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STATEMENT OF THE PROBLEM

Little is known about the "recognition needs" of the
antigen-specific receptor on T-lymphocytes (T-cells) or indeed
whether a single receptor type is sufficient to explain the vast
variety of T-cell activities. An initial goal of this study was to
ascertain the minimum size of the antigen complementary site of the
T-cell receptor. Using one of the smallest known complete antigens,
Azobenzenearsonate- N-chloroacetyl- L-tyrosine (ABA-T, approximately
450 daltons), we wished to ask; "how much of this molecule
contributes to T-cell recognition complementarity"? Unfortunately,
we cannot disect out this recognition step for study since, in
addition to the specificity of T-cell recognition, antigen must also
have present molecular charactoristics, which permit this molecule
to initiate an immune response. This step is normally thought to
involve "examination" or processing of the molecule by a
macrophage-like cell. To pass this initial test, most antigens need
a protein component. Tyrosine, in ABA-T, has been shown to provide
for this "pratein® processing requirement. How tyrosine does
provide for the immunogenicity of the antigen is not known. Two
possibilities are that either a), tyrosine binds Ia antigens on the
surface of antigen-presenting-cells, creating neo-antigens or b),
tyrosine triggers antigen-presenting-cells resulting in an

allosteric shift of Ia antigens into a new conformation. Following



macrophage triggering, these cells release at least one factor,
Interleukin-1 (IL-1). Interleukin-1 provides one of the two
required signals for T helper cell activation. The second signal
for T helper cells, likely results from the occupation of the T
helper cell’s receptor specific for the neo-surface Sstructure on the
macrephage, either Ia/Antigen units or allosterically transformed Ia
antigen. The former hypothesis would require that T cell receptors
recognize tyrosine directly or indirectly at the macrophage surface.
The latter hypothesis would require clones of T-cells specific for
the "active" allosteric state of Ia structure (with no role for
ABA-T at this recognition step). T helper cells turned on at this
time by both signals, IL-1 directly or indirectly at the macrophage
surface, and Ia antigen, would produce and secrete another defined
factor, Interleukin-2 (IL-2). Interleukin-2 is known to stimulate
other populations of T-cells besides the T helper cell that produces
the factor. It is believed that Interleukin-2 Provides one of two
required signals to T effector cells, the cells that ultimately
bring about specific biological function. The second likely signal
that T effector cells must receive is occupation of their antigen
specific receptor by the apprpriate antigen; in this case ABA-T.
Then an effector T-cell would bind the antigen on the surface of the
antigen presenting cell. The size of the T-cell receptor for
antigen on these cells may or may not permit complementarity with
the tyrosine as well as the ABA group. One other possibility is

that soluble antigen, not bound to macrophages, in conjunction with



Interleukin-2, could provide the two signals for T effector cell
activation.

Since different T-cells may employ different receptor "types"
with unique characteristics, we should also ask whether tyrosine is
a part of the recognition unit seen by T-suppressor cells, T
suppressor cells have been shown not to require antigen presenting
cells for their inducement or their expression of suppression.
Indeed, several investigators argue that antigen binding to any
T-cell free of ‘antigen presenting cells, induces clonal deletion or
the induction of suppressor cells. It is interesting to consider,
that if antigen presenting cells are not required for presentation
of antigen to suppressor cells, then the tyrosine may not be
required for either the immunogenicity or specificity of expression
of immune suppresor response. In summary, the goals of this study
were to examine the role that amino acid specificity plays if any,

in both the induction and expression of T-cell function.



