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ABSTRACT

We have investigated the regulation of T cell responses by peptides
of the variable region of the TCR. We have shown that VB-peptides
can affect T cell responses in vitro. Several VB6-peptides can
partially inhibit the response of VB6+ T cell hybridomas to a
superantigen, Mls-12. The sequences of the inhibitory peptides
delineate the region of the TCR which interacts with Mls-12. This

region was found to be outside the antigen binding site of the TCR.

To determine the effect of VP-peptides on T cell respounses in vivo,
we first characterized the T cell response to VB-peptides in several
strains of mice. We found most VPB-peptides to be immunogenic in
the strains of mice tested. Responsiveness correlated well with
MHC haplotype but not to the Mls phenotypes. Endogenous
superantigens, such as the loci of the Mls system, cause the deletion
of peripheral T cells bearing certain VB gene segments. Thus
expression of a particular VB did not induce tolerance to peptides of
that VB. The T cell response to VB6-peptides was found to be
primarily by CD4+, class II restricted T cells. Several of the VB6-
peptides could also induce antibody responses in BALB/c mice, but
the anti-VB6-peptide antisera could not bind to intact TCR of VB6+
T cell hybridomas. We also observed that one peptide could not
induce an antibody response in spite of a good T cell proliferative

response in vitro. This peptide appears to preferentially induce the



Thl subset of T cells as demonstrated by the production of [I.-2
and IFNy by these T cells.

In vivo, VB-peptides can also down-regulate T cell responses. Pre-
immunization with VpB6-peptides led to a decreased proliferative
response to antigens, Mils-12 and (EYA)s, which stimulate mainly
VB6+ T cells. However, peptides from similar regions of the VB3
gene segment could not protect recipient mice from the transfer of
the T cell mediated autoimmune disease, Type I diabetes. Our
findings are consistent with the proposal that peptides of the
variable segissn ¢f the TCR have a role in the regulation of T cell

responses.
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CHAPTER 1

Introduction

Antigen specific recognition is one of the distinguishing features of
adaptive immunity of vertebrates. The specificity of the immune
response is due to the clonotypic receptors of specialized
lymphocytes, B cells and T cells. The antigen specific receptors of B
cells, immunoglobulins (Ig), which are expressed on the cell surface
and secreted by B cells, can interact with soluble, intact antigen.
The T cell receptor for antigen (TCR), expressed only as a
transmembrane receptor, recognizes peptide fragments of protein
antigen in the context of antigen presenting molecules, the major

histocompatibility (MHC) molecules.

T cell recognition of antigen

Structure of TCR and MHC molecules

The T cell receptor for antigen (TCR) is a clonotypic, disulfide linked
heterodimer (1, 2) non-covalently associated with CD3, a
monomorphic complex of several subunits (3). The transmembrane
neterodimer is composed of o and B (expressed by the majority of
peripheral T cells) or v and & glycoproteins (expressed by a minority
of peripheral T cells, 4). The heterodimer confers both antigen
specificity as well as MHC restriction to the T cell (5, 6). Although

the tertiary structure of the TCR has not been empirically
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determined, it has been inferred by comparison to the X-ray
crystallographic analyses of immunoglobulins, based on the
homology of the TCR to the immunoglobulin molecules of B cells.
Both glycoprotein chains of the TCR heterodimer posses two
characteristic immunoglobulin-like domains formed by intrachain
disulfide bonds: a variable N-terminal domain and a constant C-
terminal domain (7). The variable domain is encoded by one each
of several variable (V), diversity (D, in the cases of B and & chains),
and joining (J) gene segments which recombine with a constant (C)
gene segment to form a complete gene (8, 9). The Ig-domains of
each TCR chain consist of two anti-parallel B-pleated sheets forming
a B barrel. Loops connecting the B strands of the variable domain at
the distal N-terminal of the molecule contain hypervariable regions
of great diversity, which form the antigen binding site and interact

with the antigen-MHC complex (10).

The CD3 complex, which is obligately but non-covalently associated
with the TCR on the cell surface of T cells (3), is composed of
several transmembrane glycosylated proteins: vy, & (not to be
confused with the TCR chains of the same name), two & proteins,
and either a € or a {n disulfide linked dimer (11). The CD3
complex is involved in signal transduction of the T cell upon
activation but is not involved in the recognition of the antigen-MHC

complex per se (12).
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The molecules encoded by the major histocompatibility complex
(MHC) were originally identified as transplantation antigens, blood
group antigens, genes for susceptibility to tumor transplants, and Ia
antigens (13). MHC molecules play a role in cellular interactions of
the immune response by binding antigen (14) and presenting
antigen to T cells. This requirement for recognition of antigen by T
cells, is termed MHC restriction, ie. T cells recognize antigen
presented by APC only when the T cell and the APC share MHC
molecules (15). The MHC is highly polymorphic, being both
multigenic and multiallelic (16); the MHC locus is named H-2 in the
mouse and HLA in the human. Genes of the MHC are classified into
at least three categories: class I and class II molecules, which
present antigen to T cells, and class III molecules, which are serum
proteins and some complement components and are not always
considered to belong to the MHC. The class I loci are K, D, and L in
the mouse (16), and A, B, and C in the human (17). The class II loci
are I-A, I-E, and MaMb in the mouse (16, 18), and DP, DQ, DR, and
DM in the human (17, 19). Class I molecules are composed of a
transmembrane glycoprotein, the o chain, with three extracellular
Ig-like domains, which is non-covalently associated with a smaller
extracellular protein with one Ig-like domain, Bz-microglobulin.
Class II molecules are composed of two transmembrane
gylcoproteins, an a chain and a B chain, both of whichk have twe
extracellular Ig-like domains (13). In general, class I molecules
present intracellular antigen to CD8 positive CTL and class 1II

molecules present extracellular antigen to CD4 positive T helper
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cells (20). CD8 and CD4 are transmembrane invariint molecules
expressed by most T cells. CD8 and CD4 act as co-receptors in
antigen recognition; they associate with an invariant portion of class
I and class II molecules, respectively (21, 22), and are involved in

signalling during activation of T cells (23).

The tertiary structure of class I MHC molecules has been
determined by X-ray crystallography of severa. human class I
molecules (24). The membrane proximal Ig-domain of the « chain,
a3, is associated with Bs-microglobulin, forming a base on which sit
the N-terminal Ig-like domains of the o chain, al and a2. The al
and a2 domains form a unique structure, unlike the usual Ig-
domains, consisting of a B pleated sheet lying underneath two a-
helical segments. A space between the two a-helicies on top of the
B sheet forms a groove, proposed to be the antigen binding site of
class I. Consistent with this hypothesis is the fact that most of the
polymorphic amino acids of the class I molecule important for T cell
recognition are located in or adjacent to the putative antigen
binding groove (25). Also, in the X-ray crystallography analysis,
this groove was found to be occupied by an unknown peptide (24).
To date, the tertiary structure of class II MHC molecules has not
been empirically determined. It is assumed, based on amino acid
sequence homology to class I, that class II molecules have a very

similar structure with the antigen binding groove being formed by

the distal Ig-like domains of the o and B chains.



Antigen processing
As was previously stated, T cells recognize antigen in the form of

small peptides associated with MHC molecules. These peptides are
produced from the degradation of proteins by antigen presenting
cells (APC), a process termed antigen processing. It has been known
for a decade that antigen processing is a time and temperature
dependent process which requires an acidic intracellular
compartment (26), and can include denaturation and proteolytic
cleavage of the native antigen. (27). Antigen processing is a general
termm used to describe what are actually scveral intracellular
mechanisms for producing peptide fragments. There are at least
two major routes for antigen to travel before being presented by
either class I or class II molecules. One major route of processing is
taken by endogenous peptides presented by class I molecules (28,
29). These peptides are generated in the cytosol by a ubiquitin-
dependent multisubunit proteasome, which has several peptidase
activities at neutral pH. It may be that proteasomes are a class of
enzymatic structures, one of which, the low-molecular-weight-
proteins (LMP) (30), specializes in providing peptides to class I MHC
molecules for presentation (31, 32). Several of the genes coding for
subunits of LMP have been cloned and mapped to within the MHC
in human (33) and in mouse (32). Peptides are then translocated
across the endoplasmic reticular membrane by peptide
transporiers. Two genes coding for peptide transporters were
originally identified by cloning and sequencing previously

unsequenced regions within the MHC gene complex (34). They



share sequence homology to the ATP-binding cassette (ABCQ)
superfamily of transporters (34). Transfection of these genes into
mutant cell lines can restore class I expression and antigen
presentation of viral antigens to T cells (35, 36). The two proteins
likely form a heterodimer, which is located in the endoplasmic
reticular membrane (37). Together, the structural and functional
data are comsistent with the proposed role of these proteins as
transporters of peptides to class I MHC. Although the above
described route of cytoplasmic proteins is probably the major
source of peptides for presentation by class I molecules, a second
source of peptides has been recently suggested. Signal peptides,
cleaved from newly synthesized transmembrane and secreted
proteins, have been extracted from class I molecules of a mutant
cell line lacking functional peptide transporters (38, 39). Since
signal peptides have been observed on cells with no defect in
transporter genes (40), it is possible that signal peptides are a

source of peptides even in "normal" cells.

Peptides derived from endogenously synthesized proteins, associate
with the a-chain and B2-microglobulin. In fact, peptide association
with class I may be necessary for the expression of a stable class I
molecule on the cell surface (41). Inhibitors of protein synthesis
can inhibit class I presentation of antigen, indicating newly
synthesized class I molecules associate with antigen (41). Also,
brefeldin A (BFA), which inhibits transport of molecuies into the

cis-Golgi, also inhibits antigen presentation by class I molecules
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(42), indicating that antigen association to MHC molecules occurs in
the endoplasmic reticulum (ER) or pre-Golgi compartment. From
the ER, class I-peptide complexes traffic through the Golgi

apparatus to the cell surface, as do most transmembrane molecules
(41). In addition, antigen processing may take place on the cell
surface by a serum protease, angiotensin-converting enzyme (ACE)
(43). The peptide generated at the cell surface may occupy "empty"
class I molecules or displace resident peptides from the binding

groove of the class I molecules (44).

The second major route of antigen processing involves the
degradavicn of ©xegencus proteins in an acidic compartment for
presentation by class II molecules (28, 45). Exogenous antigen is
endocytosed by specialized APC and undergoes proteolysis en route
to the lysosomal compartment. As quickly as two minutes after
endocytosis, antigen, class Il, proteolytic enzymes and the invariant
chain (Ii) can be observed in an early endosomal compartment (46).
Other studies have shown antigen encounters class II molecules in a
specialized late endosomal compartment (47). In either case, class
I molecules are directed from the constitutive secretory pathway
and enter the endocytic pathway. Because cyclohexamide and BFA
can both inhibit antigen presentation by class II molecules (48), it
has been concluded that newly synthesized class II molecules bind
to peptides in this compartment. Further support for this
conclusion is the finding that antigen associates with class II

molecules which are inaccessible to neuraminidase ireatment, ie.
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nascent molecules (49). In this case, Ii may play an active role in
directing the intracellular route taken by nascent class II molecules
and in peptide binding. It is also possible that class II molecules
can be recycled from the "ace to the endocytic compartment
where they exchange peptides (46) and that peptides derived from

endogenous proteins may be presented by class II molecules (50,
51).

The peptides generated by antigen processing have been identified
by using synthetic peptides to stimulate cloned T cells. In studies
attempting to identify the minimum sequence necessary to induce
immune responses (52), or stimulate cloned T cells (53, 54), the
smailest peptide required varied from 7 to 15 amino acids. In
morc recent studies, the sequences of mnaturally processed peptides
eluted from class I and class II molecules have been determined.
Peptides eluted from class I molecules are 8 to 12 amino acids in
length (40, 55, 56) and are shorter than those eluted from class II
molecules, which vary from 12 to 17 amino acids long (57). In
some cases a sequence motif could be identified from peptides
binding to a particular class I or class II molecule, indicating that
certain residues are important in peptide binding to the MHC

antigen binding groove (56 - 58).

It has been proposed that the peptide in the antigen binding groove

of the MHC molecule assumes an «-helical conformation (59, 60),

but this model is not applicable to all peptides (61). The X-ray
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crystallography pattern of the electron dense mass in the binding
groove of one class I molecule is consistent with a nonomeric
peptide in an extended conformation (62), however it is likely that
the secondary structure assumed by the peptide is variable and is
dependent on both the peptide sequence and the MHC molecule

which binds the peptide.

Interaction of TCR, MHC, and antigen

As stated in a previous section, the antigen binding site of the TCR
is comprised of the three distal loops of the [B-barrel formed by the
variable domains of the o and B chains. These loops correspond to
highly variable complementarity determining regions, CDR1, CDR2,
and CDR3. How these regions interact with antigen and MHC
molecules has been a highly debatable topic. Various models have
been proposed involving specific interactions between one chain or
the other of the TCR and antigen and/or the MHC molecule (63).
The most recent model proposed (64, 65) incorporates several
aspects of the TCR-MHC-peptide interaction. In this model, peptide
binds to the groove with specific residues interacting with the MHC
molecule or the TCR, CDR1 and CDR2 of both the a and B chains
interact with the a-helical regions of the antigen binding groove on
the MHC molecule, and CDR3 of both the o and B chains interact
with the peptide. Recent evidence from several studies favors this
model of TCR-antigen-MHC interaction. In one study, mice

transgenic for either the o or the B chain of a particular TCR

heterodimer were immunized with substituted peptides of the
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antigen recognized by that TCR (66). Then the endogenous o« and B
chains of the responding T cells were sequenced to identify specific
residues which interact with the peptide residues. The most
important residues for peptide interaction were located in the CDR3
loops of the o and B chains. In another study, T cell hybridomas
were transfected with the wild-type B chain and specifically
mutated o chains of a TCR (different from the one used in the
previous study). Again, a substitution to the CDR3 of the o chain
greatly altered the pattern of antigen recognition, consistent with
the model that CDR3 contacts peptide (67). Also, in a fine
specificity analysis of T cell clones, differences in antigen
recognition were associated with sequences of the CDR3 in the «
and B chains of the different TCRs (68). Thus, the CDR loops of the

TCR have specific roles in antigen recognition and MHC restriction.

The affinity of this tertiary interaction has not been measured
directly, but two independent studies have attempted to measure
the affinity of the TCR for antigen and MHC molecules indirectly,
and have arrived at similar conclusions; this interaction is very
weak compared to antibody binding to specific ligands. In one
study, soluble peptide-MHC complexes were used to compete with a
specific monoclonal antibody for binding to the TCR (69). The
affinity of the peptide-MHC complex for the TCR was estimated to
have a Kq of 6 x 10-°> M, by using the affinity of the antibody for
the TCR. In another study, soluble TCR was used to inhibit antigen-

specific activation of T cell hybridomas (70). Comparing the
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concentration of soluble TCR to that of antibody to MHC needed for
50% inhibition, the affinity of the TCR for the peptide-MHC complex
was estimated to have a Kq of 5 x 166 M. Both estimates are much
lower than the range of Kd for antibody binding to soluble antigen
(10-8 to 10-10 M) (69). This low affinity of the TCR for the peptide-
MHC compiex implies that this interaction must contribute little to
the adhesion reactions between T cells and APC, but this interaction

is still the required event for activation of the T cell (71).

T cell recognition of superantigen

Definition of Superantigen

Supcerantigens are antigens which can stimulate a large fraction of T
cells based on the TCR VP usage. The superantigens endogenous to
mice were identified almost two decades ago by the observation
that a strong primary mixed lymphocyte reaction (MLR) could be
obtained between some pairs of mouse strains which had the same
MHC haplotype (72). The antigens responsible for this stimulation
were termed minor lymphocyte stimulating (Mls) determinants.
Originally four Mls types were identified, but another rather
confusing classification system has been developed based on the
strength of stimulation in MLR assays among several strains of mice
(73). In the newest system, the Mls phenotype is described by the

genotype at three loci, named 1, 2, and 3, each with an "a" and a "b"



allele (74). Other endogenous superantigens have been identified

which are not part of the Mls system (75, 76).

The strong stimulation in MLR between Mls disparate strains is due
to the ability of Mls determinants to stimulate all T cells bearing a
particular VB. The link between TCR VB use and reactivity was first
identified between VB6 and Mils-12 (77), but many more examples
have been established between other VBs and endogenous
superantigens (77 - 81). Mouse strains carrying the stimulatory
alleles of Mls loci do not have T cells bearing the appropriate VB in

the peripheral spleen or lymph nodes (75, 77, 82).

The exogenous superantigens are bacterial products, such as
Staphylococcal enterotoxins (SE), toxic shock syndrome toxin 1
(TSST-1) (83), and Mycoplasma arthritidis (MAM) (84), which share
the mitogenic activity of Mls in that SE, TSST-1 and MAM stimulate
T cells bearing a particular VB. For example, SEB stimulates murine
T cells bearing VB3, VB7, VB8, or VB17, whereas MAM stimulates T
cells bearing VB6, or VB8 (85). While the bacterial superantigens
have been easily isolatable and identifiable proteins, Mls
determinants and other endogenous superantigens have been
elusive since their discovery (74). The putative genes encoding for
some endogenous superantigens may be gene(s) of mouse
mammary tumour viruses (Mtv) (86). This suggestion is based on
strong correlations between expression of a particular Mtv-provirus

and an endogenous superantigen. Transfection of the gene encoded
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in the open reading frame of the 3' long terminal repeat of Mtv-2
(87) or of the milk borne C3H Mtv (88) resulted in the clonal
deletion or in vitro stimulation of the appropriate T cell subset,

respectively.

