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T cell recognition of Mls-like superantigens: analysis

of TCR requirements,
signal transduction

Richard J. Hodes and Ryo Abe*

Mis-like endogenous supcrantigens have been reported to
be unigue, differing from conventional antigens in the
T cell receptor (TCR) requirements for their recognition,
in the signal transduction events which they elicit in
T cells, and in the identity of the stimulatory ligand.
This reviccw describes recent findings indicating  that
TCR Voa as well as 1B products play a role in Mls
recognition. Data are also summarized which indicate
that T cell recognition of Mls leads to increased intra-
cellular [Ca?*) and phosphatidyl inosotol hydrolysis.
Finally, genetic linkage between mouse mammary tumor
virus (MMTYV) proviruses and endogenous superantigens is
analyzed, and the possible role of non-MMTV products

15 examined.

Key words:
MMTV

T cell/T cell receptor/superantigen/

MLS (MINOR LYMPHOCYTE STIMULATING) antigens
were first characterized by Hilliard Festenstein and
his colleagues as antigens expressed by certain mouse
strains which were capable of stimulating vigorous
primary proliferative responses by T cells from major
histocompatibility complex (MHC)-identical strains
which did not express these determinants.! This
unique ability to stimulate large proliferative T cell
responses was the source of considerable interest for
those interested in antigen recognition by T cells.
Initially, MIls antigens Mls2, Mls¢ and MIlsd were
regarded as the allelic products of a single genctic
locus, for which the non-stimulatory allele was Mlsb,
However, subsequent findings from our own
laboratory as well as others revealed several surprising
aspects of the Mls antigens. First, it was demonstrated
by conventional genetic analysis that the stimulatory
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Mls determinants were not expressed on allelic
products of a single locus. Rather, Mls? and Mls¢
determinants were the products of distinct and non-
allelic genes, and the Mls? phenotype represented
the co-expression of the independently encoded
Mls? and Mls¢ preducts.?”” Thus, there was no
evidence for polymorphic allelism at any MIs locus,
but rather the expression or non-expression of a T
cell stimulatory product of each locus. Further analysis
revealed another unique characteristic of Mls deter-
minants, first demonstrated for MIs¢, namely a
‘genetic redundancy’ such that two or more unlinked
genes existed either one of which was sufficient to encode
expression of an indistinguishable Mls determinant.8.9

These unique characteristics of the Mls system,
the absence of allelic polymorphism and the presence -
of genetic redundancy, were explained by the récent
discovery by several laboratories of the relationship
between Mis-like ‘superantigens’ and endogenous
mouse mammary tumor virus (MMTV) pro-
viruses.!®1? Different proviruses, with distinct
sequences in regions including the open reading
frames of their LTRs, have different strain distribu-
tions.10-13 Each provirus is integrated at one genomic
site and is either present (giving an Mls stimulatory
phenotype) or absent (the non-stimulatory phenotype),
without structurally allelic forms of its product, con-
sistent with the behavior of Mls determinants. In
addition, distinct proviruses integrated in unlinked
loci can share sufficient sequence homology to encode
highly cross-reactive or indistinguishable MIs-like
determinants,’3 accounting for the ‘genetic
redundancy’ observed in the encoding of Mls.

The other recent development which has provided
critical insights into the functional behavior of Mls
antigens is the characterization of antigen recognition
via the antigen-specific T cell receptor (TCR).
Antigen recognition by most T cells is mediated by
an antigen-specific receptor which is an aff hetero-
dimer, each chain of which is the product of multiple
variable gene segments (V, D, and ] for the @ chain,
and V and J for the a chain) as well as non-germline