INTRODUCTION AND LITERATURE REVIEW

1. THE STILL ELUSIVE T-LYMPHOCYTE ANTIGEN RECEPTOR

In spite of considerable work, identificaton of the T-cell
antigen receptor has met with only partial success. Unlike the
antigen receptor on B-lymphocytes (i.e. surface antibody), the exact
molecular nature of the T-cell receptor is undetermined. Kindred
and Shreffler (1972) provided the first evidence that major
histocompatability products were crucial for at least T-B cell
interactions. Another breakthrough in defining the requirements for
the activation of T-cells came when Rosenthal & Shevach (1973),
Shevach & Rosenthal (1973), Schwartz et al. (1975), and Schwartz &
Paul (1976) demonstrated that T-cell proliferation of immune cells
in vitro requires presentation of antigen by accesory cells from the
same strain of animal. Important to the understanding of antigen
presentation was the finding that presentation of antigen by
macrophages to T-cells was genetically linked to the major
histocompatability complex, i.e. the H-2 complex in the
mouse,.(Benacerraf and Katz, 1975). The first suitable candidates
to be identified as immune response (Ir) gene products, were the
I-region antigens (David et al., 1973, Hauptfeld et al., 1973).
Classic work by Zinkernagel & Doherty (1975) and Klein (1976),

provided evidence that Ia antigens (i.e. Class 11 antigens or



I-region antigens in the mouse) were recognized by T helper cells in
context with the foreign antigen. The demonstration that
macrophages possess surface I-region products, suggested the
possibility that these cells presented foreign antigen in
association with Ia products (Erb & Feldmann, 1975 Kappler &
Marrack, 1976, Sprent, 1978). The finding, that macrophages with
foreign antigen could not induce immune T-cell responses if Ia
antigens were blocked on the macrophage surface with a monoclonal
antibody to the Ia antigen, supported this conclusion (Baxevanis et
al., 1980, Lerner et al., 1980).

Two major theories developed to explain how T-cell antigen
receptors could interact with both foreign antigen and
histocompatability antigens simultaneously on the surface of antigen
presenting cells (Reviewed in Matzinger, P., 1981).

1) The dual recognition theory states that two separate

receptors exist on the T-cell. One of the receptors recognizes the
foreign antigen while the other receptor recognizes the
histocompatability antigen. These two receptors could be coded for
by either the histocompatability antigen gene library or the
antibody gene library (von Boehmer, H. et al., 1978). Others have
suggested that only the foreign antigen receptor is coded for by the
antibody gene library and the H-2 receptor is only coded by the H-2
gene library (Bevan, M.J., l9f7). A modification of the dual
receptor model proposes that there are at least three different

antigen receptors on T-cells (Williamson, A.R., 1980). One of the



receptors is the foreign antigen receptor while each of the other
two receptors bind either self or foreign H-2 antigens. 2) The

altered self receptor theory states that the T-cell receptor is a

single receptor which recognizes the H-2 antigen after its
modification by foreign antigen. For altered H-2 antigen to occur,
it has been necessary to propose that in some fashion,
macrophage-~like cells process and present foreign antigen in
intimate contact with H-2 antigen. Cohn et al. (1978) have argued
against this theory since no good evidence exists to support the
idea that foreign antigen is linked to H-2 antigen.

Many of the T-cell receptor theories use Jerne's model (1971)
to explain how the immune system provides an expanded library to
recognize modified self and possibly foreign antigens as well.
Jerne and his collegues (von Boehmer, et al., 1978) later refined
his original model and proposed that two anti-self receptors are
initially present on the immature T-cells. One type is retained
while the other anti-self receptor type has to undergo rapid
modification in order for the cell to survive tolerance, leading to
the generation of receptors for foreign antigen. A role for
"somatic mutation" in the generation of the T-cell antigen receptor
library has not as yet been documented.

In 1975, Binz and Wigzell (1975a) provided the first suggestive
evidence that T-cell antigen receptors possess antibody idiotypes.
Using anti-idiotype antibody these authors were able to purify the

