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Summary
Recent studies indicate that both CD4+ and CD8+ T lymphocytes proliferate in vitro in
response to Mls-1'-encoded determinants. Using both immunogenetic and antibody blocking
approaches we show here that Mls-1' responses of both subsets require expression of major
histocompatibility complex (MHC) class II molecules (I-A and/or I-E) by the stimulator cells .
Furthermore, CD8+ T cell responses to Mls-1'/class II MHC do not require (and are in fact
inhibited by) the presence of functional CD8 molecules . Taken together, our data underscore
the dramatic differences between CD8+ T cell responses to conventional peptide antigens as
opposed to "superantigens" such as Mls-1' .

The gene product(s) of the minor lymphocyte stimula-
tory locus Mls-1' are poorly characterized T cell-ac-

tivating determinants (1, 2) T cell recognition of Mls-1'
correlates with the use of particular V region segments of
the TCR 0 chain (V06, V08.1, and Va9), and mature T cells
of both CD4+ and CD8+ subsets bearing these Vs are
clonally deleted in Mls-1' strains (3-5) . Although T cell re-
sponses to Mls-1' were originally believed to be restricted to
CD4+ T cells (6, 7), we and others have recently shown
that CD8+ as well as CD4+ T cells, bearing V06 or V08.1
TCRs, respond clonally to Mls-1' determinants (8-10) . In
mature T cells a strong correlation exists between the ex-
pression of either the CD4 or CD8 surface molecules and
the ability of TCRs to recognize antigenic peptides associated
with either class II or class I MHC molecules, respectively
(11) . Therefore, it was interesting to investigate whether
CD8+ T cells (with presumably MHC class I-restricted
TCRs) interact with Mls-1' in association with MHC class
II molecules. As CD4 and CD8 molecules play a role in TCR-
mediated recognition of conventional antigens (12), we have
also explored the possible involvement of CD8 molecules in
Mls-1' recognition .

Materials and Methods
Mice

	

Congenic BALB/c and BALRD2.Mls, mice were main-
tained from breeding pairs originally provided by Dr. H . Festen-
stein (London Hospital Medical College, London, UK) (13). DBA/1,
B10.AQR, B10T6R, and B10.G mice were obtained from Harlan
Olac Ltd . (Bicester, UK) . Fl hybrid mice were bred locally.

Mixed Leukocyte Cultures. Nylon wool-purified responder

splenic T cells (1 .5 x 106) were cultured with irradiated (1,000
rad) antiThy-1 plus complement-depleted splenic stimulator cells
(4 .5 x 106) in 2 ml DME supplemented with 5% FCS and 5 x
10 -5 M 2-ME . In the inhibition experiments, we used 2.5 x 106
stimulator cells. This was the lowest number that induced specific
proliferation of responder cells . In some experiments, responder
populations were depleted of CD4+ or CD8+ cells by further
treatment with rat IgM mAbs RL172.4 (anti-CD4) or 3.168.1(anti-
CD8) plus rabbit complement before culture. In the case of CD4
depletion, the resulting CD8+ responder cells were further sup-
plemented with supernatant ofPMA-stimulated EL4-6.1 cells (cor-
responding to 30 U/ml IIr2) .

Blast Purification.

	

After 3 d in culture, responding T cell blasts
were isolated on a Percoll density gradient and resuspended (2 x
105 viable cells/ml) in fresh medium supplemented with human
rIIr2 (60 ng/ml) . After 2-3 d, during which cell density increased
7-10-fold, cells were recovered and analyzed for Vs expression .

Inhibition Experiments.

	

mAbs used for inhibition studies were
14-4-4s (anti-I-Ed, k . R 1), 27-9-17 (anti-I-A d . b), and 53-6.7 (anti-
CD8a) . In cultures in which anti-MHC class II mAbs were used,
they were added together with the stimulator spleen cells at least
30 min before the addition of responder cells, and were left
throughout the culture period . Similarly, anti-CD8 mAbs were
added together with the CD8+ responder cells before the addi-
tion of stimulators. After 5 d, responding blast cells were isolated
on a Percoll gradient and analyzed for Vo expression .

