since low affinity antigen receptors may not be amenable to this type

of analysis, we also tested the ABA-Tyr-reactive clones functionally for

apparent antigen binding. Several investigators have shown that

preincubation of hapten-reactive T cells with soluble antigen inhibits

their ability to transfer DTH (33,34) and have proposed that this

inhibition reflects the interaction of the T cell antigen receptors with
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soluble antigen. Because we found that the ABA-Tyr-reactive T cell clones

mediate DTH (13), the effect of soluble antigen preincubation on the

passive transfer of DTH was investigated. As shown in Figure 3,

preincubation of clones 16-F2 or 16-2 with either ABA-Tyr or ABA-BSA had no

effect on the transfer of DTH, even though we were able to inhibit the

passive transfer of DNP-specific DTH by preincubation of DNFB immune lymph

node cells with DNP-lysine as originally reported by Moorhead et al. (33).

The lack of affinity of ABA-Tyr-reactive T cell clones for ABA has been

further confirmed by panning on ABA-KLA" or anti-clonotype coated dishes

and by indirect immunofluorescence (data not shown). Changing either the

time or the temperature of reaction all gave negative results when using

ABA-KLH coated plates and positive results when using anti-clonotype 3-86

coated plates. Thus, within the limitations of the techniques employed,

our ABA-Tyr-reactive cells have no apparent affinity for ABA alone. These

results are consistent with the view that these T cells recognize a complex

between ABA-Tyr and a molecule on the APC.

ABA-specific T cells do not express two germline VH encoded idiotopes
AD

-gº and gº found on the majority of grº positive anti-abs
antibodies. To determine if our ABA-specific T cells share idiotopes with

ABA-specific B cells, we looked for the expression of B cell idiotopes on T

cells by using two monoclonal anti-idiotypic antibodies. These monoclonal

antibodies, AD8 and 5Ci, have well defined specificities; they react with

different idiotopes found on the heavy chains of germline encoded CRI*

positive anti-ABA antibodies (26,27,28, 29, 30). AD8 and 5Ci were employed

in various functional assays and binding assays which are shown above to

detect the expression of idiotopes on T cell surfaces.

Initially, AD8 and 5Ci were used in protocols reported by others which
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test the ability of anti-idiotypes to affect the in vivo function of ABA

specific T cells mediating DTH. Trying a number of approaches, we were

unable to induce ABA-specific DTH, enrich for ABA-specific T cells

mediating DTH, block the elicitation of ABA-specific DTH, or induce

suppressor cells for ABA-specific DTH (35, data not shown). These

uniformly negative results argue that these idiotopes are expressed

infrequently, if at all, by peripheral ABA-specific T cells.

The expression of the two B cell idiotopes on ABA-Tyr-reactive T cells

was further investigated using two assays. The first assay measures the

ability of the monoclonal anti-CRI antibodies to inhibit the ABA-Tyr

induced T cell proliferation. This assay has been shown by others (2, 3, 4,

and above) to be a sensitive assay for anti-receptor antibodies. As shown

in Table IV, the two monoclonal antibodies failed to inhibit the ABA-Tyr

induced proliferation of the 11 T cell clones and 2 T cell lines tested.

The second assay measures the binding of the monoclonal anti-CRI antibodies

to ABA-Tyr-reactive T cells by indirect immunofluorescence and flow

microfluorometry. Again, this assay has been shown by others (1, 2, 3, 1) to

detect anti-receptor antibodies. The two monoclonal antibodies failed to

bind to detectable numbers (e.g. less than 3%) of cells in two ABA-Tyr

reactive T cell lines or in 3 ABA-Tyr-reactive T cell clones under

conditions where anti-clonotypes bound to Type I clones. Furthermore, the

anti-idiotypes bound strongly to the idiotype-positive B cell hybridoma,

36-65 (data not shown). Thus, in these additional tests we were unable to
D8

demonstrate the expression of the two B cell idiotopes, CRI* or cR150i On

ABA-Tyr-reactive T cells.

Monoclonal anti-clonotype antibodies do not cross-react with CRI: Or

cRI* positive anti-ABA antibodies. Although the monoclonal anti-clonotype
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antibodies did not define a major CRI for T cells, it was still possible

that they could be anti-idiotypic for anti-ABA antibodies. Accordingly, we

tested the ability of the anti-clonotypes to bind to the two major ABA

125Ispecific B cell idiotypic families in A/J mice, cRI* and CRI”.

labelled anti-clonotypes were reacted with ABA-Tyr-reactive T cells or with

CRI* and CRI* bearing anti-ABA antibodies in solid-phase binding assays.