Superantigens differ from peptide antigens in many aspects. First,
both the endogenous and exogenous superantigens do not exhibit
the classical MHC restricted recognition of peptide antigens.
Although class II molecules act as receptors for SE (89) and anti-
class II antibodies can block stimulation of T cells by Mils or SE,
most MHC haplotypes can present Mls or SE regardless of the MHC
haplotype of the responding T cell (74, 83). In spite of the
involvement of class II molecules, CD4 and CD8 are not necessary
for the interaction between superantigens and T cells. CD4 negative
CD8 positive (CD4-CD8+) T cells bearing TCR VB6 or VB8, can

respond to Mls-12 (90, 91), and CD4- T cell hybridomas with TCR
VB8.1 are able to respond to SEA, SEB, or TSST-1 (92). Lastly, SE do
not require processing for recognition by T cells (93), which is

related to the manner of interaction between superantigens and
TCR.

Interaction _of TCR, MHC, and_superantigen

An integral part of superantigens is their ability to stimulate most T
cells based on TCR VB usage. Unlike that for peptide antigens,
specificity for Mils-12 can be transferred between T cell hybridomas

with the B chain of the TCR only (94). Also, direct binding of SEA to
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B chains of the TCR has been demonstrated (95, 96). This implies
that superantigens interact only with the VB portion of the TCR.
The site of interaction of the TCR VB with Mls-12 and SEC has been
identified by various means. Transfection of a chimeric B chain
containing residues from position 67 to 77 of a TCR VB able to
recognize SEC conferred recognition of SEC to the recipient T cell
hybridoma (97). Site specific mutagenesis of TCR VB8.2 identified
residues at positions 22, 70, and 71 as being important in
recognition of Mls-12 (98, 99). Peptides corresponding to amino
acids 1 tc 20 or 58 to 75 of TCR VB6 inhibited the recognition of
Mils-12 by VB6 bearing T cell hybridomas (Chapter 2, 100). All
studies show that a region on the B-pleated sheet of VB, which is
exposed to solvent and away from MHC-peptide or Va interactions,
binds to superantigen. The site of interaction between class II
molecules and superantigens has been demonstrated for only SE
and TSST-1, not for any of the endogenous superantigens. Peptides
of the I-ABd chain corresponding to the o-helix of the antigen
binding groove blocked enterotoxin binding to class il molecules
(83), and site directed mutagenesis of the o chain identified specific
residues of the a-helix which were important in binding of SEA,
specifically those residues which face outward away from the cleft
of the antigen binding groove (101). TSST-1 also binds to the o-
helix of the a and B chains of class II molecules (102). These
results demonstrate that superantigens do not contact CDR3 of the

TCR and enterotoxins do not bind MHC in the antigen binding

groove.
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Thymic selection

Stem cells from the bone marrow colonize the embryonic thymus
and continue to do so throughout adult life (103). Stem cells
entering the thymus bear few identified markers, but during
ontogeny express CD4, CD8, then CD3 and TCR, as well as other
differentiation molecules on the cell surface (104). Most of the T
cells which exit from the thymus, loose expression of either CD4 or
CD8 based on the specificity of the TCR, and expression of either
determines restriction to class II or class I MHC molecules. These
mature T cells have been positively selected for restriction to self
MHC and negatively selected for tolerance to all self molecules.
Although immature T cells bearing Y8 TCR develop in the fetal
thymus before af-expressing T cells (104), much of the work on
positive and negative selection has been done with af-expressing T

cells.

Positive Selection

The earliest demonstration of positive selection was the observation
that MHC restriction was "learned" rather than genetically
determined. The experiments demonstrating "learning” of MHC
restriction involved irradiation bone marrow chimeras, in which T
cell depleted-bonre marrow cells of (P1 x P2)F1 progeny were
injected into irradiated hosts of either parental strain. The F1 T
cells acquire the MHC restriction of the host parental strain, not that

of the F1 or second parental strain (105, 106). These results were
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consistent with the selection of F1 T cells which were capable of
recognizing antigen presented by the host type MHC molecules.
Subsequent experiments using thymectomized mice, indicated that
the MHC type expressed by the thymus determines the restriction
of the T cells (107, 108). These experiments have the disadvantages
that in vivo priming is required to determine MHC restriction, and
that the lymphocytes are never 100% of donor origin. However,
other studies have shown that positive selection by MHC molecules

is required for normal thymocyte development.

Anti-class II monoclonal antibody (MAb) administered neonatally,
prevents the development of CD4+8- T cells (109) but not CD4-8+
(110). Similarly, injection of anti-class I MAb from birth prevents
the development of CD4-8+ T cells (111). In addition, mice which
lack the expression of any class I molecules, also lack CD4-8+ T cells
(156), and mice, which lack class II molecules, have greatly reduced

levels of CD4+8- T cells compared to normal mice (i13, 114).

Other studies have also overcome the drawbacks of the chimers.
studies using as tools, transgenic mice and clonotypic antibodies for
TCRs of known specificity. Mice transgenic for a rearranged TCR B
chain lacking the VP region, lacked aB+ thymocytes, and CD4+8- and
CD4-8+ thymocytes, confirming that positive selection by MHC
interaction with TCR is required for normal development (115). In
Mls-1> mice which express I-E of the k or d haplotype, the
frequency of VB6+ T cells is higher than that of mice lacking I-E.
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This has been interpreted to mean that, in the absence of Mls-1a,
which is preferentially presented by I-Ek or I-Ed, the VB6+ TCR
retains some affinity for I-E alone and is positively selected to a
greater degree than in mice lacking I-E (116). Similarly, the
frequency of VB17a*+ T cells is higher in mice of the H-24 haplotype
than that of mice of H-2b. Since the frequency of VB17a+ T cells in
(g x b)F1 mice is also elevated, negative selection could not be the
cause of the reduced frequency of VB17a+ T cells in H-2b mice,
therefore positive selection is likely to account for the elevated
frequency of VB17at T cells in H-29 and the F1 mice (117). Mice
transgenic for a TCR specific for cytochrome c¢ (cyt c¢) and I-Ek, have
elevated CD4+ T cells only when the mice express I-Ek (118). Mice
of the H-2b haplotype, which are transgenic for the same TCR, have
elevated levels of CD4+8+ thymocytes but few CD4+8- T cells,
further supporting the requirement for positive selection in T cell
development (119). Similarly, mature CD8+ T cells develop in
female mice transgenic for a TCR specific for the male (H-Y) antigen

and Db, only if the mice express the D molecule (120).

Although it has been established that the thymus is the most
important site of positive selection during T cell development, there
has been some debate over the origin of the thymocytes which
control positive selection. There is much evidence to support
radiation-resistant, epithelial cells of the thymus in imposing MHC
restriction (106 - 108). Others contend that radiation-resistant,

resident bone marrow cells of the thymus confer MHC restriction,
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and that if these cells are rigorously removed with high levels of
irradiation or pre-treatment of thymus grafts, T cells of bone
marrow chimeras will acquire MHC restriction to the bone marrow
donor haplotype (121). This cebate appeared at a stand-still until
the new technique of gene transfer was used to re-address this
question. By using different promoters in construction of
transgenes of the Ea chain, transgenic mice expressing I-E in
different tissues have been generated (122). Positive selection of
VB6+ T cells occurred only in those transgenic mice in which I-E
was expressed on the cortical epithelial cells of the thymus (123).
The only caveat to these studies is that low levels of I-E, which are
undetectable by immunohistology, may be expressed by other cells
of the thymus. The possible mechanism of positive selection will be
discussed together with that of negative selection in the following

section.

Negative Selection

Negative selection, together with loss due to incorrectly rearranged
TCR genes, is thought to account for the apparently vast cell death
of immature T cells which occurs in the thymus during ontogeny
(124). There is much evidence that negative selection in the
thymus occurs via clonal deletion of self-reactive T cells. As
previously mentioned, mice expressing endogenous superantigens
(77, 82, 125) or mice injected neonatally with enterotoxin (126)

delete T cells expressing the reactive VB. Mice expressing I-Ek
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delete VB17at+ T cells (75); VB17a+ T cells from I-E- mice are
stimulated by I-Ek and EakEBS in the absence of antigen (80).
Interestingly, injection of anti-CD4 MADb blocked deletion of not
only the CD4+, but also the CD8+ T cells (127, 128). In male mice
transgenic for the TCR specific for H-Y antigen and DY, there are
very few CD4+8+ thymocytes (129), as well as fewer CD4+ T cells in
the lymph nodes. These results indicate that deletion of the
developing T celis occurs when the immature T cells express both
CD4 and CD8. As with positive selection, negative selection occurs
only in the presence of the restricting MHC molecule (130). These
results are consistent with above findings that deletion occurs at
the CD4+8+ stage of T cell development, and requires interaction of
the MHC ruolecule with the TCR. Recently, the demonstration of
negative selection has been extended to yd+ T cells specific for the

Tla class I molecule (131).

The site of deletion in the thymus is most likely to occur in the
cortico-medullary junction, since VB6+ T cells are found in the
cortex but not the medulla of Mis-12 mice (132). Again, it is
unclear which cell type is responsible for clonal deletion. Bone
marrow derived cells in the thymus can induce deletion of
autoreactive T cells (130, 133). Transgenic mice which express I-Ek
only on epithelial cells of the thymus, have been reported to delete
VB17a*t T cells (122). On the other hand, bone marrow chimeras or
thymus engrafted mice do not delete T cells reactive to

autoantigens expressed only by the thymic epithelium (134 - 136).



The mechanism of negative selection appears to be the induction of
apoptosis. Several studies show that signalling through the TCR of
immature thymocytes (expressing low levels of CD3) by either
exposure to anti-CD3 MADb (137) or antigen (138 - 140) can induce
the immature thymocytes to die by apoptosis. This supports the
"affinity model” of selection in which an immature T cell bearing a
TCR with a strong affinity for self antigen will be deleted when it
encounters that self antigen (141). In the affinity model, positive
selection is the rescue from cell death of those immature T cells

which have some (but not too strong) affinity for self-MHC

molecules (141).

Rather than different affinities for self-MHC by the TCR resulting in
positive and negative selection, it has been suggested that MHC
molecules on selecting cells in the thymus are different from the
MHC molecules in the peripheral tissues. Novel MHC molecules
(142) and epitopes (143) have been observed in the medulla of the
thymus. In a variation of the same theme, it has been suggested
that the self-peptide bound to the MHC molecule in the thymus is
novel. There is some evidence to suggest that thymic epithelial
cells differ in processing and presentation of antigen (144).
Consistent with this is the observation that radiation bone marrow
chimeras (Kb x Kbm3)F1 .> Kbm3, in which Kbm3 differs from Kb only
by a few residues in the antigen binding groove, were unable to

positively select for T cells able to respond to ovalbumin and Kb
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(145), in spite of the presence of Kb expressing APC in the
periphery. However, it has also been shown that only medullary,
not cortical, epithelial cells can act as antigen presenting cells (146),
unless interleukin-1B is added to the cell culture (147). While
there is extensive evidence for positive and negative selection of
the T cell repertoire, little is known about the mechanisms by

which these processes occur.

Tolerance

Tolerance is the absence of reactivity or immune response to self
molecules by both T cells and B cells. In the case of T cells, the TCR
can recognize antigen in association with self MHC molecules, but
under normal physiological conditions in the absence of antigen,
there is no recognition of the self MHC molecules by the T cells.
Tolerance also extends, for the most part, to self molecules other
than MHC. Tolerance is established in part during negative
selection, however, extrathymic induction of tolerance has been
demonstrated with transgenic mice which express class I (148) or
class II (149) MHC molecules on a variety of tissues other than the
thymus. All of these transgenic mice are tolerant in that no
lymphocytic infiltration can be detected in any tissue examined.
Usually the transgenic mice are tolerant as measured by in vitro

assays or acceptance of skin grafts (148, 149). Tolerance can be



established by clonal deletion, anergy, or suppression of the

autoreactive cell.

Extrathymic deletion

The deletion of immature thymocytes has been discussed in the
previous section, and clonal deletion of B cells (150) is beyond the
scope of this thesis. Clonal deletion of T cells may also occur in the
periphery. Mils-12 mice, treated from birth with anti-class II MADb
to block deletion of VB6+ T cells, gradually loose VB6+ T cells from
the periphery once the antibody treatment is terminated and the
thymus removed (151). Injection of Mils-12 spleen cells into
thymectomized Mils-1b recipients causes an initial expansion of
VB6+ T cells in the lymph nodes, followed by a reduction in
frequency of VB6+ T cells (152). Similarly, cells from mice
transgenic for H-Y antigen and Db injected into male nude
recipients, initially expand in the periphery, but by 2 months rpost-
injection, are greatly reduced in frequency. When the remaining
transgenic TCR* T cells are examined, they have reduced levels of
TCR and CD8 (153). These cells appear similar to the CD8lo T cells
bearing the transgenic TCR (specific for H-Y and DP) present in the
periphery of males (154). It appears that when mature T cells
encounter superantigen in the periphery, the initial proliferative
response is followed by deletion and anergy, induced by down-

regulation of TCR on the remaining T cells.



23

Anergy

Anergy is the non-responsiveness of T cells; the cells express TCR
capable of recognizing the self molecule but lack the capacity to be
activated. Both extrathymic and thymic induction of anergy has
been demonstrated in many different systems of tolerance
induction in B cells (150) and T cells, but I will review only the
work concerning T cell tolerance. Intravenous injection of Mils-12
spleen cells into Mls-1b recipients may not induce clonal deletion,
but the VB6+ T cells in such treated mice cannot proliferate in
response to Mls-12 stimulating cells or to exogenous IL-2 (155,
156). In other systems, neonatally thymectomized Mils-12 mice and
Mls-1b -> Mis-12 chimeras have VB6+ T cells which do not
proliferate in response to Mls-12 stimulating cells or anti-TCR MAb
(133, 135). Also, Mis-12 mice transgenic for a TCR B chain with

V B8.1, which imparts reactivity to Mls-13, had a large frequency of
CD4+VB8.1* T cells in the periphery which were unresponsive to
anti-CD3 MAD as well as Mls-12 and SEB (157). Similarly to Mis-12
expressing cells, enterotoxins can induce tolerance when high doses
are injected intravenously. One week after injection, CD4+V B8+ T
cells are present at normal frequency among splenocytes, but are
unable to proliferate in response to SEB or exogenous interleukin-2
(158, 159). In this case, anergy may be induced by the binding of
SEB to the TCR in the absence of class II molecules (96); this is

consistent with the two-signal hypothesis of cell activation.
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The two-signal hypothesis states that cells require two signals for
full activation, and receiving only one signal results in paralysis
(160). Since its original conception, the theory has been extended
to specifically include T cells and cytokines (161). There is some
indirect evidence from in vitro experiments to support the theory.
Anergy can be induced in T cell clones by exposing them to (1)
antigen presented by either (a) APC, which have been treated by
chemical fixation, or (b) a planar membrane system which includes
MHC molecules, or (2) anti-CD3 Ab immobilized on the cuiture dish
(162a), or (3) a T cell mitogen, concanavalin A, in the absence of
APC (161). In all of these cases, T cell lines or clones could not be
stimulated subsequently by antigen and normal APC. It is
presumed that each of the above culture conditions cannot provide
both signals to the reactive T cells, because cytokine or some cell
surface molecule is lacking. Although this mechanism may have a
role to play in some forms of tolerance, it cannot be the only
mechanism since this hypothesis cannot explain the initial
transitory activation which has been observed to precede anergy in

some systems (78).

Suppression

Although clonal deletion and anergy can account for tolerance in
the systems described above, these theories cannot explain
observations made in other experimental systems. For exampie,
neonatal thymectomy leads to a variety of autoimmune disorders,

however the development of the disorders can be prevented by
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injection of CD4+ spleen cells from normal syngeneic animals (162).
Also, H-2b mice do not respond to pork insulin, as measured by
antibody production, but elimination of CD8+ T cells from
responding mice before immunization leads to the production of
anti-pork insulin antibodies (163). Similarly, depleting CD8+ T cells
from the responding population of splenocytes increases their
proliferation in a syngeneic MLR (in which irradiated, stimulating
cells are genetically identical to the responding cells, 164). There
are also several other examples of pre-immunization with antigen,
either by a different route or in an altered form, which prevents
the usual response to the antigen, measured as antibody production
or cytolytic killing of target cells (165, 166). These results imply
that suppression is acting on cells which would otherwise respond
to the antigen. Suppression can be demonstrated by the transfer of
unresponsiveness to either naive animals or ir vitro assays.
Splenocytes from tolerized animals injected into naive animals can
render the recipients specifically tolerant to the original antigen

(167, 168)

Many other studies (which will not be discussed here) have
examined the specificity and restrictions of the suppressor cells
involved, the results of which have led to the proposal of a complex
cascade of suppressor inducer, suppressor transducer, suppressor
effector T cells and soluble suppressor factors, with differing
restrictions and specificities, required to generate suppression

(169). Recently, a simpler model has been proposed based on



functional subsets of CD4+ and CD8+ T cells (170). The
distinguishing features of this model are that CD8+ T cells can be
classified into Type 1 and Type 2 cells based on their pattern of
lymphokines secreted, that suppressor cells differ from the other
functional subsets of T cells by having specificities for idiotypes of
other TCR, and that suppressor factors may be shed TCR molecules
and secreted lymphokines. Common to both models is the anti-
idiotypic specificity of suppressor cells; there are many examples of
suppressor cells with anti-idiotypic specificities (171 - 173). For
example, autoreactive T cells, activated in a syngeneic MLR, can
induce suppression in recipient rats and mice when injected into
the hind footpads. Splenocytes from the recipients do not
proliferate in a syngeneic MLR, and inhibit the proliferation of
spienocytes from naive animals in syngeneic MLR (174). Also, CDS8+
suppressor T cells can be generated by co-culture with CD4+ T
clones specific for allogeneic MHC molecules. These suppressor cells
proliferate in response to the CD4* T cells not the allogeneic MHC
molecules (175). Similarly, a suppressor T cell line, isolated from
mice made tolerant to bovine serum albumin (BSA), inhibits
proliferation of T cell lines in response to BSA by lysing the BSA
specific T cells (176). CD8+ suppressor T cells can be isolated from
rats immunized with a CD4+ T cell line specific for myelin basic
protein (MBP), which can induce experimental autoimmune
encephalomyelitis (EAE). The CD8+ suppressor cells proliferate in
response to and specifically lyse the MBP specific T cell line, not

other CD4+ T cells of different specificities, and can inhibit the
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induction of EAE by co-injection with the MBP specific T cells (177).
A suppressor T cell clone generated in a similar manner, blocks the
proliferation of another MBP specific T cell clone in response to
MBP (178). In an extension of these studies, rats were immunized,
not with T cells, but with a peptide, the sequence of which
corresponds to the CDR2 region of the TCR expressed by the MBP
specific T cells. These immunized rats are protected from induction
of EAE (179 - 181). The T cells specific for the TCR-peptide
proliferate in response to the TCR-peptide as well as to the MBP
specific T cell line. The TCR-peptide specific T cells do not exhibit
suppressive activity in vitro, but can inhibit the induction of EAE by

injection of MBP (181).