“T-cell"” antigen receptor (Binz & Wigzell, 1975b, Binz & Wigzell,



1976). With anti-idiotype antibody and the appropriate genetic
analysis, these and other authors were able to provide the first
evidence that T-cells have detectable V-H gene markers, suggesting
T-cells use the B-cell V-H gene library (Rajewsky, et al., 1977,
Cosenza, et al., 1977, Krawinkel, et al., 1977, and Eichmann, 1978).
In addition, several authors have reported that T-cell responses
specific for some antigens, are linked to specific alleles of the
Igh-1 locus which codes for immunoglobulin constant regions. 1In
support of this, Weinberg, et al. (1979) found that mice could be
primed to express delayed hypersensitivity (DTH) with anti-cross
reactive idiotype (CRI) antibody. Secondly, they asked if T-cell
receptor characteristics mimic those of the B-cell. To ask this,
they employed a unique strain of mice which produces antibody that
binds NP haptens better then the NIP hapten cunjugate originally
used to desensitize the animals. This "heteroclitic" response has
been linked to expression of their Igh-lb gene, They then asked if
T-cells displayed a similar "heteroclitic" specificity. Their
finding that T-cells do display a heteroclitic reaction, and that
such reactivity was indeed linked to the Ig gene region, that is the
IgH-1 locus, suggested that T-cells share Ig gene products during
antigen recognition. In a similar finding Jayaraman and Bellone
(1982) found that low levels of anti~idiotype antibody induced DTH
reactivity; whereas, higher levels suppressed DTH reactivity.,
Sugimura et al., (1981) found that anti-T15 idiotypic antibody

blocked both T-effector cells and T-suppressor cells in CBA/N mice



primed to phosphorylcholine (PC). 1In partial support that the
antibody library may be used by T-cells, Forster et al. (1980)
suggested that detectable alterations of DNA sequences adjacent to
the C-mu gene in cloned T-cell lines could be interpreted as
evidence that T-cells use the B-cell V-H gene library.

Owen et al., (1979, 1980, 1981, 1982, & 1983), recently
reported detecting potential allotypic determinants on "constant
regions" of the T-cell receptor (IgT-C region). This research group
argues that these determinants (Tthy, Tind, Tsu, and Tpre) are
present on various T-cell sub-populations, appearing in an ordered
sequence during differation and ontogeny. It is yet to be
established whether these determinants are part of a putative
constant region on T-cell receptors.

However, the evidence that the T-cell antigen receptor shares
the B-cell V-H gene library has been subjected to considerable
criticism, recently reviewed by Jensenius and Williams (1982).
Careful examination reveals no T-cell DNA V-H gene rearrangement
(Kronenberg et al., 1980a, Cayre et al., 1981 & Bleackley et al,
1982) or evidence of T-cell mRNA for either V-L or V-H gene
expression (Kronenberg, 1980b & Kemp et al., 1982). Also, some
"anti-idiotype antibodies" were found to be specific for
cross-reacting carbohydrates, (Layton, J.E., 1980, Mattes, M.J. &
Steiner, L.A., 1978), rather than being directed against the
idiotype. Recently, it was found that what looked to be a promising

candidate for the T-cell receptor, a T-cell hybridoma factor that



bound hapten and was Igh-1 idiotype positive, was later found to be

produced by non-lymphoid cells (Clark, & Capra, 1982).

II. THE REQUIREMENT FOR MACROPHAGE-LIKE CELLS TO PRESENT ANTIGEN

As indicated earlier, foreign antigens are usually presented by
macrophages or macrophage-like cells before T~cells can respond to
these foreign antigens. This event is commonly referred to as the
"processing and presentation" of antigen for T-cells. Hersh and
Harris (1968) demonstrated the need for macrophages to be present
for the elicitation of T-cell proliferation to antigen stimulation.
It was also found by these investigators, that intimate contact
appeared to be required for the elicitation of T-cell proliferation.
Macrophages were shown to play an intimate role in the presentation
of antigen to T-cells by the work of Waldron et al. (1973).
Rosenwasser and Rosenthal (1978) showed that xenogenic macrophages
or fibroblasts could not present antigen to T-cells successfully.
They showed that macrophages from the same species did work as
expected. These findings have been confirmed for several species,
i.e. in guinea pigs (Thomas et al., 1977), mice (Cowing, et al.,
1978, Kramer, et al., 1980), and humans (Hirshberg, H., 1978,
Bergholtz, et al., 1979).

