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The present study reexamines the cell surface nature of T cells mediating in vive protective
tumor immunity with the use of anti-L3T4 and -Lyt-2 antibodies. C3H/HeN mice hyperimmune
against syngeneic MH134 hepatoma or MCH-I-Al fibrosarcoma were prepared by intradermal
(id) inoculation of viable tumor cells followed by surgical resection of the tumor and by repeated
challenges with viable tumor cells. Spleen cells from these mice were fractionated into L3T4" or
Lyt-2* T cell subset by treatment with anti-Lyt-2 or -L3T4 antibody plus complement (C). Winn
assays performed by utilizing such fractionated T cells have revealed that both L3T4* and Lyt-
2% T cell subsets from hyperimmune mice produced complete tumor protection. Flow mierofluo-
rometry study illustrated that the treatment with anti-L3T4 or -Lyt-2 antibody plus C resolted in
the complete isolation of L3T4~ Lyt-2* (Lyt-2%) or L3T4" Lyt-2~ (L3T4*) T cell subset,
respectively. This contrasted with the failure of treatment with anti-Lyt-1 antibody plus C to
isolate all T cells expressing Lyt-2 marker. It was further demonstrated that each subset of T cells
exerted its anti-tumor effect in a tumor-specific way and without a requirement for the other
alternative subpopulation of unprimed T cells. These results indicate that Lyt-2" T cell subset can
be successfully isolated by treatment with anti-LL3T4 but not with anti-Lyt-l antibody plus C, and
that each single subset of Lyt-2" and L3T4* T cells can function as in vivo effector T cells.
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Several animal models have been developed
in which the adoptive transfer of tumor-
specific immune T cells results in the rejection
of a subsequent challenge with tumor cells or
the eradication of growing tumor cells pre-
inoculated. These models provided insights
into how appropriately selected and amplified
T cells from the tumor-preimmunized host
might be utilized to promote tumor eradica-
tion.

Analyses of the nature of effector cells
acting on sarcomas and leukemias have sug-
gested that cytotoxic T lymphocytes (CTL)**
are critically important for therapy."”

*! This constitutes Part I of a series entitled “Role
of tumor-specific Lyt-2" T cells in tumor growth
inhibition in vive.”

*3 To whom correspondence should be addressed.
¥4 Abbreviations used in this paper: CTL, cyto-
toxic T lymphocytes; id, intradermal or intra-
dermally; C, complement; FETC, fluorescein iso-
thiocyanate; FMF, flow microfluorometry.
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Moreover, recent studies along this line have
demonstrated that infusion of cloned CTL
can mediate a therapeutic effect.*® However,
the administration of purified noncytolytic
Lyt-1"27 T cells in the mouse, or their analog
in the rat, has also been shown to be effective
in specific therapy or prevention of chemically
induced and virally induced sarcomas,” a
spontaneous plasmacytoma,® chemically in-
duced hepatoma,” and a virally induced leu-
kemia,' and recent studies have demon-
strated that these noncytolytic T cells mediate
the anti-tumor effect without the participation
of CTL.*" Thus, studies to determine the
nature of the T cell subsets responsible for the
observed anti-tumor effect of adoptively trans-
ferred T cells in animal models and the mech-
anisms by which the tumor is eliminated in
vivo have yielded somewhat conflicting results.

Since anti-Lyt-1 antibody reacts with a
large portion of Lyt-2* subset as well as most
of the Lyt-2™ T cells, utilization of anti-Lyt-1
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antibody may fail to isolate all Lyt-2™ T cells
as a single population. In this context, the
development of anti-L3T4 monoclonal anti-
body has made it possible to isolate the Lyt-
2% T cell subset."™' Therefore, with the use
of anti-L3T4 and -Lyt-2 antibodies, we have
reexamined the phenotype of T cells which
function to initiate or mediate in vive tumor
growth-inhibition. The results demonstrated
that the L3T4" T cell subset which was iso-
lated by treatment with anti-Lyt-2 antibody
plus complement and had been described as
the Lyt-1"2" subset again produced potent
tumor-protecting potential. Moreover, Lyt-2"
T cell subset isolated by treatment with anti-
L3T4 antibody plus complement, particularly
from spleen cells of anti-tumor hyperimmune
mice, also produced tumor growth inhibition.
Since the efficacy of the Lyt-2" T cell subset
was demonstrated in the MH134 tumor model
in which tumor cells are not lysed by anti-
tumor Lyt-2* T cells,” the results are dis-
cussed in the context of mechanisms by which
each T cell subset exerts its {n vivo anti-tumor
effect.