Thus, it appears that antigen-specific T cells can themselves be
recognized by suppressor cells. It has been suggested that
presentation of peptide fragments of the TCR by T cells to
suppressor cells may lead to down-regulation of the presenting T
cells (182). Immunizing rats with a TCR-peptide to generate T cells
able to proliferate in response to other T cells bearing that TCR and
inhibit in vivo function, supports this idea (181). There is also
direct evidence that activated human T cells (which bear class II
and class I MHC molecules) can present antigen to class II restricted
T cells (183). It is an obvious extension for T cells to present
endogenously synthesized TCR on class I MHC molecules.

Suppression, then, can be demonstrated in many systems of
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tolerance induction, and in some cases, the TCR may be the specific

antigen recognized by the suppressor T cells.

Autoimmunity

Recognition of self peptides

In spite of the many mechanisms to ensure tolerance to self
molecules, recognition of self and destruction of tissues may still
occur. Autoimmunity, then, results in the absence of tolerance.
MHC molecules do not distinguish between self and foreign
peptides. Self peptides can comisete for binding to class I and class
II MHC molecules with foreign peptides. This has been
demonstrated for peptides of murine cytochrome ¢ (184), murine
lysozyme (185, 186), rat MBP (187), murine class I and class II
molecules (188, 189). These self-peptide-MHC complexes are
functional, in that they can stimulate antigen-specific T cells. APC
isolated from many different murine tissues can stimulate
syngeneic T cell hybridomas, specific for murine hemoglobin (Hb),
in the absence of exogenous Hb, implying that these APC process
and present peptide fragments of Hb (190). B lymphoma cells can
preseni peptides of their own immunoglobulins, processed through
the endocytic pathway, on class Il molecules (191, 192). Schwann
cells, induced to express class II molecules by treatment with
interferon-gamma (IFNY), can present MBP to a syngeneic T cell

clone specific for MBP (193). There also exist peripheral T cells
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which can respond to peptides of self molecules, such as class 1 and
class II molecules (188, 189), hemoglobin (194), and TCR molecules
(Chapter 3, 181, 195). These autoreactive T cells are induced by
immunization with the peptide fragment of the self molecule, or by
in vitro culture with a peptide of a heterologous allele of the
molecule. These potentially autoreactive T cells may evade
tolerance induction because some minor antigenic determinants of
self molecules are available in low amounts after in vivo processing
and presentation (196, 197). This is demonstrated by the finding
that CTL lines established by in vitro culture with APC and
exogenous peptides of PBz-microglobulin or Hb cannot lyse target
tumour cells unless the exogenous peptide is incubated with the
target cells (194). The only omission of this study was a test of APC
isolated from tissues of syngeneic mice for lysis by the autoreactive
CTL lines.

Since cells can present self peptides on class I and class II MHC
molecules, and autoreactive T cells are present in the periphery, the

st

question ‘1 becomes: What induces autoimmunity? It may be
that an in..ial viral, bacterial, or parasitic infection can either (a)
cause tissue damage resulting in release of self antigens normally
not exposed to the immune system, and production of inflammatory
lymphokines, which induce expression of class II molecules by cells
normally class II-negative, or (b) induce activation of autoreactive
T cells through cross-reactivity of TCRs for the pathogenic antigen

and a self epitope (198). The latter possibility, termed molecular
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mimicry, has some support from a study in which experimental
autoimmune uveitis (EAU) was induced in rats by immunization
with peptides of viral proteins. The T cells specific for viral
peptides also showed some reactivity to the autoantigen, S-Antigen,
which is the target antigen of EAU (199). Unfortunately induction
of EAU by infection with the viruses was not tesied. Thus the
balance of the immune system between tolerance to self and to
foreign molecules may be upset by infection or deliberate

(experimental) priming leading to autorcactivity.

NOD_ model of type-1 diabetes

The nonobese diabetic (NOD) strain was originally developed by
selective inbreeding of the ICR strain. NOD mice spontaneously
develop an autoimmune disorder which has many of the
characteristics of type-1 diabetes, including lymphocytic infiltration
of pancreatic islets of Langerhans, specific destruction of islet B
cells, and severe hyperglycemia (200). The incidence of
spontaneous diabetes varies among the different colonies of NOD
mice, ranging between 70 to 95 percent among females by 250
days of age. The incidence among males is lower, ranging between
10 to 50 percent. This variation implies that some environmental
factor may contribute to the induction of diabetes; diet and viral
infection have been implicated in the induction of diabetes in the
BB rat (201) and other mouse strains (202), respectively. Three
recessive genes contribute to development of diabetes in NOD mice,

one of which is linked to the MHC (203, 204). The MHC itself may



31

contribute to NOD susceptibility to diabetes. The H-Z haplotype of
NOD is Kd and Db for class I loci, and a unique I-Arod for class II
locus; I-E is not expressed in NOD mice due to a non-functional Ea
gene (205). The B chain of I-An°d has a unique B1 domain with
several substitutions, including two amino acids which are normally
conserved among the I-A alleles (206). Omne of these substitutions,
the substitution of aspartic acid at position 57, is shared with a
human HLA-DQf allele also associated with susceptibility to
diabetes (207). Position 57 is located on the a-helix of the antigen
binding groove, so that it may be important in binding the
autoantigen for presentation to, or the selection of, autoreactive T

cells.

The effector cells of diabetes in NOD are bone marrow derived (208,
209). Macrophages kave been implicated by cytotoxicity of
macrophages against B cells in vitro (210), however, there is a large
body of evidence implicating T cells. Neonatal thymectomy in NOD
mice reduces the incidence of diabetes (211). Also, the infiltrating
lymphocytes in the pancreas are mostly CD4+ T cells, and
continuous administration of anti-CD4+ MAD can prevent diabetes
in NOD mice (212). Similarly, depletion of CD4+ T cells from diabetic
NOD mice coupled with islet transplantation reverses

hyperglycemia; when anti-CD4 MAD treatment is terminated, the
replacement of peripheral CD4+ T cells correlates with recurrence of
hyperglycemia (213). In addition, diabetes can be transferred to

young, irradiated, naive NOD mice by intravenous injection of CD4+
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and CD8+ splenocytes from diabetic NOD mice (214). T cell clones
isolated from the pancreas of diabetic NOD mice, can also transfer

diabetes and proliferate in vitro in response to NOD islet cells (215).

Other T cell-mediated autoimmune diseases exhibit a bias in the
usage of TCR-VB by effector cells, such as rheumatoid arthritis (216,
217), and perhaps multiple sclerosis (218, 219). The repertoire of T
cells in diabetes in NOD has been extensively investigated for this
phencmenon. Islet-reactive T cells or T cells isolated from islets
express a variety of VB and Vo (220 - 222). Also, NOD which lack
nearly one third of genomic VB gene segments (223) or are
transgenic for TCR VB8.2 still develop diabetes (224), indicating
that a restricted TCR repertoire does not abrogate induction of
diabetes. However, VB3+ T cells have been observed in islet
infiltrates (216, 220, 225), in spite of the deletion of VB3+ T cells
due to the expression of mtv-3 in NOD mice (76). The increased
expression of VB3 among infiltrating T cells early in insulitis
compared to peripheral T cells may indicate a role for VB3+ T cells
in the pathogenesis of diabetes in NOD mice (225). Thus type-1
diabetes in NOD is an autoimmune disease involving the expression

of an aberrant class II molecule, and heterogeneous TCR usage by

infiltrating T celis.

Prevention of diabetes is possible through various forms of
immunotherapy, including injection of antibodies to class II

molecules (226) or CD4 (212), immunization with hsp-65 (227),
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bone marrow transplantation, and administration of cyclosporin A
(200). Recently, it has been demonstrated that a single
immunization with complete Freund's adjuvant (CFA) at an early
age can protect NOD mice from diabetes (228). Also, protection can
be transferred with T cells from immunized mice (229).
Conversely, protection from diabetes by injectior of live Bacillus
Calmett-Guerin (BCG) can be transferred with macrophages but not
T cells from immunized NOD mice (230). Thus regulation of

diabetes is a complex affair involving many regulatory cell types.

Experimental allergic encephalomyelitis

Experimental allergic encephalomyelitis (EAE) has many
characteristics in common with MS (231), which make EAE a
potential model for this putative autoimmune disease. EAE is
characterized -y lymphocytic infiltration into perivascular areas of
the central nervous system (CNS), causing demyelinization and
paralysis. Susceptibility to induction of EAE, by immunization with
myelin basic protein (MBP), is linked to the MHC (232), and
autoreactive T cells, specific for MBP, mediate EAE. Inflammatory
lesions in the perivascular areas of the CNS contain B cells, T cells,
as well as class Il bearing cells, however, during the active chronic
stage of EAE, T cells appear to be the most numerous cell type
present (233). Neonatal thymectomy of rats abrogate the induction
of EAE, and reconstitution with syngeneic thymocytes renders the
recipients susceptible to EAE once again (234). Also, anti-CD4 MAb

treatment can reverse the progression of EAE (235), and EAE can be
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transferred to unimmunized animals with CD4+ T cells from animals

with EAE (236). T cell clones specific for MBP can also induce EAE
without immunization with MBP (237).

The TCR repertoire of T cells reactive to MBP is very restricted. In
mice strains of H-2U, 80% of MBP- specific T cells use VB8, 60% use
Va2, and 40% use Va4 (238, 239); in Lewis rat, all MBP-specific T
cells use VB8, and 70% use Va2 (239, 240). The homogeneity in the
T cell response to MBP has been exploited in methods of
immunotherapy employed to treat EAE. Injection of anti-V8 MAbD
can abrogate the induction of EAE and enhance the recovery from
EAE (241, 242). As previously mentioned, immunization with
attenuated T cell clones specific for MBP (177, 178), or with
peptides of the TCR-VB8 sequence (179 - 181) can protect
recipients from subsequent induction of EAE. Howe ‘er, other
studies using the same pepticos do not duplicate these results (243,
244), indicating this method of immunotherapy may not be reliable.
The induction of anti-TCR T cells observed in the former group of
studies may depend on some environmental factor or
immunological history of the animal populations, which may
influence the heterogeneity of the TCR repertoire and alter anti-
idiotypic networks of experimental animals. In summary, EAE is a
T cell mediated autoimmune disease in which homogeneity of Vj
usage by autoreactive T cells allows for novel immunotherapies tc

be employed to regulate the immune system.
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Regulation of T cell responses

T cells can be subdivided into at least two distinct subsets based on
the pattern of lymphokine secretion. Type 1 CD4+ T cells (Thl)
secrete interleukin 2 (IL-2), IL-3, interferon-gamma (IFNYy), tumor
necrosis factor (TNF), transforming growth factor-beta (TGFB), and
granulocyte-macrophage-colony stimulating factor (GM-CSF),
whereas Type 2 CD4+ T cells (Th2) secrete IL.-3, IL-4, IL-5, IL-6,
IL-10, TNF, and GM-CSF (245). There is also some evidence for a
third Th subset, ThO, secreting IL-4, IL-5, IL-10, IFNy, and IL-2,
which may be a precursor to or an intermediate between Thl and
Th2 cells (246). This protocol of subdivision may extend to T cells
of the CD8* phenotype. Type 1 CD8+ T cells secrete IFN-y, IL-6, IL-
2, and TNF; Type 2 CD8* T cells secrete IL-2, IL-4, IL-5, IFN-g, TNF,
and GM-CSF. (247). The subsets of T cells appear to correlate with
function. Thl and Th2 cells can enhance the generation of CTL and
B cell responses, but Th2 cells induce proliferation of B cells and
secretion of IgG, IgA, and IgE (245), whereas Thl cells can be
cytotoxic to B cells and other APC and do not induce production of
IgE (248). Delayed type hypersensitivity (DTH) is mediated by Thl
only (245). Type 1 CD8+ T cells are cytotoxic T lymphocytes (CTL),
and Type 2 CD8+ T cells can suppress the proliferation of antigen
specific T cells (247).

Thl and Th2 cells can each regulate the function of the other

through the cytokines they secrete (249). IFNy, produced by Thl
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cells, inhibits the proliferation of Th2 cells, and inhibits many
functions of IL-4, produced by Th2 cells. Also, IFNy promotes the
production of Thl clones in vitro culture. IL-10, produced by Th2
cells, inhibits the secretion of cytokines by and proliferation of Thl
cells. In addition, IL-4 can inhibit the production of IFNy by
mononuclear cells and promotes the production of Th2 clones in
vitro culture. Thus Thl and Th2 cells can be viewed as suppressor
cells; each type suppressing the proliferation and function of the
other (170). In this light, the induction of suppression of B cell
response to HEL by different epitopes (250) can be interpreted as
the preferential induction of Thl cells over Th2 cells. There is some
evidence that Thl and Th2 cells are induced by different antigens.
For example, T cell clones specific for chicken red blood cells are
usually Thl cells, whereas T cell clones specific for fowl y-globulin
or keyhole lympet hemocyanin are usually Th2 cells (251). Also
within the T cell response to Leishmania major, T cell clones which
exacerbate leishmaniasis are Type 1, and T cell clones which protect
against the disease are Type 2. Exacerbation of and protection from
ieishmaniasis can be induced by different parasitic antigens (252,
253). Consistent with this is the finding that antibody responses
and DTH responses can be induced by different peptide epitopes of
the same protein (256). In addition, the same antigen may induce
different T cell subsets in mice of different MHC haplotypes, as
demonstrated with L. major (245), and type IV collagen (255).
Thus regulation of T cell responses may be achieved by one subset

of T cells secreting cytokines which inhibit the function and
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proliferation of another subset. This type of regulation differs from
suppression of T cell responses (as discussed in a previous section),
which acts through lysis or negative signalling of potentially
responsive T cells, but may appear as suppression of DTH or B cell

responses.

Project and rational

Regulation includes selection of an antigen-reactive and self-
tolerant reperioire of lymphocytes, interacting lymphokines, and
perhaps an immune network of the immune system. The idiotypic
network theory proposes that there are lymphocytes which
recognize epitopes of antigen receptors (idiotopes) and these
lymphocytes can influence the function of other lypmphocytes
bearing these idiotopes (256). There is some evidence that
antibodies can recognize V regions of other antibodies (257), and
injection of these anti-idiotypic antibodies can affect the levels of
the idiotypic antibodies in sera (258), indicating some interaction
among the antibodies. Originally proposed for a network among
antibodies, this theory can be extended to T cells and their
particular form of antigen recognition (170, 239). The evidence for
anti-idiotypic T cells has been discussed in a previous section. In
addition, 10% of splenic T cells from specific pathogen-free mice are
large blast cells, which can be shown to enhance or suppress the

production of antibodies. These "natural effector” T cells are
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interpreted as a component of the immune network (260). If T
lymphocytes can recognize peptides derived from the variable
region of antibodies and TCRs and influence the response of
lymphocytes which express those receptors, then one may

hypothesize that these peptides are regulatory elements involved

in the control of immune responses.

Although there has been some speculation on the regulatory role of
peptides of the variable region of the TCR in immune responses,
much of the work has been limited to conflicting studies on the
effect of a VB8.2-peptide on the induction of EAE in rats (179 - 181,
243, 244). We therefore had to clarify the role of VB-peptides in
regulation by investigating their effect on other T cell responses.
Our first objective was to study the in vitro effect of VB-peptides on
T cell responses. Specifically we studied the effect of VB6-peptides
on the response of T cell hybridomas, which express VB6, to
superantigen Mls-12, Most T cells expressing VB6 respond to Mis-
12, however the nature of interaction between Mls and TCR had not
been elucidated. Unlike peptice antigens, recognition of Mls is not
restricted to the MHC haplotype of the responding T cell, does not
require co-signalling through CD4 and CDS8, and involves primarily
the B chain of the TCR. Therefore, we tested several peptides of
partially overlapping sequences from amino acid position 1 to 75 of
the VB6 gene segment on the in vitro stimulation of VB6+ T cell
hybridomas with splenocytes from Mlils-12 mice. The irn vitro effect

of th:re peptides on the response of the T cell hybridomas enabled
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us to identify the putative binding site on the B chain of the TCR

which interacts with Mls-12 (Chapter II).

