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ABSTRACT

Lymphoid cell subpopulations infiltrating into autografts of
methylcholanthrene-induced sarcomas in rats immunized with
autologous tumor cells were identified in terms of immunohisto-

chemical and cytofluorographic techniques using various mono
clonal antibodies raised against different classes of rat lympho-

hemopoietic cells. These antibodies included in this study di
rected to rat T-cell antigens corresponding to mouse Lyt-1 (RLyt-
1) and Lyt-2,3 antigens (RLyt-2) and to W3/25 antigen expressed
on a particular subset of rat T-cells with helper function, as well
as to rat granulocyte-macrophage-specific antigen (RGM-1). His-

tological studies demonstrated that the autografts of highly
antigenic tumors introduced to the primary hosts were com
pletely rejected following massive immigration of lymphoid cells
into the tumor sites, which was not observed in progressively
growing, minimally antigenic tumors. These lymphoid cells found
within regressing highly antigenic tumor autografts were identi
fied mostly to be T-cells bearing RLyt-1 (approximately 70%),
and more than two-thirds of these T-cells expressed RLyt-2
antigen. In contrast to T-cells, macrophages and B-cells, each of
which could be recognized by the presence of either RGM-1

antigen or immunoglobulin on their cell surfaces, appeared to
have a minimal role in the rejection of autochthonous tumors, as
reflected by their less frequent appearance within the tumor
tissues during the rejection process.

INTRODUCTION

Takeda ef al. (18) have demonstrated the tumor-specific trans
plantation resistance to autochthonous MCA3-induced rat sarco
mas in the primary hosts. They used a ligation-and-release

technique, which causes tumor necrosis and resultant tumor
rÃ©sorption,to elicit immune resistance against transplanted au
tologous tumors and then classified these tumor strains into 3
categories with highly antigenic, moderately antigenic, and low-

antigenic tumors, according to their transplantabilities in the
primary hosts immunized with autologous tumor cells.

The development of in vivo resistance to the tumor autografts
seems to be related to the generation of cytotoxic lymphocytes
in the tumor-immune rats, which exerted tumor-specific cytotox-

icity in vitro on the same tumor targets as used for immunization
(12). If these tumor-immune lymphocytes also function in vivo,
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then one can expect that the tumor autografts undergoing rejec
tion might be accompanied by massive immigration of TIL derived
from the hosts' immune system. This is, in fact, the case in the

experimental system as described above, as our previous mor
phological studies have shown that the HAT autografts com
pletely regressed following massive influx of TIL into the tumor
sites, in contrast to the LAT autografts, which were associated
with much less cellular reaction, resulting in the progressive
growth in the primary hosts (10, 11).

In the present study, we have attempted to determine the cell
types of TIL, which appear within the regressing tumor autografts
in the primary autochthonous rats. For this purpose, a variety of
MoAb that distinguish distinct rat lymphoid cell subpopulations
were developed. Using these reagents, we found that most
lymphocytes present within the tumor tissues were T-cells bear
ing a rat T-cell-specific antigen corresponding to the mouse Lyt-
1 system (7, 15), and a large proportion of these T-cells ex

pressed an additional antigenic marker comparable to mouse
Lyt-2, 3 antigens (15), whereas macrophages and B-cells were

encountered much less frequently within the regressing tumors.

MATERIALS AND METHODS

Animals, Tumors, and Tumor Immunization. Inbred Wistar-King-
Aptekman (WKA) rats were used. Tumors were induced in 8-week-old

WKA rats by implanting a cholesterol pellet containing 10 mg MCA s.c.
in their dorsal area (10-12,18). When a tumor appeared and reached a

diameter of about 20 mm, a small part of the tumor was excised and
transplanted s.c. in the syngeneic WKA rats for maintenance of the
tumor. The remaining tumor was then ligated with a rubber band and
released 24 hr later. This ligation-and-release technique could cause

complete necrosis of the primary tumor, which were then resorbed
gradually within 1 month. The degree of resistance to the autochthonous
tumor was determined 1 month later by comparing the minimum number
of tumor cells that produced tumor take in the primary host with that in
the syngeneic recipients (10,12). We used the same criteria as proposed
by Takeda ef a/. (18) for classifying these tumors into HAT, MAT, and
LAT. Three tumors (K1, K2, and K4) used in this study were classified
to be HAT, whereas the other 7 tumor strains belonged to either MAT
(K7) or LAT (K3, K5, K8, K9, and K10).

