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ABSTRACT The effect of anti-Lyt2 on the generation of
helper T-cell function and on cytotoxic effects specific for subre-
gions of the major histocompatibility complex (MHC) was deter-
mined. The addition of anti-Lyt2 without complement to in vitro
cultures blocked the generation of allogeneic MHC-induced help
and lymphokine production and cytotoxic effects when the re-
sponse was directed against allogeneic class 1 MHC antigens (K
and D gene products of the mouse H-2 complex) but had no effect
when these responses were specific for class 2 MHC antigens (I
region gene products). Anti-Lyt2 failed to block the response of
help induced to allogeneic mixed lymphocyte-stimulating deter-
minants or the production of lymphokines by T cells specific for
class 1 MHC antigens when concanavalin A lectin was used to in-
duce activity. These and earlier results indicate that the ability of
anti-Lyt2 antisera to block function is correlated with T cell spec-
ificity for class 1 MHC antigens not with the functional activity of
the cells.

The response to allogeneic major histocompatibility complex
(MHC) antigens has long provided a useful model for the study
of T-cell function. It was shown, in the mouse, that T prolif-
eration (1), T-cell help (2, 3), and the generation of cytotoxic T
cells all are stimulated by allogeneic H-2 (the murine MHC
complex). There are two classes of MHC antigens, the "sero-
logically defined" antigens (K and D in the mouse) and the
"lymphocyte defined" antigens (Ia in the mouse) (4). The se-
rologically defined antigens are now called class 1 MHC anti-
gens (5) and serve as the primary stimulators of the targets for
cytotoxic activity. The lymphocyte defined antigens, now called
class 2 MHC antigens, are more effective at initiating T-cell
proliferation and helper T-cell activity (6). It is thus clear that
there is a functional as well as a chemical distinction between
the two classes ofMHC antigen.

In 1975, the studies by Zinkernagel and Doherty (for review,
see ref. 7) led to a crystallization of the concept of the role of
MHC antigens in the T-cell recognition ofantigen. It was found
that the T-cell response to non-MHC antigens is restricted to
the allele of the MHC antigens present in the priming envi-
ronment. In the years immediately following, it became clear
that the same correlation between function and subregion found
in allogeneic reactions could also be seen in the MHC-restricted
responses. Cytotoxic activity to non-MHC antigens was found
to be restricted to class 1 MHC antigens (8), and helper T-cell
activity against non-MHC antigens was found to be restricted
to class 2 MHC antigens (9, 10). It has become generally ac-
cepted that most, if not all, helper and cytotoxic T cells rec-
ognize MHC antigens.

It was shown concurrently that these two functionally dis-
tinct subsets of T cells could be identified by differences in
the expression ofthe cell surface antigens Lyti, -2, and -3 (11).
The cytotoxic subset, with specificity for class 1 antigens, had
the Lytl123' phenotype (Ly23 T cells); the helper subset, with
specificity for class 2 antigens, had the Lytl23- phenotype
(Lyl T cells).

Although this simple picture has been modified by a large
number of additional findings that need not be detailed here,
the value ofthe operational distinction between the two subsets
remains unchallenged. However, because there was a triple
correlation of Lyt phenotype, T-cell function and recognition
of class of MHC antigen, it was not possible to determine
whether the biologically significant linkage of Lyt phenotype
was to function or to MHC subregion.

It has been suggested that the Lyt antigens are obligate mark-
ers of functionally distinct T-cell subsets (11). This concept re-
cently has been challenged by the results of a number of in-
vestigators (12-15), and an alternate view has been put forward.
My colleagues and I (14, 16, 17), and others (12, 15), have sug-
gested that the Lyt phenotype is strongly correlated with the
class ofMHC antigen that is recognized. I suggest that T cells
that recognize class 1 MHC antigens express Lyt2, whereas T
cells that recognize class 2 MHC antigens have low or negligible
Lyt2 expression regardless of the function of the T-cell subset.