Another prediction of the network theory is that the immune
system is not tolerant to the variable regions of the Ab or TCR. This
has not been explored for T cell responses to the variable region of
the TCR. Our second objective was therefore to study the
immunogenicity of peptides of TCR-VPB gene segments. We tested
the immunogenicity of several Vp6-peptides and peptides of the N-
terminal of VB3, VB8.1, VB8.2, and VB8.3 in several strains of mice:
BALB/c (H-2d, Mis-1b23), DBA/2J (H-2d, Mils-1223), CBA/CaJ (H-24,
Mls-1b2b), CBA/J (H-2k, Mis-1a22), C57Bl/6]J (H-2b, Mls-1b2b), and
D1.LP (H-2b, Mis-1a23)., We compared the immunogenicity of the
TCR-peptides between strains of different MHC haplotypes and
between strains of different Mls phenotypes to determine if there
was an Ir effect in responsiveness or if the deletion of the VB6,
VB8, or VB3 TCR influenced tolerance to these peptides. Our
reasoning was that the presence of T cells bearing a particular V§
may induce tolerance to peptides of that VB and that
nonimmunogenic peptides could not exert an influence on immune

responses (Chapter III).

Our final objective was to study the effects of TCR-peptides in vivo.
We pre-immunized mice with each of the VP6-peptides and then
studied the response of lymphocytes to either Mls-12 or a peptide
antigen (EYA)s. As stated before Mils-12 stimulates VB6+ T cells,
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and in BALB/c mice, 50% of T cells which respond to (EYA)s are
VB6+ (261). Thus we could investigate the effect of VB6-peptides in
vivo on the response of T cells bearing VB6+ TCR, in two different
antigen systems. In addition, we extenced the study to a model of
autoimmune disease. Since the pathogenesis of diabetes in NOD
mice may involve VB3+ T cells, we tested the effect of peptides
from the TCR VB3 gene segment on the transfer of Type 1 diabetes
in NOD mice. Diabetes can be transferred to young, naive NOD mice
by intravenous injection of splenocytes from diabetic NOD mice. By
co-injecting diabetogenic splenocytes and splenocytes from NOD
which had been immunized with VB3-peptides, we were able to
determine the effect of the V@3-peptides in vivo on the induction of

autoimmunity (Chapter IV .
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CHAPTER II

Inhibition of superantigen recognition by peptides of the

variable region of the T cell receptor B chain!

Introduction

The antigen receptor of T lymphocytes (TCR) recognizes antigen in a
denatured or processed form (1) in the context of MHC (2). The TCR
is a glycoprotein heterodimer composed of o and B chains or y and 5
chains, which are associated with the CD3 complex. Each chain has
a variable N-terminal domain encoded by V, J or vV, D, J gene
regions (3,4). The V and J regions of both the a and B chains
probably contribute o MHC restriction and antigen specificity (5).
However, in some cases one chain appears to contribute more than
the other in antigen specificity, eg. Vg11 with pigeon cytochrome c
(6,7) and Vpg with myelin basic protein (8-10). This is especially
true for the endogenous superantigen, minor lymphocyte
stimulating locus (Mls}, which stimulates nearly all T cells bearing a
particular Vg region in mice. Mls has been identified as an
endogenous mouse mammary tumor virus (11). T cells bearing Vg3,

Vg6, VBs.1, and Vg9 are stimulated by one or more forms of Mis (12-

1 A version of this chapter has been published. MacNeil, Fraga, and Singh
1992. European Journal of Immunology 22:937-941.
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15) in the context of a non-polymorphic region of the class II MHC

molecules (16).

In order to identify putative sites of interaction of TUR-Vp region
and Mls, we have taken advantage of a panel of five Mls-12

reactive T cell hybridomas, four of which are VB¢ positive and one
of which is Vgg positive. These cells also respond to a nominal
antigen Poly-18, Poly EYK(EYA)s, in the context of I-Ad (17)_ and its
synthetic peptide fragments without processing (17, 18). We tested
the response of these T cell hybridomas in the presence of peptides
of the TCR B chain which are derived from the variable region of
the Vge gene segment. Based on homology to immunoglobulins, the
pep! 235 correspond tc regions which comprise the solvent-exposed
p-sheet on the TCR, outside the region. which interact with antigen
or the a chain (19). We show that three peptides corresponding to
amino acid positions 1 to 2. 48 t3 75 and 58 to 75 of the Vae
peptide sequence can interfere with activation of these Vge+
kybriomas by MIs-12 bearing spleen cells. At the same time these
reptides do not :nterfere with antigen recognition by Vpge+
hybridomas or witk Mis-14 recognition by the Vgs+ hybridoma. The
sequences 1 to 20 and 58 tc 75 are proposed to lie outside the
putative binding domain of processed antigen (19), indicating that
recognition by TCR of Mls is different from ne classical MHC
restricted recognition of processed antigen. These results suggest
that the recognition of superantigen/class II MHC by T cells can be

inhibited by peptides related to the binding regiun of the TCR.
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Materials and Methods

Mice

BALB/cCr mice (H-2d, Mis-1b, 22) were bred at the Ellerslie Animal
Farm of the University of Alberta. DBA/2J (H-24, Mls-1a, 2a),
CBA/CaJ (H-2k, Mls-1b, 2b), CBA/J (H-2k, Mils-12, 23), C3H/HeJ (H-
2k, Mis-1b, 23y and AKR/J (E 2k, Mils-12, 2b) mice were purchased

from the jackson Laboratory, Bar Harbor, ME.

T cell hybridomas

Poly-18, Poly EYK(EYA)s-specific, I-Ad restricted T cell hybridomas
were generated in this laboratory as described by fusion of BALB/C
derived Foly-18-spe~mnic T cell lines to either BW5147 thymoma or
the BWS::7.i-g- ‘. ymoma using a standard PEG fusion pretocol
(17, 20). T it line(s) were derived from BALB/c mice immunized
with Poly-18 antigen emulsified in CFA (17). T cell hybridomas

were screened for IL-2 production as described below.

Peptides

Peptides were prepared by the Merrifield solid-phase technique on
a Beckman 990C Peptide Synthesizer (Palo Alio, CA), as previously
described (17, 18). All amino acids were protected at the a amino
position with the Boc group and the following side chain blocking
groups were used: Glu(O-benzyl, Asp(O-benzyl), Arg(tosyl),
His(tosyl), Tyr(2-bromobenzoxycarbonyl), Lys(2-
chlorobenzoxycarbonyl),Gln (4,4'-dimethoxybenzhydryl),

Thr(benzyl), and Ser(benzyl). Dicyclohexyl-carvodiimide was used
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A% the activating agent and double couplings of 2 h each were
performed at each step with 2.5 equivalents of Boc amino acids.
The Boc groups were removed at each cycle of the synthesis by
treatment with 25% trifluoracetic acid (TFA) in methylene chloride
(v/v) for 20 min and neutralization was carried out by treatment
with 5% diisoprpoyl ethylamine in methylene chloride (v/v). The
cleavage of the peptide from the resin support and removal of the
blocking groups was carried out in hydrofluoric acid (HF) at 0°C for
2 h with 10% anisol and 0.1% ethane dithiol as scavenge-s. After
removal of the HF under vacuum, the resin was washed with ether
and the peptide extracted with TFA. The TFA was evaporated 1o a
small volume and the peptide was precipitated with ether. After
precipitation the peptides were dissolved in water and lycphilized.
The pcptides were purified by HPLC on a C-18 reverse phase
semiprepaiative SynChropak RP-P column (Synchrom, Inc., Linden,
IN). Peptides were eluted with a linear gradient from water to
acetonitrile (1.37% acetonitrile/min). Fractions were pooled and
lycphilized. Amiw:: acid analyses were performed on the purified
peptides by using a Beckman Sysiem 6300 amino acid analyzer.
for this purpose samples were hydrolysed in 6 N HCI containing
0.1% phenol in sealed evacuated tubes for 20 h at 1100C. All
peptides gave acceptiile ratios of the various amc:no ¢ or
functional assays, peptides were dissolved in saline by adjusting pH

to 7.2 with 0.1 N NaOH and were sterilized by filtration through a
0.22 um filter.



1L-2 assay

For stimulation with Mls, T hybridoma cells (1x105) were cultured
with 1x10% or 5x105 irradiated (3000 rad) spleen cells of DBA/2
mice (H-2d, Mis-12, Mls-23) in the presence or absence of competing
peptide in 250 pl of culture medium (RPMI 1640 (Gibco Labs.,
Grand Islaud, NY) supplemented with 10% fetal bovine serum
(Bocknek isbs., Canada), 10 mM Hepes, 2 mM glutamine, 5x10-5 M
2-ME, and 1 U/ml penicillin-streptomycin), in each well of a 96-
well microtitre plate (Flow Labs. Inc., McLean, VA). For stimulation
with antigen, T hybridoma cells (1x105) were cultured with 1x106
irradiated (3000 rad) spleen cells of BALB/C mice (H-24, Mis-1b,
Mils-23), and 20 uM (EYA)s in the presence or absernce of competing
peptide in 250 ul of culture medium. Competing peptides were
used at 80 pg/ml., approximately 75 pM. After 21-24 h,
supernatants were collected and assayed ror IL-2 content in
secondary cultures of the IL-2 dependent CTL-L celi line. Cells
were cultured in 50% or 25% of test supernatant for 24 h, then
pulsed with 37 kBq of [3H]dThd (NEN Dupont, Bostoi, MA) for 12-
18 h. Incorporation of [3H]dThd was measured using a liquid

scintillation counter (LKB Instruments, Gaithersburg, MD).
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Results and Discussion

T cell hybridomas B2, B4, B5, and B11 have been shown to be Vgest.
and B9 has been shown to be Vgg*t by Northern analysis and
fluorescence activated cell scanning with monoclonal antibodies
44.22.1 and KJ16 (17. Kilgannon, et. al., submitted). The above T
hybridomas are specific for Poly-18, and restricted to I-Ad (17).
B5, B9, and B17 also respond to two pepti¢: - derived from Poly-18,
EYK(EYA)3EYK, and (EYA)s; B4 and B11 alsc respond to (EYA)s in the
context of I-Ad. Crossreactivity of these hybridomas for Mls-15 is
demonstrated in Table 2.1. As with most Mls reactive T cell clones
and hybridomas (21), antibodies to I-A and to I-E can partially

inhibit response to Mls and anti-I-A mAb with anti-I-E mAb block

response totally.

In order to identify which regions of the B chain of the TCR are
involved in recognition of Mls. we tested the ability of peptides
derived from the sequence of Vgg to block recognition of Mis-13.
The peptides chosen in this study are Vgg(1-20), Vge(32-48),
Vg6(39-60), Vpe(48-75), and Vge(58-75) (see Table 2.2). The
corresponding sequences are proposed to lie outside the putative
antigen binding domain, except for a considerable portion of
Vpes(48-75) and of V@e(39-60) which contain Complementarity
Determining Region 2 (CDR2), an area proposed to contact MHC
molecules in antigen presentation (19). In Fig. 2.1. are shown the
effects of the peptides on the recognition of Mls-12 by Vgg* T cell
hybridomas. Peptide fragments Vpg(1-20), Vp(48-75), and Vpe(58-
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75) can significantly inhibit the response by the Vgg* hybridomas to
varying degrees. The peptide corresponding to residues 55 to 60
inhibits the resporse of one of the hybridomas, B11l, but does not
inhibit the other Vge* hybridomas. This might reflect a difference
in affinity of the TCR of B1ll for Mis-12 from that of the other
hybridomas, since B1l1 differs from the other hybridomas in Jg and
Vo usage. The same peptides do not inhibit the response to Mls-1a
by the Vgg+ hybridoma, B9 (Fig. 2). The peptide corresponding to
residues 32 to 48 enhances the response to Mls-12, The increased
response in the presence of Vge(32-48) is difficult to explain. This
peptide is not acting as a mitogen, since Vgg(32-48) does not
stimulate BS in the presence of irradiated spleen cells from BALB/c
(Mls-1P) (data not shown). It is possible that this peptide may
stabilize MHC molecules and thus increase the density of Mls/MHC
complexes on the cell surface of the APC, leading to a stronger
stimulation of the T cell hybridomas. At the concentrations tested,
75 uM, the peptides are not toxic to the responding hybridomas or
indicator cell line, CTL-L (data not shown). Thus peptides
corresponding to certain regions of the TCR-Vgé protein sequence
are able to inhibit the recognition of Mils-12 by T cell hybridomas

bearing the Ve segment of the TCR, but not the Vps segment.

Although we are comparing peptides of different lengths, the length
of a peptide should not have a great effect on its inhibitory activity.
For example. the largest peptide, Vg6(48-75), does not in all cases

inhibit to a greater degree than the shorter peptide Vg6(58-75),
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(see Fig. 2.1d versus Fig. 2.1a, c¢). Secondly, two peptides of similar
length, Vge(32-48) and Vpe(58-75), 16 and 17 amino acids
respectively, have opposite effects on the recognition of Mls-13 by
the Vgg+ T cell hybridomas. Thus, the sequence of amino acids is
more: important than the number of amino acids of the peptide in

determining the peptides’ inhibitory activity.

The peptides were tested for their effect on antigen recognition by
one of the Vg™ hybridomas to determine the specificity of this
inhibition and to determine if the peptides are able fo associate
with class II molecules at the antigen binding groove. Peptide
fragments ol Poly-18 do not require processing to be presented by
I-Ad 10 these T cell hybridomas. To avoid complications due to
processing of antigen, (EYA)s was used to stimulate the T cell
hybridoma, B11, in the presence of Vgg peptides. As shown in Fig.
2.3, the tbh" - oitory peptides had no effect on the response to
20 pM of (Exa)s by Bll. This might be because the peptides lack
the tertiary configuration of the antigen/ MHC binding site of the
TCR. The fact that the peptides which partially inhibited the
recognition of Mils-12 were not able to inhibit the recognition of
(EYA)s by the same T cell hybridoma is consistent with the
hypothesis that interaction between TCR, class II, and Mls is
different from that of TCR, class I¥, and antigen. It also implies that
the site of interaction of the competing peptides is not between the
TCR and MHC molecules, rather between the TCR and Mls. Because

B11 can respond to antigen in the presence of Vpgg peptides, the
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effect of the peptides on the response to Mls-12 cannot be due to
toxicity or a non-specific blocking of stimulation. Thus the effect of
the Vgg peptides is specific to the recognition of Mis-12 by Vge+ T

cell hybridomas.

These results suggest two important findings. First, since the Vgg
peptides do not inhibit the response to (EYA)s, the recognition of
Mls and that of nominal antigen may differ in sites of interaction
and affinity with the TCR. Based on homology of the TCR to
immunoglobulins, (19), the two sequences 1 - 20 and 58 - 75 are
proposed to lie outside the putative binding domain for processed
antigen. These results are in agreement with recent findings. Choi
et al. (22) have shown by transfection of human TCR « and B genes
into murine T cell hybridoma, that residues 57 to 77 of Vpi13.2 are
important in stimulation by the snperantigen, staphylococcal
enterotoxin C. Pullen er al. (23) have shown by site directed
mutagenesis of the Vgg 2 gene, that residues 22, 70, and 71 of VBs.1
are involved in recognition of Mls-13, These residues are also in or
near the two sequences 1 to 20 and 58 to 75. Pullen ez al. (24)
have also shown that n.tations of Vgg i1 which affect the response to
T cell hybridomas to Mils-12 do not affect the response to nominal
antigen, cOVA in the context of I-Ad. Our findings also suggest that
the TCR has two distinct binding sites, one for nominal antigen, and

another for superantigens
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Second, peptide fragments of the variable region of the TCR are able
to inhibit the response of T cell hybridomas to the superantigen,
Mils. Ours is the first demonstration that peptides of the TCR can
influence the functional response of T cells to superantigens. These
data have implications in the poter 'l regulatory role of peptides
of the TCR in immune responses. f*-'ation in the thymus is the
major mechanism of tolerance inc..: un to superantigens, Mls (25)
as well as SEB (26), presumably .y the presentation of the
superantigen to reactive T cells by dendrit.c cells in the thymus
(27). 1If the majority of T ceil: expressing a particular Vg are
deleted, there is the possibility that fragments of the TCR variable
region are presented by class II and class I bearing cells following
the degradation of the TCR expressed by the deleted T cells.
Therefore, the potential exists that T cells may interact with
peptides of the TCR in vivo, resulting in the selection of a T cell
repertoire reactive with various Vg peptides. The regulation of
immune responses by immunization with peptides of the TCR
variavie region has been demonstrated in ti;e EAE system (28 - 30)
and the potential of this approach in the regulation of the immune

response is investigated in Chapter IV.
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Table 2.2  Sequences of Vg6 peptides

Peptide2) Sequenceb)

1 - 20 GGIITQTPKFLIGQEGQKLT

32 - 48 MYWYRQDSGKGLRLIYY

39 - 60 DSGKGLRLIYYSITENDLQKG

48 - 75 YSITENDLQKGDLSEGYDASREKKSSFS
58 - 75 GDLSEGYDASREKKSSFS

;1) The peptides were synthesized according to the Merrifield
solid-phase technique (20).
b) Sequences of peptides were from Patten et al. (31).
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Figure 2.1. Inhibition of recognition of Mis-12 by Vge+ T cell
hybridomas with Vg6 peptides. Peptides were added at a final
concentration of 75 uM to microcultures of 1 x 105 T cell hybridomas
and 1 x 106 DBA/2J irradiated (3000 rads) spleen cells, and IL-2
production was determined as described in Material and Methods with

CTL-L cells. The T cell hybridomas used are as follows: (a) B11l; (b) B4;
(c) B2; (d) BS5.
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Figure 2.2 VBg peptides cannot inhibit recognition of Mis-12
by the VRg+ T cell hybridoma, B9. Diiferent V36 peptides
were added at a final concentration of 75 uM to

microcultures of 1 x 105 T cell hybridoma and 0.5 x106
DBA/2 irradiated (3000 rads) spleen cells, and IL-2
production was determined as in Fig. 2.1.
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Figure 2.3. VB¢ peptides cannot inhibit recognition of peptide
antigen, (EYA)s at 20 uM, by the VBg*+ T cell hybridoma, B11.
Different VB6 peptides were added at a final concentration of
75 uM to microcultures of 1 x 10° T cell hybridoma and 1 x
106 BALB/c irradiated (3000 rads) spleen cells in the

presence of 20 uM (EYA)s, and IL-2 production was
determined as in Fig. 2.1.
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CHAPTER III

Characterization of murine T cell response to peptides

of self T cell receptor B chains!