Antibodies. Three MoAb [R1-3B3 (lgG2a), R1-10B5 (lgG2a), and R2-
1A6 (lgG1)], which detect rat homologues of mouse Lyt-1 [RLyt-1] and
Lyt-2,3 antigen [RLyt-2], and rat granulocyte-macrophage-specific anti
gen [RGM-1], respectively, were used. The generation and specificity of

these monoclonals have been extensively described in our previous
articles (6, 7,15). Briefly, RLyt-1 MoAb (R1-3B3) detected a cell surface

glycoprotein with a molecular weight of 67,000 present on more than
95% of rat T-cells but not on the majority of B-cells and bone marrow
cells. RLyt-2 MoAb (R1-10B5) had more restricted reactivity on rat T-
cells and labeled approximately 30% of T-cells but neither B-cells nor

bone marrow cells. This antibody detected a cell surface glycoprotein
consisting of at least 2 sulfhydryl-linked subunits with molecular weights
of 30,000 and 34,000, respectively. RGM-1 MoAb (R2-1A6), on the other
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hand, reacted with rat granulocytes and macrophages but not with T-
and B-cells. All of these monoclonals were derived from hybrids of NS-1

mouse myeloma cells with splenocytes from BALB/c mice immunized
with either rat thymocytes or splenic non-T-cells. In addition, we used
W3/25 and MRC-OX8 MoAb (Sera Laboratories, Sussex, England), each
of which selectively mark either subset of rat T-cells associated with
helper or cytotoxic-suppressor function (14).

Since RLyt-2 antigen recognized by our R1-10B5 MoAb seems to
resemble that defined by MRC-OX8 in its tissue distribution and chemical

charcteristics (14, 21), we attempted to clarify the relationship between
rat T-cell subsets defined by these 2 MoAb. For this purpose, R1-10B5
were admixed with either MRC-OX8 or W3/25 and applied for immuno-
fluorescent staining on rat T-cells (Table 1). As indicated, R1-3B3 stained
97% of these T-cells. Whereas W3/25 labeled 66% of the T-cells, 28%
of these cells were stained by either R1-10B5 or MRC-OX8. Although
96% of the T-cells were stained with the mixture of R1-10B5 and W3/

25, no increment in the precentage of stained cells was observed with
that of R1-10B5 and MRC-OX8, indicating that R1-10B5 detects the T-
cell subset identical to that recognized by MRC-OX8 but distinct from

that defined by W3/25.
Preparation of Lymphoid Cell Suspension from Tumor Sites. Small

pieces (trocar doses) of the tumor tissues were inoculated s.c. in the
primary autochthonous hosts, and the tumor autografts were removed
from these animals at 8 days after the tumor inoculation, when maximum
cellular responses against the tumor autografts were found. The tumor
tissues were then finely minced with scissors and treated with collagen-
ase (250 Â»ig/ml)and DNase (200 Â¿ig/ml)at 37Â° for 30 min (17). The

digests were filtered through cotton gauze, washed twice with PBS by
centrifugation at 12,000 rpm for 10 min, and centrifuged on a discontin
uous Percoli density gradient to yield a TIL-rich fraction, which was

contaminated with less than 10% of tumor cells (8). These lymphoid cells
recovered from the tumor sites were washed twice with PBS and used
for immunofluorescent staining as described below.

Cytofluorographic Analysis. TIL (1 x 10s) were incubated with a
saturating amount (50 /il) of MoAb at 4Â°for 30 min. For the detection of

Slg on these cells, the same cells were stained with fluorescein isothio-
cyanate-conjugated rabbit anti-rat immunoglobulin antibody. The cells

were then washed twice with PBS and suspended in 0.3 ml of PBS
containing 0.5% formalin. Cytofluorographic analysis of these stained
cells was performed on a fluorescence-activated cell sorter (Becton

Dickinson FACS System, Sunnyvale, CA). The data were expressed as
a histogram in which the intensity of fluorescence was plotted on a
abscissa against the relative number of cells on the ordinate. Analysis of
each sample was carried out with 10,000 cells, with the resulting analyt
ical pattern being recorded by a graphic printer. The tumor cells contam
inating in the test sample were omitted from the data, because they
were separable from lymphoid cells by their larger cell volumes, which
were more than twice as large as those of macrophages.

