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The Roles of CD8" and CD4" Cells in Tumor Rejection
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In vivo administrations of anti-Lyt-2.2 (CD8) mAb and anti-L3T4 (CD4) mAb selectively eliminated
CD8" cells amd CD4" cells, respectively. The relative potencies of CD8" cells and CD4 " cells and
their roles in primary tumor rejections were siudied by investigating the effects of these mAbs on
tumor growth. CD8™ cells were themselves fully capable of mediating rejection in 5 different tumor
rejection systems: two radiation lenkemia virus (RadLV)-induced leukemias, B6RV2 and BALBRVD,
a radiation-induced leukemia BALBRL 1, and a plasmacytoma BALBMOPC-70A in CB6F, mice,
and a Friend virus-induced leukemia B6FBL-3 in B6 mice. On the other hand, CD4™ cells were
capable of resisting tumor growth of B6FBL-3, but not of the other four tumors. Furthermore, for
efficient rejection of CB6F,UV £1 sarcoma by CB6F; mice, synergy of CD8" and CD4™ cells was
necessary. Blocking of UV £ 1 rejection was abrogated by delzyed administration of anti-L3T4 (CD4)
mAb but not anti-Lyt-2.2 (CD8) mAb, indicating the involvement of CD4" cells in only the initial

phase of rejection.
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The effector cell mechanisms for tumor rejection are
still poorly understood. In previous studies on adoptive
transfer into adult, thymectomized, bone marrow-
reconstituted (ATXBM) or athymic mice, either CD8"
cells'™ or CD4" cells"® were found to be capable of
mediating rejection of tumors which were negative for
class TI antigen. Each T-cell subset appeared to be
differentially activated, possibly by a factor(s) such as
the type of tumor, the number of tumor cells inoculated,
or the type of rejection response (primary or secondary)
involved. In this study, we investigated the relative
potencies of CD8" and CD4" cells and their roles in
mediating primary rejection of 6 different tumors: 2
radiation leukemia virus (RadLV)-induced leukemias, a
radiation-induced leukemia, a plasmacytoma, a Friend
virus-induced leukemia and a fibrosarcoma induced by
irradiation with ultraviolet light (UV). For this purpose
we examined the effects on tumor rejection of in vivo
administration of anti-Lyt-2.2 (CD8) mAb, anti-L3T4
(CD4) mAb, or both.

MATERIALS AND METHODS

Mice CS5S7BL/6 (B6), BALB/c, and (BALB/cX
C57BL/6)F, (CB6F,) mice were purchased from Shizu-
oka Laboratory Animal Center (Shizuoka). Breeding
pairs of B6.C-H-2""' (bm1) and B6.C-H-2""? (bm12)
mice were purchased from the Jackson Laboratory (Bar

Abbreviations: RadLLV, radiation leukemia virus; UV, ultravio-
let light; B6, C57BL/6; CB6F,, (BALB/c X C57BL/6)F,; bml,
B6.C-H-2"" bm12, B6. C-H-2"""%;, MGS, mean graft survival;
MEM, minimum essentizl medium; MSV, Moloney sarcoma
virus; CTL, cytotoxic T-lymphocytes; Th, helper T-cells.

Harbor, ME). These mice were bred in the Laboratory
Animal Center for Biomedical Research, Nagasaki Uni-
versity School of Medicine,

Tumors B6RV2 and BALBRVD are leukemias induced
by injection of radiation leukemia virus into neonates,”
RL&"1 is a radiation-induced leukemia of BALB/c
origin.'” FBL-3 is a Friend virus-induced leukemia of B6
origin.'!” UV£1 is an ultraviolet light (UV)-induced
fibrosarcoma of CB6F, origin'? B6RV2, BALBRVD and
RLs"1 were maintained in ascites form in the strain of
origin. FBL-3 and UV £1 were maintained in ascites
form in athymic (nu/nu) B6 and CB6F, mice, respec-
tively.