93-11520
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encoded junctional residues.’* T cell recognition of
conventional protein antigens involves recognition of
peptides presented in association with self MHC
molecules, and is dependent upon the precise
combinatorial specificity of the TCR, requiring the
appropriate co-expression of multiple variable @ and
B chain segments.!3 In contrast, a class of ‘super-
antigers’ has been described, the recognition of
which appears 1o depend primarily upon expression
of an appropriate Vf product, with little or no
influence of other TCR components. Thus, all or
nearly all T cells expressing an appropriate TCR \'3
product are responsive to a superantigen. In addition
10 exogenous superantigens, which are mycoplasma,
bacterial, or viral products, the Mis-like products
expressed in the mouse represent a unique class of
endogenous superantigens.?-16-20 Each of the endo-
genous superantigens which has been characterized
to date appears to be encoded by a distinct MMTV
provirus, each of which has a unique distribution
among mouse strains.’%!3 As noted above, many
of the endogenous superantigens are capable of
stimulating primary proliferative responses by T cells
from mice that do not express the corresponding
superantigen. In addition, these endogenous super-
antigens mediate the clonal deletion during T
cell development of cells which express a V3
product capable of reacting with that ‘self’ super-
antigen.517.19-21

This review summarizes our recent analysis of the
ligands which serve as Mls-like superantigens, of
TCR expression by Mls?-reactive T cells, and of the
nature of signal transduction events which are
associated with T cell recognition of Mls2,

Association of MMTYV proviruses with deletion
of T cells expressing VB5, 11, and 12

A group of V@ families, which includes V3 5, 11,
12, and 16, was initially characterized as ‘I-E’ related
in that most strains which express an EaEf class 11
MHC product delete T cells expressing the products
of these V3 genes.22.23 More recently, it was shown
that the self ligands which mediate deletion of V35,
11, and 12-expressing cells are determined by
multiple non-MHC:-linked genes!9.20.2¢ and it was
subsequently reported that the ligand(s) for VB35 and
VB11 map to MMTV proviru: 2s Mtv-8, Mtv-9, and
Mtv-11.1712 At least some of these Vf-deleting
MMTYV proviral produ :ts also serve as superantigens
in the Mis-like stimulation of primary T cell

proliferative responses.!®-*" The relationship between
specific TCR Vf deletions and expression of
particular MMTYV proviruses was analyzed in more
detail for this newly characterized set of super-
antigens. In order to relate V'8 specificity to MMTV
LTR sequences, a series of backcross animals was
analyzed in which individual M-8, Miv-9, and
Mauv-11 proviruses detected by Southern blotting
segregated independently. and in which MMTV
expression could be correlated with deletion of V35,
11, and 12. The linkage of specific MMT Vs 1o these
deletions was found to be complex. Expression of
Mitv-9 was sufficient to delete essentially all mature
T cells expressing VBs 3. 11 and 12; Mtv-8 caused
completc deletion of V312. but only partial deletion
of V311, and little or no deletion of VB5; and Mtv-11
caused complete deletion of V83s 1! and 12, but no
deletion of VB35 (Figure 1). If these differences in
Muwv-8,9, and 11 are related 10 sequence differences
in the C-terminus of the LTR open reading frame,
as suggested by previous studies,!? the limited
sequence differences among these three MMTVs
either produce different determinants for V3-specific
recognition or lead to affiniry differences in recognition

~of the same determinant by different TCR V§

products.??

T cell receptor V8 repertoire in the absence
of MMTYV proviruses

The effect of endogenous proviruses on the developing
TCR repertoire is considerable, potentially resulting
in the deletion of large portions of the potential
repertoire. This has stimulated considerable specu-
lation upon the potential advantages or disadvantages
of such effects for the host.?5-26 To date, however,
the existence of endogenous superantigens has been
established only in the mouse. In addition, each of
the superantigens which has been identified in the
mouse has been associated witha MMTV provirus.
An important question, which remains to be
clarified, is therefore whether endogenous super-
antigens are limited to the MMTV proviruses
expressed in mice, or whether they represent a more
generalized biological phenomenon. We have

4|

addressed this issue by two approaches, the first of 0
which involved the study of feral mice that do not al
express detectable MMTV proviruses, and the
second of which examined the ability of another
species, the rat, to contribute to the ligands for V-
specific negative selection in mice. —_
4v LTIty Codes.
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VS VB11 V312
No Partial Complete
Mtv-8 deletion deletion deletion
M1v-9 Complete Complete Complete
deletion deletion deletion
No Complete Complete
Mtv-11 deletion deletion deletion

Figure 1. Relationship between TCR V3 expression and MMTV provirus. Segregation
analyses were carried out in multiple strain combinations in which the presence or absence
of multiple NIMTV genomic proviruses segregated independently. Individual mice were then
analvzed for genomic NIMTV and for TCR V3 expression. The presence of proviral M-8,
M9, and Miv-11 in individual mice was correlated with deletion of V33, 11, and 12 as
summarized.