III. REQUIREMENTS FOR SUCCESSFUL PRESENTATION OF ANTIGEN BY



MACROPHAGE TO T-CELLS

A. Genetic restriction:

Genetic restriction refers to the finding that for T-cell /
macrophage interaction to occur, not only must macrophages and
T~cells be from the same species, but they must also be homozygous
at certain loci of the major histocompatability complex. Major work
done by many investigators, both in vivo (Green et al., 1967,
Zinkernagel, 1974, Zinkernagel, et al., 1978, Miller et al., 1975,
and Miller et al., 1976) and in vitro, (Rosenthal and Shevach, 1973,
Shevach and Rosenthal, 1973, Shevach et al., 1972, Thomas and
Shevach, 1976, Thomas, 1978, Erb and Feldmann, 1975, and Yano, et
al., 1977), have shown that T-cell immune responses to proteins or
hapten-conjugated-proteins require I-region homology between the
Presenting macrophage and the responding T-cell. In addition,
T-cell responses are prevented by the addition of antiserum or
monoclonal antibody specific to I-region products both during
primary, (Thomas and Shevach, 1976, Thomas, 1978, Ford, et al.,
1982) and secondary responses, (Baxevanis et al., 1980, Lerner, et
al., 1980, Schwartz, et al., 1976, Schwartz, et al., 1978, Hodes, et

al., 1980, Ford, et al., 1982).

B. Other requirements:



Investigations examining which macrophage types work best in
assisting in immunological responses indicate that small immature
macropages are best for the presentation of antigen (Lee, et al.,
179, Tzehoval, et al, 1981). In addition during antigen
pPresentation, macropages that display both parental Ia antigen
phenotypes work better than macrophages that only display one shared
Ia antigen on their surfaces for secondary responses (Berle and
Thorsby, 1980, Thorsby, et al., 1982, Ford, et al., 1982).
Metabolically active macrophages appear to be required since
metabolically inhibited macrophages worked less efficiently then
metabotically active macrophages in the presentation of antigen
(Ziegler and Unanue, 1981). Considerable evidence supports the
finding that physical contact is required between macrophages and
T-cells during cellular interactions leading to immunological
response (Salvin and Nishio, 1969, Salvin, et al., 1971, Hanifin and
Cline, 1970, Werdelin et al., 1974). Even though T-cells can bind
to macrophages in an antigen-independent manner, (Lipsky and
Rosenthal, 1975, Lipscomb, et al., 1977, Ziegler and Unanue, 1979),
successful, antigen-dependent binding requires that a) the
macrophage present appropriate antigen, and b) the macrophage share
major histocompatability gene products with the immune T-cell
(Lipsky and Rosenthal, 1975, Ziegler and Unanue, 1979, Braendstrupet

al., 1979).



IV. WHAT ANTIGENS INDUCE STRONG T-CELL IMMUNITY?

Studies determining which molecules could work as successful
antigens in the development of cell mediated immunity, indicated
that proteins in most cases play an essential role (Hay, 1979).
Polysaccharides and oligsaccharides are considered to be poor
immunogens of DTH (Gerety, et al., 1970). Schneider and de Weck
(1967) reported success in sensitizing guinea pigs with penicilloyl-
dextran. Gerety, et al. (1970) were successful in inducing and
eliciting DTH response to pneumococcal polysaccharides. When
monosaccharides, disaccharides or oligosaccharides are conjugated to
amino acid polymers or polypeptides, "hapten specific" immunity to
the sugar has been demonstrated (Borek, et al., 1963, Tremaine,
1963). Other material studied for possible T-cell antigens include
lipids. Lipids by themselves are believed to be in most cases non-—
immunogenic (Rapport and Graf, 1969), but when attached to proteins
or small molecular weight antigens, may increase the immunogenicity
of a molecule or even become "haptenic determinants" (Arnon, et al.,
1969, Matterson and Leskowitz, 1977) for antibody production or DTH.
Except for the two first studies above, the molecular requirement of
a protein component in T-cell antigens, suggests that
polysaccharides lack the necessary requirements provided by proteins
for imunogenicity (Borek et al., 1963).

0f great interest to many investigators has been the use of

ic amino acid polymers or proteins that are or are not
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conjugated with defined chemical haptens. The use of haptenated
polymers have been used to define some of the size requirements for
the successful immunogenicity of these molecules. Schlossman et
al., (1965) found using DNP conjugated poly-lysine, that
immunogenicity was lost when less than seven lysine amino acids were
used. Work done by Gell and Benacerraf (1961), Benacerraf and
Levine (1962), Gell and Silverstein, (1962), and Silverstein and
Gell (1962), found that immunizing with hapten modified protein
would lead to a immunodominate response against carrier (i.e.
protein) determinants and not to the haptenic determinant.