The *I-labelled antibodies clearly bound to the idiotype positive clone

16-19 and to rabbit anti-mouse immunoglobulin antibodies; however, they did

not bind to the prototype CRI* antibody, 36-65, or to the prototype CRI*
antibody, 36-60 (Table W). Similarly, the anti-clonotype antibodies did

not bind to two anti-DNP antibodies, the anti-CRI* antibody AD8, the

antigens ABA or TNP, or the idiotype negative clone, 16–2 (Table W). The

absence of ABA binding is an important control, since it is theoetically

possible to inhibit ABA-Tyr-induced proliferation by anti-ABA antibodies.

DISCUSSION

In this report, we have examined the questions of nominal antigen

binding and B cell idiotype expression by ABA-Tyr-reactive T cell lines.

These parameters were investigated because recent studies from this

laboratory suggested that ABA-Tyr-reactive T cells are specific not for

ABA–Tyr alone, but for a complex between ABA–Tyr and molecules expressed by

the antigen presenting cell. This conclusion differs from the findings of

Rao et al. (17) who found ABA binding helper T cells and from Sy et al.

(19) and Miayagawa et al. (20) who found idiotypes associated with ABA

binding antibodies on ABA-specific DTH and helper cells, respectively. In

the latter studies, the expression of a B cell idiotype implies the

presence of an ABA binding receptor on ABA-specific T cells.

The ABA-Tyr system studied in our laboratory differs from the ABA



115

systems studied by other investigators. First, the laboratories have all

used different methods to induce ABA-specific T cells making it possible

that the cells are not specific for the same determinants. Second, there

are methodological differences between the studies. For example, we have

not directly measured ABA binding using radioactive hapten-protein

conjugates and Rao et al. (18) have not reported purification of the

receptor molecules on affinity columns. Thus, it may be that low-affinity

receptors are revealed only by binding to multivalent hapten-protein

conjugates. However, in model studies we have established that anti-ABA

Fab fragments with affinities as low as 2.5 x 10°M will bind to the ABA

conjugated immunosorbents used for the above studies. Additionally,

preliminary immunofluorescence studies sugget that our ABA-Tyr-reactive

clones do not bind ABA-conjugated proteins. This finding is supported by

the inability to inhibit passive DTH transfer by preincubation of the

clones with ABA-BSA and by the inability to adsorb the clones onto plates

coated with ABA-BSA, despite their ready adsorption onto anti-clonotype

Coated plates and the adsorption of low affinity ABA-Specific B cell

hybrids onto ABA coated plates. Thus, it appears that the ABA-Tyr-reactive

clones used in our studies have little or no affinity for ABA itself under

conditions where the heterodimer readily reacts with anti-clonotype

antibodies. Nevertheless, it should be stated that it is still possible

that the heterodimer could bind ABA in circumstances not studied, although

this binding is not revealed under conditions similar to those reported by

others for nominal antigen binding to T cell clones (18,36).

The uniform lack of shared major cross-reactive idiotypes between

ABA-Tyr-reactive clones and ABA-specific B cells was unexpected from

reports in the literature using ABA-specific helper cells (20) and DTH
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cells (19). Although T cells do not use immunoglobulin W genes, it is

still possible for receptors with common specificities to share idiotype.

Nevertheless, since our T cells appear not to bind ABA, the lack of shared

idiotypy is no longer surprising. In our experience, it appears that the

two germline idiotopes cR1A99 and CRI5Ci are not used with any frequency in

ABA-specific T cell responses. All of the many attempts to induce and

inhibit ABA-specific DTH, or to induce ABA-specific or idiotype-specific

Suppressor T cells have failed. If most of the ABA-reactive cells involved

in help and DTH are like those studied above, the expression of these

idiotopes would be unlikely.

This argument should not be generalized to say that T cells and B

cells never share idiotypes. It is still possible that they do, but

sharing is unlikely to be found by comparing T cells and B cells with the

same apparent specificity for nominal antigen. Shared idiotypy between T

cells and B cells should be placed onto a different framework, where

sharing may be best predicted and studied by comparing B cell and T cell W

gene sequences for stretches which are possibly involved as idiotypes. In

this regard, it is interesting to note that one of the original W beta

Sequences from a cytochrome c-specific T cell was partially homologous with

a WH sequence from an ABA-specific B cell (37). It would be interesting to

See if antibodies to this peptide would react with both cell types.