Monoclonal antibodies Anti-Lyt-2.2 (CD8) mAb has
been described previously.'” Anti-L3T4 (CD4) mAb, a
rat antibody of the IgG2b immunoglobulin class, pro-
duced by hybridoma GK1.5,'"” was kindly provided by
Dr. F. Fitch, University of Chicago (Chicago, IL). The
titers of both anti-Lyt-2.2 (CD8) mAb and anti-L3T4
{CD4) mAb determined by antibody-mediated com-
plement-dependent cytotoxicity assay were 1:20,000.
These antibodies were used in the form of ascites from
hybridoma-bearing mice. The concentrations of anti-Lyt-
2.2 (CD8) and anti-L.3T4 (CD4) mAb in pooled ascites
were 7.1 and 2.8 mg/ml, respectively, as quantified by
protein assay (Bic-Rad Laboratories, Richmond, CA),
and by quantitative cellulose acetate electrophoresis.
Skin grafting The method used was described pre-
viously.” The arithmetic mean time of graft survival in
days (MGS) was calculated for each group of mice.
Tumor assay Tumors were harvested in Eagle’s mini-
mum essential medium (MEM) and washed twice with
the same medium. Then the desired number of tumor
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cells (in 0.2 ml) was injected intradermally into the backs
of mice through a 27-gauge needle. Before inoculation of
tumor cells, the hair of the back was shaved with clip-
pers. The diameters of tumors at right angles were
measured with vernier calipers to calculate the mean
diameter.

Antibody administration Mice were anesthetized with
ether and a volume of 0.2 ml of antibodies (ascites),
diluted 1:8 with MEM, was injected through the retro-
bulbar venous plexus.

RESULTS

The effects on tumor rejection of in vive administration
of anti-Lyt-2.2 {CD8) mAb, anti-L3T4 (CD4) mAb or
both were investigated. Tumor cells were inoculated into
the back of mice and tumor growth was measured 2-3
times a week. Mice were treated iv with mAb on days 0
and 4 after tumor inoculation. We showed previously
that on in vivo administration, anti-Lyt-2.2 (CD8) mAb
selectively eliminated CD8" cells for more than 50 days,
whereas anti-L3T4 (CD4) mAb selectively eliminated
CD4" cells for more than 30 days,'"” The functional
blocking of CD8 ™ cells and CD4™ cells by in vivo admin-
istrations of these mAbs was examined by studies on
rejection of bml and bml2 skin grafts on Bé mice with
H-2 class I and class II antigen differences, respectively.
Administration of anti-Lyt-2.2 (CD8) mAb prolonged
survival of bml (MGS, 29.6X2.4 days; MGS of
MEM-injected controls, 14.213.7 days) but not bm12
(MGS, 11.610.8 days; MGS of MEM-treated controls,
11.510.5 days) skin grafted onto B6 mice. On the other
hand, administration of anti-L3T4 (CD4) mAb pro-
longed survival of bm12 (MGS, 29.6*6.1 days) but not
bmi (MGS, 10.321.1 days) skin grafted onto B6 mice.
These findings were consistent with previous results.”'?