Leskowitz (1963) was the first to successfully show immunodominant
T-cell responses to a haptenic determinant. He used
azobenzenearsonate (ABA) conjugated to poly-L-tyrosine, and showed
that the immunological specificity was to the haptenic epitope. Two
years later, Leskowitz (1967) determined that in guinea pigs, ABA-
N-acetyl-L- Tyrosine (ABA-T) could act as a complete antigen
requiring no more than one amino acid for immunogenicity. Because
of the unusual nature of this response, ABA- conjugates of polymers,
proteins, and single amino acids, have been used extensively analyze
the structural components required for immunogenicity.

Much remains undetermined for this system; i.e., "why are
proteins or peptides, and in the special case of the ABA hapten,
single amino acids, necessary for the immunogenicity of most T-cell
responses”"? What role does the amino acid conjugated with haptens

n

Play in the specificity of T-cell responses?
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V. ABA-T AND OTHER ABA- CONJUGATES

1. CARRIER REQIREMENTS

Since 1963 when Leskowitz first described "hapten specific"
responses in guinea pigs sensitized to ABA-poly Tyrosine, interest
in ABA and related molecules has grown. As previously discussed,
most DTH responses are specific to the "carrier" portion of a
hapten-carrier antigen. Finding that ABA conjugated to a number of
poorly immunogenic molecules induced anti- ABA DTH commanded great
interest and study. That these "poorly" immunogenic molecules
provided some essential component to the response, is supported by
the finding that ABA conjugated to a number of D-amino acid polymers
were not immunogenic (Benacerraf, 1963, Leskowitz, et al., 1966,
Jones & Leskowitz, 1966, Collotti & Leskowitz, 1970, Bullock et al.;
1975a). Borek, et al. (1967) reported that ABA~ conjugated D-
amino acid polymers were immunogens, but animals required twice as
long to become sensitized. In other studies with ABA conjugated to
various proteins, investigators found that if ABA was conjugated to
strong immunogenic proteins, the specificity of a DTH response was
primarily directed to the "carrier" determinants (i.e. the protein
was immunodominant), (Jones & Leskowitz, 1965, Schwartz & Leskowitz,
1969, Bullock, et al., 1975b). But if ABA-T was mixed with, but not

linked to an immunodominant protein, strong response were obtained
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to both ABA-T and protein epitopes (Schwartz & Leskowitz, 1969).
However, it was later observed that in fact, a large molecular
weight antigen was unnecessary for this unique molecule. ABA
conjugated with either a single D- amino acid (Leskowitz, et al.,
1966) or ABA conjugated with a single L - amino acid worked well
(Jones & Leskowitz, 1965, Leskowitz, et al., 1966).

Some studies have suggested that polypeptides or single amino
acid "carriers" are not only essential for sensitization, but are
also critical for tolerance induction. Thus, ABA- D- polymers, di-
ABA- N- acetyl tyrosine or heavily conjugated poly- L- tyrosine
failed to induce either immunity or tolerance (Collotti & Leskowitz,
1970, Bullock et al., 1975a). The conclusion of these investigators
was that the carrier dictated how an antigen was manipulated. Most
importantly, these studies failed to indicate whether the carrier
molecule contributed to the specificity or processing of antigen

during the initial steps of tolerance.

2. ROLE OF MACROPHAGE IN PRESENTING ABA-T

As discussed previously, antigen presenting cells in most
cases, are essential for the development of T-cell immunity.
Positive evidence for the requirement of macrophage with ABA-T is
incomplete. However, suggestive evidence indicates that Ia+ antigen
pPresenting cells do play an essential role in the development of