Introduction

The TCR for Ag is composed of an « and B or y and 3 disulfide
heterodimer co-expressed with a complex of five polypeptides
termed CD3. Each of the «, B, v and 8 chains contains a variable N-
terminal portion which interacts with peptide antigen presented by
MHC molecules (1, 2). Although the T cell response to antigen is
heterologous in terms of Va and VP usage, there are several
examples of dominant Vo or VB usage in cellular immune responses
to certain peptide antigens (3) and to superantigens including
staphylococcal enterotoxins (4) and Mls2 (5). Dominant T cell
receptor usage in an immune response suggests the possibility of
clonal specific regulation of that response. It has been shown that
immunization with a peptide epitope of the VB8 TCR can protect
Lewis rats from induction of EAE (6, 7). However, there has been
recent evidence that such immunization does not lead to protection
in every case (8). Little is known about immune responses to

determinants of the TCR, especially in mice, therefore

1 A version of this chapter has been submitted for publication. MacNeil,
Fraga, and Singh. 1992.
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we have characterized the murine immune response to several TCR
determinants in the context of immunogenicity and self tolerance.
Tolerance results from the elimination or inactivation of self-
reactive cells (9). Much of the experimental work on tolerance by
clonal deletion has been done with the Mis loci (10, 11), which have
recently been identified as products of different endogenous mouse
mammary tumour viruses (12). Mouse strains of the Mils-1a
haplotype carry the mtv-7 and delete VB6*+, VB7+, VB8.1+ and VB9+
T cells (13 -15) and mice strains of the Mls-22 haplotype carry
mtv-13 and delete VB3+ T cells (16). We were interested in using
Mls-12 and Mils-1P mice strains which delete or do not delete,
respectively, T cells bearing various VB TCR to characterize the
response to seif peptides of the VB region of the TCR. We
speculated that Mls-12 mice would respond to peptides of VB6 and
that Mis-1b mice, which have VB6+ peripheral T cells, would not
respond to the same peptides. We tested a panel of five peptides
spanning most of the variable VB6 sequence for T cell responses in
BALB/c, DBA/2J, CBA/CaJ, CBA/J, C57B1/6] and D1.LP mice and the
amino terminal peptide of other VBs in BALB/c and DBA/2J mice.
Not all of the peptides tested were immunogenic, however, priming
with some of the peptides in CFA elicited T cell responses in some
mice strains independently of their "deletor status”. Response of
the mice strains correlated with H-2 haplotype, thus the response
to these self peptides may exhibit an Ir effect. We show that T cell
and B cell responses to determinants of the VB6 region of the TCR

can be generated after immunization with peptides of the TCR in
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several strains of mice, however, the B cell response is limited to
the pepiides of the TCR and does not extend to the intact TCR
molecule. Our results indicate that T cells specific for self pentides
are not deleted in the thymus nor inactivated in the periphery in
spite of a potential reactivity to self. Immunoregulatory properties
of these cells remain to be elucidated particularly in light of the

conflicting results reported in the rat EAE model (6 - 8).
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Materials and methods

Mice

DBA/2J, CBA/CaJ, CBA/J, C57Bl/6], and D1.LP mice were purchased
from the Jackson Laboratory, Bar Harbor, ME. BALB/cCr mice were
bred at the Ellerslie Animal Farm of the University of Alberta.

Peptides

Peptides were prepared by the Merrifield solid-phase technique on
a Beckman 990C Peptide Synthesizer (Palo Alto, CA), as previously
described (17). The crude preparations were purified by HPLC on a
C-18 reverse phase semipreparative SynChropak RP-P column
(Synchrom, Linden, IN), and peptides were eluted with a linear
gradient from water to acetonitrile (1.37% acetonitrile/min). The
composition of the peptides was confirmed by amino acid analyses
using a Beckman System 6300 amino acid analyzer. All peptides
gave acceptable ratios of the various amino acids. For functional
assays, peptides were dissolved in saline by adjusting pH to 7.2
with 0.1 N NaOH and were sterilized by filtration through a 0.22 um
filter.

Immunizations and response to Ag

For T cell response, mice were immunized in the footpads with 50
ng of peptide emulsified with CFA (Sigma, St. Louis, MO). Eight days
later, popliteal lymph nodes were removed and cells were purified
over nylon wool columns (18). Purified cells were cultured in 96-

well plates (Flow, McLean, VA) at 4 x 105 or 2 x 105 celis/well with
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syngeneic irradiated (3000 rad) spleen cells as APC at 1 x 106
cells/well in the presence or absence of peptide in 200 pL of culture
medium (RPMI 1640 (Gibco, Grand Island, NY) supplemented with
10% FCS (Bocknek, Canada), 10 mM Hepes, 2 mM L-glutamine,
5x10-5 M 2-ME, and 1 U/ml penicillin-streptomycin).

Concentrations of peptides tested were 250 pg/mL, 25 pg/mL, and
2.5 pg/mL; PPD (20 pg/mL) served as a positive control for T cell
proliferation. After four days of culture at 37°C, and 7% CO»,
cultures were pulsed with 1 pCi of [3H]dThd (NEN Dupont, Boston,
MA) for 16-20 h. Incorporation of [3H]dThd was measured using a

liquid scintillation counter (LKB Instruments, Gaithersburg, MD).

For B cell response, mice were immunized in one footpad with 50 pg
of peptide emulsified with CFA and, ten days later, immunized
again in the opposite footpad with 50 png of peptide emulsified with
IFA (Sigma, St. Louis, MO). Twenty-five days later, mice were bled
from the tail vein, and sera were tested for antibody (Ab) titre by
ELISA (19). Plates were coated overnight with 10 pg/mL of
peptide. Normal mouse serum (NMS) was used as a negative
control, goat-anti-mouse IgG-alkaline phoshatase conjugate as the
indicator antibody, and p-nitrophenyl phosphate (Sigma) as a
substrate in diethanolamine buffer (pH 9.6). Optical density (O.D.)
of the p-nitrophenol product was measured at 405 nm by a kinetic

microplate reader (Molecular Devices, Menlo Park, CA).
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Cytokine assays

For the determination of cytokine production, purified popliteal
lymph nodes from immunized mice were prepared and cultured as
described above in 250 pl of culture medium, in the presence or
absence of 50 pg/ml of the immunizing peptide. After 48 h,
supernatants were collected and assayed for IL-2 and IL-4 content
in secondary cultures of the IL-2/IL-4 dependent HT-2 cell line.
Cells were cultured in 50% or 25% of test supernatant in the
presence or absence of anti-IL-2 MADb or anti-IL-4 MADb for 24 h,
then incorporation of [3H]dThd was measured as above.
Supernatants of cultured T cells were also tested for the production
of IFNy by the Intertest mouse IFNy ELISA Test Kit {Genzyme,
Cambridge, MA).

MAb

The mAb MK-D6 (anti-I-Ad), 10-3.6.2 (anti-I-AK), 17-3-5S (anti-I-
Ek), 16-3-1N (anti-Kk), 15-5-5S (anti-DK), and 34-5-8S (anti-Dd)
were used in blocking experiments as ascites fluid as described
before (20). GK1.5 (anti-CD4) and 2.43 (anti-CD8) were
precipitated with 40% (v/v) saturated ammonium sulfate from
supernatants of cell cultures and subsequently dissolved in PBS.
Both ascites fluid and precipitated mAb preparations were
extensively dialyzed against PBS before use. Hybridoma cells
producing these mAb were purchased from American Type Culture
Collection, Rockville, MD. 44.22.1 (anti-VB6), KJ16 (anti-VB8.1,2),
M7/20 (anti-IL-2 receptor) and S4B6 (anti-IL-2) were used as
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supernatants of cell cultures. Hybridoma cells 44.22.1 were
provided by H. Hengartner (Zurich, Switzerland), KJ16 by J.W.
Kappler (Denver, CO), M7/20 by T.B. Strom (Boston, MA), and S4B6
by T.R. Mosmann (Edmonton, Canada). The anti-IL-4 mAb was
purchased from Genzyme (Cambridge, MA).

Hybridomas

The T cell hybridoma A.1.1 is poly-1i8-specific and I-Ad restricted
and has been previously described (20). A.1.1 is also reactive to a
synthetic peptide K4 when presented by normal or fixed APC (21)
and is VP6 positive (Kilgannon, et. al., submitted). The B cell
hybridoma TA3 expresses I-Ad/k/I-Ed/k (22) and was used in
competitive inhibition assays as APC. The IL-2 dependent cell line
CTL-L was used to assay IL-2 and IL-4 content in the supernatant

of A.1.1 cells upon activation with Ag as described before (26).

Ab blocking of T cell proliferation assay

In blocking studies, 4 x 10° responding cells were cultured (as
described for the T cell proliferation assay) with 25 pg/mL of
peptide. Ascites fluid and concentrated supernatants of mAbs were
added directly to cultires for the entire five-day period at a final
concentration of 80 pg/mL total protein. Experimental values were
calculated as percent inhibition of control incorporation by the

following formula:
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c.p.m. without mAb - c.p.m. with mAb X 100%
c.p.m. without mAb

Competitive inhibition assay

A.1.1 cells (1 x 105 cells/well) were cultured with glutaraldehyde
fixed TA3 cells (2 x 105 cells/well) and 20 pg/ml of K4, in the
presence or absence of VB6 peprides (400 pg/mL, 40 pg/mL, 4
pg/mL). After 24 h supernatants were collected and assayed for
IL-2 content in secondary cultures of CTL-L cells. Cells were
cultured in 50% or 25% of test supernatants for 40 h, then pulsed
with 1 pCi of [3H]dThd (NEN Dupont, Boston, MA) for 24 h.
Incorporation of [3H]dThd was measured using a liquid scintillation
counter (LKB Instruments, Gaithersburg, MD). Experimental values
were calculated as percent inhibition of control incorporation as in
the mAb blocking assay:

c.p.m. without peptide - c.p.m. with peptide X 100%
c.p-m. without peptide

Indirect immunofluorescence

Murine peripheral blood lympocytes (PBL) were purified from
whole blood over Lympholite M (Cedarlane, Canada). A.1.1 or PBL
or purified lymph aode cells were washed in PBS (pH 7.4)
containing 2% FBS and 0.05% NaN3, then incubated on ice for 1 h
with 100 uL of 1:10 mouse anti-sera or 44.22.1 culture
supernatants. NMS and KJ16 served as negative controls for mouse

anti-sera and 44.22.1, respectively. Cells were washed once in cold
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PBS and incubated on ice for 1 h with 100 pL. of goat-anti-mouse
FITC conjugate (1:50) or goat-anti-rat FITC conjugate (1:100) (Tago,
Burlingame, CA). Cells were washed again and resuspended in PBS
containing 2% formalin. Samples were analyzed with a Becton

Dickinson FACScan (Mountain View, CA).



99

RESULTS

T cell responses to self VB Deptides

To test the immunogenicity of self VB peptides, mice were primed
in the hind footpads with various VB peptides emulsified in CFA.
Eight days later, T cells from draining lymph nodes were purified
over nylon wool columns and cultured with the peptides and
irradiated syngeneic spleen cells as APC. Five peptides of VB6 were
tested, VB6(1-20), VB6(32-48), VB6(39-60), VB6(48-75), VB6(58-
75), as well as one peptide of VB8.1(1-20). BALB/c, CBA/CalJ, and
C57B1/6] do not delete VB6+ or VB8.1+ T cells. Therefore the
responses to these peptides were compared between strains of
matching MHC haplotype and differen: Mis phenotypes: BALB/c
and DBA/2, CBA/CaJ and CBA/J, C57B1/6] and D1.LP. VB3(1-20)
served as a negative control since BALB/c mice delete VB3+ T cells,
as do DBA/2 mice. VB8.3 served as a positive control since DBA/2J
and BALB/c mice do not delete VB8.3+ T cells. Also, within the
selection of VB peptides, the non-immunogenic peptides serve as
internal controls for the specificity of response (see Table 3.1 for
peptide sequences). BALB/c mice respond weakly to VB6(1-20)
and VB6(39-60), and strongly to the remaining peptides tested with
the exception of VB8.1(1-20) (Table 3.2). The response pattern of
DBA/2 mice to VB-peptides is similar to that of BALB/c mice except
that DBA/2 mice also do not respond VB3(1-20), or VB8.3(1-20).
CBA/Cal and CBA/J mice respond weakly to VB6(39-60), and
strongly to VB6(48-75), VB6(58-75) and VB3(1-20), but not to
VB6(1-20) or VB6(32-48). C57B1/6] mice respond weakly to
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VPB6(58-75) and perhaps VB6(39-60), but not to the other VB6-
peptides tested. DI1.LP mice do not respond to VB6(1-20) or
VPB6(58-75). Thus, responsiveness to some of the peptides appears
to be determined by H-2 haplotype. The H-2d strains respond to
VB6(1-20) and VB6(32-48); the H-2d and H-2k strains respond to
V B6(48-75) and VP6(58-75); the H-2b strains respond weakly or
not at all to any of the tested VB6 peptides.

Ab response to VP6 peptides

To determine if lack of tolerance to the VPB6 peptides is also present
in the B cell response, VB6(1-20), VB6(32-48), VB6(39-60), and
VPB6(48-75) were tested in BALB/c mice for induction of Ab. After
one immunization and one boost, Ab titres in three groups of mice
are evident (Fig 3.1). VB6(1-20) induced higher titres than
V36(39-60) and VB6(48-75) in BALB/c mice, and VP6(32-48) did
not induce any Ab. VB6(1-20) was also tested for Ab induction in
DBA/2J mice with results similar to BALB/c (data not shown). To
test if the anti-peptide sera had any affinity for tke intact V6 TCR
on the cell surface, antisera were used to stain a VR6+ T cell
hybridoma in indirect immunofluorescence. Fluorescence-flow
cytometry analysis shows that the anti-sera from VB6(1-20) or
VpB6(48-75) primed mice (1:10 dilution) has no affinity for VB6+ T
cell hybridoma, A.1.1, however, staining 'with 44.22.1 (anti-VB6
TCR) shows the expression of TCR by the hybridoma (Fig. 3.2a).
Thus, the anti-peptide antibodies recognize a fragment of V6 TCR,

but do not recognize the intact VB6 TCR. To further test that the



101

anti-TCR peptide response does not extend to the TCR, we screened
the BALB/c mice which had the highest Ab titres for VB6(1-20) for
the presence of VB6+ PBL. We observed that VB6+ PBL were
present in normal frequency (8.0%) in these mice after forty do_s
following immunization with VB6(1-20) compared to untreated

BALB/c VB6*+ PBL (7.3%) (Fig. 3.2b).

Cytokine production by T cells responding to peptides of VB6 TCR.
It is interesting that VB6(32-48) induces a strong T cell response as
measured by the in vitro T cell proliferation assay, but no Ab
response, and that VB6(39-60) induces little or no T cell response,
but a strong Ab response. Therefore we tested the production of
IL-2, IL-4, and IFNy by T cells stimulated with these peptides to
determine if VB6(32-48) induces the Thl subset of T cells and
VB6(39-60) induces the Th2 subset of T cells, as implied by the
above results. Fig. 3.3a shows that IL-2 and/or IL-4 are produced
by T cells primed and cultured with VB6(32-48), but not with
V$6(39-00). The lymphokine produced by the former is IL-2, as
demonstrated by the blocking with anti-IL-2 MAb but not anti-IL-
4 MAb (Fig. 3.3b). The T cells stimulated with VB6(32-48) also
produce IFNY, consistent with the cytokine profile of Thl cells (Fig.
3.4).

VB6 usage among T cells responding to peptides of VB6 TCR
To determine if the cellular response to VB6 peptides affects the

frequency of VB6 among responding T cells, the frequency of VB6+
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cells was measured after stimulation with VB6 peptides in vitro.
BALB/c mice were immunized with either saline, VB6(1-20), or
VB6(48-75) emulsified in CFA and the draining lymph nodes were
prepared as described in the Materials and Methods for the
proliferation assay. The cells were then stimulated in vitro with
either the VPB6 peptide or purified protein derivative (PPD, Statens
Seruminstitut, Copenhagen, Denmark) as a negative control at 25
pg/mL for 4 days. Viable cells were prepared for flow cytometry.
In Table 3.3, are listed the frequencies of VB6+, VB8+, and CD4+ cells
after 4 days culture. It is presumed that during this in vitro
stimulation, the majority of viable cells are those responding to the
antigen in culture. The frequencies of VB6 and VB8 among the
responding cells are similar for all groups. Regardless of in vivo
priming with V6 peptides and/or in vitro stimulation with VB6
peptides, the frequencies of VB6+ and the control VB8+ T cells are
approximately 10% and 15%, respectively. Thus, although V86 is
present in the repertoire of T cells responding to VB6 peptides, the

repertoire is not skewed in the frequency of VB6+ T cells.