Flow Microfluorometry.

	

All procedures and reagents have been
described (3, 8) . Cells were initially stained with TCR Vs-specific
mAbs 44-22-1 (antiVs6) and F23.2 (antiVs&2) followed by ap-
propriate fluoresceinated anti-Ig . Additional staining was usually
carried out with PE-conjugated GK-1.5 (anti-CD4) or biotinylated
53-6.7 (anti-CD8a, revealed with avidin-PE) . In experiments where
mAb 53-6.7 (anti-CD8a) was used as an inhibitor, biotinylated
H35-17.2 (anti-CD80, revealed with avidin-PE) was used in order
to avoid steric blocking.
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Results and Discussion
We have used both genetic and mAb inhibition approaches

to study the activation of CD8+ T cells by Mls-1' deter-
minants and, in particular, to ask if an interaction with class
II MHC molecules on the APC is necessary. Previously (8),
we observed that responses of both CD4+ V06+ and CD8+
V~6+ cells to Mls-1', in vitro, were dependent upon the
MHC of the stimulator cells, with I-E+ (H-2d or H-2k) al-
leles being much more stimulatory than I-E- (H-2q) . How-
ever, these results were difficult to interpret because there were
other genetic differences (including MHC class I) between
the Mls-1'-bearing stimulatory cells .

To overcome this problem, we have used stimulator cells
from congenic Fl mice expressing Mls-1' and differing in
MHC class II alleles (I-A9lk,I-Ek VS. I-A9lq, I-E-) but with
the same MHC class I expression (Kglg and Ddrq) . By using
purified responder T cells from MHC-compatible Fl mice
of Mls-1b genotype, we could ask formally whether the ex-
pression of appropriate MHC class II molecules by Mls-1'
stimulators is necessary to activate CD8+ T cells . A repre-

Table 1 .

	

Expression of TCR V,a Domains by CD4* and CD8` T Cell Blasts Responding to Ms-1° Determinants In Vitro

Nylon wool-purified responder T cells (1 .5 x 106) from (B10.G x BALB/c)Fl or (BlO.G x B10.AQR)Fl mice were mixed with irradiated (1,000
rad) T cell-depleted splenic stimulator cells (4 .5 x 106) from (DBA/1 x B10.AQR)Fl or (DBA/1 x B10.T.6R)Fl mice . After 3 d, responding
T blasts were isolated on a Percoll gradient and recultured for 2-3 d in rIL-2 (60 ng/ml) . Recovered cells were double stained with mAbs directed
against the indicated TCR Vp domains and either CD4 or CD8 .
" Responding T cells were CD4 depleted (CD8+) before culture . IL-2 (30 U/ml in the form of EL4 supernatant) was added from the outset .

Table 2 .

	

Effect of Anti-CD8 mAbs on CD8+ T Cell Responses to Ms-l' Determinants

1 .5 x 106 nylon wool-purified splenic responder T cells (CD4 depleted) were pre-incubated with anti-Lyt-2 (CD8a) mAbs 30 min before addition
of irradiated (1,000 rad) T cell-depleted splenic stimulator cells (2 .5 x 106) . The concentration of anti-CD8 mAb 53-6 .7 used (1 :200 ascites) was
sufficient to completely block MHC class I-restricted recognition o£ peptide antigens by CD8+ cytolytic T lymphocytes (15) . After 5 d, T blasts
were isolated on a Percoll gradient and double stained with mAbs directed against Vp6 and Lyt-3 (CD8S) . Data are presented as percent CD8+Vp6+
cells after subtraction of background staining with the fluorescent conjugate alone .
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CD8+ T Cell Response to Mls- 1 , Determinants