T-cells responding to ABA-T. It was found that modification of
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ABA-T with the addition of increasing lengths of lipid tails,
decreased the immunogenicity of the molecule when studied with an in
vitro DTH assay (Mattern & Leskowitz, 1977). 1In contrast, it was
found that if macrophages from a non-sensitized syngeneic animal
were pulsed with either ABA-T conjugated to a small lipid tail or a
long lipid tail, better stimulation of ABA-T primed T-cells occurred
using the longer tailed molecule. The authors concluded that this
was due to the éreater "stickiness" of the longer molecule. This
suggested that if the antigen could be altered in such a manner that
made it more accessible for macrophage uptake, a stronger state of
sensitization was achieved. Finally, the authors showed that
depletion of macrophages from primed in vitro cultures eliminated
any response to the ABA-T -~ 1ipid conjugates; and, adding back fresh
macrophages restored the response. This result strengthened the
proposal that macrophages are important for the presentation of
ABA-T to immune T-cells.,

Lawn & Leskowitz (1980) showed that Ia+ cells are important for
the expression of immune T-cells. They found that anti- Ia antisera
blocked a secondary responses in vitro by ABA-T primed Lewis rats
lymphocytes. Thus, it appears that the response to ABA-T challenge
in rats requires presentation of antigen in context with Ia antigen.
Recent work by Bhan and Leskowitz (1982) examined differences
between macrophages conjugated with the activated diazonium salt of
ABA vs. pulsing macrophage with the complete, non- reactive molecule

ABA-T. These authors found that although guinea pigs could be
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primed with either ABA-T -pulsed-macrophages or ABA- conjugated-
macrophages, distinct differences were found in the specificity of
DTH response. Only animals primed with ABA- conjugated-macrophages
developed responses when challenged with ABA- conjugated-macrophage.
These animals failed to respond to ABA-T pulsed macrophages and
responded poorly to ABA-insulin challenge. In contrast, when ABA-T
pulsed macrophages were used to prime animals, ABA-T
-pulsed-macrophages elicited strong skin reactions, whereas, ABA-
conjugated macrophages failed to elicite DTH reactions in these
animals. Such animals also responded to ABA-insulin challenge.
When primed with ABA-T/CFA, the animals developed stronger
reactions with ABA-T pulsed-macrophages than when challenged with
ABA- conjugated-macrophages. This work suggests that the use of
conjugated syngeneic cells may expand a ma jority clone of T-cells
responsive to modified histocompatpability determinants rather than

the ABA- amino acid conjugate.

3. IMMUNOGENICITY VS. SPECIFICITY: THE UNANSWERED QUESTION

In studying the specificty of guinea pig response to ABA-
L-polymers, Leskowitz, et al. (1970) found that animals produced
larger DTH skin reactions when challenged with ABA polymers
possessing some of the original sensitizing amino acid. But
responses could also be evoked with polymers that had none of the

original semsitizing amino acids, even though skin reactions were
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smaller. Several laboratories followed up on these initial studies
by synthesizing a variety of ABA-T analogues. They then asked,
"which elements of this small molecule are central to specificity
and which regions or characteristics are essential for recognition
and processing by macrophages, i.e. imunogenicity"? Progressive
elimination of the alpha- amino end of ABA-T showed that elimination
of either the amino or the carboxy group diminished the
immunogenicity of the molecule while elimination of both groups
completely destroyed the molecules immunogenicity (Alkan, et al.,
1972, Bush, et al., 1972, Hanna & Leskowitz, 1973). Removal of the
alpha carbon but retention of both the carboxy and amino groups or
just one, yielded an imunogenic molecule (Alkan et al., 1972). It
was concluded by Alkan, et al. that some "polarity" was required at
the alpha- amino end of the amino acid for immunogenicity. Hanna
and Leskowitz (1973) found that when these modified molecules were
studied as challenging antigens in vitro with ABA-T immune guinea
pig lymph node cultures, molecules lacking the carboxy group were
more efficient in stimulating blastogenesis than molecules lacking
the amino group. These investigators also found that the molecule
lacking both amino and carboxyl groups, failed to elicite any
blastogenic response. It should be noted that the later group
reported that ABA-T, which did not have the blocking acetyl group on
the amino group, was an extremely poor sensitizing antigen and
challenging antigen. This is in contrast with the earlier group of

investigators who routinely used the "acetyl free" ABA-T molecule
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successfully as a sensitizing antigen (Alkan,et al., 1972, Bush, et
al., 1972, Bellone, et al., 1975).