These conclusions are based on the study ofthose alloreactive
T cells that are the exception to the general rule that correlates
T-cell function with the MHC subregion that is recognized.
Only in these situations is it possible to determine whether the
Lyt phenotype correlates best with the function of the T cell or
with the MHC subregion recognized by the T cells. First, it has
been shown that helper T-cell activity and lymphokine pro-
duction can be generated against class 1 antigens and that here
the responding T cell is Lytl+2+ (14, 16). Second, it has been
shown that cytotoxic T cells can be generated against class 2
MHC antigens (18, 19) and that the Tcell responsible is Lytl2-
(20) or expresses relatively low amounts of Lyt2 (this paper).

Recent studies have shown that the presence ofanti-Lyt2 can
block the cytotoxic activity of cells raised against allogeneic
MHC targets (21-24). It has been suggested from these results
that Lyt molecules may play an important role in T-cell activity.
In this paper these studies are extended by using the presence
of anti-Lyt2 antisera to block the induction or execution of sev-
eral T-cell functions directed at different subregions of the
MHC. The results indicate that the activity of those T cells spe-

Abbreviations: Con A, concanavalin A; ILI, interleukin 1; IL2, inter-
leukin 2; LPS, lipopolysaccharide; MHC, major histocompatibility
complex; MLC, mixed lymphocyte cultures; SRBC, sheep erythro-
cytes; TCGF, T-cell growth factor; TRF, helper T-cell replacing factor;
PFC, plaque-forming cell(s).
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cific for class 1 but not class 2 is blocked by anti-Lyt2 regardless
of their function.

MATERIALS AND METHODS
DBA/2, C57BL/6, BALB/c, the B10 congeneic strains
BlO.T(6R), B10.AQR, BlO.G, and B10.BR, and the BDF1 hy-
brid (B6 x DBA/2) were bred at University of California, San
Diego, from breeding pairs obtained originally from The Jack-
son Laboratory and from Donald Shreffler.
A monoclonal anti-Thyl.2 (F7D5), a kind gift of Philip Lake,

was used in the presence of complement to deplete spleen of
T cells for antibody assays. The anti-Lyt2 used for blocking was
obtained from culture supernatants of the 53-6.72 hybridoma
of Ledbetter and Herzenberg (25). The anti-Lyt2.2 used for
complement-mediated depletion was obtained from ascitic fluid
of (BALB/c x B6)F1 mice injected with the AD4. 15 cell line
(26), a kind gift of Michael Bevan.

Primed allogeneic helperT cells were obtained, as described
(27), by culturing 2.5 X 1 spleen cells ofthe responding strain
with 2.5 x i07 mitomycin-treated (25 jug/ml) cells of the stim-
ulating strain in a total volume of20 ml for 10-14 days. Priming
resulted in at least a 10-fold increase in the specific response
and loss of third party responses (27).

T-cell growth factor CCGF) activity was measured as de-
scribed (28) by adding supernatant to an IL2-dependent cell
line. Proliferation of cells was determined by incorporation of
52IdUrd.
Helper T-cell replacing factor (TRF) activity was determined

by the ability ofthe various culture supernatants to provide help
for B cells in the primary response to sheep erythrocytes
(SRBC). Spleen cells from BDF1 mice were treated with anti-
Thyl.2 plus complement and 6 X 105 cells per culture were
incubated with 0.05% SRBC. Mixed lymphocyte culture (MLC)
supernatants were added to triplicate cultures on day 0 and the
direct (IgM) plaque-forming cells (PFC) responding to SRBC
were counted on day 4. Results are shown as the geometric
mean ± SEM of triplicate cultures.

Allogeneic help was determined as described (15). Briefly,
nylon column-passed, mitomycin-treated spleen cells (T cells)
obtained from normal mice were added to triplicate 0. 1-ml cul-
tures containing 6 X 105 B cells with 0.05% SRBC. PFC were
determined as above.

Cytotoxicity was determined by the ability ofeffectors to lyse
51Cr-labeled lipopolysaccharide (LPS)-induced (10 pFg/ml) blast
targets as described (20). MLC for the development ofeffectors
were set up with 2 x 106 responder spleen cells per ml mixed
with 8 x 105 mitomycin-treated stimulator cells per ml.

