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ABSTRACT

We investigated the immunological role of bleomycin (BLM) in the
treatment of KMT-17 fibrosarcoma-hearing rats. We were able to detect
antitumor immune reactivity by using a mixed-lymphocyte tumor culture
in spleen cells shortly after the transplantation of a KMT-17 fibrosar

coma in syngeneic Wistar King Aptekman/HMK rats. The reactivity
declined following the progression of the tumor and was completely
inhibited 11 days after the tumor transplantation. After the llth day,
however, spleen cells from BLM-treated KMT-17-bearing rats demon

strated higher antitumor immune reactivity. This result corresponds to
those we obtained from an in vivo tumor-neutralizing assay (Winn assay).
Macrophages from untreated tumor bearers were unable to inhibit the
immune reactivity against KMT-17 cells in the mixed-lymphocyte tumor
culture. Neither the tumor-bearing state nor the BLM treatment seemed

to have any significant influence on another macrophage function, the
antigen-presenting cell activity. However, a T-enriched fraction from
untreated KMT-17 bearers showed a definite suppression activity on the
generation of cytotoxic T-lymphocyte activity against KMT-17 tumor in
the mixed-lymphocyte tumor culture; in contrast, no T-suppressor activity
could be detected in the same fraction taken from BLM-treated tumor
bearers. Our investigation suggests that BLM eliminates the tumor-
specific T-suppressor activity without having any influence on responder
T-lymphocytes in the cell-mediated antitumor immune reactivity.

INTRODUCTION

Immunosuppression is thought to be one of the mechanisms
by which the antigenic tumor is enabled to escape from host
immune surveillance and to grow progressively. It is important
in cancer treatment, therefore, to eliminate immunosuppressive
factors such as suppressor cells and serum suppressive factors
generated in tumor-bearing hosts and to overcome the incidence

of immunosuppression. Recently, it has been noted particularly
that antitumor drugs augment the immune responses of hosts
and that, in some conditions, they also kill tumor cells. The
immunoaugmenting activity of antitumor drugs is likely to be
brought about by the selective elimination of the suppressive
factors when the drugs are given at a low dose. Generally,
regular cancer chemotherapy will bring about severe immuno
suppression (1). There have been many reports of attempts to
augment the antitumor immune responses by the administra
tion of a low dose of antitumor drugs, which by itself is not
thought to be effective in regular chemotherapy (2-5), or by the

administration of the drug before tumor implantation (6). The
present authors have reported, however, that at least one anti-
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tumor antibiotic, BLM,S can augment antitumor immunity in

the course of regular chemotherapy on a rat tumor and that the
therapeutic effects of this drug depend on the augmented anti-
tumor immune responses (7, 8). In this paper we consider
whether BLM eliminates suppressor T-lymphocyte activity and
helps the host rats to overcome any immunosuppression in the
course of the chemotherapy.

MATERIALS AND METHODS

Rats. The rats used were 8- to 12-wk-old female inbred WKA rats
supplied by the Institute of Experimental Animals, Hokkaido Univer
sity School of Medicine, Sapporo, Japan.

Tumors. KMT-17 is a methylcholanthrene-induced fibrosarcoma
syngeneic to WKA rats. The KMT-17 was maintained in an ascites
form by a passage every 3 days. The cell dose of KMT-17 which resulted
in 50% lethality when inoculated s.c. to WKA rats was 5 x IO3 (7).
KDH-8 is a 3'-dimethylaminoazobenzene-induced hepatoma. SST-2 is

a mammary carcinoma which occurred spontaneously in an SHR rat.
YAC-1 is a Molony leukemia virus-induced lymphoma in an A/Sn
mouse. K234 is a fibrosarcoma induced by Kirsten murine sarcoma
virus in a BALB/c mouse. A1282 is a human lung carcinoma. KS62 is
a human erythroleukemia cell line. These tumor cell lines are main
tained in culture.