Anti-class I mAb blocks in vitro proliferation of primed T cells

To determine the MHC molecules which present VB6 peptides,
primed T cells were stimulated in vitro with peptide and syngeneic
irradiated spleen cells as APC in the presence of various mAb (Fig.
3.5). Since many of the peptides tested in BALB/c and DBA/2J mice
are from the amino terminal peptide of various VB genes, VB6(1-

20) was chosen for this experiment in BALB/c mice. The response
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to VB6(1-20) was blocked by MK-D6 (anti-I-Ad) but not by the
isotype-matched control mAb, 10-3.6.2 (anti-I-Ak) (Fig. 3.5a). The
response was also blocked to a lesser extent by GK1.5 (anti-CD4),
but not by 35-5-8S (anti-Dd) or 2.43 (anti-CD8) antibodies.
Comparable results were obtained in blocking experiments with
CBA/CaJ mice responding to VB6(48-75); VB6(1-20) could not be
used in this experiment since CBA/CaJ mice do not respond to
VB6(1-20) (Fig. 3.5b). Both 10-6.3.2 (anti-I-Ak) and 17-3-5S (anti-
I-Ek) blocked primed CBA/CaJ T cell proliferation in response to
VB6(48-75). Proliferation was slightly inhibited by 16-3-1N (anti-
Kk) but not by 2.43 (anti-CD8) antibodies. None of the mAb were
toxic to the purified T cells at the concentration used in the blocking
assay, as determined by trypan blue exclusion (data not shown).
Thus the T cell response to VB6 peptides requires presentation by
class II MHC molecules. The response is partially blocked by anti-
CD4 mAb, indicating that CD4-bearing T cells are involved in
recognition of VPB6 peptides.

VB6 peptides inhibit presentation of Ag to the T cell hybridoma,
A.l.1

Competitive inhibition experiments were performed with the I-Ad
restricted T cell hybridoma, A.1.1, and fixed TA3. A.l.1, which
responds to the peptide, K4, in the presence of I-Ad, was cultured
with glutaraldehyde fixed TA3 and K4 in the presence of various
concentrations of VB6 peptides. The use of fixed TA3 abrogated

possible contributions to peptide binding to I-A due to processing
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by APC. At lower concentrations, all six VB6 peptides inhibited the
presentation of K4 antigen tc Al.1 T cell hybridoma (Fig. 3.6). At
higher concentrations of competing peptide, inhibition was similar
to that at lower concentrations. None of the peptides were toxic to
the T cell hybridoma at auy concentration tested as determined by
trypan blue exclusion (data nct shown). VB6(39-60) was the
strongest inhibitor, even though VB6(39-60) was the least
immunogenic of aii tiz V{36 psptides according to the T cell
proliferation assay. Since none of the peptides were toxic to the
responding A.l1.1, the VB6 peptides inhibit Ag presentation by
competing for binding to I-A.
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Discussion

Our demonstration of T cell and B cell responses to self peptides of
the TCR indicate the absence of tolerance to some self epitopes of
the TCR in several strains of mice. The B cell response was peptide-
specific and the peptide-specific antisera did not react with the

intact TCR on cells. The response to these peptides at the T cell

level is interesting.

There have been a few reports of T cell recognition of self antigens,
including myelin basic protein (23), B2-microglobulin,
haemoglobulin (24), and I-A (25, 26). Our results show that the
lack of tolerance extends to the TCR. The response patterns of the
different strains of mice are not determined by the Mis haplotype,
ie. whether a particular VB is deieted or not. BALB/c and DBA/2J
mice both respond to most of the VB6-peptides tested even though
DBA/2J mice delete VB6+ T cells and BALB/c mice do not. BALB/c
mice respond to VB3(1-20) and DBA/2J mice do not, even though
both delete VB3+ T cells and are of the same haplotype (H-24).
Neither BALB/c nor DBA/2J mice respond to VB8.1(1-20) and both
respond to VB8.3(1-20), when DBA/2J mice delete VB&.1+ T cells
and neither BALB/c nor DBA/2J mice delete VB8.3+ T cells. CBA/CaJ
and CBA/J mice both respond to the same three peptides of the six
VB6 peptides tested, even though CBA/J mice delete VB6+ and VB3+
T cells and CBA/CaJ mice do not. Therefore, no differences in
response patterns can be attributed to the Mls-12 phenotype.

However, the pattern of response to the different peptides
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correlates to H-2 haplotype. The H-2d strains (BALB/c and DBA/2J)
respond to VB6(1-20), VB6(32-48), VP6(48-75) and VB6(58-75),
whereas the H-2k strains (CBA/CaJ and CBA/J) respond to VB6(48-
75) and VB6(58-75). The H-2b strains respond only weakly to
VB6(58-75) in the case of C57B1/6J, or not at all in the case of D1.LP
mice. Thus deletion of VB6+ T cells does not influence tolerance or
responsiveness to the peptides of VB6. We expected that Mis-12
mice which delete VB6+ T cells would respond to the VB6 peptides
and that Mls-1® mice which do not delete VB6+ T cells would not
respond to the peptides. This was not the case. Mice which express
V36 on a portion of their peripheral T cells can respond to some
peptide fragments of VB6, even though this molecule is "self". This
may be explained by the fact that VB6+ celis are present in the
thymus medulla of newborn mice for up to 7 days following birth
(27) and remain in *he thymus cortex in the adult mice of Mls-12a
(deletor) strains (28). Since the injection of antigen within one day
after birth can render mice tolerant to that antigen (29), the
presence of VB6+ cells during the time when "self” is "learned" may
prevent any differences in tolerance between Mils-1P and Mis-12
mice. Vp-peptides are immunogenic in both deletors and non-
deletors, however, indicating a lack of tolerance to some epitopes of

an autoantigen.

It is interesting to note that the six strains tested respond weakly
to VB6(39-60), however, this region of the VB8 TCR is reported to

be immunogenic in rats (6). Whether low response is due to the
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different VB gene segment or the different species czu not be
determined. Poor immunogenicity of VB6(39-60) in mice implies
that the regulation of EAE with this region of VB8 in rats (6, 7) may
not be a general phenomenon which can be applied across species
in similar autoimmune diseases. Even when a particular TCR is
implicated in the pathogenesis of an autoimmune disease or any
immune response, the regulatory region of the TCR must be
identified. This may be due to differences in antigen processing
between the different TCR molecules, which would generate TCR-
peptides from different regions of the TCR. The peptides having a
regulatory effect would be those which are processed and

presented naturally by either T cells or APC.

B cell responses to three of the VB6 peptides are also evident by Ab
titres in the sera of immunized mice. Ab titres to VB6(1-20),
VB6(39-60) and VPB6(48-75), but not to VB6(32-48) could be
detected in BALB/c mice. Our results suggest that VB6(39-60)
could induce detectable Ab titres even though the T cell response to
this peptide is very low. This minimal T cell response must be
sufficient to provide the observed help to B cells producing anti-
VB6(39-60) Ab. Conversely, Ab titres to VB6(32-48) could not be
detected by the ELISA technique, in spite of a strong response in
the in vitro T cell proliferation assay. Possibly, the T cell subset
induced by this peptide is unable to provide help to B cells or B
cells producing anti-VB6(32-48) Ab are deleted in BALB/c mice.
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The above results prompted us to investigate this system further.
We tested the cytokines produced by T cells primed and stimulated
in vitro with VB6(32-48) or VB6(39-60). Consistent with VB6(32-
48) inducing a Thl sabset, T cells stimulated with this peptide
produced detectable ievels of IL-2 and IFNy. T cells stimulated
with VB6(39-60), did not produce IL-2 or IFNY, but neither was IL-
4 detected in the supernatants of these T cells. This is likely due to
the insensitivity of the bioassay for IL-4. Concentrations of IL-4 in
supernatants below 4 ng/ml. were not detectable in this assay; this
would be insufficient to detect many Th2 type clones (30). The
induction of Thl type T cells by VB6(32-48) would account for the
results from the T cell proliferation and Ab production assays. It
has been observed that different antigens can preferentially induce
one T cell subset over the other (31, 32). Even different epitopes of
the same protein can induce different types of immune responses
(33, 34). VB6(32-48) and VB6(39-60) are further examples of

epitopes preferentially inducing different subsets of T cells.

There are evidently B cells with specificity for some peptide
fragments of the VB6 TCR. This Ab specificity however does not
extend to the intact TCR on the surface of T cells (Fig. 3.1a).

Antisera from BALB/c and DBA/2J mice which can bind the peptide
fragment VB6(1-20) cannot bind to the VB6+ T cell hybridoma,
A.1.1. This result is in contrast to previous findings in which rabbit
anti-sera generated against the VDJ region on the B chain of the TCR

expressed by an encephalitogenic T cell line (35) or rat anti-sera
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generated against VB8(39-59) (36) were able to bind to VB8+
encephalitogenic T cells. Anti-peptide Abs may not recognize intact
TCRs because (1) the peptide sequence may not be on the surface of
the TCR and so be inaccessible to the Ab, or (2) ihe structure of ihe
peptide recognized by the Ab differs from the structure of the
peptide sequence in the intact TCR. In addition, since the anti-sera
were generated in mice expressing the VB6 TCR, any B cells
producing Abs able to bind to the intact TCR couid be either
anergized or deleted in these mice (37). Thus, anti-VB6 TCR Abs
were not generated. In addition, anti-VB6(1-20) Abs present in the
sera do not lead to depletion of VB6+ T lymphocytes in the
periphery (Fig. 3.1b). Therefore, the anti-VB6 peptide response by

B cells does not lead to an anti-receptor response.

The T cell response to peptides of the TCR is primarily by class II-
restricted, CD4+* T cells as shown by mAb blocking in vitro (Fig. 3.5).
We tested the response to VB6(1-20) in BALB/c mice. Anti-I-Ad
mAb (MK-D6) and to lesser extent anti-CD4 mAb (GK1.5) blocked
proliferation of T cells in response to VB6(1-20). Therefore class II
MHC molecules are required for the presentation of VB6 peptides to
primed T cells. It is evident that all of the five VB6-peptides tested
can competitively inhibit presentation of K4 by I-Ad (Fig. 3.6). The
VB6-peptides also have sequences similar to putative I-Ad binding
motifs (38), suggesting that the VB6-peptides may inhibit

presentation of K4 by competitively binding the I-Ad molecule. It
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has been previously shown that self-peptides can bind MHC
molecules (24 - 26, 39, 40).

We also examined the usage of VB6 by T cells responding to two of
the VB6 peptides to determine if the cellular response to regions of
a particular VB can skew the repertoire of responding T cells. T
cells responding to VB6(1-20) or VB6(48-75) were selected by
immunization and subsequent in vitro stimulation with the
respective VB6 peptides. CFA-primed and PPD-stimulated T cells
served as a negative control and the frequencies of VB6+ T cells
were compared among the groups. The frequencies of VB6+ T cells
in all groups were within the normal range of frequencies of VB6+ T
cells in lymph nodes of BALB/c mice from 7% (28) to 11% (5). The
control, VP8, was also expressed within the normal range from 15%
to 20% of peripheral lymph node cells (41). Thus the repertoire of
T cells responding to VB6 peptides does not have a greater or lesser

proportion of VB6+ T ceils than normal.

These results have several implications. First, T cells reactive with
some self-peptides are not deleted in the thymus and are able to
respond to antigen in the context of MHC. This escape from thymic
deletion cannot be attributed to the absence of the self molecules in
the thymus. It is possible that peptide fragments of TCR are
present in the thymic environment since the majority of T cells in
the thymus are deleted and presumably degraded and presenied

by resident phagocytic cells. The peptide fragments present in the
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thymic environment may not be the same as the peptides tested in
this study, thus T cells may escape deletion because, as has been
suggested (42), tolerance to all self epitopes may not be necessary,
since not all self epitopes may be generated from a primary
sequence in vivo. Aljicmatively T cells may escape deletion

because of low affinity TCRs specific for the naturally presented self

epitopes.

Second, assuming that positive selection is necessary for T cells to
exit the thymus, the presence of these self peptide-reactive T cells
in the periphery implies that these cells were positively selected.
The nature of positive selection is unclear, but it is generally
perceived as a low-affinity interaction between the TCR and self-
peptide associated with MHC (43). It has been speculated (24) that
self-peptides may be presented on thymic epithelium and mimic
the universe of foreign peptides and there is some evidence that
self peptides can influence the T cell repertoire (44, 45). The TCR is
a possible candidate as a source of a highly diverse set of peptides.
The presence of TCR peptide reactive T cells is consistent with a
role of peptides of the TCR in positive selection of the T cell

repertoire.

Finally, T cell responses which are dominated by usage of certain

TCR genes may be specifically regulated through anti-TCR-peptide T
cells. Anti-VB8(39-59) T cells have been shown to prevent the

induction of experimental autoimmune encephalomyelitis by VB8+
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autoimmune T cells in rats (6), although this finding has not been
supported by others (8, 46). The mechanism of regulation through
immunization with peptides of the TCR is unciear. We have
previously shown that some of the VB6 peptides can have a direct
inhibitory effect on the response of VB6+ hybridomas to the
superantigen, Mls-12 in vitro (17). Once injected in vive, however,
the TCR peptides may have an indirect effect by inducing anti-TCR-
peptide T cells. The anti-peptide T cells may help a B cell response
directed against the TCR, but our results on anti-peptide antibodies,
in contrast to others (7, 36), indicate that if anti-VB6 peptide
antibodies have a role in immunoregulation, their effect could not
be through a direct recegnition of intact TCR on T cells.
Alternatively, the anti-peptide T cells may recognize the naturally
processed fragment of the TCR presented by MHC molecules. The
anti-peptide T cells then may directly lyse the target T cell or
produce cytokines which regulate the response of the target T cell.
We are currently investigating the potential regulatory function of

anti-TCR-peptide T cells in vitro and in vivo.
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Table 3.1 Sequences of VB peptides

Peptide?) Sequenceb)

VB6(1-20)0 GGIITQTPKFLIGQEGQKLT

VB3(1-20) NSKVIQTPRYLVKGQGQKAK
VB8.1(1-20) EAAVIQSPRSKVAVTGGKVT
VB8.3(1-20)0 EAAVIQSPRNKVTVTGGKVT
VB6(32-48) MYWYRQDSGKGLRLIYY

VB6(39-60) DSGKGLRLIYYSITENDLQKG
VB6(48-75) YSITENDLQKGDLSEGYDASREKKSSFS

VB6(58-75) GDLSEGYDASREKKSSFS

a) The peptides were synthesized according to the Merrifield solid-phase
technique (17).

b) Nomenclature and sequences of peptides were taken from (1).
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Table 3.3 Frequency of VB6+ and VB8+ lymph node cells
after in vitro stimulation with antigen

Peptide used Peptide used % positive cells

in immunizationa) in cultureb) VB6 VB8 D4
CFA alone PPD¢) 10.9 13.8 59.5
VB6(1-20) PPD 9.1 13.8 58.9
VB6(48-75) PPD 9.3 15.5 49.0
VB6(1-20) VB6(1-20) 10.0 18.4 63.8
VB6(48-75) VB6(48-75) 9.7 16.7 48.8

a) BALB/c were immunized with S0ug of peptide emulsified in CFA.

b) Microcultures were prepared as in Table 1. After 4 days of culture,
viable cells were harvested and prepared for flow cytometry as
described in Materials and Methods.

c) PPD is the immunogenic moiety in CFA and so was used as an antigen-
specific stimulation for the negative control cultures.
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Figure 3.1. Antibody response to VB6 peptides by BALB/C mice.
Individual Ab titres to (a) VB6(1-20), (b) VB6(32-48), (c) VB6(39-60), and
(d) VB6(48-75). In all panels, open symbols are NMS and closed symbols
are primed anti-peptide anti-sera.
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Figure 3.2(a). Anti-V36 peptide sera do not bind to the intact VB6 TCR. Al.1
were stained with anti-VB6 mAb (~—) or anti-V$8.1,2 mAb (—), followed by
goat-anti-rat IgG-FITC conjugate to show TCR expression. A.l1.1 were stained
with NMS (.-« ), anti-VB6(1-20) serum (—~-—-), anti-VB6(48-75) serum from
BALB/c mice (——) or anti-VB6(1-20) serum from DBA/2 mice (— -—) followed by
goat-anti-mouse IgG-FITC conjugate.

(b). BALB/c mice with anti-VB6(1-20) sera retain VB6* peripheral T cells.
PBL were stained with anti-IL-2R mAb (—) or with anti-V86 mAb (=)
followed by goat-anti-rat IgG-FITC conjugate.
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Figure 3.3 Production of IL-2 by T cells stimulated with VB6
peptides.

a) HT-2 cells were incubated in 50% (v/v) supernatant from T
cell microcultures stimulated with APC only (M) or with APC and
VB6(32-48) (1-3) or VB6(39-60) (4-6) (@).

b) HT-2 cells were incubated in 25% (v/v) supernatant from the
same cultures as above in the presence of no antibody (H),
anti-IL-2 Ab (&), anti-IL4 Ab (&), or both antibodies (&).
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Figure 3.4 Production of IFNy by T cells stimulated with VB6
peptides.