MATERIALS AND METHODS

Mice and Tumors Female C3H/HeN mice, ob-
tained from Charles River Laboratory, were used
at 6-9 weeks of age. MH134 hepatoma and X5563
plasmacytoma, both derived from C3H/He strain
and maintained by serial intraperitoneal transplan-
tation, and MCH-1-Al fibrosarcoma, which was
recently induced in C3H/HeN strain in our labora-
tory by using methylcholanthrene, were utilized.
Immunization to MH134 Hepatoma or MCH-1-Al
Fibrosarcoma Cells C3H/HeN mice (7-8 weeks
old) were inoculated intradermally (id) with 10°
viable tumor cells, followed by the surgical resec-
tion of the tumor 7 days thereafter. Seven days
after the tumor resection, mice were challenged id
with 10° viable MH134 tumor cells. The mice
which did not develop a tumor mass 3 weeks after
the tumor challenge were regarded as “immune,”
and the mice which resisted two additional chal-
lenges with 10° and 10° viable MH134 tumor cells
were used as “hyperimmune” mice.

Monoclonal Antibodies Monoclonal antibodies to
Lyt-1.1, L3T4 or Lyt-2 antigens were used. Anti-
Lyt-1.1 was purchased from New England Nu-
clear, Boston, MA. The GK1.5 monoclonal anti-
body-producing hybridoma line, specific for the
L3T4 molecule, was a gift of Dr, F. Fitch, Univer-
sity of Chicago, IL, and the 3.155 monoclonal anti-
body-producing hybridoma line, specific for the
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Lyt-2 molecule, was obtained from ATCC, Rock-
ville, MD.

The GK1.5 hybridoma cells were inoculated into
pristane-primed BALB/c nu/nu mice intraperito-
neally and ascitic fluids were collected. Gamma-
globulin fractions of cell-free ascites were obtained
by precipitation at 40% saturation with ammo-
nium sulfate. Fluorescein isothiocyanate (FITC)
was conjugated to GK 1.5 monoclonal antibody by
regutar methods, followed by DE-52 (Whatman
Biochemicals Ltd., England) ion-exchange chro-
matography. The F/P ratio of FITC/GK1.5 was
1.6. FITC-conjugated anti-Lyt-2 and anti-Thyl.2
antibodies were the products of Becton Dickinson
Immunocytometry Systems, Mountain View, CA
and of Bio Yeda Ltd., Rehovot, Israel, respec-
tively.

Treatment of Immune Spleen Cells with Antibody
plus Complement Spleen cells (10%) from immu-
nized mice were incubated at room temperature
for 30 min with ascitic form of anti-Lyt-1.1, -1.3T4
or -Lyt-2 monoclonal antibody at a dilution of
1:100 for anti-Lyt-1.1 or 1:50 for anti-1.3T4 and
-Lyt-2. Cells were washed and incubated at 37° for
45 min with rabbit complement (C) preabsorbed
with syngeneic mouse spleen cells at a final dilution
of 1/20.

Tumor-neutralization Test (Winn Assay) Spleen
eells (1-210") from normal or tumor-immunized
mice were admixed with 10° viable tumor cells. The
mixture was inoculated id in a volume of 0.1 ml
into syngeneic C3H/HeN recipient mice, and
tumor growth was expressed as the mean tumor
diameter £ SE of five mice/group.
Immunofluorescence Staining and Flow Micro-
fluorometry (FMF) The preparation and staining
procedures were essentially the same as described
previously.'? Briefly, 1% 10° spleen cells were in-
cubated at 4° for 30 min with FITC-conjugated
antibodies, washed twice, resuspended and ana-
Iyzed for fluorescence. These procedures were per-
formed in Hanks® balanced salt solution (without
phenol red) containing 0.1% bovine serum albu-
min (BSA) and 0.1% sodium azide. FMF analysis
was performed by using a Spectrum III (Ortho
Diagnostic Systems Inc., Raritan, NJ). All data
were collected by using log amplification, and dead
cells were rejected from analysis on the basis of
forward light scattering.