Treatment of KMT-17 Bearing Rats with BLM. WKA rats were given
inoculations s.c. in the back with IO5viable KMT-17 cells on Day 0. It

has been found that the most effective timing for administration with
5 mg/kg/day of BLM is Day 8 to Day 12 and that, if we administer
more than 10 mg/kg, the rats are dying earlier than untreated rats, as
we have previously reported (7). Since it has been also observed that
the difference of tumor size between BLM-treated and nontreated rats
is not significant on Day 13, we therefore used spleen cells taken from
tumor-bearing rats on Day 13 in these experiments in order to avoid
the influence of different tumor sizes on immune reactivity. Hyperim
mune spleen cells were obtained from rats which had been challenged
repeatedly with viable KMT-17 cells after BLM treatment and complete
regression of the initial tumor.

Preparation of Spleen Cell Suspensions. Spleens were removed asep-
tically from rats and were teased in a loose-fitting glass homogenizer.
The cell suspension was passed through 4 layers of gauze and was
washed twice with cold minimal essential medium containing 2% FCS.
Erythrocytes in the suspensions were depleted by lysis with Tris-
buffered ammonium chloride (0.83%), and spleen cells were washed
again 3 times. The viability of spleen cells prepared by this procedure
is above 95% as determined by a trypan blue exclusion test.

Preparation of T-Cell Fractions. T-enriched fractions were prepared
from the fresh spleens or post-MLTC cell suspensions by passing them
through a nylon wool column (9). T-cells were purified further by a
panning technique (10). Briefly, nylon wool-passed cells were seeded
into culture dishes which had been coated overnight with goat affinity-
purified antibody to rat IgG (heavy and light) (Kirkegaard & Perry
Lab., Inc., Gaithersburg, MD). The dishes were incubated at 4Â°Cfor 1

h, and nonadherent cells were recovered, washed, and used for the T-
cell population. The purity of the fractions was from 80% in the nylon
wool-passed fraction to near 95% in the postpassing fraction for T-

5The abbreviations used are: BLM, bleomycin; CTL, cytotoxic T-lymphocyte;
MLTC, mixed-lymphocyte tumor culture; MMC, mitomycin C; R:S ratio, re-
spondenstimulator ratio; APC, antigen-presenting cell; Ts, T-suppressor, PEC,
peritoneal exÃºdate cell; LU, lytic unit; WKA, Wistar King Aptekman/HMK;
PCS, fetal calf serum; Con A, concanavalin A; CY, cyclophosphamide; BU,
busulfan.
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cells; this was demonstrated by combining a mouse monoclonal Rl-
3B3 antibody which recognizes a rat pan T-antigen (11) (a gift from
Dr. Uede, Sapporo Medical College), detected by a fluorescence-acti
vated cell sorter analyzer (Epics-C; Coulter, Hialeah, FL), using fluo-
rescein isothiocyanate-conjugated goat antibody to mouse 7-immuno-
globulin (Antibodies, Incorporated, Davis, LA).

Preparation of T-depleted Fraction. A T-depleted fraction was ob
tained by mechanical shaking from nylon wool to which spleen cells
had adhered; these cells were then incubated with R1-3B3 antibody for
l h at 4Â°C.After washing, the cells were seeded into culture dishes

which had been coated overnight with goat anti-mouse IgA plus IgG
plus IgM (heavy and light) (Kirkegaard & Perry) antibody. Nonadherent
cells were recovered, washed, and used for the T-depleted fraction. In
this fraction, less than 5% of cells expressed the R1-3B3 antigen.

Preparation of Splenic Macrophage Fraction. Splenic macrophages
were harvested, as described previously (8). Briefly, whole spleen cell
suspensions were seeded into 100-mm-diameter plastic culture dishes
and incubated for l h at 37'C in a CO2 incubator. Thereafter, non-

adherent cells were discarded, and each dish was washed by vigorous
pipetting. The remaining adherent cells were recovered by scraping
with a rubber policeman. Of the viable cells (over 80% viability), more
than 90% of the cells had a typical macrophage morphology and were
strongly positive for intracellular nonspecific esterase staining and
phagocytosed beads.