RESULTS

Anti-Lyt2 Blocking of MHC Subregion-Specific Allogenei-
cally Induced Help. A monoclonal rat antibody to murine Lyt2,
known to block cytotoxicity (24), was used to study the role of
Lyt2 in responses against different MHC subregions. Anti-Lyt2
was added to cultures of T-depleted spleen cells (B cells) in
which allogeneic help was provided by unprimed T cells. These
T cells differed from the B cells at the whole H-2 region, 1, D,
or Mls [Mls, or mixed lymphocyte-stimulating, determinants
are non-MHC histocompatibility antigens that stimulate helper
activity (29)]. Representative results are shown in Fig. 1. Help
was measured by the response ofB cells to SRBC as determined
by PFC to SRBC on day 4. When help was stimulated by whole
H-2, H-2l, or MIs differences, no effect of anti-Lyt2 was ob-
served. However, when help was stimulated by an H-2D dif-
ference, anti-Lyt2 antibody completely inhibited the response.
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FIG. 1. Anti-Lyt blocking of MHC subregion-specific allohelp.
Nylon column-passed, mitomycin C-treated T cells were titrated into
triplicate cultures of 6 x 105 anti-Thyl.2-treated B cells. SRBC were
added as antigen and direct PFC wer detmined after 4 days of cul-
ture. Strain combinations were used such that T and B cells differed
at wholeH-2 (a, BALB/cTcells with B1O.GB cells); H-2I[b,BO.T(6R)
T cells with BlO.AQR B cells]; H-2D [c, BlO.G T cells with B1O.T(6R)
B cells]; and MlU (d, BALB/c T cells with DBA/2 B cells). Duplicate
series of cultures were set up in the presence (s) or absence (a) of 2%
anti-Lyt2 supernatant.

Similar results were seen in other strain combinations (not
shown) and anti-Lyt2 consistently blocked help to K or D but
not I or Mls determinants.
To investigate further the role ofanti-Lyt2 in blocking helper

function, T cells were primed in vitro to K, D, or I regions and
the effect ofanti-Lyt2 on primed helperT cells was determined
at the time of restimulation. It has been found that T cells
primed in this manner are greatly enhanced in their response
to the stimulating alloantigen but have lost reactivity to other
alloantigens (27). Such T cells stimulated with cells carrying the
priming alloantigen produce large quantities of lymphokines
withTCGF activity or withTRF activity in the primary response
of B cells to SRBC. The ability of anti-Lyt2 antibody to block
the generation of factor(s) with these activities was tested.
A representative of three experiments is shown in Fig. 2. T

cells were primed to Kq or Ik and challenged with a single pool
of Kqlk stimulator cells. Anti-Lyt2 was titrated into these cul-
tures. Supernatants were collected after 18 hr and tested for
TRF andTCGF activity. Anti-Lyt2 antibody present in cultures
over a broad range of concentrations had no effect on the pro-
duction oflymphokines by Ik primed cells. In contrast, as little
as 0.1% of the anti-Lyt2 preparation severely reduced (>90%)
the production of lymphokines by Kq primed cells. A mixture
ofthe two types ofresponding cells was not suppressed by anti-
Lyt2 (data not shown).

It has been reported that anti-Lyt2 antibodies fail to inhibit
concanavalin A (Con A)-mediated cytotoxicity (24). Therefore,
the same KV-primed T cells that were inhibited by anti-Lyt2
when they were challenged with the Kq antigen were induced
with Con A. When this alternate mode of induction was used,
anti-Lyt2 failed to suppress the production oflymphokines (Fig.
2).