Preparation of T Cell-depleted Mice Aduit thy-
mectomy of C3H/HeN mice was performed at &
weeks of age, followed 2 days later by an ip inocu-
lation of 0.25 ml of rabbit anti-thymocyte serum.
Then 3 weeks later, the mice received whole body
X-irradiation of 850 R and immediate iv reconsti-
tution with 3 10° syngeneic adult bone marrow
cells pretreated with anti-Thy-1.2 plus rabbit C.%
These mice were used after an additional 3 weeks.
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Fig. 1. Flow microfluorometric {(FMF) study of spleen cells after treatment with anti-L3T4 or anti-

Lyt-2 antibody plus complement (C). MH134-primed spleen cells were treated with various monoclonal
antibodies (shown) plus C. Cells were stained with either anti-L3T4, anti-Lyt-2 or anti-Thy-1.2 mono-

clonal antibody conjugated with FITC.

T celi depletion in these mice was confirmed by
fluorescence-activated cell sorter analysis and func-
tional studies of lymphoid cells from these mice
using T cell and B cell mitogens as previously
described,*®

REsSULTS

We first examined the efficacy of GK1.5
(anti-L3T4) and 3.155 (anti-Lyt-2) mono-
clonal antibodies to separate the respective
Lyt-2* and L3T4" T cell subsets and in-
vestigated the effect of treatment with anti-
Lyt-1.1 antibody thus far utilized on these two
T cell subsets. Spleen cells from MH134-
hyperimmune mice were treated with either of
the above monoclonal antibodies plus comple-
ment (C) and submitted to flow microflucro-
metric (FMF) analyses. The results of Fig. 1
demonstrate that a) L3T4% T cell subset as
detected by FITC-conjugated anti-L3T4 anti-
body was isolated by treatment with anti-Lyt-
2 plus C; b) likewise, Lyt-2" T cell subset was
obtained by treatment with anti-L3T4 plus C
and ¢) both subpopulations were eliminated
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Fig. 2. FMF study of spleen cells after treatment
with anti-Lyt-1.1 antibody plus C.

by treatment with either anti-Thy-1.2 or a
mixture of anti-L3T4 and -Lyt-2 (cocktail
killing) plus C. It should be noted that the
treatment with anti-L3T4 or Lyt-2 antibody
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Fig. 3. Tumor - neatralizing activity of both
L3T4* and Lyt-2" T cell subsets from MH134-
hyperimmune mice. Spleen cells from MHI134-
hyperimmune mice were untreated (O} or treated
with either C (&), anti-Lyt-2 +C (v}, anti-L3T4
+C (0O), anti-Lyt-2 and -L3T4-+C (M} or anti-
Thy-1.2+C (a). These fractionated spleen cells
(10") or normal untreated spleen cells (®) were
mixed with 10° viable MH134 tumor cells.

results in only marginal damage to the respec-
tive Lyt-2" or L3T4" T cell subset.

In contrast, it was revealed that treatment
with anti-Lyt-1.1 plus C not only resulted in
almost complete elimination of L3T4™ T ceils,
but also elicited appreciable elimination of
Lyt-2" T cells (Fig. 2). Although L3T4™ Lyt-
2" T cells can be obtained, utilization of anti-
Lyt-1.1 antibody failed to isolate all Lyt-2* T
cells as a single subpopulation. In the follow-
ing experiments, anti-L3T4 and anti-Lyt-2
antibodies were, therefore, used to determine
the nature of effector T cell mediating tumor
cell eradication in vivo.

Portions of the same L3T4" or Lyt-2* T
cells as used in Fig. 1 were tested for ability to
neutralize the growth of viable MH134 tumor
cells in Winn assays (Fig. 3). The results
demonstrate that tumor protection was
mediated by Lyt-2% as well as L3T4" T cell
subsets from MH 134 -hyperimmune mice.
This was also the case in another syngeneic
tumor model. Thus, both Lyt-2" and L3T4"
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Fig. 4. Tumor - neutralizing activity of both
L3T4" and Lyt-2* T cell subsets from MCH-1-A 1-
hyperimmune mice. Spleen cells from MCH-1-A 1-
hyperimmune mice were treated with either C
(&), anti-Lyt-2+C (7)), anti-L3T4+C (O), or
anti-Thy-1.2-+C (4). These fractionated spleen
cells (107} or normal untreated spleen cells (@)
were mixed with 10° viable MCH-1-A1 tumor cells.