sentative experiment is shown in Table 1 . It can be seen that
both CD4+ and CD8+ T cells expressing Vo6 TCR were
strongly enriched (greater than or equal to fourfold) in re-
sponse to Mls-1' associated with I-AgA,I-13k molecules . In
contrast, when Mls-1' was associated with I-Aq molecules,
only a minor enrichment (less than twofold) was obtained
for CD4+ V,36+ cells, and no enrichment could be detected
for CD8+ V,66+ cells. Enrichment of V06+ cells was strictly
specific for Mls-1' because it did not occur when stimulator
cells from congenic Mls-1b mice expressing the same MHC
class II molecules were used (data not shown) . Furthermore,
the high proportion of CD4+ V06+ or CD8+ V#6+ cells
responding to Mls-1' in association with I-A9lk,I-Ek mole-
cules was seen irrespective of the presence or absence of al-
logeneic MHC class II differences between responder and
stimulator (Table 1) . As an internal control, we measured
the proportion of T cells expressing Vs8.2 TCR, which is
known not to be specific for Mls-1' . Stimulation by Mls-1'
on an appropriate (I-E+) genetic background resulted in a

Proportion Proportion
Responder cells (Mls-16 ) Stimulator cells (Mls-1°i6 ) of CD4+ of CD8+

Percent Percent
K I-A I-E D K I-A I-E D CD4+ V06 Vs8.2 CD8+' V,d6 V.68 .2

q/d q/d -/d q/d None 41 14.1 21.4 26 14 14.3
q/q q/k -/k q/d 68.7 53.5 5.3 73.4 52.8 8.9
q/q q/q - / - q/d 27.5 24.4 27.3 64.7 12.2 20.5

q/q q/k - /k q/d None 34.2 8.5 12.3 21 .5 11.9 10.6
q/q q/k -/k q/d 68.4 55.8 2.2 72.7 45.9 2 .8
q/q q/q _/_ q/d 19.6 16.5 12.9 55.7 6.5 6 .4

Mixed leukocyte culture Proportion of CD8+Vs6+

Responder Stimulator Antibodies Exp . 1 Exp . 2 Exp . 3

BALB/c BALB/c None 21 .1 8 9.5
BALB/c BALB.D2.Mls, None 38 .8 30.3 38.8
BALB/c BALB.D2.Mls, Anti-CD8 65 .4 58.8 48.8
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Figure 1 .

	

Anti-MHC class II mAbs block both CD4+ and CD8+ T
cell responses to Mls-1-. Nylon wool-purified splenic responder T cells
(1.5 x 10 6) from BALB/c mice, either CD4 depleted (CD8+) or CD8
depleted (CD4+), were mixed with irradiated (1,000 rad) T cell-depleted
splenic stimulator cells (2 .5 x 106) from BALB.D2.Mls° mice, in the ab-
sence or presence of the indicated anti-class II mAbs : 14-4-4s (anti-I-E)
and/or 27-9-17 (anti-I-A) . The antibody concentrations used (1 :4 culture
SN for anti-I-E and 1 :200 ascites for anti-I-A) were determined to be func-
tionally saturating in titration experiments (not shown) . After 5 d, re-
sponding T blasts were purified and double stained for V06 and CD4 or
CD8 . Results (mean ± SD of five experiments) are expressed as the per-
centage of V#6+ (Mls-12-reactive) T cells relative to controls in which
mAbs were omitted (44% CD4+ V06+ and 30% CD8+ V06+ respec-
tively) . Backgroundvalues obtained with syngeneic stimulator cells (22%
CD4+ Vs6+ and 10% CD8+ V06+) have been subtracted.

reduced proportion of Vs8.2+ T cells, presumably as a con-
sequence of increased V06 expression. These data clearly
show that MHC class II molecules (IAk and/or I-Ek in
these experiments) are required for Mls-1'-specific stimula-
tion of the CD8+ subset .

In parallel to the genetic approach, we have carried out
antibody inhibition experiments using BALB/c (H-2d) re-
sponder T cells and congenic BALB.D2.Mls' stimulator
cells . As shown in Fig. 1, when mAbs against MHC class
II molecules (I-Ad, I-Ed, or a mixture of both) were added
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