In Vivo Tumor-neutralizing Assay (Winn Assay). A modified form of
Winn assay (12) was performed, as described previously (7). Briefly,
spleen cell suspensions (1 x IO7per 0.1 ml in the case of fresh spleen
cells) were mixed with an equal volume of 1 x 10* KMT-17 cells, and

the mixture of tumor and spleen cells was inoculated s.c. to WKA rats
which had been irradiated with 400 rads on the previous day. Thirteen
days after inoculation, the hosts were sacrificed, and the tumors were
removed. The weights of the tumor were measured for the evaluation
of the tumor-neutralizing activity of the spleen cells. The inhibition of

tumor growth was calculated by a formula in which A was the mean
tumor weight in rats inoculated with tumor cells alone, and B was the
mean tumor weight in rats inoculated with the mixture of spleen cells
and tumor cells.

of inhibition -
A- B

x 100

Mixed Lymphocyte Tumor Culture. The procedure used has been
described by Schirrmacher et al. (13) and was modified in this labora
tory. Briefly, 2 x IO7spleen cells obtained from tumor-bearing, hyper-

immune, or normal rats were cultured with KMT-17 cells which had
been treated with MMC (Kyowa Hakko Kogyo Co., Ltd., Tokyo, Japan;
100 jig/ml) in a 37Â°Cincubator for 1 h, at a 30:1 R:S ratio in 25-cm2

flasks (Corning, Corning, NY; 23100) incubated upright. The culture
medium used was an RPMI 1640 medium (Nissui Pharmaceutical Co.,
Ltd., Tokyo, Japan) containing a 10 ITIM4-(2-hydroxyethyl)-l-pipera-
zineethanesulfonic acid buffer solution, 2 HIM L-glutamine, 10 HIM
sodium pyruvate, 0.1 HIMhuman nonessential amino acids, 50 /Â¿M2-
mercaptoethanol, and 10% heat-inactivated PCS (Filtron, Australia).
After 5 days of culture at 37Â°Cin a humidified atmosphere of 5% CO2,

cells were harvested, and their viability was determined by a trypan blue
exclusion test. The recovery rate of viable cells was about 20%. The
viable cells harvested were used as effectors in cytotoxicity assays.

Cytotoxicity Assay. A modified form of the 51Cr release assay de

scribed previously (14) was used to determine the CTL activity. In brief,
various numbers of effectors in 0.1 ml of the medium were added in
triplicate to wells of a 96-well round-bottomed microtiter plate (Corn
ing; 25850). Tumor targets were labeled with "Cr by incubating 5 x
IO6tumor cells with 200 Â¿tCiof sodium chromate (specific activity, 200
to 500 Ci/g; New England Nuclear) in a 1-ml volume at 37Â°Cfor 1 h.
Tumor targets (1 x 10*) in 0.1-ml volume were added to each well. The
plates were then incubated for 6 h at 37Â°Cin a CO2 incubator. After

incubation. 0.1 ml of the supernatants was harvested, and their radio
activity was measured with a gamma counter (ARC-500; Aloka, Mitaka,

Japan). The percentage of specific cytolysis was calculated as follows.

% of specific cytolysis

experimental release - spontaneous release
maximum release - spontaneous release x 100

One LU was defined as the number of effectors required for a 30%
cytolysis.

RESULTS

Antitumor Immune Reactivity of Spleen Cells from KMT-17-
bearing Rats Treated with BLM. No cytotoxicity was detected
in any of the fresh spleen cells from KMT-17-bearing rats on
Day 13 by means of the chromium release test. The cytotoxicity
was found to generate 5 days after MLTC. Fig. 1 shows one of
several experiments with similar results. After the MLTC,
spleen cells from BLM-treated rats as well as those from
hyperimmune rats demonstrated high cytotoxic activity against
KMT-17 cells, in sharp contrast to those from untreated tumor
bearers and normal rats that were unable to lyse the tumor
cells.

The cytotoxicity generating following the MLTC of spleen
cells from BLM-treated tumor-bearers was KMT-17 tumor
specific. The same effectors were unable to lyse K562 and YAC-
1 cells, which are known to be sensitive to natural killer cells,
nor could other different types of tumor cells which are synge-
neic, allogeneic, or xenogeneic to WKA rats be lysed (Table 1).
A cold target inhibition assay also showed that only cold KMT-
17 cells significantly inhibited the cytotoxicity against KMT-
17 cells. Neither autologous Con A-stimulated lymphoblasts,
K562 cells, nor syngeneic hepatoma KDH-8 cells were able to
mediate such inhibition activity (Fig. 2). The effectors were
found to belong to T-cells as expected (Table 2). This suggests,
therefore, that by the in vitro generation of spleen cell cytotox
icity following the MLTC, we should be able to estimate the
antitumor immune reactivity that is mediated by T-lymphocytes
and is specific to tumor antigens.