T cell subsets from MCH-1-Al-hyperimmune
mice produced complete tumor protection
(Fig. 4). In addition, the results of Table I
demonstrate that tumor-neutralizing activity
mediated by either subset of T cells is tumor-
specific.

In the preceding experiments, tumor-
neutralizing activity of donor T cells was
measured in normal recipient mice. Thus,
whether participation of unprimed L3T4" or
Lyt-2" T cells from hosts is required for the
mediation of tumor rejection responses by
donor type of immune T cells has not been
determined. This was examined by preparing
T cell-depleted mice and by utilizing these
mice as recipient mice in Winn assay. As
shown in Fig. 5, both L3T4" and Lyt-2"
subsets from hyperimmune mice produced
tumor protection in T cell-depleted recipient
mice as completely as in normal recipient
mice. Thus, these results indicate that either

Jpn. J. Cancer Res. (Gann)
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Table I.  Specificity of Tumor Neutralization Me-
diated by L3T4" or Lyt-2* T Cells from Hyper-
immune Mice

Spleen cells® Tumor Tumor diameter® (mm)
{subset) cells day 7 day 11
Normal 6.6X0.8 11.3%0.6

MH134- MH134 30 3.0
hyperimmune
(L3T4)
MH134- 3.0 3.0
hyperimmune
(Lyt-2%)
Normal 7.3£0.5 13.3%0.7
MH134- 7.5%£0.6 13.5*0.6
hyperimmune
(L3T4") X55637
MH134- 6.6+0.8 11.9x0.7
hyperimmune
(Lyt-2%)

a) L3T4" or Lyt-2* T cell subset was prepared from
MH134-hyperimmune spleen cells by treatment with anti-
Lyt-2 or anti-L3T4 antibody plus C.

by Spleen cells (107) were mixed with 10° viable tumor
cells and the mixture was inoculated id inte syngeneic
recipient mice. Tumor growth was expressed as the mean
tumor diameter £ 8E of 5 mice/group.

c} The growth of X5563 tumor cells was completely
inhibited by anti-X5563 immunized spleen cells at the
spleen: tumor cell ratio of 100:1.

subset of T cells exerts its tumor-neutralizing
effect under conditions in which the other
alternative subset of unprimed T cells can not
be recruited to participate in rejection re-
sponses.

DiscussioN

Despite ample evidence for the quintessen-
tial role of T lymphocytes in rejecting tumor
cells as well as allografts,”'® the effector
mechanisms responsible for the graft rejection
have been poorly understood. In fact, studies
to determine the nature of the T cell subsets
responsible for the mediation of ir vivo anti-
tumor effect in various animal tumor models
have yielded somewhat conflicting results.
Thus, many results have been presented to
implicate CTL in the phenomencn of tumor
or allograft rejection.'® ' On the other hand,
it has become increasingly apparent that
transfer of tumor immunity can be achieved
with T cells bearing the markers of non-CTL,
helper/delayed-type hypersensitivity (DTH)
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Fig. 5. Tumor-neutralizing activity of MH134-
hyperimmune L3T4* or Lyt-2* T cells in T cell-
depleted mice. A total of 10’ normal spleen cells
(®) or hyperimmune spleen cells treated with
either C alone ( 2), anti-Lyt-2-+C { ¥), anti-L.3T4
+C (O) or anti-Lyt-2 and -L3T4+C (M) were
mixed with 10° viable MH134 tumor cells and the
mixture was inoculated into T cell-depleted recipi-
ent mice.

T cells (Lyt-1727 T cells in the mouse).™'?
Such findings in tumor rejection parallel the
results of similar experiments in histoincoms-
patible allograft rejection systems.'™?" Al-
though the authors of these studies have
placed strong emphasis on the role of helper/
DTH T cell subset in rejection responses,
analysis of the specificity of monoclonal anti-
bodies used for fractionation of T cell subsets
has caused a reevaluation of the relative im-
portance of this T cell subset™ and a reexam-
ination of the role of T cells bearing the
classical CTL phenotype in the graft rejec-
tion, 2

Treatment of lymphocytes with anti-Lyt-2
antibody plus C results in the isolation of Lyt-
27 (Lyt-1727) T cell subset, whereas treat-
ment with anti-Lyt-1 plus C fails to isolate all
Lyt-2" T cells since the anti-Lyt-1 antibody
reacts with not only almost all Lyt-2™ T cells
but also an appreciable portion of Lyt-2" T
cells. However, the utilization of anti-L3T4
monoclonal antibody, recently developed,''®
made it possible to obtain the whole of the

93



T. YOSHIOKA, ET AL.

Lyt-2" T cell subset. This was also confirmed
in the present study (Figs. 1 and 2), and these
results thus prompted us to re-investigate the
potential role of the Lyt-2" T cell subset ob-
tained with the use of anti-L3T4 antibody.