Supernatant from T cell microcultures stimulated with APC only
(M) or with APC and VB6(32-48) (1-3) or VB6(39-60) (4-6) (&)
were tested for the piesence of IFNy by ELISA; absorbance was
converted to pg/mL of IFNy by comparison to a titration curve of a
standard IFNy.
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Figure 3.5. Inhibition of T cell response to VB6 peptides with mAb to
class II MHC. Mice were immunized with 50 pg of peptide in CFA in the
hind footpads. MAbs were used at a final concentration of 80 pug/mL.
Values are presented as the percent of control response to the antigenic
peptide in the absence of mAb. (a) Proliferation of T cells from VB6(1-
20) primed-BALB/c in the presence of various mAb. (b) Proliferation of
T cells from VP6(48-75) primed-CBA/CaJ in the presence of various mAb.
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CHAPTER IV

Effect of pre-immunization with self peptides of the TCR
on the T cell response to superantigen, peptide antigen,

and on the transfer of diabetes in NOD mice

Introduction

Regulation of immune responses is needed to minimize damage to
host tissues during infection and to maintain tolerance to self.
Regulation is achieved by a variety of means: selection of T cells
and B cells, cytokines, and perhaps a cellular network of
cooperation and suppression (1). Evidence for a network of T cells
can be found in the modulation of immune responses by
immunization with activated T cells specific for self antigen (2) or
alloantigen (3, 4). The immunized animal is subsequently rendered
tolerant to the antigen, perhaps through the induction of anti-
idiotypic T cells (5). These findings are consistent with the proposal
that peptides derived from the T cell receptor (TCR) and

immunoglobulins may play a regulatory role within the immune

system (6).
Further support of this is the protection from experimental
autoimmune encephalomyelitis (EAE) in rats, by immunization with

a peptide from the variable region of the B chain of a TCR,
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VB88.2(39-59) (7, 8). EAE is mediated by VB8.2+ T cells specific for
myelin basic protein (MBP) (9). T cells specific for the VB8.2-
peptide somehow inhibit the function or induction of V[B8.2+%
encephalitogenic T cells (7, 8). However, this protective effect of
the VB8.2-peptide has not been reproduced in other studies (10,
11). In addition to the effectiveness being questionable, the effect
of immunization with TCR-peptides has not been applied to other T

cell responses.

We have chosen to examine this phenomenon in other systems
which involve recognition of superantigen, peptide antigen, and self
antigen by different TCR in mice. Specifically, the responses to
endogenous superantigcn Mils-12, and a synthetic peptide (EYA)s by
BALB/c mice, are both dominated by T cells expressing VB6 (12,
13). We have observed that several peptides of the TCR-VB6 are
immunogenic in many strains of mice (14), and so have the
potential to modulate immune responses. Here we examine the
effect of pre-immunization with VB6-peptides on the T cell
responses to Mils-12 and to (EYA)s. Since the T cell responses to
these antigens involve predominant usage of VB6, immunization
with peptides of VB6 may lead to down-regulation of the response

to Mils-1a2 or (EYA)s.

In addition, we examine another autoimmune disease mediated by
T cells, Type I diabetes in NOD mice. It has been shown that pre-

immunization with CFA can protect NOD mice from spontaneous
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development of diabetes (15), and from the transfer of diabetes by
the co-injection of splenocytes from CFA-protected mice with
splenocytes from diabetic mice (16). We tested the effectiveness of
splenocytes from NOD mice immunized with VpB3-peptides in
protecting recipients from the transfer of diabetes. VB3-peptides
were chosen since VB3+ T cells are observed among the
heterogeneous population of lymphocytes which infiltrate
pancreatic islets (17 - 19), in spite of the thymic deletion of VB3+ T
cells in NOD mice by an endogenous superantigen, mtv-3 (20).
Although the VB3-peptides do not protect recipients from the
transfer of diabetes, we observe a small, but statistically significant,
reduction in the T cell in vitro proliferative response to Mls-i3 and
(EYA)s5 upon pre-immunization with some VB6-peptides. Thus

peptides of the TCR may modulate many types of T cell responses.
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Materials and Methods

Mice.

DBA/2], CBA/CaJ, and CBA/J mice were purchased from the Jackson
Laboratory, Bar Harbor, ME. BALB/cCr and NOD mice were bred at

the Ellerslie Animal Farm of the University of Alberta. Diabetic NOD
mice were maintained with daily injections of 50 pL of Ultralente

Insulin (NOVO Labs LTD., Willowdale, Ontario).

Peptides.

Peptides were prepared by the Merrifield solid-phase technique on
a Beckmarn 990C Peptide Synthesizer (Palo Alto, CA), as previously
described (21, Chapter II).

Immunizations.

Mice were immunized in the footpads with 50 pg of peptide
emulsified with CFA (Sigma, St. Louis, MO). Mice used in the MLR
experiments against Mis-12 superantigen were taken eight or forty
days later, and draining popliteal lymph node cells were prepared
for the T cell proliferation assay. BALB/c mice used in the response
to (EYA)s were immunized in the hind leg with 50 pg of (EYA)s
emulsified with IFA (Sigma), eight days after the first immunization
with VB6 peptide. After an additional eight days, cells from
popliteal lymph nodes were prepared as described below. NOD
mice were immunized in the foot pad with 50 pg of peptide
emulsified with IFA. Eight days later, spleen cells and popliteal

lymph nodes were pooled before injection into recipient NOD mice.
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MLR.
Cells of popliteal lymph nodes from immunized BALB/c or CBA/Cal

mice were purified over nylon wool columns (22) and then cultured
in 96-well plates (Flow, McLean, VA) at 2 x 105, 1 x 105, 0.5 x 105,
0.25 x 105, and 0.125 x 105 cells per well with 10 x 105, 5.0 x 105,
2.5 x 105, 1.25 x 105, or 0.62 x 105 DBA/2J or CRA/J stimulator
spleen cells in complete medium (RPMI 1640 (Gibco, Grand Island,
NY) supplemented with 10% FCS (Bocknek, Canada), 10 mM Hepes,
2 mM L-glutamine, 5x10-5 M 2-ME, and 1 U/ml penicillin-
streptomycin). The stimulator spleen cells were first treated with
20 pg/mL of Mitomycin C (Sigma) for 30 minutes at 37°C, and
washed thoroughly with medium before culture. The MLR cultures
were incubated for four days at 37°C, and 7% CO2, then pulsed with
37 kBq of [3H]dThd (NEN Dupont, Boston, MA) for 16-20 h.
Incorporation of [3H]dThd was measured using either a liquid
scintillation counter (LKB Instruments, Gaithersburg, MD) or a gas
scintillation Mairix96 (Canberra Packard Canada, Mississauga,
Ontario). At each concentration of responding T cells, the c.p.-m.
values for each group were standardized to the CFA only group
response to 1 x 106 stimulating cells, and expressed a percentage of
the control response according to the following forriula:

c.p.m. of peptide treated group
c.p-m. of CFA control group at 1 x 106 APC

X 100%
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T cell proliferation assay for response to peptide antigen.

Purified cells from immunized mice were cultured in 96-well plates
in complete media (described above) at 4 x 105 or 2 x 105
cells/well with syngeneic irradiated (3000 rad) spleen cells as APC
at 1 x 106 cells/well in the presence or absence of peptide in 200
pL of culture medium. Concentratiors of peptides tested were 250
ug/mL, 25 pg/mL, and 2.5 pg/mL; PPD (25 pg/mL) served as a
positive control for T cell proliferation. Incorporation of [3H]dThd
was measured as described above. In the response to (EYA)s, the
c.p.m. values for each peptide treated group were standardized to
the CFA only group response to 25 pg/mL (EYA)s, and expressed a
percentage of the control response according to the following

formula:

c.p.m. of peptide treated group X 100%
c.p.m. of CFA control group at 25 pg/mL (EYA)s

Statistical analysis.

Where appropriate, data from different experiments were pooled
for each treatment group. Means and standard deviations for each
group were calculated, and the significant differences of the treated
groups from that of the CFA control group was measured by an
analysis of variance (23). Differences were considered significant at
p < 0.05.
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Transfer of diabetes in NOD mice.

The transfer of diabetes by injection of splenocytes from diabetic
NOD mice into irradiated recipients has been previously described
(16). Briefly, recipient female NOD mice (7 - 9 weeks old) were
irradiated (850 rad) and injected with a total of 30 x 106 cells
intravenously. Cells were prepared as follows. Spleen cells from
diabetic NOD mice were depleted of RBC by a 3 minute incubation
with Tris-buffered ammonium chloride (0.16 M NHA4CI, 0.17 M Tris)
and washed thoroughly. Diabetic spleen cells were mixed in a 1:1
ratio with pooled spleen and lymph node cells from immunized NOD
mice. Twelve days after injection, recipients were monitored for
urine glucose levels with Tes-Tape (Eli Lilly Canada Inc, Toronto,
Ontario) until urine glucose levels were above normal, then blood
glucose was monitored every second day with a Glucoscan 2000
(Lifescan Inc., Mountain View, CA). The recipients were considered
to be diabetic when blood glucose levels were greater than 300
mg/dL. Recipient NOD mice were sacrificed by CO; when diabetes
was confirmed by two consecutive blood glucose readings greater

than 300 mg/dL.
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Results

Response to superantigen.

The response to DBA/2J by BALB/c T cells is dominated by VB6+ T
cells (13). Thus if immunization with peptides of the VB6 region of
the TCR can inhibit the response of VB6+ T cells, then a difference in
the proliferation of anti-Mls-12 T cells should be detectable. In
order to assess the effect of peptides of the VB-TCR on T cells
responses, the response of T cells from BALB/c or CBA/CaJ mice to
DBA/2) and CBA/J stimulatory cells respectively, was measured
following immunization of the responder mice with VB6-peptides or
salire emulsified in CFA. Table 4.1 lists the peptides used in this
study; these peptides have been previously shown to induce T cell
proliferative responses in BALB/c and CBA/CaJ (14). Eight or forty
days after immunization, the draining popliteal lymph nodes of
BALB/c or CBA/Cal mice were purified over nylon wool columns
and co-cultured with varying densities of DBA/2J or CBA/J spleen
cells, which had been treated with Mitomycin C. Because no
difference in patterns of response could be detected between 8 and
40 days after immunization, Figure 4.1 presents the pooled data
from three experiments of dirferent groups of BALB/c at different
densities of responding T cells: 0.25 x 105 (Fig. 4.1a-c), 0.5 x 105
(Fig. 4.1d-f), 1.0 x 105 (Fig. 4.1g-i), and 2.0 x 105 (Fig. 4.1j-1).
Responses within groups can be quite variable and all groups of
BALE/c have similar proliferative responses to DBA/2J APC at most
concentrations. At the lower densities of responding T cells the
groups immunized with VB6(1-20) or VB6(58-75) show slightly
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reduced proliferations (Fig. 4.1a, d-f). At the highest density of T
cells, reduced proliferation is evident only in the group immunized
with VB6(48-75) (Fig. 4.1j-1).

Only those VB6-peptides which are immunogenic in CBA/CaJ as
measured by T cell proliferation in vitro, VB6(48-75) and VB6(58-
73), were tested for an effect on the response of CBA/CaJ mice to
Mls-J2, Similarly for CBA/CaJ anti CBA/J MLR, differences in the
proliferation of responding T cells are evident at only some
densities of cells, with greatest Jifferences occurring at the higher
densities of responding T cells (Fig. <.2g-1). Unlike the BALB/c anti-
DBA/2J MLR, differences were seen between 8 days versus 40 days
following immunization with VB6-peptides. In the latter group,
much less reduction in proliferation was seen, especially in the

V B6(58-75) group. Either the effect of VB6-peptides appears to be
lost between 8 and 40 days post-immunization, or the effect is

variable and was not evident in the second set of mice.

Response to peptide antigen.

The effect pre-immunization with selected VB6-pzptides on the T
cell response to peptide antigen was also examined. VB6(32-48)
was chosen as an additional negative control since it showed no
inhibitory effect in previous experiments, and VB6(48-75) was
chosen since it most consistently inhibited T cell responses to the
superantigen, Mls-12. The responding T cell repertoire to Poly-18
and (EYA)s by BALB/c mice is composed of 50% VB6* T cells (12).
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Therefore, as with the response to Mis-12, downregulation of this
subset of T cells is expected to lead to a reduction in proliferation in
response to (EYA)s. Fig. 4.3 shows the pooled results from two
experiments. In all but the lowest concentration of (EYA)s, the
proliferation of the VB6(48-75) pre-immunized group is slightly
lower than that of the CFA control group, however this difference is
significant (p<0.01) only at the highest concentration of (EYA)s, 250
pg/mL.

Transfer of diabetes in NOD mice.

Since diabetes can be transferred to young, naive NOD mice by
injection of splenocytes from diabetic NOD mice (24), the effect of
splenocytes primed by VB3-peptides on the transfer of diabetes in
vivo was examined. Peptides of VB3 were chosen since, in spite of
the deletion of VB3+ T cells in NOD mice (20), VB3+ T cells are
observed among lymphocytes infiltrating pancreatic islets at a
higher frequency than found in lymph nodes of pre-diabetic NOD
mice (18, 19). However, before testing this, the immunogenicity of
the VB3-peptides was determined. T cells purified from popliteal
lymph nodes of primed NOD mice proliferate in response to
VB3(38-59), but not to VB3(1-20) in vitro, regardless of the
adjuvant used in priming (Table 4.2). Since NOD mice do not
respond to VB3(1-20), this peptide was expected to have no effect
on the transfer of diabetes. The incidence of the transfer of
diabetes was unaffected by splenocytes primed by either V§3

peptide (Fig. 4.4). Also the average time for the onset of diabetes
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after transfer of splenocytes was unchanged: 20 days for both
peptide groups compared to 19 days for the IFA control group.
Thus there is no evidence that VB3-peptide primed splenocytes can

inhibit the transfer of diabetes in NOD mice.
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Discussion

One prediction of the network theory is that lymphocytes which
recognize fragments of TCRs or Abs can regulate the response of
other lymphocytes bearing those receptors. We have generated T
cells specific for peptides of the TCR by immunization with peptides
of the VB6 region of the TCR in order to test their effect on T cell
responses which predominantly involve VB6+ T cells. The T cell
response to Mils-12 jn vitro by mice pre-immunized with VB6-
peptides is slightly reduced in omnly some densities of responding
and stimulating celis. This is difficult to explain. A mixture of T
cells including VB6+, VB8.1+, VB7+, and VBO+ T cells (25 - 28), are
able to respond to Mls-12 and this heterogeneous population may
not respond in a simple linear fashion that one might expect from a
clonal population. The reduction in .. .iferation appears more
pronounced in the CBA/CaJ response to Mis-i2 than in the BALB/c
response. This may be because BALB/c and DBA/2J mice differ at
more non-MHC loci than do CBA/CaJ and CBA/J mice. Thus some of
the proliferative response could be due to allcantigens distinct from
Mls and this portion of the response would not be affected by VB6-

peptides.

Again for the response to peptide antigen, (EYA)s, there was
observed a significant inhibition of proliferation only at omne
concentration of antigen. Perhaps at the lower ceoncentrations of
(EYA)s, antigen is limiting, and therefore not all the potentially

responsive T cells are proliferating, even in the control group with
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CFA only. At the highest concentration, where antigen is likely not
limiting, there are fewer T cells with the potential to respond in the
peptide-treated group resulting in a lower uptake of [3H]dThd
compared to the control group with CFA only. Others have reported
similar results in that pre-immunization with peptides derived
from V8.2 can reduce responsiveness to myoglobin, characterized

by a predominance of VB8.2 usage (29).

The inhibitory effect on the responses to superantigen and peptide
antigen are small, probably because of the heterogeneous group of
T cells which respond to the antigens. The VB6-peptides are
expected to affect only the portion of the responding T cells which
are VP6*. In terms of the total response to antigen, immunizing
with a peptide of one TCR-VB would significantly reduce a T cell
response only if that response is homogeneous for that TCR-VB.
However, the small reduction in response to Mls-12 and (EYA)s
demonstrated it this study shows that V@-peptides injected in vivo
can modulate more heterogeneou: responses and supports the

theory that VB-peptides may play a regulatory role in immune

responses of VB6+ T cells.

Neither VB3 peptide tested, even VB3(38-59) which is
immunogenic in NOD mice, had any effect on the in vivo induction
of diabetes. V[PB8.2(39-59) has been shown to inhibit the induction
of EAE in rats (7), which is mediated by VB8+ T cells. Conversely,
others have shown that VB8.2(39-59) has no protective effect (10),
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and can actually enhance EAE (11). Although VB3+ T cells are
observed among infiltrating lymphocytes in islets of NOD mice in
spite of the thymic deletion of these T cells in NOD mice (20), other
T cells may be responsible for islet destruction since T cells bearing
many different VBs can be found among infiltrating lymphocytes
(17, 18). Thus the ineffectiveness of VB3-peptides in these
experiments may be due to the heterogeneity of T cells involved in

the induction of diabetes.