Anti-Lyt2 Blockdng of MHC Subregion-Specific Cytotoxic
Effects. Because most cytotoxic effectors generated when re-
sponder T cells differ from stimulator at the whole H-2 region
are directed against K and D (4), it was likely that the cytotox-
icity blocked by anti-Lyt2 in previous reports was directed
against these MHC subregions. Therefore, it was of interest to
test the effect of anti-Lyt2 on cytotoxicity directed against la
region determinants.
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FIG. 2. Anti-Lyt2 blocking ofMHC subregion-specific and Con A-
stimulated lymphokine production. Primed subregion-specific allo-
helpers were used after 14 days of in vitro culture. Helpers primed to
Kq (e, B1O.A primed to BlO.AQR) and Ik [A, BlO.T(6R) primed to
B1O.AQR] (5 x 105/ml) were restimulated with anti-Thyl.2-treated
spleen cells (5 x 106/ml) in the presence of dilutions of anti-Lyt2 su-
pernatant. After 18 hr, supernatants were harvested and tested for
TRF (a) or TCGF (b) activity. Alternatively, the K-prinmed cells were
stimulated with Con A (2 dg/ml) (a) and the effect of added anti-Lyt2
was determined. TRF activity was measured by adding 50% super-
natant to anti-Thyl.2-treated BDF1 spleen cells with SRBC an anti-
gen. Direct PFC to SRBC were determined on day 4. TCGF activity was
measured by adding 10% supernatant to 104 T cells from a TCGF-de-
pendent line of NK cells.

BlO.T(6R) mice were primed with 2 X 106 B1O.AQR (dif-
fering in the I region) spleen cells and A.TH mice were primed
with spleen cells ofA.TL mice. Priming was necessary to gen-
erate anti-Ia-specific killing of a magnitude equivalent to that
found in unprimed responses to K and D. These primed spleen
cells were challenged in MLC with stimulators differing at the
whole H-2 locus, or at H-2K, -D, or -I alone, and the cytotoxic
effectors recovered from these cultures were mixed with targets
bearing the appropriate stimulating alloantigens. Anti-Lyt2 was
added directly to the 5"Cr release assays. In each case, cyto-
toxicity generated to whole H-2 differences, to H-2K, and to H-
2D was blocked by the presence of anti-Lyt2 antibody (Fig. 3).
In contrast, cytotoxicity directed against H-2I was unaffected
by the presence of anti-Lyt2. Experiments of this design have
been repeated three times with similar results. In addition, in
vivo-primed effectors to K and D have been tested in four ex-

periments and were blocked equally or more efficiently then
the unprimed effectors to K or D (data not shown).
The striking fuilure of anti-Lyt2 to block the H-2I directed

cytotoxicity raises the question of whether such effectors ex-

press Lyt2 molecules. The expression of Lyt2 on the primed T
cells responsive to H-21 was determined by treatment of cy-

totoxic effectors with anti-Lyt2.2 plus complement (Table 1).
High-titered (1/106) anti-Lyt2.2 ascites was used as a reagent.
This reagent was completely allele-specific under these con-

ditions (lines 1 and 2). Cytotoxic effectors from MLC stimulated
with a whole H-2 difference and with H-2D were severely de-
pleted after anti-Lyt2.2 treatment (lines 1 and 3) whereas cy-
totoxic effectors from cultures stimulated with H-2I were more

resistant to this treatment. In a series of several experiments,
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FIG. 3. Anti-Lyt2 blocking of spleen cells cytotoxic toMHC subre-
gions. Spleens of BlO.T(6R) primed in viw with 2 x 106s B10.AQR
spleen cells and of A.TH primed in viw with 2 x 106 A.TL spleen cells
(and of unprimed B10.AQR and A.TL mice) were used as responders.
Cytotoxic effectors were generated to whole H-2 [a, BlO.T(6R) to
B1O.BR (anti-H-2k)]; toH-2K [b, B10.AQR to B1O.A (anti-Kk) (circles),
andA.TL to A.AL (anti-K3) (triangles)]; toH-2D [c, BlO.T(6R) to B1O.G
(anti DW)A; and toH-2I[d, BlO.T(6R) to B10.AQR (anti-Iak) (circles) and
A.TH to A.TL (anti-Iak) (triangles)]. 51Cr release assays were incu-
bated in the absence (closed symbols) or presence of 2% anti-Lyt2 (open
symbols).

anti-I-region killers were more resistant than anti-K or -D-re-
gion killer to lysis with anti-Lyt2.2 but significant depletion was
seen in most cases.