In summary, we have investigated nominal antigen binding and idiotype

expression by ABA-Tyr-reactive T cell clones and have found that under

conditions where the T cell antigen receptors bind to anti-clonotype

antibodies, no ABA binding is found. This finding is further supported by

the lack of functional ABA binding by the cells themselves under conditions

shown to permit such binding. Thus, nominal antigen binding by T cell



117

clones represents a spectrum ranging from clones which bind nominal antigen

such as those studied by Rao et al. ( 18) and Carel et al. (36) to those

studied herein which have no apparent affinity for nominal antigen. What

emerges from these studies is that nominal antigen binding cannot be

predicted from functional data alone; both our clones and the clones of Rao

et al. (17) appear to be ABA-specific, whereas only theirs have a readily

measured affinity for ABA itself.
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FIGURE LEGENDS

Figure 1. Characterization of clonotypic structures by antibody

3–86. Clone 16-F2 or clone 16-2 was labelled with 125 I using

lacto peroxidase, lysed, and reacted with PAS beads coated with either

control immunoglobulin D-1 or anti-clonotype antibody 3–86. The

immunoprecipitates were analyzed by SDS-PAGE (8% gels) or by 2-D gel

electrophoresis. A., Lysates of clone 16-F2 (lanes a and b) or clone 16-2

(lanes c and d)) were reacted with either D-1 (lanes a and c) or 3-86

(lanes b and d), eluted, and analyzed on a reducing gel. B, Lysates of

clone 16–21, were reacted with either D-1 (lanes a and d) or 3-86 (lanes b

and e), eluted, and analyzed on both non-reducing (lanes a, b and c) and

reducing (lanes d, e and f) gels. Molecular weight markers in lane c and f

were: phophorylase B, 92 kd; bovine serum albumin, 68 kg; and ovalbumin, 1.3

kd. C, Lysates of the 16-Bulk line and clone 16-5F1 were reacted with

3–86, eluted, and analyzed by either tube isoelectric focusing followed by

SDS-PAGE (a) or SDS-PAGE followed by flat bed isoelectric focusing (b).

Figure 2. Failure to affinity purify the heterodimer on ABA-Tyr

coupled affinity matrices. Clone 16-F2 was radioiodinated and lysed as

described in the Materials and Methods. Aliquots of lysate corresponding

to 1 x 107 cells were reacted with the following matrices: lane a, PAB

Tyr-Affigel-10 (control antigen); lane b, ABA-Tyr-Affigel-10 (experimental

antigen); or lane c, PAS-3–86. After incubation at l"c for 5 hours, the

matrices were washed and eluted with SDS sample buffer. The eluates were

analyzed on reducing 8% SDS gels. Molecular weight markers (lane d) are

the same as in Figure 1.

Figure 3. Failure to inhibit the passive transfer of ABA-specific DTH

by preincubating ABA-Tyr-reactive clones with ABA. Clones 16-F2
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(experiments 1 and 2) and 16–2 (experiment 2) were incubated with ABA-Tyr

(experiment 1), ABA-BSA (experiment 2), or DNP-BSA (experiment 2) as

described in Materials and Methods prior to transfer into the footpads of

A/J mice challenged with ABA-diazonium the day before. Incubation of DNFB

immune lymph node cells with DNP-BSA prior to transfer into footpads

challenged with DNFB the day before decreased food pad swelling from 43.7 +

3.0 to 33. 1 + 1.6 mm x 10-8 (mean + SEM).
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FIGURE 3
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T cell clones and lines used in this report.

TABLE I

Antigen Reactivity

TRAT BRAT
Clone or Line MHC Restriction KLH ABA-TYR TURK POOKIE

ABA-TYR-REACTIVE

Clones

Type I k
16-1, 16-l., 16-5F1, I-A + + -16-19, 16–24, 16–Fl
16-F2

Type II k
16–2, 16-17 I-A + - +

Type III k16–2, 16-11, I-A + - -

Lines

k
16-Bulk I-A. + + +18-Bulk I-A + - -

k a19-Bulk I-A + N. D. N. D.

KLH-REACTIVE

Clones

k
1-2F2, 3-1C3, I-A. +3-1E9, 3-2E.9, 3-2F7 I-E +

Line

k
KLH Line 1-A* - I-E +

a N. D. = not determined
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Effect of monoclonal anti-cl
the antigen-induced

TABLE II

KLH-reactive T cell clones”.