The Czech II strain was derived from feral mice  therefore analyzed for their TCR Vg expression to
and has previously been shown to lack expression  determine whether they might express non-MMTV
of any integrated MM TV provirus when assayed by  ligands capable of mediating V3-specific deletion.
Southern analysis.2’ Mice of this strain were VB expression in CD4~ and CD8* Czech T cells
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Figure 2. T cell receptor VB expression by CD4* T cells in MMTV provirus-negative
Czech II mice, in their F, offspring, and in B10.A mice foster-nursed by Czech II females.
Results are exﬁ-csscd as the percent of CD4* spleen cells that express the indicated TCR
VB8 product. , B10.A; B, Czech II; , (B10.A x Czech) F1; , B10.A-F-Czech.
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was compared with expression in the strain C537BL/10
(B10), which undergoes no known Vg-specific
deletions due 1o its failure 10 express an NIMTV
product with a permissive class II NHC product,
or with the strain B10.A which does exhibit a number
of MMTV-dependent V-specific deletions. Czech
T cells expressed a wide profile of V3 products, in
general at levels similar to those observed in B10 T
cells. However, VB3+ T cells were expressed at
significantly lower levels on both CD4* (Figure 2A)
and CD8- (data not shown) Czech T cells than on
tile corresponding B10 or B10.A populations. Two
approaches were taken to determine whether this
reduced level of VB3 expression was the result of
negative selection during T cell development. First,
the expression of V33 during intrathvmic T cell
development was compared in thymocytes from
Czech, from non-Vf3-deleting B10.A, or from
known Mls¢* Muv-1+ Mtv-6+ C3H/He]J.!0 As pre-
viously reported.? superantigen-mediated V33 deletion
in C3H/HeJ thymocytes occurred at the transition
from immature cells expressing a low density of TCR
to mature cells expressing a high TCR density, so that
VB3-bright cells were selectively deleted whereas
there’ was a much smaller effect on V§33-dull
thymocytes. In contrast, Czech thymocytes exhibited
similarly reduced frequencies in V#3-bright and
V33-dull populations, suggesting that the reduced
levels of VB3 expression did not result from clonal
deletion during intrathymic maturation (data not
shown).

In order to further assess the expression of a
V33-deleting ligand in the Czech genome, F; mice
were generated by breeding Czech males with
females of the B10.A strain, a strain which is known
to have an MHC type permissive for V33 deletion,
but which does not express a VB3-specific MIMTV
ligand. These F; mice failed to delete V33, indicating
that the Czech genome does not encode a ligand
capable of mediating V33 deletion in these animals
(Figure 2B). In contrast, when F;s were constructed
between Czech males and females from the Mls¢+,
Miuv-1+ Mrwv-6* strain C3H/He], these (C3H/
He]J x Czech) F;s deleted V33 at the nearly complete
level of deletion characteristic of the C3H/He] parental
strain (data not shown). To test the possibility that
a milk-borne agent (such as an infectious MMTV)
carried by Czech mice, and not a genomically
transmitted product, could mediate V33 deletion,
B10.A mice were foster-nursed on Czech females and
the resulting mice analyzed. No V33 deletion was
observed in these foster-nursed animals, thus failing

to detect a milk-borne V 33-deleting agent (rigure
2B). Collectively, these data indicate that MMTV-
free Czech mice fail 10 express a detectable V-
deleting ligand and are consistent with the conclusion
that V3-specific T cell clonal deletion is a unique
property of MMTV-.dependent ligands.