100

50

50 25 12.5 6.3

E:T ratio

Fig. 1. Generation of cytotoxicity against KMT-17 cells after 5-day MLTC of
spleen cells obtained from BLM-treated KMT-17-bearing rats. WKA rats were
implanted s.c. with KMT-17 cells on Day 0. From Day 8 to Day 12, the tumor-
bearing rats were treated with BLM (5 mg/kg/day). Spleen cells were harvested
on Day 13 and were cultured with MMC-treated KMT-17 cells for 5 days. The
cytotoxicity of lymphocytes after the MLTC was examined by using a chromium
release test. The cytotoxicity of spleen cells from BLM-treated (A) and untreated
(â€¢)KMT-17-bearing rats. KMT-17-hyperimmune rats (D). or of normal rats (O)
is indicated at various effectortarget (E/T) ratios.
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Table 1 Specificity of the cytotoxicity generated after the in vitro sensitization
with mitomycin C-treated KMT-17 cells of spleen cells obtained from BLM-

treated KMT-17'-bearing rats

The effectors were obtained after the in vitro culture of spleen cells from BLM-
treated KMT-17-bearing rats with MMC-treated KMT-17 cells for 5 days.

Target

% of specific cytolysis at
effectontarget ratios of

50:1 25:1 12.5:2

Experiment1KMT-17KDH-8YAC-1K234A1282K562Experiment

2KMT-17SST-2K56293.77.110.46.2-3.61.273.8-3.22.371.111.89.910.3-5.35.352.1-1.11.261.26.21.24.3-5.13.442.62.63.2

" The specificity of the cytotoxicity was investigated by using a 6-h chromium

release assay against various targets.

10

30

Ãœ 20

10

KMT-17

ConA-blast

1:1 2:1 1:1
Colchhot

E:T ratio = 25:1 ( 76.Tt specific

cytolysis )

Fig. 2. A cold target inhibition assay on the cytotoxicity generated after the
MLTC. The effectors were harvested 5 days after MLTC of spleen cells from
BLM-treated KMT-17-bearing rats. Twenty-five x IO4effectors were incubated
with 1 x IO4 "Cr-labeled KMT-17 cells as a 6-h chromium release test with

various unlabeled cells as cold targets at a cold:hot ratio as indicated. Con A
stimulated lymphoblasts were obtained by culturing syngeneic lymphocytes with
5 Â«ig/mlof concanavalin A for 48 h.

In Vivo Tumor-neutralizing Activity of Spleen Cells from
BLM-treated Tumor-bearing Rats. In a Winn assay, the
spleen cells from untreated tumor bearers showed tumor-neu
tralizing activity as did those from normal rats. The spleen cells
from BLM-treated tumor bearers demonstrated much greater
neutralizing activity as compared with those from control and
untreated tumor bearers (Fig. 3, left), while they showed no in
vitro cytotoxicity against the tumor cells in a chromium release
test. We carried out three experiments, and similar results were
obtained each time. We next examined the tumor-neutralizing
activity of spleen cells after MLTC. Five days after MLTC,
spleen cells from BLM-treated tumor bearers appeared to have
acquired in vitro cytotoxicity (middle) as well as a neutralizing
activity (right). On the other hand, spleen cells from untreated
tumor bearers or normal rats completely lost their neutralizing
activity after the MLTC and so show no more in vitro cytotox
icity.

Chronological Change of Antitumor Immune Reactivity of
Spleen Cells from BLM-treated KMT-17-bearing Rats. The

Table 2 The T-lymphocyte-mediated in vitro cytotoxicity against KMT-17 cells
after the MLTC of spleen cells from BLM-treated KMT-17-bearing rats

% of specific cytolysis*

Effectorcells"UnfractionatedNylon

woolpassedNylon
wool passed,1*surfaceim-munoglobulin

positive, cell de
pletedNylon

wool adherent'
Nylon wool adherent/ R1-3B3*cell

depleted25:1'39.337.632.410.9
5.612.5:121.219.821.45.33.16:116.915.415.03.5-0.6

" Effector cells were harvested 5 days after MLTC of spleen cells obtained
from BLM-treated KMT-17-bearing rats on Day 13.