DISCUSSION

This paper examines the blocking activity of anti-Lyt2 in two
unusual situations: first, in the generation of helper activity in
response to class 1 MHC antigens (K and D regions); and sec-

ond, in the case in which cytotoxic effector activity is mediated
by T cells specific for targets carrying the foreign class 2 MHC
(I region) alleles.

It had already been shown that, although differences in the
I region are the strongest inducers of allogeneic help in the
mouse, helper cells can be induced by cells that are specific for
allogeneic K or D antigens (28). Such cells were shown to have
the Lytl2' phenotype (14, 16).

In the present study, it is shown that both the helper effect
of added T cells and the generation of T cell replacing lym-
phokines is blocked by the presence of anti-Lyt2 in the culture
medium but only when the stimulating antigen is allogeneic H-
2K or H-2D. The response is not blocked when the stimulators
differ at I or the whole MHC or at the Mls locus (Figs. 1 and
2). In Fig. 1, the helper activity is measured by the direct ad-
dition of unprimed T cells to T-depleted B cells. In this ex-

perimental model it has been shown that the help can be de-
livered by TRF (2) which, it is now understood, is a mixture of
lymphokines including ILl, IL2, and TRF (30-32). These fac-
tors appear to act synergistically on the responding B cell (28).

I have previously shown (27) that helper T cells can be gen-
erated in a secondary response to allogeneic K or D and that
such primed helper activity is not restricted to the I region al-
lele. It is shown here that this primed response to allogeneic
cells is also blocked by the presence ofanti-Lyt2 but, again, only
when the stimulators differ atK (shown) orD (not shown) alone.
The response to I, to the whole H-2, or to the Mls gene product
is not blocked (Fig. 2). In this experiment, the production of
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Table 1. Lyt phenotype of MHC subregion-specific cytotoxic effectors

Responder Stimulator and Responder/ % specific cytotoxicity
strain target strains Specificity target ratio No treatment Anti-Lyt2.2

B6 BDF1 Whole H-2 133 16 -2
44 10 -2
15 4 -0

B6.Lyt2.1 BDF1 Whole H-2 133 26 27
44 18 17
15 10 8

B10.T(6R) B1O.G Dq 133 42 11
44 18 -1
15 16 -1

B10.T(6R) B10.AQR Iak 133 50 41
44 40 23
15 22 10

Cytotoxic effectors specific for whole H-2 [B6 against BDFI; B6.Lyt2.1 against BDFt (anti-H-2d)], H-
2D [B1O.T(6R) against B1O.G (anti-Dq)], and H-2I [B1O.T(6R) against B10.AQR (anti-Ia )] were raised in
MLC. B1O.T(6R) mice were primed in vivo with 2 x 10 B10.AQR spleen 8 weeks before sacrifice. Cytotoxic
effectors were harvested and split into aliquots. One aliquot was treated with complement alone (no treat-
ment) and the other, with a 1:500 dilution of anti-Lyt2.2. After treatment, cytotoxic effectors were de-
termined in a 51Cr release assay.

TCGF (IL2) and the production ofhelper factor (IL2 plus TRF)
were assayed independently and both were affected similarly.

In the second halfofthis study it was shown that the presence
of anti-Lyt2 does not block the effector activity of cytotoxic T
cells specific for targets carrying a foreign I region allele (Fig.
3). Previous work had shown that the cytotoxic activity of long-
term alloreactive T-cell line specific for targets carrying Ia was
mediated by Lytl+2- cells (20) and was not blocked by anti-Lyt2
(17).

These studies extended a previous series ofobservations con-
cerning the correlation between Lyt phenotype and the MHC
subregion that is recognized. No exceptions were found to the
rule that those T cells that respond to allogeneic K or D are Lyt2
positive and that their activity can be blocked by anti-Lyt2. This
is as true for helper cells as for cytotoxic effectors. Those T cells
that respond to allogeneic I region antigens, be they helpers or
a cytotoxic T cells, express less (this paper) or no Lyt2 (20) and
their activity is resistant to the presence of anti-Lyt2 (this
paper).