Effect of rat bone marrow-derived cells on the
mouse T cell receptor Vf repertoire

The existence of V3-specific clonal deletion has to
date been demonstrated only in the mouse. Specific
attempts to identify a similar phenomenon in the rat
have failed to detect V3-specific deletion.?8 In man,
individual differences in V3 expression have been
identified, but have not been shown to result from
ligand-specific events in T cell selection. To test the
possibility that endogenous products of mammalian
species other than mouse might mediate Vf3-specific
deletion, an approach was designed using mixed
radiation bone marrow chimeras. Lethally irradiated
C57BL/10 (B10) mice were reconstituted with either
B10 mouse bone marrow alone or with a mixture
of B10 and rat bone marrow.2% Mice reconstituted
with B10 mouse bone marrow alone did not exhibit
any Vf3-specific deletions in their reconstituted T cell
repertoires (Figure 3). In contrast the B10 bone
marrow-derived T cells of chimeras which had been
reconstituted with a mixture of B10 and WF strain
rat bone marrow demonstrated specific deletion of
VB5+ and VB11+ T cells; chimeras which had been
reconstituted with F344 strain rat marrow did not
show such deletion (Figure 3). Thus, rat bone
marrow derived cells were able to contribute in a
strain-specific manner to the ligand for VB-specific
deletion in mouse T cells. The identity of the rat gene
product involved in this specific deletion of mouse
T cells was not establishcd in these experiments. All
of the V3-specific deleting ligands described to date
have both MHC class II components and non-
MHC:-linked superantigen components. Thus, rat
bone marrow-derived cells may have contributed an
[-E-like class II molecule which functioned to
present mouse MMTYV proviral products capable of
mediating V35 and VB11 deletion; alternatively, WF
strain rat cells may express distinct and presumably
non-MMTYV ligands capable of mediating V85 and
VB11 deletion. The presence or absence of V-
specific deletions in the TCR repertoire expressed
by rat cells in these chimeras is now under
investigation.
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Figure 3. Contribution of rat bone marrow-derived cells to TCR VB-specific T cell deletion
in radiation bone marrow chimeric mice. Radiation bone marrow chimeras were prepared
by injecting lethally irradiated recipients with bone marrow of the indicated rat and/or mouse
strain. Mouse bone marrow-derived Thyl.2¢ T cells were analyzed for expression of the
indicated TCR V8 product. Figure reproduced from the _journal of Experimental Medicine, 1992,
175: 147-157 by copyright permission of the Rockefeller University Press. , B10; O,

B10 + F344—B10;

Influence of TCR Va expression on Mls?
reactivity

As noted above, Mls and Mis-like superantigens
have been identified primarily by their ability to
mediate V3-specific clonal deletion of developing T
cells or VB-specific clonal activation of mature T
cells, The analysis of natural and transfected VS
variants has further analyzed the role of V3 sequence
in recognition of Mls superantigens, and has
suggested that superantigen recognition is dependent.
upon regions of the TCR that are distant from those
involved in recognition of conventional antigens.30
However, two lines of evidence have suggested that
TCR specificity for endogenous Mls superantigen
is not determined by the expressed VB product alone.
Yui et al reported that some but not all T cell clones
expressing a transgenic V8.1 8 chain were Mis2
(Mtv-7) reactive,3! and Pullen et al found that the
ability of a transfected V8.2 B chain to mediate
MiIs? reactivity in hybridomas was influenced by the

, B10+ WF—B10; # , BR~BR.