The present study demonstrated that when
anti-tumor Lyt-2* and L3T4" T cell subsets
were obtained from splenic T cells of MH134
or MCH-1-Al-hyperimmune mice, both L3T
4" and Lyt-2" T cell subsets produced com-
plete tumor protection. Thus, these observa-
tions confirm the efficacy of Lyt-2~ T cell
subset, which has been described as Lyt-172~
T cells *'” and is now designated as L3T4™"
Lyt-27 T cell subpopulation. In addition, the
present data have revealed the ability of the
Lyt-2* T cell subset to mediate tumor-
neutralization as well.

Although the present analysis of the
effector T cell nature has revealed the efficacy
of both L3T4" and Lyt-2"™ T cell subsets as
in vivo effector T cells in the present tumor
models, the important issue would be to eluci-
date the cellular and molecular mechanisms
by which each T cell subset exerts its anti-
tumor effect in vive. In this context, it would
be of value to discuss such potential mecha-
nisms based on our recent observations as well
as previous results.

In most syngeneic tumor models, tumor-
specific CTL activity can be detected in spleen
or lymph node cells from tumor-immunized
or tumor-regressed mice. Since the generation
of CTL responses requires the participation of
helper T cells expressing Lyt-1727 (L3T4"
Lyt-27) T cell surface marker, tumor-specific
L3T4" T cell subset could function as helper
T cells assisting CTL responses against tumor
cells.”*" Such an Lyt-172" T cell-participat-
ing pathway leading to CTL generation might
be visualized as operating for tumor protec-
tion in tumor models in which tumor antigens
stimulate CTL responses. However, the oper-
ation of such a mechanism may be unlikely
especially in the MH134 tumor model, since
this tumor model is one in which anti-tumor
CTL response is not detected.”>® In addition,
the existence of the pathway distinct from
that leading to CTL generation was sub-
stantiated by demonstrating the anti-tumor
effect of this L3T4" T cell subset in T cell-
depleted recipient mice possessing no CTL
precursors.**?® This has been illustrated in
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several tumor models and it has been estab-
lished that L3T4* Lyt-2~ T cells exert their
effect by producing various lymphokines such
as macrophage activating factor (MAF) and
by activating non-T cell effectors which func-
tion as ultimate tumoricidal effector cells. >V

Concerning the function of Lyt-2" T cells,
Lyt-2 antigen has originally been described to
represent CTL phenotype. However, the abil-
ity of Lyt-2* T cells to function as helper cells
in immune responses was also shown by Swain
et al.”*" They demonstrated the helper activ-
ity of Lyt-2" T cells for histoincompatible B
cells. Subsequently, it was shown by Singer
and his colleagues that a subset of Lyt-2™ T
cells functions as helper cells for the acti-
vation of histocompatible CTL precursors in
conventional class I allospecific CTL re-
sponses.’¥ Moreover, the helper activity of
these Lyt-2" T cells was confirmed by their
ability to produce IL2.** Evidence has also
emerged that portions of tumor-specific Lyt-
27 T cells are capable of producing lympho-
kine(s).”” In the FBL leukemia model, stimu-
lation with FBL leukemia cells of tumor-
immune T cells results in production of 7-
interferon (y-IFN), which renders macro-
phages capable of lysing FBL.

Thus, it is increasingly evident that in addi-
tion to the direct cytolytic function of Lyt-2~
T cells as CTL, at least a part of Lyt-2*° T
cells is responsible for an anti-tumor mecha-
nism similar to that observed for the Lyt-1*2~
(L3T47) T cell subset. This emphasizes the
importance of understanding the mechanism
by which each effector T cell subset exerts its
anti-tumor eflect, as well as mere identifica-
tion of effector T cell phenotypes. Studies are
in progress to determine whether the anti-
tumor Lyt-2* T cell subset mediates its anti-
tumor effect through the production of lym-
phokines capable of activating non-T cell anti-
tumor effectors.
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