ImmunoperoxÃ®dase Staining. Serial cryostat sections of the tumor

Table 1
Reactivity of various MoAb with rat T-cells

AntibodiesR1-3B3(3B3)

R1-10B500B5)
W3/25
MRC-OX8(0X8)3B3plus10B5Ã¶

3B3 plus W3/25"
3B3 plus OX8"%

of fluorescentcells"97

28
66
2898

98
98

10B5plusW3/250
lOBSplusOXS" 96

28
* Rat T-cells were purified from lymph node cells by nylon fiber column filtration.

One million of these cells were stained with a saturating amount (50 fil) of MoAb
by immunofluorescence.and the percentageof fluorescent cells was counted using
a fluorescence-activatedcell sorter.

" An equal volume (50 ^l) of MoAb was admixed and applied for immunofluores
cent staining on 1 x 10* T-cells.

autografts were fixed in acetone for 10 min at 4Â°,incubated with mouse

MoAb or rabbit anti-rat immunoglobulin (1:100 dilution) for 60 min at

room temperature, and washed 3 times with PBS for 30 min. Control
specimens were prepared by incubating the sections with NS-1 culture

supernatant or with preimmune rabbit serum at 1:100 dilution. When the
sections were incubated with mouse MoAb or control NS-1 culture
supernatant, they were further reacted with rabbit anti-mouse immuno

globulin (1:100 dilution) for 60 min at room temperature. After washing
with PBS for 30 min, the sections were stained by a biotin-avidin-

peroxidase conjugate (24). The enzyme reaction was developed with
3,3',5,5'-diaminobenzidine tetrahydrochloride (0.5 mg/ml) and hydrogen

peroxide (0.01%) in 0.5 M Tris-HCI buffer (pH 7.6). Control sections
incubated with either NS-1 culture supernatant or with preimmune normal

rabbit serum showed no staining, except for granulocytes and mast cells
with peroxidase-positive cytoplasmic granules which appeared in the

tumor autografts obtained at 1 to 3 days after tumor transplantation.
For quantitative assessment of relative numbers of cells stained in the

tumor tissue sections with each MoAb, the number of stained cells per
area (6 x 104 sq j/m) of the sections was determined directly under a

light microscope with the use of an ocular planimeter. Twenty areas
were randomly selected and scored for each section. Data were ex
pressed as mean number of stained cells per area, and the number of
stained cells in each tumor group was tested for statistical significance
by Student's t test.

RESULTS

Immunohistological Studies. Our previous studies have ex
tensively described the morphological features of the tumor
autografi rejection in the primary hosts (10, 11). Briefly, at 1 to
3 days after autotransplantation of a trocar dose of tumor cells
(approximately 1 x 10"), the tumor tissue propagated and was

surrounded and invaded by a small number of polymorphonu-

clear leukocytes, macrophages, and mast cells. This exudative
reaction was regarded as nonspecific, probably caused by trans
plantation procedures, because it was equally found in both
HAT, MAT, and LAT transplants. Apparent differences in the
growth pattern and histology between HAT and LAT groups
were observed at 5 to 10 days, when massive lymphocyte
infiltration into the tumor sites occurred in HAT but not in LAT.
These tumor-infiltrating lymphoid cells, which first appeared

around the venules located at the periphery of the tumor tissues,
subsequently extending to the inside of the tumor, consisted
mainly of small and medium-sized lymphocytes frequently inter

mingling with the tumor cells (Fig. 1). The tumor tissues were
then regressed and finally replaced by granulation tissues con
taining a small number of macrophages and plasma cells. The
complete rejection of the HAT autografts occurred by 21 days
after the tumor inoculation, whereas the LAT autografts grew
steadily until they exerted a lethal effect on the primary hosts. In
the case of MAT autografts, lymphoid cell infiltration was mod
erate, but the tumors, if introduced in the primary hosts with
trocar doses, grew progressively and eventually killed their hosts.