« chain co-expressed.32 In order to formally assess
the role of a chain expression in Mls? reactivity, the
pairing of specific Va products with VB6 was
analyzed in populations of MIls? responsive T cells.
T cells from MIls?-negative mice were stimulated in
vitro with Mls2-positive cells, or with control allo-
geneic but Mls?-negative cells, or with anii-TCR
antibodies. These T cell populations were then
analyzed by two-color flow cytometry for their
simultaneous expression of V@ and Va products.
When T cells from Mls?-negative strains were
activated in vifro for 6 days with Mls*expressing
allogeneic stimulator cells, a marked selective
expansion in VB6* cells was observed, reflecting
the dominance of Vf6-expressing T cells in the
response to MIs?.33 When Va expression was
analyzed on these expanded VB6+ T cells, it was
found that the distribution of specific Va products
was substantially different from that on VG6+
T cells which had not been selected for Mls?
responsiveness.3* Mls®-responsive VB6* T cells
showed significantly decreased frequencies of
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Figure 4. Influence of TCR Va expression on reactivity of VB6* T cells 10 Mls®. T-
enriched spleen cells were cultured with the indicated stimulus for 7 davs prior to analysis
for Va expression in VB6* T cells and were compared to freshly isolated spleen cells. TCR
expression in the cultured cells was expressed relative to that seen in uncultured VB6* spleen

cells:

Va/VB6 in 7-day cultures

% of expression in spleen =

x 100.

Va/V6 in spleen cells

Figure reproduced from the journal of Experimental Medicine, 1992, 175:1403-1408 by copyrigat
permission of the Rockefeller University Press. M , Va2/V36; , Va3d/vie:, 8, Va8/VE6;

g, Vall/Vgs.

expression of Va2, 3, and 8 and an increase in
expression of Vall when compared with
unstimulated VB6* T cells (Figure 4). This pattern
was consistent in the responses of different strains
to Mls* stimulators and was specific for Mls2
responses in that no similar skewing of Va usage was
observed after stimulation of T cells with non-MIs
alloantigens or with anti-Vg6 antibody. Thus, T cell
responsiveness to Mls¢ is not a function of Vf usage

alone, but is substantially influenced by expression
of specific Va products as well.

Since Va expression influences the in uitro response
of mature T cells to Mls?, aitempts were made to
determine whether Va expression also exerts an
influence on VB-specific negative selection by Mls
superantigens. Attempts to study Vo expression on
any residual VB6+ cells which might remain
undeleted in Mls*-expressing mice were unsuccessful
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due to the very small number of such cells. The
completeness of this deletion itself suggesis that
essentially all V36+ cells, regardless of Vo ex-
pression, are deleted in the presence of endogenous
Mils® product. Partial VB deletion has been described
in the case of VB11 deletion in A/J mice, apparently
mediated by the Mtv-8 proviral ligand. Va expression
was therefore analyzed in the VB11+* T cells found
in A/J and in the non-Vg11-deleting MHC congenic
strain A.BY. No difference in Va expression was
observed with the two Va-specific antibodies reactive
with this strain. There was therefore no indication
that Va plays a role in the incomplete negative
selection of V311 in A/] mice.

These findings suggest something of a paradox in
that there is an apparent influence of Va expression
on the in vitro response of mature T cells to an MIs
superantigen, but there may not be a similar influence
on negative selection mediated by the same ligand.
It should be noted, however, that the systems in
which these two effects are measured are quite
different. The expansion of VB6+ cells during in
vitro T cell responses to Mls? reflects the selective
survival and/or expansion of certain Mls3-reactive
T cells. These cells may, for example, represent those
with an optimal TCR affinity for the Mls2 ligand.
The selective Vo expression in these cells is therefore
characteristic of the selected population of cells which
are most capable of proliferation or survival in
response to Mls2. In contrast, it is possible that
negative selection in vivo does not reflect the same
requirements; a T cell may be deleted after
intrathymic interaction with an MIls? product at
some threshold level of affinity, despite the fact that
the TCR expressed by this cell might not mediate
a competitively strong proliferative response to that
ligand in vitro. The existence of differential require-
ments for negative selection versus peripheral T cell
responsiveness mediated by the same TCR has in
fact been reported in mice transgenic for a TCR
specific for lymphocytic choriomeningitis virus plus
class I Db 35