The mechanism by which response to superantigen and peptide
antigen may be inhibited by VB peptides is uncertain. Probably the
TCR peptides have an indirect effect by inducing anti-TCR-peptide T
celis. The network theory, originally proposed for imteractions
among idiotypic and anti-idiotypic antibodies (1), may extend to T
cells which recognize fragments of TCR and Ig (6). Although the T
cell response to the TCR-peptides is primarily by CD4+, class II-
restricted T cells (14), the TCR-peptides may also induce a small
proportion of class I-restricted T cells capable of regulating other T
cells. Attempts to expand in vitro any class I-restricted T cells
specific for the VBo6-peptides have not been successful, however,
anti-Kk MAb (14), and anti-CD8 MADb inconsistently (unpublished
observation), reduce the proliferation of CBA/CaJ T cells in response
to CBA/I APC. T cells are capable of presenting antigen (30), and
may present peptide fragments of their own TCR. TCR-peptide-
specific T cells could recognize processed fragments of the TCR

molecules on the cell surface of other T cells, and regulate the
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function of the target T cells. Thus the reduction in proliferation of
the responding T cells from mice immunized with VB6-peptides,
may be due to suppression or amergy of the VB6+ T cells. In
conclusion, pre-immunization with TCR peptides can partially
inhibit the T cell response to superantigen and peptide antigen,
indicating that T cells specific for TCR peptides may have a role in

the regulation of T cell responses.
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Table 4.1 Sequences of peptides used in this study

Peptide?) Sequenceb)

VB6(1-20) GGIITQTPKFLIGQEGQKLT

VB6(32-48) MYWYRQDSGKGLRLIYY

VPB6(48-75) YSITENDLQKGDLSEGYDASREKKSSFS
VB6(58-75) GDLSEGYDASREKKSSFS

VB3(1-200 NSKVIQTPRYLVKGQGQKAK

VB3(38-59) NKNNEFKFLINFQNQEVLQQID

(EYA)s EYAEYAEYAEYAEYA

a) The peptides were synthesized according to the Merrifield solid-phase
technique (21).
b) Nomenclature and sequences of peptides were taken from 31).
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Table 4.2. Response by primed NOD mice to
peptides of VB3 T cell receptor

Peptide  Concentration Emulsified in3)
(ug/mL) CFA IFA
VB3(1-20) 0.0 0.1+ 0.0 0.2+ 0.1
2.5 0.1+ 0.0 0.2+ 0.0
25.0 0.1+ 0.0 0.2+ 0.1
250.0 0.2+ 0.1 0.2+ 0.1
PPDb) 25.0 17.3+ 0.8 4.6+ 0.5
VB3(38-59) 0.0 0.3+ 0.1 0.3+ 0.1
2.5 1.2+ 0.7 2.9+ 0.5
25.0 1.8+ 0.8 2.7+ 0.1
250.0 4.4+ 1.0 4.8+ 0.7
PPD 25.0 22.6+ 1.1 5.4+ 1.1

a) NOD mice were immunized with peptides emulsified in CFA or IFA. After 8
days, purified cells of popliteal lymph nodes were cultured at 4 x 105
cells/well with 1 x 105 APC and different concentrations of pepiides.
Incorporation of [3H]dThd was measured after 4 days.

b) PPD served as a positive control for T cell proliferation.
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Figure 4.1. Effect of immunization with VB6 peptides on BALB/c mice
response to Mis-12 (DBA/2J splenocytes).

T cells were purified from popliteal lymph nodes of BALB/c mice
immunized with saline or peptide emulsified in CFA. T cells were cultured
at 0.25 x 105 (a-c¢), 0.5x 105 (d - ), 1.0 x 105 (g - i) or 2.0 x 105 G-D
cells with 1 x 106 (a, d, g, j), 0.5 x 106 (b, e, h, k), or 0.25 x 106 (c, f, i, I)
DBA/2J splenocytes in 200 pL culture medium. Incorporation of [3H]dThd
was measured as described in Materials and Methods, and each cpm value
was converted to the percent of the saline/CFA control response to 1 x

106 APC. (* indicates p< 0.05, and ** indicates p< 0.01 in an analysis of
variance)
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Figure 4.2. Effect of immunization with VB6 peptides on CBA/CaJ mice response
to Mis-12 (CBA/J splenocytes), after 8 days (Experiment 1) or after 40 days
(Experiment 2).

T cells were purified from popliteal lymph nodes of CBA/Ca) mice immunized
with saline (M), VB6(48-75) (@), or VB6(58-75) (@) emulsified in CFA. T cells
were cultured at 0.25 x 103 (a - ¢), 0.5 x 105 (d - f), 1.0 x 105 (g - i) or 2.0 x
105 ( - 1) cells with 1 x 106 (a, d, g, j), 0.5 x 106 (b, e, h, k), or 0.25 x 106 (c, f, i,
1) CBA/] splenocytes in 200 pL culture medium. Incorporation of [3H]dThd was
measured as described in Materials and Methods, and each cpm value was

converted to the percent of the saline/CFA control response to 1 x 106 APC.
(* indicates p < 0.05, and ** indicates p < 0.01 by analysis of variance)
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Figure 4.3. Effect of pre-immunization v-*: VB6 peptides on the T
cell response by BALB/c mice to (EYA)s.

BALB/c mice were immunized with VB6(32-48) or VB6(48-75) or
saline emulsified in CFA, then immunized with (EYA)s emulsified

in IFA, 8 days later. Purified cells from the popliteal lymph nodes
were cultured at 4 x 105 cells/well with 1 x 106 APC and different
doses of (EYA)s5. Incorporation of [3H]dThd was measured after 4

days and values were converted to the percent of the CFA control
response to 25 pg/mL (EYA)s.
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Figure 4.4. Effect of splenocytes stom NOD mica primed with VB3 peptides on the
transfer of diabetes in NOD mice.

Recipient NOD mice werc irradiated and given 15 x 106 diabetic spleen cells only
(a), or 15 x 105 diabetic splecn cells mixed with 15 x 106 splenocytes from
normal NOD primed with saline emulsified in IFA (b), VB3(1-20) emulsified in
IFA (c), or VB3(38-59) emulsified in IFA (d).
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Chapter V

General discussion and future prospects

In this thesis we have investigated the regulatory role of peptides
of the variable region of the TCR in immune responses. Our
cbjectives were to study the immunogenicity of VB-peptides and to
determine their effect on T cell responses in vitro and in vivo.
First, we tested the in vitro effect of VB6-peptides on the response
of VB6+ T cell hybridomas to Mls-i2 bearing APC. Second, we
tested the immunogenicity of VP-peptides in mice, exploring the
influence of MHC and Mls genotypes on responsiveness, in order to
identify potentially regulatory peptides. Lastly we tested the in
vivo effect of immunization with VB6-peptides on T cell responses
to a superantigen, Mls-12, and to a peptide antigen, (EYA)s. In
addition, we examined the effect of immunization with VB3-
peptides on the transfer of diabetes in NOD mice. The results of

each of these studies will be summarized and discussed below.

In vitro_inhibition by VB6-peptides

We observed that several peptides of the VB6 gene segment,
VB6(1-20), VB6(48-75), and VP6(58-75), could partially inhibit the
respouse of VPB6+ T cell hybridomas to irradiated Mls-1a+ APC, but
not to (EYA)s presented by irradiated Mls-12- APC. The same

154
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peptides had no effect on the response of a VB8+ T cell hybridoma
to Mils-12+ APC. Other peptides, VB6(32-48) and VB6(39-60), had
no effect on recognition of superantigen and so served as conatrol
peptides. From this one can infer that the sequence of the peptide
is important in determining the effect of the VB6-peptides. The
sequences of the inhibitory peptides indicate that at lecast amino
acids 1 to 20 and 58 to 75 interact with Mls-1a. The position of
these residues corresponds to a solvent-exposed portion of the B-
pleated sheet of the VB domain, which lies outside the putative
antigen binding domain (1). This conclusion is in agreement with
other studies using different methods to identify the site on the
TCR-V$13.2 (2), VB8.2 (3), or VB8.1 (4) which interacts with
superantigen. Our results suggest that VB6 peptides can interact
with Mils-12 on the surface of APC and thus compete with the TCR
for binding to Mls/MHC complexes. Inhibition was never 100%,
even at 75 uM of competing peptide. This indicates that the TCR is
more efficient at binding to Mls-12 than VB6-peptides, probably
because the VB6 peptides are unable to form the tertiary structure
of the corresponding region on the TCR. This study demonstrates

that VB-peptides can inhibit TCR recognition of superantigen.

Immunogenicity of VB-peptides

We observed that most of the VB-peptides tested are immunogenic
in several strains of mice. Responsiveness correlates with MHC
haplotype more than with Mlis phenotype. This indicates a strong

Ir effect with little influence by Mls and the deletion of T cells
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expressing TCR with the corresponding VB. The T cell response to
VB6 peptides is mainly by CD4+, class Il-restricted T cells, as
demonstrated by mAb blocking of the in vitro proliferation.

Our results show that lack of T cell tolerance to self antigems
extends to some epitopes of the TCR. This indicates that T cells
reactive to self-peptides can escape thymic deletion, perhap: due to
low affinity receptors or the expression of these peptides at
densities in sufficient to induce tolerance. Also, the lack of
tolerance to Vp-peptides in spite of the expression of VB6 by T
cells, is consistent with a prediction of the network theory.
Immune recognition of the peptides of the TCR (and Ig) is a
necessary requirement for these peptides to have any influence on

the immune system.

The induction of Ab by several of the VB6-peptides in BALB/c mice
was also examined. After two immunizations, Ab response to
VB6(1-20) and VP6(39-60), but not to VB6(32-48), was observed.
This was a curious result, considering the strong proliferative T cell
response to VP6(32-48) but not to VB6(39-60). We were prompted
to examine the cytokine produced by the respective T cell

populations.

Two subsets of T helper cells have been identified, Thl type and
Th2 type, which differ in cytokine production and T helper function
(5). THI type T cells help delayei iype hypersensitivity (DTH)

reactions and, variably, B cells responses, whereas TH?2 type T celis
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help B cell responses but not DTH reactions. Consistent with
VB6(32-48) inducing THI1 type T celis, culture supernatants of
primed T cells stimulated with VB6(32-48), but not with VB6(39-
6C), contained IL-2 and IFNy. IL-4 could not be detected in culture
supernatants. This was probably due to the insensitivity of the
bioassay for IL-4. Others have also observed that different
peptides of the same molecule can induce antibody, but not DTH
responses, and vice versa (6). In that study, the proliferative
response to the peptides in vitro correlated to the Ab response, not
the DTH response. It is therefore unexpected that VB6(39-60),

which induces an Ab response, can not induce T cell proliferation in

vitro.

It was also determined that all VB6-peptides tested could compete
with a peptide antigen, K4, for presentation to T cell hybridomas by
syngeneic fixed APC. This demonstrated that VB6-peptides, like
many other self peptides, can bind to syngeneic MHC molecules (7 -
9). It should be noted here that the results of two antigen
competition assays, one in Chapter II and one in Chapter III,
differed probably because of different experimental procedures.
The two assays differed in the T cell hybridoma, peptide antigen,
and APC used. The most important factor in the competition assays
is probably the antigen; (EYA)s may have a much greater affinity
for I-Ad than the VB6-peptides and so the presentation of (EYA)s

could not be inhibited.
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In summary, this study demonstrated the immune response to
V B6-peptides, indicating that VP-peptides have a potential

regulatory function in vivo.

In _vivo regulation by VB6-peptides

We observed that immunization with some VP6-peptides resulted
in a small reduction in the proliferative response to Mls-12 and to
(EYA)s, both of which are dominated by VB6+* T cells (10, 11). The
reduction in proliferation was not 100% nor observed at all
densities of lymphocytes or concentrations of antigen tested. This
is likely due to the heterogeneity of the T cell response to both
antigens (11, 12). The fact that any reduction in proliferation was
observed indicates that some portion of the responding T cells were
affected and that immunization with Vp-peptides can modulate
heterogeneous T cell responses. These findings are consistent with
other studies of VpB-peptides and homogeneous T cell responses,
such as ablation of the T cell response by mice to myoglobin (13), or
protection from EAE in rats (14, 15) by immunization with a VB38.2-
peptide. However, other investigators have shown that the VB8.2-
peptide may not consistently protect rats from EAE (16, 17). The
failure to induce protection may be due to differences in prior
immunological experiences of the population of rats used in those
studies. Since the immune network may be influenced by previous
immune reactions, modulation with a VB-peptide may not produce

the same resuit.



How VB6-peptides regulate T cell responses remains to be
determined. It is unlikely that antibodies specific for these
peptides influence the response of VB6+ T cells because (1) few
antibodies are produced within 8 days after a single priming event,
and (2) antibodies specific for these TCR-peptides do not recognize
intact TCR molecules (Fig. 3.1a, Chapter III). In rthis system
therefore, the mechanism by which VB-peptides regulate immune
responses must be through the induction of T cells which recognize
fragments of the VB region of the TCR. These T cells, by definition,
are anti-idiotypic, which may influence the proliferation and/or
function of other T cells expressing the idiotype (18 - 20). The
anti-idiotypic T cells may be class IlI-restricted in those species
which have class II* T cells, but in mice, which have class II- T
cells, these anti-idiotypic T cells must be class I-restricted. Thus
the CD4+, class Il-restricted T cells which we observe in response to
the VB6-peptides are likely not responsible for the reduction in T
cell responses to Mis-12 or (EYA)s. However, a small portion of the
T cells which respond to VB6-peptides may be class I-restricted.
The response to VB6(48-75) by CBA/CaJ mice was partially
inhibited by anti-Kk mAb (Fig. 3.5b), and, in one experiment, anti-
CD8 mAb partially inhibited responses to VB6(1-20) by BALB/c
mice and to VB6(48-75) by CBA/CaJ mice (unpublished
observations). We attempted to induce class I-restricted CTL by in
vitro stimulation with se¢veral of the VB6-peptides. No lytic activity
was observed even after several weeks of re-stimulation with V36-

peptides. It may be that CTL specific for VB6-peptides are difficult
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to clone and other methods are required to induce and propagate
these cells in vitro. The putative CD8+, class I-restricted T cells,
which are specific for VB6-peptides, may recognize VB6+ T cells and
inhibit their response to antigen by cytolysis or the secretion of

cytokines.

It is unlikely that T cells specific for VB6-peptides are interacting
with intact VB6+ TCR molecules due to the nature of antigen
recognition by the TCR. Thus the anti-idiotypic T cells must
recognize fragments of the TCR, which are processed and presented
by the target T cell. These processed fragments prcbably share
epitopes with the peptides used to induce the anti-idiotypic T cells.
It is interesting to note that the peptides which have some
inhibitory effect on the recognition of superantigen or peptide
antigen, VB6(1-20), VB6(48-75) and VPB6(58-75), are peptides of
the solvent exposed face of the VB domain (1). One possible
explanation for this is that solvent exposed regions of the TCR
molecule are presented by T cells at greater densities on the cell
surface than are peptides from other regions of the TCR, however,

presently there is no evidence to support this supposition.

Unlike the studies on EAE in rats, we were unable to show any
protective effect from immunization with VB3-peptides on the
induction of diabetes in NOD mice. This may be due to the
heterogeneous nature of the T cell population which induces

diabetes. We chose peptides of VB3 because there is some indirect
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evidence that VB3+ T cells mediate the disease (21), but many VB
gene segments are expressed among the lymphocytes which
infilwate pancreatic islets (21, 22). It is unknown if all or only a

subset of the infiltrating lymphocytes actually induce the onset of

insulitis.

Future prospects

This study has only begun to examine the regulatory role of Vp-
peptides in the immune response. Many questions concerning the
mechanism of regulation by VB-peptides remain to be answered.
Do VB6 peptides directly bind to Mls/MHC complexes? This
probable mechanism of action could be examined with direct in
vitro binding assays. Inhibiting peptides would be expected to bind
to Mls/MHC complexes with greater affinities than the non-

inhibitory peptides.

Is the reduction in proliferative response to Mis-12 and (EYA)5 due
to the loss of reactivity of VB6+ T cells, as proposed? The frequency
of VB6+ T cells after 4d stimulation with VB6(1-20) or VB6(48-75)
is not altered compared to T cells stimulated with an irrelevant
antigen (Table 3.3). Thus it is unlikely that the VB6+ T cells are
lysed by cytotoxic cells, rather they may be suppressed or rendered
unresponsive. To test this, the expression of VB6+ T cells could be
measured in different groups after stimulation with Mils-1a or
(EYA)s. The frequency of VB6+ blast cells in the peptide immunized
groups may be lower than that in the saline/CFA group, which
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would exhibit an expanded population of VB6+ T cells due to the
stimulation by Mils-12 or (EYA)s.

What class of VB-specific T cells regulate T cell responses?

The procedure of pre-immunization with VB-peptides before
stimulation of antigen does not identify the regulatory cell
involved. Mixing and transfer experiments are required to
characterize the type of T cell which inhibits the proliferation or
induction of the antigen reactive T cells. As discussed above, the
regulatory T cell is likely to be CD8+, but there is no direct evidence

that this is the case in this system.

Are there CD8*, class-I restricted T cells which recognize V-
peptides? The T cell response to VB-peptides may have been
biased toward CD4+ T cells by the method of immunization used in
this study. It should be possible to induce CD8+ T cells by
appropriate priming methods, such as intraperitoneal injection of
cell-associated peptides. Also, since CD8+ T cells tend to recognize
peptides of about 8 amino acids in length, shorter peptides
containing class I-binding motifs may be more appropriate to use in

priming and in vitro testing of the class I-restricted T cells.

Can CD8* T cells specific for VB-peptides regulate other T cells? As
discussed above, it is unlikely that the regulatory T cells induced by
V B-peptides lyse the VB6+ T cells. However, it is possible that

class-1 restricted T cells may inhibit the response of VB6+ T cells by
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other means, for example by cytokines. If class I-restricted T cells

specific for VB6-peptides could be generated, it would be
interesting to test their effect on the response oif VB6+ T cells in

vitro. If no direct lysis can be demonstrated, then the cytokines

released by these VB6 specific T cells could be determined.

What is the epitope recognized by the regulating T cells? This may
be approached by identifying the minimal VB6-peptides sufficient
to induce the regulatory effect or to stimulate regulatory T cell
clones in vitro. In addition the endogenous peptides which bind to
the MHC molecules of VB6* T cells and stimulate regulatory T cells
could be identified following acid elution from purified class I or
class II molecules. The eluant could then be separated by high
pressure liquid chromatography, and the fractions assayed in a
bioassy for their ability to stimulate T cells specific for VB6-
peptides.  Active fractions could be microsequenced to determine

the stimulatory peptide(s) primary structure.

In conclusion, we have extended the evidence for VB-peptides in
regulating T cell responses. In vitro, VB-peptides can directly
inhibit T cell recognition of superantigen, and delineate the site of
recognition of TCR for superantigen. Consistent with the network
theory, peptides of the variable region of TCR are immunogenic, and
can modulate T cell proliferative responses to the superantigen,

Mls-13, and a peptide antigen (EYA)s.
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