In order to determine the cell types of TIL as described above,
the serial cryostat sections of the tumor autografts were pre
pared and stained by an immunoperoxidase technique using
various MoAb to rat lymphoid cells. At 1 to 3 days after the
tumor transplantation, the tumor autografts from either HAT,
MAT, or LAT contained a number of polymorphonuclear leuko
cytes, macrophages, and mast cells, which were all reactive with
RGM-1 MoAb, and a small number of lymphocytes reactive with
RLyt-1 MoAb. Lymphocytic infiltration became predominant in

HAT but not LAT autografts by 5 days, which continued to

4054 CANCER RESEARCH VOL. 44

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2420964/cr0440094053.pdf by guest on 19 M

ay 2023



increase until 10 days after the tumor inoculation. In MAT auto-

grafts, the lymphocytic infiltration was moderate and localized at
the periphery of the tumor. These TIL were labeled mostly with
RLyt-1 MoAb but not with anti-rat immunoglobulin and RGM-1
antibodies, indicating that they consisted predominantly of T-
cells (Fig. 2). The majority (approximately two-thirds) of these
TIL also expressed RLyt-2, whereas a minor population (approx
imately one-third) of the TIL expressed W3/25 antigen. In con
trast to these T-cells, RGM-1-positive mononuclear cells, prob

ably macrophages, were scarcely observed scattering through
the tumor tissue, sometimes concentrated around the areas of
ischemie necrosis at the center of the tumor. In spite of the
marked difference in T-cell infiltration among HAT, MAT, and
LAT autografts, the number of tumor-infiltrating macrophages as
recognized by RGM-1 MoAb appeared grossly equal among

these 3 tumor groups.
The number of TIL stained by each MoAb was then quantita

tively estimated and compared among HAT, MAT, and LAT
groups (Table 2). There was a significant increment in number
of TIL with either RLyt-1, RLyt-2, and W3/25 in HAT as compared

with that in the LAT group (p < 0.001). It was also found that
the number of these T-cells with RLyt-1 or RLyt-2, but not with

W3/25, in HAT was significantly higher than that in MAT (p <
0.05). No significant differences were, however, observed in
number of the cells with Slg or RGM-1 in the tumor tissues

Table 2
Lymphoid cell subpopulations infiltrating in tumor autografts as defined by

immunoperoxidasestaining of tumor tissue sections with variousmonoclonal
anibodies

Tumor
group*HATK1K2K4MATK7LATK3K5K6K8K9K10NO.

Of
experi
ments62222212222222Mean

no. of stained cells/area positivefor"RLyt-1137

Â±40C153

Â±44132
Â±52125

Â±4861

Â±2161
Â±219Â±

78
Â±619

Â±135Â±
39

Â±45Â±
15

Â± 3RLyt-297

Â±3197
Â±44106
Â±3589
Â±3737

Â±1837
Â±185Â±

44Â±
312

Â±43Â±
16Â±
33Â±
14Â±

1W3/2541

Â±1947
Â±2640
Â±2036
Â±2625

Â±1925
Â±199Â±

47Â±
415

Â±38Â±
48Â±
38Â±
36Â±

3RGM-19Â±310Â±38Â±49Â±39Â±49Â±48Â±18Â±18Â±18Â±19Â±17Â±18Â±1Slg3Â±

22Â±15Â±43Â±32Â±12Â±12Â±13Â±12Â±11

Â±01
Â±01
Â±02Â±2

* Tumor autografts were obtained at 8 days after tumor inoculation.
0 The number of stained cells with each antibody indicated per area (6 x 10* sq

ium)of the tissue sections was calculated.
c Mean Â±S.D.

Lymphocytes in Tumor Sites

among these 3 tumor groups.
Cytofluorographic Studies. In order to determine the relative

content of different cell types of TIL as described above, these
lymphocytes were isolated from the tumor tissues, stained by
immunofluorescence with various antibodies to rat lymphoid
cells, and analyzed using a fluorescence-activated cell sorter.