Signal transduction events mediating T cell
responses to Mls2

The precise nature of T cell stimulation by endogenous
Mils-like superantigens is unknown. Substantial
evidence exists supporting a role for the 8 TCR
and for CD4 expressed by the T cell and for class
II MHC product on the stimulatory APC. However,

as discussed above, the molecular characteristics of
endogenous superantigens are unknown, and it is
unclear whether signals transmitted via the TCR in
response to these superantigens are identical 1o those
transmitted in response to conventional peptide
antigens presented by self M HC class II molecules.
O’Rourke ¢f al have in fact concluded, on the basis
of studies of heterogeneous T cells and T cell clones,
that stimulation of T cells by Mls2 induces pro-
liferation by a pathway that does not involve
detectable phosphatidyl inosotol (PI) hydrolysis,
whereas stimulation of the same T cells by MHC-
encoded alloantigens does induce PI hvdrolysis,
leading to the conclusion that Mls? stimulation is
mediated by a distinct signal transduction pathway.36
Similar conclusions were reported by Gaugler ef al37
and Patarca ef al.3 To characterize the signaling
events which are involved in T cell recognition of
Mls?, the response of Mls2-specific T cell clones to
splenic stimulator cells derived from MIls?-positive
or negative stimulators were first studied. Cloned
T cells were loaded with the [Ca?* ]-sensitive dye
indo-1 and stimulator cells were labeled with the dye
Dilyy(3). T cells and stimulator cells were then
mixed, and the cell mixture was analyzed by flow
cytometry. It was observed that Mls?-specific T cells
formed a greater frequency of cell-cell conjugates
with Mls2-positive than with MIls?-negative cells,
indicating that Mls2-specific conjugates were being
formed.3? In addition, those cloned T cells which were
conjugated with Mls2-positive cells demonstrated a
rapid increase in intracellular [Ca?* } after warming
to 37°C (Table 1). The same comparison also
demonstrated a specific increase in PI hydrolysis after
interaction of cloned T cells with Mls? stimulators.

Table 1. Intracellular [Ca?*] response of cloned T
cells to Mis? stimulation

[Ca?* ),
Stimulator cells H-2 Mis* (Mwv-7)  increase*
AKR.J k + +
CBA/J k + +
D1.LP b + +
DBA/2 d + +
CBA/CaH k - -
C3H/HeJ k - -
B10.BR k - -
C57BL/6 b - -
B10.QQ q - -

*Positive responses were increases in [Ca?"); of greater
than 200 nM compared to pre-stimulation values. Negative
responses were increases less than 15 nM.
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These results indicated that T cell recognition of
MIs? results in both increased intracellular [Ca?~ ]
and Pl hvydrolysis, suggesting that the PLC-
dependent pathway of activation can be induced by
MIs? recognition in cloned Mls?-specific T cells. In
order to determine whether similar signaling occurs
in the recognition of Mls? by normal heterogeneous
T cells, peripheral T cells were prepared from Mls?-
positive AKR/] mice, from Mls?-negative CBA/CaH
mice, and from transgenic CBA/CaH mice
expressing an Mls?-specific TCR V8.1 transgene
product on greater than 95% of peripheral T cells.
These T cells were indo-1 loaded and mixed with
labeled Mls2-positive or negative spleen cells. It was
observed that T cells from MlIs?-negative mice
formed cell-cell conjugates with Mls?-positive
stimulator cells, and that a high proportion of T cells
in these conjugates underwent a significant increase
in intracellular [Ca2*]. T cells from normal MIs2-
negative mice formed reactive conjugates in a
proportion consistent with that expected for Mls2-
reactive cells in heterogeneous populations; T cells
from V8.1 transgenic mice responded in a cor-
respondingly high proportion.3° Thus, for cloned and
normal heterogeneous T cell populations, recognition
of the MIs? superantigen appears capable of inducing
increased intracellular [Ca?* ] as well as increased
PI hydrolysis, potentially reflecting TCR-mediated
PLC activation.