Clone

ABA–TYR-REACTIVE CLONES
Type I - ID(+)

Antibody Added

onotype antibodies
proliferation of ABA-Tyr- and

On

1-90 3-86 A-21. B-22

# Inhibition of Proliferation*

16-1 96 100 100 86
1.6-l. 73 96 83 50
16-5F1 77 99 9|| 50
16-19 83 99 96 6||
16–21, 65 92 85 l,7
16-F1 63 76 68 l;8
16-F2 90 99 98 80

Type II - ID(-)
16–2 O O 0 2
16-17 7 O 6 5

Type III - ID(-)
16-12 O 11 O O
16-11, O O l, 15

KLH-REACTIVE CLONES
1-2F2 O 0 O O
3-2F7 11 5 O 12
3-1E9 O 0 O O
3-2E9 O 0 O O

l,
*T cell clones or lines (2 x 10

-50-100 pg/ml ABA-Tyr or 50 pg/ml KLH plus 1 x 10° irradiated
A/J spleen cells. After 3 days, the cultures were pulsed with

cells) were cultured with

H-thymidine and harvested 1 day later.

b 25 pil of hybridoma supernatant was added per culture.

** Inhibition of Proliferation=
-incorporation in the presence of antibody)/ (cpm

incorporation in the absence of antibody)) x 100.

(1 - (cpm *H-th



TABLE III

Mitogenic activity of monoclonal anti-clonotype
antibodies on ABA-Tyr- and KLH-reactive T cellclones”.

Antibody Added”
Clone

Control Anti-Clonotype
l,-72 1-90 3-86 A-21. B-22

ABA-TYR-REACTIVE CLONES Stimulation Index"
ID(+) d

16–21, - l!. l. - 3. 1 9.0
16-F2 - 5.5 - 1.5 10.3

ID(-)

KLH-REACTIVE CLONES
3-1C3

- - - - -

3-1E9 - - - - -

6*T cell clones (2x10" cells) were cultured with 1x10
irradiated A/J spleen cells.

b25 pil of hybridoma supernatant was added per culture.

“stimulation Index: cpm *H-thymidine incorporation in the
presence of antibody divided by cpm 'H-thymidine incorporation
in the absence of antibody.

d (-) = values less than 1.5-
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TABLE IV

The monoclonal anti-CRI antibodies, AD8 and 5Ci,
do not affect the antigen-induced proliferation
of ABA-Tyr-reactive T cell clones and linesa.

AFETESãy ATGEat
Clone or Line Normal Rat Ig AD8 5Ci

(cpm 3H-Thymidine Incorporation)
ABA-TYR-REACTIVE CLONES

Type I
16-1 5305 l;987 l,022
1.6-l; 7396 6631, 7217

16-5F1 3839 l, l;29 571, 1
16-19 11231 91.82 93.50
16–21, 2685 3365 21130
16-F1 111851 1256||7 1511 l;1
16-F2 30488 35508 25936

Type II
16-2 2027 3037 2129

16-17 50898 32273 l,2721

Type III
16-12 53155 51270 l,8l. 92
16-11, 321,64 3801.6 36623

ABA-TYR-REACTIVE LINES 51385 l,673016-Bulk 39190
18-Bulk l, 1096 1,2863 1,311.8

ar cell clones or lines (2x10") were cultured with
6 irradiated A/J spleen cells.50-100 /ml ABA-Tyr plus 1x10 rra -

After *■ the cultures were pulsed with 3H-thymidine and
harvested 1 day later •

b5 jug of purified immunoglobulin was added per culture.
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TABLE W

Monoclonal anti-clonotype antibodies do not bind to
the prototype CRIa or CRIC anti-ABA antibodies

-

*1-Antibody Bindinga

Control Anti-Clonotype
D-1 1-90 T3-55 TRIZI. B-22

CLONESb (cpm *PI Antibody Bound)
Id (+)

16-19 101.0 5226 11.68 81.22 11,219
Id (-)

16-2 50 521, 180 28 6l.

ANTIBODIESC

CRI a
36-65 1,95 774 369 391 551,

CRIC
36-60 320 530 3||19 216 21.2

Anti-DNP
MOPC 315 202 567 303 291 219
MOPC l;60 282 723 31, 1 323 273

Anti-CRIa
AD8 591 769 31,8 237 238

Rabbit Anti-MIg 5|| 1 || 8808 7|131 6882 7710

ANTIGENSC

ABA-BSA 202 320 l; 19 263 21.8
TNP-BSA l!96 26l. l,85 121. 126

a 125I-labelled antibody at 1 pg/ml was reacted with various
T cell clones, monoclonal antibodies, or haptenated proteins.
Bound antibody values are the mean of duplicate assays.

bT cell clones were purified by centrifugation on Ficoll
Hypaque gradients • 1 x 106 T cells were used per well.

C.. . - -
ified antibodyMicrotiter wells were coated with puri

- -

(10 jug/ml ) and blocked with BBS containing 104 filtered FCS.

with haptenated proteind
-

ls were coated
-

Microtiter wel BBS containing 10% filtered FCS.(10 pg/ml ) and blocked with
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