Complete analysis could be performed only with these cells from
HAT and MAT groups, because less than 10% of TIL were
yielded from LAT as compared with those from HAT. The data
obtained from representative experiments are summarized in
Table 3. As expected from the immunohistological data as de
scribed above, lymphoid cells eluted from the HAT autografts at
8 days after the tumor injection contained approximately 70% of
RLyt-1-positive T-cells, 5 to 10% of Slg-positive B-cells, and 15
to 20% of RGM-1-positive cells (Chart 1). RLyt-2 MoAb reacted
wtih 45 to 60% of these TIL from HAT. These RLyt-2-positive
T-cells seemed to express RLyt-1, as suggested by the fact that
the number of TIL stained by RLyt-1 MoAb was equal to that
stained by the mixture of RLyt-1 and RLyt-2 antibodies. On the

contrary, those cells eluted from MAT and LAT contained a
reduced number of T-cells reactive with RLyt-1 MoAb, which

seemed to be inversely correlated with the relative content of
RGM-1 -positive cells in these lymphoid cell populations.

DISCUSSION

It has been generally accepted that T-cells have a crucial role
in regulating malignant cell growth in the tumor-bearing hosts

(3). This is particularly true in antigenic tumor systems, where
cytotoxic T-cells can be generated in vivo as well as in vitro
against the given tumor cells (9). In the case of MCA-induced rat

sarcomas, we have demonstrated that some but not all of these
tumors are highly antigenic, capable of eliciting tumor-specific
cell-mediated immunity in the primary autochthonous hosts (10,
12). This seems to be mediated by T-cells, as suggested by the
observation that tumor-sensitized T-cells from immunized donors

can inhibit the tumor growth when transferred to the syngeneic
recipients together with the tumor cells (11). Then, we attempted
in this study to determine whether these T-cells function in vivo

as effector cells, as reflected by their appearance within the
regressing tumors.

Histological comparison of the tumor autografts introduced in
the primary hosts among HAT, MAT, and LAT systems showed
that the intensity and extent of cellular reaction within the tumor
tissues were closely related to their antigenicity and were in
versely correlated with tumor growth rates. Thus, in HAT, the

Tabte3
Lymphoid cell subpopulationsisolated from tumor sites as defined by various MoAb

Tumors8K2K4

K5K7K8K9AntigenicityHATHATLATMATLATLATNo.

Of
experi
ments23

2221Yield

oflymphoid

cells/g tumor
wt(x104)270

Â±40C215

+ 45
13Â±383Â±

98Â±
34%

offluorescence"RLyt-173

Â±372
Â±4

34Â±354Â±528

Â±223RLyt-261

Â±246
Â±3

NDd37

Â±6NDNDRLyt-1

+
RLyt-277

Â±574
Â±4

NDNDNDNDRGM-117

Â±513Â±444Â±228

Â±444Â±347Slg7Â±34Â±

1
ND6Â±1NDND

" Tumor autografts were obtained at 8 days after tumor inoculation.
" Lymphoid cells isolated from tumor sites were stained by immunofluorescencewith antibodies indicated,

and the percentage of fluorescent cells were counted by a fluorescence-activatedcell sorter.
c Mean Â±S.E.

ND, not determined.
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RLyt-l RLyt-1

RLyt-2 RLyt-2

â€¢Ig â€¢Ig

Chart 1. Cytofluorographic analysis of lymphoid cells isolated from K4 (right)
and K2 (left) tumor autografts, which were stained by immunofluorescence with
RLyt-1. RLyt-2, and RGM-1 MoAb. Slg were detected by using rabbit anti-rat
immunoglobulin. Control specimens (T) were made with control NS-1 culture
supernatant. Tumors used for isolation of tumor-infiltrating lymphoid cells were
obtained at 8 days after their inoculation into tumor-immune autochthonous rats.

tumor autografts were heavily invaded by lymphocytic elements,
resulting in their complete regression, whereas the LAT auto
grafts had less cellular reaction and grew until they exerted a
lethal effect on the primary hosts. When these tumor-infiltrating

lymphoid cells were characterized by using MoAb that distinguish
distinct subsets of rat lymphoid cells, it was found that approxi
mately 70% of these cells separated from HAT autografts were
T-cells bearing RLyt-1 antigen, most of which also expressed
RLyt-2 on their cell surfaces. The relative content of these T-

cells in TIL obtained from MAT and LAT autografts were lower
than that from HAT, and there seemed to be a positive correlation
between the number of T-cells with RLyt-1 and RLyt-2 in the