References

1. Festensiein H (1973) Immunogenetic and biologica) aspects
of in vitre lymphocyte allotransformation (MLR) in the
mouse. Transp Rev 15:62-88

2. Abe R, Ryan JJ, Finkelman FD, Hodes RJ (:987) T cell
recognition of Mls. T cell clones demonstrate polymorphism
between Mls?. Mls¢, and MIs%. J Immunol 138:373-379

3. Abc R, Ryan JJ, Hodes RJ (1987) Clonal analysis of the
Mils system. A reappraisal of polymorphism and allelism
among Mls*, Mls¢, and Mls?. ] Exp Med 165:1113-1129

4. Abe R, Rvan ]J, Hodes R] (1987) Mls is not a single gene,
allelic system: Mls* and MIs€ are \he products of non-allelic,
unlinked genes. ] Exp Med 166:1150-1155

5. Ryan J, Mond }]J, Finkelman FD (1987) The Mis%-defined
primary mixed lymphocyte reaction: a composite response
to Mls* and MIs® determinants. J Immunol 138:4085-4092

6. Abe R, Hodes R] (1989) Properties of the Mls system: a
revised formulation of Mls genetics and an analysis of
T cell recognition of Mls determinants. Immunol Rev
107:5-28

7. Abe R, Hodes RJ (1989) T cell recognition of minor
lymphocyte stimulating (Mls) gene products. Annu Rev
Immunol 7:683-708

8. Abe R, Foo-Philips M, Hodes RJ (1989) Analysis of MIs¢
genetics: a novel instance of genetic redundancy. ] Exp Med
170:1059-1073

12.

13.

14.

18.

20.

21.

22

23.

24.

27.

28.

. Pullen AN, Marrack P, Kappler JW (1988) The T cell

repertoire is heavily influenced by tolerance 10 polymorphic
self-antigens. Nature 335:796-801

. Frankel WN, Rudy C. Coffin JM, Huber BT (1991)

Linkage of Mls genes 10 endogenous mammary wumour
viruses of inbred mice. Nature 349:526-528

. Woodland DL, Happ MP, Golleb K], Palmer E (1991)

An endogenous retrovirus mediating deletion of a8 T cells?
Nature 349:329-530

Dyson PJ. Knight AM, Fairchild S, Simpson E, Tomonari
K (1991) Genes encoding ligands for deletion of V311 T
cells cosegregate with mammary tumor virus genomes.
Nature 349:531-333

Pullen AM. Choi Y, Kushnir E, Kappler J, Marrack P (1992)
The open rezding frames in the 3° long terminal repeats
of several mouse mammary tumor virus integrants encode
\'B3-specific superantigens. J Exp NMed 175:41-47
Wilson EK, Lai E, Concannon P, Barth RK, Hood LE
(1988) Structure, organization and polymorphism of murine
and human T cell recepror @ and 8 chain gene families.
Immunol Rev 101:149-172

. Matis LA (1990) The molecular basis of T cell specificity.

Annu Rev Immunol 8:65-82

. Kappler JW, Staerz U, White J, Marrack PC (1988) Self-

1olerance eliminates T cells specific for Mls-modified products
of the major histocompatibility complex. Nature 332:35-40

. MacDonald HR, Schneider R, Lees RK, Howe RC, Acha-

Orbea H, Festenstein H, Zinkernagel RM, Hengartner H
(1988) T cell receptor V8 use predicts reactivity and
tolerance to Mis*-encoded antigens. Nature 332:40-45

Abe R, Vacchio MS, Fox B, Hodes R] (1988) Preferentia!
expression of the T cell receptor V33 gene by MIs® reactive

- T cells. Nature 335:827-830
19.

Vacchio MS, Ryan JJ, Hodes R] (1990) Characierization
of the ligand(s) responsible for negative selection of VB11-
and VB12-expressing T cells: effects of a new Mis
determinant. J Exp Med 172:807-813

Abe R, Kanagawa O, Sheard MA, Malissen B, Foo-Phillips
M (1991) Characterization of a new minor Ivmphocyte
stimulatory svstern. 1. Cluster of self antigens recognized
by ‘I-E-Reactive’ V8s, V33, VB11, and VBI12 T cell
receptors for antigen. J Immunol 147:739-749

Fry AM, Maiis LA (1988) Seclf tolerance alters T cell
receptor expression in an antigen-specific MHC restricied
immune response. Nature 335:830-832