There are a number of additional points that can be made.
First, it is important to note that the experimental findings pre-
sented here and in earlier publications (14, 16, 20) are not in
conflict with the previously published data on the Lyt pheno-
types of helper and cytotoxic cells. In the usual experimental
protocol in which helper cells are raised against whole haplotype
differences, helper cells are specific for foreign I and are
Lytl+2-. Similarly, cytotoxic T lymphocytes raised against
stimulators that differ at the whole haplotype are specific for
K or D alleles and are Lytl-2+. It is only when the normal as-
sociation between T-cell functions and the MHC subregion of
the target antigen does not hold that it can be revealed that the
Lyt phenotype is associated not with T-cell function but with
the MHC subregion that is recognized.

Although Lyt phenotypes in these situations in which the
normal correlation between function and MHC subregion do
not hold have not been extensively studied by other investi-
gators, some such examples have been reported (12, 13, 15).
A number of investigators have shown that the presence of

anti-Lyt2 can block cytotoxic T-cell effector function (21-24) and
the induction of cytotoxic T cells (33). In these studies, various
other antisera to antigens that are or may be expressed on the
T cell surface including H-2, Thyl, immunoglobulin, and other

non-H-2 antigens (22, 34-36) were shown to be without effect.
It seems likely then that the ability of antisera to a surface
marker to block function indicates either that the marker is itself
involved in function or that it is closely apposed in the mem-
brane to such a molecule.

Recently MacDonald et aL (37) reported that cytotoxic effec-
tors obtained from the peritoneal exudate of in vivo-primed
mice are not efficiently blocked with anti-Lyt2 whereas those
raised in vitro from spleen are blocked. These results may sug-
gest that cells of higher affinity are resistant to such inhibition.

Differences in blocking because of differences in affinity are
unlikely to be responsible for the results reported in this paper
for several reasons. First, the results are reciprocal. Both the
usual (cytotoxicity) and unusual (help) functions are blocked
when they are directed to K or D regions. Furthermore, both
primary and secondary responses showed the same pattern of
blocking. Thus, the only variable that correlates with the results
is the MHC subregion specificity of the responding T cells.

Dialynas et al. (38) have shown that three variant clones from
a mitogenized cytotoxic T cell line concomitantly lost both Lyt2
surface molecules and cytotoxic activity. These studies provide
further evidence that the Lyt2 molecules play some obligatory
role in cytotoxic activity although they do not clearly distinguish
between models in which the Lyt2 molecule is involved in the
recognition event and models in which Lyt has some role in the
delivery of the lethal signal. The facts that Ia-specific cytotoxic
effectors express little or no Lyt2 (Table 1; ref. 20) and that anti-
Lyt2 reagents do not block cytotoxic activity argue that Lyt2 is
not involved in the delivery of the killing signal.

In these studies and discussion I have considered only the
association ofthe lyt2 gene product with the recognition ofclass
1 MHC antigen. It is not clear whether there should be a com-
parable gene product associated with recognition or response
to the class 2 MHC antigen but it seems likely. It is tempting
to speculate that the lyti gene product might play such a role
and this possibility is somewhat strengthened by the recent
finding that anti-Lytl can enhance the induction of the T-cell
response (33). It is possible, however, that Lytl and Lyt2 mol-
ecules do not have this type ofreciprocal relationship, especially
in light of the fact that Lytl is expressed on all normal T cells
(25) instead of showing expression restricted to class 2 recog-
nizing cells. I would suggest that some other Lyt antigen, not
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yet characterized in the mouse, might play this role.
In conclusion, the fact that a T lymphocyte differentiation

antigen, Lyt2, is associated in some functional way with the
recognition ofone ofthe two basic classes ofMHC antigens gives
us a probe for further investigations of the significance of the
dichotomy ofMHC antigens and their role in T-cell recognition
and triggering.
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