The rejections of two RadLV-induced leukemias
B6RV2, BALBRVD, a radiation-induced leukemia
BALBRLc"1, and a plasmacytoma BALBMOPC-70A
by CBG6F, recipient mice were first studied. Figure 1
shows results with BALBRI. "1 and BALBMOPC-70A.
The rejection was blocked by in vivo administration of
anti-Lyt-2.2 (CD8) mAb. Administration of anti-L3T4
{CD4) mAb with anti-Lyt-2.2 (CD8) mAb did not alter
the results. The tumor growth and survival of mice after
these treatments were not significantly different from
those of BALB/c mice inoculated with these tumors
without further treatment. Rejection was not affected by
administration of anti-L3T4 (CD4) mAb alone. The
results were essentially similar with inocula of 2 % 10°-
110 tumor cells and with two RadLV-induced leuke-
mias. These results indicated that CD8™ cells were fully
capable of mediating rejection of these tumors and that
CD4" cells were not involved in the rejection.
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Next we examined the rejection of FBL-3 leukemia by
B6 mice (Fig. 2}. On administration of anti-Lyt-2.2
(CDg) mAb, rejection of local tumors induced by in-
ocula of 2 X 10° cells was delayed, but mice died in 45-55
days from systemic lymph node metastases. The same
treatment blocked rejection of tumors induced by inocula
of 1x10° FBL-3 cells but prolonged survival. In both
cases rejection was blocked completely by anti-Lyt-2.2
(CD8) mAb plus anti-L.3T4 (CD4) mAb, but was not
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Fig. 1. Effects of in vivo administration of anti-Lyt-2.2 (CD8)
mAb (b, g), anti-L3T4 (CD4} mAb (c, h), both (d, i) or MEM
(control) (2, f} on rejection of BALBRLS'l (a-e} and
BALBMOPC-70A. (f-j) by CB6F, mice. 1X10° RLs"1 and 5 X
10° MOPC-70A cells were inoculated into recipient mice. mAbs
were injected on days 0 and 4. ¢, RLJ"1 growth in BALB/c
male mice. j, MOPC-70A growth in BALB/c female mice.
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Fig. 2. Effect of in vivo administration of anti-Lyt-2.2 (CD8)
mAb (b, g), anti-L3T4 (CD4) mAb (c, h), or both (d, i} or
MEM (control) (a, f) on rejection of B6FBL-3 leukemia by B6
mice inoculated with 2 X 10° (a-e) or 1 X 10° (f-j) cells. e and §,
FBL-3 growth in B6 ru/nu mice after inoculation of 2 x10°
and 1> 10° cells, respectively. In b, 3 of 4 mice in which local
tumors regressed died of systemic lymph node metastases on
days 46, 51, and 55, but the fourth remained tumor-free for
more than 120 days.

affected by anti-L3T4 (CD4) mAb alone. These results
suggest that in rejection of FBL-3 tumors by B6 mice,
CDS8" cells were fully capable of mediating rejection
and CD4" cells were weakly capable of resisting tumor
growth.

The rejection of UV ¥ 1 sarcoma by syngeneic CB6F,
mice was also studied. The rejection was totally blocked
by in vivo administration of anti-Lyt-2.2 (CD8) mAb and
partially blocked by administration of anti-L3T4 (CD4)
mAb (Fig. 3). The rejection was also blocked by the

CD8" and CD4* Cells in Tumor Rejection
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Fig. 3. Effect of in vivo administration of anti-Lyt-2.2 {CD8)
mAb (b, €), anti-L3T4 (CD4) mAb (c, f) or both {(d), or MEM
(control) (a) on rejection of UV 2 1 sarcoma. mAbs or MEM
were injected on days O and 4 (a-d) and days 5 and 9 (¢, ). g,
UV 21 growth in CB6F, nu/nu mice.

delayed administration of anti-Lyt-2.2 (CD8) mAb on
days 5 and 9, but not by delayed administration of anti-
L3T4 (CD4) mAb. These results suggested that for
efficient rejection of UV £ 1 sarcoma, both CD8&" cells
and CD4" cells were necessary, and that CD4 " cells were
involved in the initial stage and CD8" cells were involved
in the initial and later stages of rejection.

DISCUSSION

The tumors used in this study were immunogenic to
syngeneic or semisyngeneic recipient mice. The regres-
sion of B6RV2 and BALBRVD tumors after initial
growth in semisyngeneic female mice but not male mice
indicated the involvement of H-Y antigen in their rejec-
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Table I.  Capabilities of CD8" and CD4" Cells for Mediating Tumor Rejections and Requirement of

Their Synergy

Tumor Recipient Cafability for tumor rejecJtrion Sy!]ergy
CD4™ cells CD8™ cells requirement
B6RV2 CB6F, £ — + + -
BALBRVD CB6F, ¢ - + + —
BALBRL:"1 CB6F, £ - + + —
BALBMOPC-70A CB6F, § - ++ —
B6FBL-3 B6 % + + -+ -
CB6F, UV £1 CB6F,; ¢ — + + +