Bill J, Appel VB, Palmer E (1988) An analysis of T cell
receptor variable gene expression in major histocompatibility
complex disparate mice. Proc Natl Acad Sci USA
85:9184-9188

Vacchio MS, Hodes R] (1989) Selective decreases in T cell
receptor V' expression: decreased expression of specific V'3
families is associated with expression of multiple MHC and
non-MHC gene products. J Exp Med 170:1335-1346
Bill J, Kanagawa O, Woodland DL, Palmer E (1989) The
MHC molecule I-E is necessary but not sufficient for the
clonal deletion of ViB11-bearing T cells. J Exp Med
168:1405-1419

. Acha-Orbea H, Palmer E (1991) Mls—a retrovirus exploits
26.

the immune system. Immunol Today 12:356-361
Janeway CA (1991) Mls: makes a little sense. Nature
349:439-460

Callahan R, Drohan W, Gallahan D, D Hoostelaere L,
Potter M (1982) Novel class of mouse mammary tumor
virus-related DNA sequences found in all species of Mus,
including mice lacking the virus proviral genome. Proc Natl
Acad Sci USA 79:4113-4117

Smith LR, Kono DH, Kammuller ME, Balderas RS,
Theofilopoulos AN (1992) V8 repentoire in rats and implications
for endogenous superantigens. Eur J Immunol 22:641-645




T cell recognition of endogenous superantigens

327

29.

30.

31.

32.

33.

34.

lldstad ST. Vacchio MS, Markus PM, Hronakes ML,
Wren SM, Hodes R] (1992) Cross species transplamation
tolerance: rat bone marrow derived cells can contribute 10 the
ligand for negative sclection of mouse TCR-V 8 in chimeras
tolerant 10 xenogencic antigens (mouse + rat—=mouse). J Exp
Med: 175:147-157

Pullen AM. Wade T, Marrack P, Kappler JW (1990)
Identification of the region of the T cell receptor 8 chain
that interacts with the self-superantigen Mls-12. Cell 61:
1363-1374

Yui K, Komori S, Katsumata M, Siegel RM, Greene MI
(1990) Self-reactive T cells can escape clonal deletion in T
cell receptor V'38.1-transgenic mice. Proc Natl Acad Sci
USA 87:71353-7139

Pullen AM. Bill J, Kubo RT, Marrack P, Kappler JW
(1991) Analvsis of the interaction site for the self
superantigen Mls-1* on T cell receptor VB. J Exp Med
173:1183-1192

Waanders GA, MacDonald HR (1992) Hierarchy of
responsivencss in tivo and in vitro among T cells expressing
distinct Nlls-1*-reactive VB domains. Eur J Immunol
22:291-293

\'acchio MS. Kanagawa O, Tomonari K, Hodes R]J (1992)
Influence of T cell receptor Va expression on Mls*

35.

36.

37.

38.

39.

superantigen-specific T cell responses. J Exp Med
175:1405-1408
Pircher H, Hoffmann Rohrer U, Moskophidis D,
Zinkernagel RM, Hengartner H (1991) Lower receptor
avidity required for thymic clenal deletion than for effector
T cell function. Nature 351:482-485
QO Rourke AM, Mescher M, Webb SR (1990) Activation
of polyphosphoinositide hydrolysis in T cells by H-2
allo-antigen but not by Mls determinants. Science 249:
171-174 i
Gaugler B, Langlet C, Schmitt-Verhulst AM, Guimezanes
A (1991) Evidence for quantitative and qualitative
differences in functional activation of Mls-reactive T cell
clones 2nd hybridomas by antigen or TcR/CD3 antibodies.
Eur J Immunol 21:2581-2589
Patarca R, Wei F-Y, Iregui MV, Cantor H (1991)
Differential induction of interferon v gene expression after
activation of CD4* T cells by conventional antigen and
.‘;‘lls superantigen. Proc Nail Acad Sci USA 88:2736-
739
Abe R, Ishida Y, Yui K, Katsumata M, Chused TM (1992)
T cell receptor-mediated recognition of self ligand induces
signaling in immature thymocytes before negative selection.
J Exp Med 176:459-468