tumor tissues and their antigenic activity in the primary hosts.
The latter conclusion was drawn especially from the immuno-
histological data, indicating that the number of TIL with RLyt-1 -
positive and RLyt-2-positive phenotypes in HAT was significantly

higher than that in LAT and MAT. Selective accumulation of
RLyt-2-positive T-cells in HAT versus MAT, however, was not

clearly observed in Cytofluorographic studies, and it might be
possible that RLyt-2-positive T-cells could be enumerated slightly

in MAT during the cell separation procedures.
Functional role of these T-cells, especially those associated

with RLyt-1-positive and RLyt-2-positive phenotype, is still a
matter of speculation. In the murine system, cytotoxic T-cells

that can specifically lyse target tumor cells have been shown to

express Lyt-1 and Lyt-2,3 antigens (16). Similarly, in the rat, T-
cells of MRC-OX8-postitive and W3/25-negative phenotypes

have been demonstrated to be responsible for cytotoxicity
against allogeneic tumor cells (2). These data, taken together
with the observation that tumor-specific cytotoxic T-cells could

indeed be recovered from the tumor sites (4, 22), may support
the possibility that RLyt-1-positive and RLyt-2-positive T-cells

immigrating into the transplanted antigenic tumors in association
with tumor rejection responses mediate direct attack upon the
tumor cells. This seems to be further supported by our recent
observation that lymphocytes recovered from regressing rat glio-
sarcoma (T-9) tumors in tumor-immune syngeneic rats were
cytotoxic for the target tumor cells and clearly expressed RLyt-
1 and RLyt-2 antigens." Similar experiments using autologous

tumor systems are currently undertaken to test this possibility.
Besides T-cells as described above, the tumor tissues also

contained a small number of RGM-1 -positive mononuclear cells,
possibly macrophages. The relative content of these RGM-1 -

positive cells in lymphoid cell populations isolated from different
tumors appears to be inversely correlated with that of T-cells in

each sample and thus with tumor antigenicity. Total numbers of
RGM-1-positive cells recovered from MAT and LAT autografts

did not, however, increase as compared with that from HAT, and
the decrease in percentage of this cell type in HAT could be
attributed to a dilution effect caused by T-cells, which infiltrated

more intensely into HAT than into MAT and LAT tumors. This is
also reflected by the evidence that no significant differences are
found in the number of RGM-1-positive cells per area of the

tumor tissue section among HAT, MAT, and LAT.
Several investigators have sought to determine the extent of

macrophage infiltration into tumors different in degree of malig
nancy or immunogenicity and have found that no correlation
exists between macrophage content and metastatic behavior of
immunogenicity (1, 19). Nevertheless, these data, as well as
observation described herein, do not necessarily deny the pos
sible role of tumor-infiltrating macrophages in either inhibiting or

promoting tumor growth. It is noteworthy in this regard that the
macrophages isolated from tumors differing in growth properties
or metastatic potential are distinct from each other in their
cytotoxic activity on tumor cells (13, 20). It is possible that the
macrophages found within either HAT, MAT, or LAT autografts
may be functionally heterogeneous and may act as cells with
either cytotoxic or suppressor function in the tumor sites (5, 23).
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Fig. 1. Lympnoid cell infiltration into tumor autografts in tumor-immune autochthonous rats at 8 days after inoculation of tumors. Massive lymphocytic infiltration was
observed in HAT (K2) autografts (B), which was scarcely seen in LAT (K8) autografts (A). H & E x 250.

SEPTEMBER 1984 4057

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2420964/cr0440094053.pdf by guest on 19 M

ay 2023



Y. Ishii et al.

â€¢

2C,

,

Fig. 2. TIL in HAT (K4) autografi at 8 days after tumor inoculation into a tumor-immune autochthonous rat, which were stained by Â¡mmunoperoxidasetechnique with
RLyt-1 (A), RLyt-2 (B), W3/25 (C),and RGM-1 MoAb (D).Most of these TIL were RLyt-1-positive T-cells, which also expressed either RLyt-2 or W3/25 antigen. RGM-1-
positive mononuclear cells, possibly macrophages, were less frequently observed scattering through the tumor tissue. A to C were obtained from the similar areas of
serialcryosections stained by MoAb as described above. A to C, x 500; D, x 125.
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