tion, probably as a helper antigen for recognition of
tumor antigen by effector cells of recipient mice.™'” A
radiation-induced leukemia BALBRL<"1 was rejected
by either male or female hybrid mice obtained by cross-
ing BALB/c with certain other strains of mice that have
the immune response gene to the rejection antigen on this
tumor.’” Likewise, a plasmacytoma BALBMOPC-70A
was rejected by hybrid mice obtained by crossing
BALB/c with certain strains.'® A Friend virus-induced
leukemia FBL- 3"’ and UvV-induced fibrosarcoma
UV ¢ 1'¥ were highly immunogenic and were rejected by
syngeneic mice. With all these tumors, cytotoxic T-cells
were induced in spleen cells from mice that rejected
tumors followed by in vitro sensitization with the corre-
sponding tumor cells. The cytotoxic T-cells thus induced
mainly recognized the individually distinct (unique) anti-
gen of B6RV2,” BALBRVD,'"” RL5'1"™ and UV ¢ 1,"?
and the common antigen of MOPC-70A (unpublished)
and FBL-3.1"

In this study, with these 6 systems of tumor rejection,
we investigated the relative potencies and the roles of
CD8" cells and CD4™ cells for mediating rejection, and
showed that different T-cell mechanisms were involved,
We found that synergy between CD8™ cells and CD4"
cells was necessary for efficient rejection of UV 21 sar-
coma by CB6F, mice. The findings that CD4 ™ cells were
involved in the initial stage, and CD8" cells were in-
volved in the initial and later stages suggested that the
effector and helper cells in collaboration were CD&™ cells
and CD4" cells, respectively (Table I). The finding that
UV %1 was not rejected even after recovery of CD8" and
CD4" cells in 50-S0 days after tumor inoculation could
simply be due to too much tumor burden or other mech-
anisms. This problem requires investigation. In five other
systems of tumor rejection, CD8" cells were themselves
fully capable of mediating rejection. On the other hand,
CD4"cells were shown to be capable of resisting tumor
growth only in FBL-3 leukemia, though their effect was
weak and so after prolonged survival the tumor even-
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tually killed the mice. In other tumor rejection systems,
CD4" cells were not capable of mediating rejection.
Activation of CD4" cells in rejection of FBL-3 leukemia
by B6 mice was not attributable to the high antigenicity
of this tumor. No activation of CD4" cells in mediating
rejection was observed in UV £ 1, which is also highly
immunogenic. Furthermore, the finding that involvement
of CD4" cells in rejection was observed with a range of
cell doses of 2X10°-1X10° suggested that it was not
dependent on the quantity of antigen, but rather on the
characteristics of FBL-3 antigen. These findings were
consistent with previous findings that Lyt-2~ cells were
effective for eradication of this tumor in adoptive
chemoimmunotherapy.” Thus, in this study, it was
shown that the coniribution and the role of CD4" cells
for rejection responses were variable depending on the
tumor.

The antigens involved in rejection of UV-induced
tumors were shown to belong to a class of individually
distinct antigens.”” The rejection antigen on one UV-
induced sarcoma was found to be MHC class I molecule
related to the L antigen, 2 although no other example of
L? involvement was found. The antigen for rejection of
FBL-3 lekemia appears to be MuL V-related.'” Recently,
Klarnet et al*™ showed that immunization of B6 mice
with a Friend MuLV generated gag-specific CD8"' CTL
and env-specific CD4™ Th-cell responses. Activation of
CD4" cells in resisting FBL-3 growth could thus be
directed against env gene product. No information is
available on the nature of the antigens responsible for
rejection of the RadLV and radiation-induced leukemias
used in this study. Individually distinct antigens on these
tumors were recognized by cytotoxic T-cells, but their
relations to MuLV related antigen and tumor rejection
antigens remain to be elucidated.

We did not find a tumor rejection system in which only
CD4" cells were involved. The tumors used in this study
were all H-2 class 1T antigen-negative (data not shown),
and the rejection response of class II antigen-positive



tumors has yet to be investigated. Bateman et al™ ob-
served that in the primary reaction against MSJrV-induced
sarcoma growth, L3T4" cells, but not Lyt-2 cells, ex-
erted a protective effect. But a humoral response to MSV
may also have been involved in their system.
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