It must be remembered that some of the previous studies in
guinea pigs suggested that the amino acid in these small ABA~ amino
acid conjugates was not only important for the immunogenicity of the
antigen, but may also play some role in the specificity of response.
As mentioned above, animals immunized to ABA- polymers responded
better to challenge when the challenging polymer contained some of
the original amino acids (Leskowitz, et al. 1970). Later work
showed that using an in vitro macrophage inhibition assay (MIF), the
apparent amino acid contribution to specificity of response
increased with time after initial sensitization. These results were
obtained in both the guinea pig and rat model (Jokipii, et al.,
1975a, Jokipii, et al., 1975b). These authors claimed that
initially, the response was dominant for the "hapten" ABA rather
that for the "carrier" amino acid. As time progressed from
immunization, there was a marked increase in MIF when cells were
callenged with the original ABA- amino acid conjugate versus the use
of another ABA- amino acid. A recent Preliminary experiment
reported by Lawn & Leskowitz (1980), indicated that Lewis rat
peritoneal exudate cells could show preferential blastogenic
responses to the original priming ABA~ amino acid antigen rather
than to another ABA- amino acid antigen although, some cross-
reactivity was present.

It must be emphasized that ABA- conjugated proteins present
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both ABA- determinants and neo- Protein determinants resulting froﬁ
conjugation with ABA. Usually neo- protein determinants are immuno-
dominant, This was eloquently demonstrated by Ray and Ben-Sasson
(1979), when these authors showed that animals immunized to ABA-
protein responded to both ABA- conjugated to guinea pig albumin
(GPA) and p-Azobenzoic acid (ABS)~ conjugated to GPA, i.e. similar
neo- antigens but distinct haptens. Whereas, it had previously been
shown that when ABA and ABS on single amino acids were used as the
sensitizing antigens, the animals responded preferentially to
proteins conjugated with the original hapten for the expression of
DTH (Alkan, et al., 1972). Neo- protein determinants are so potent
that when Ray and Ben-Sasson (1979) immuninized guinea pigs with
ABA- conjugated to GPA, a self protein to which they are tolerant,
challenge in vitro with ABA-T induced only poor responses while the
neo- antigens of ABA-GPA or ABS-GPA produced strong responses.
However, when guinea pigs were primed to ABA-T, i.e. no neo- protein
determinants, animals produced only mild responses to the ABA-GPA
but strong responses to free ABA-T. The authors concluded that ABA-
conjugated to the poorly immunogenic protein GPA, generated
determinants uniquely different from the ABA- amino acid determinant
recognized by guinea pig T-cells sensitized with the amino acid
conjugate. These results may explain the results of Bhan §&
Leskowitz (1982) that ABA- conjugate macrophages sensitized
different T-cell clones than did macrophages pulsed with ABA-T,

since conjugated macrophage would have ABA- conjugated to "self"



18

proteins (see above). Thus, ABA-T pulsed-macrophages would present
a different epitope from the epitope presented on macrophage
conjugated with ABA on their surface.

Even though much has been learned by using ABA-~ conjugated
proteins, polypeptides, and single amino acids, there is lack of
knowledge about what the exact antigenic determinants are on these
various molecules. That is, what portions of these various
molecules are important for interacting with the T-cell antigen
receptor? Using single amino acid conjugates should provide some
answers as to what exactly is the antigenic determinant in these
simple molecules. Unanswered questions include what role does the
amino acid play in both the specificity and immunogenicity of these
simple molecules. Do different subpopulations of T-cells rTecognize
the same determinant on these amino acid conjugates, or do different
determinants interact with different T-cell subpopulations? What
role does the amino acid play with different subpopulations of
T-cells? Answering these questions will provide greater insight
into what are the T-cell receptor requirements for the expression of

T-cell functions.

VI. NEUTROPHIL AGGREGATION AND SUPEROXIDE GENERATION: DEVELOPMENT
OF A NEW ASSAY FOR THE DETECTION OF ANTIGEN- INDUCED LYMPHOKINE

RELEASE WITH RATS.
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Two in vitro assays have been used extensively to measure
antigen specific, T-cell mediated immune function: measurement of
antigen-induced blastogenesis by labeled thymidine uptake, believed
to measure T-cell activity (Oppenheim, 1968), and measurem