b The cytotoxicity was examined by a 6-h chromium release test.
' Effectontarget ratio.
''Nylon wool-passed cells were seeded into culture dishes which had been

precoated with goat antibody to rat IgG. The dishes were incubated at 4*C for 1

li, and the fraction of nonadherent cells was harvested.
' Whole spleen cells were passed through a nylon wool column, and adherent

cells were obtained by mechanical shaking.
f Nylon wool-adherent cells were incubated with R1-3B3 antibody for l h at

4Â°C.After washing, these cells were seeded into culture dishes which had been
precoated with goat anti-mouse IgA + IgG + IgM. This fraction of nonadherent
cells was used for the assay.

spieencellsNormalNon-treatedtumor-bearingBLM-treated

tumor-bearingEffectors

:freshspleenTumor

neutralizing ac- .
tivity (^inhibition)
0 50 100â€”

.Effectors

harvestedCytolysis(E/T-50/l)

0 2550^after

MLTCTumor

neutral izing
activityC-inhibi tio
0 5010=1

Fig. 3. Anti-KMT-17 immunity of spleen cells from BLM-treated KMT-17-
bearing rats detected by an in vivo tumor-neutralizing assay (Winn assay) and an
in vitro chromium release test. WKA rats were implanted s.c. with 10* KMT-17

cells on Day 0. BLM was administered i.p. for 5 days from Day 8 to Day 12.
Spleen cells were taken out on Day 13. In vivo tumor-neutralizing activity of fresh
spleen cells (left), in vitro cytotoxicity (middle), and in vivo tumor-neutralizing
activity (right) of lymphocytes after the MLTC. E/T, effector/target.

chronological changes of tumor size and the antitumor immune
reactivity of spleen cells in KMT-17 bearers are shown in Fig.
4. The tumors in BLM-treated rats grew progressively by Day
11 and regressed thereafter. The immune reactivity which is
indicated by the percentage of cytotoxicity against KMT-17
cells was found to be detectable in untreated rats on Day 5 and
reached a peak on Day 8. Without any treatment, the reactivity
declined rapidly thereafter and was undetectable on Day 11. On
the other hand, BLM-treated rats showed a remarkable reactiv
ity on Day 11. This strong cytotoxicity continued for at least 1
mo. These results indicate that BLM treatment helps tumor-
bearing rats to overcome immunosuppression and therefore
enables them to reject the tumor cells.

T-Lymphocytes in BLM-treated Spleen Cells Responsible for
the Antitumor Reactivity. We then examined fractionated spleen
cells for responder cells in the MLTC. The nylon wool-passed,
T-rich fraction of spleen cells from BLM-treated tumor bearers
was not able to respond to tumor antigens by itself. The reac
tivity was restored by returning plastic-adherent spleen cells to
the T-rich fraction as a source of APC, as shown in Table 3.
We originally suspected that BLM treatment would enhance
the APC activity of macrophages, since we had observed that
the cytotoxic activity of spleen and peritoneal macrophages was
augmented by BLM treatment (8). The APC activity of spleen
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A. Tumor growth curves B. CTL activity

20 30 nr
Days after KMT-17 inoculation

Fig. 4. Growth curves of tumors and chronological changes of antitumor
immune reactivity in IH.M treated or untreated KMT 17 bearing rats. WKA rats
were implanted s.c. with 10' KMT-17 cells on different days and treated with

BLM (5 mg/kg/day) from Day 8 to Day 12. Various groups of rats were killed,
and spleens were removed on the same day. Spleen cells were sensitized by MMC-
treated KMT-17 cells. After the MLTC, a chromium release test was conducted
for checking the CTL activity which was expressed in a SO:1 effectortarget ratio.
A, BLM-treated rats; O, untreated rats.

Table 3 Antigen-presenting cell activity of macrophages from BLM-treated,
nontreated KMT-17-bearing rats, and normal rats

Responder"

in theMLTCWhole

spleen cells
T-enriched fraction'
T-enrichedfraction'T-enriched

fraction'

T-enriched fraction'Macrophages*

fromratsBLM

treated,
tumor bearing

Nontreated,
tumor bearing

Normali50:

11*86.2

6.2
73.468.252.5%

of sped lie
cytolysis'25:1

12.5:183.0

79.2
5.7 5.3

54.836.351.3

32.3

31.1 22.1
'Two x IO7 responders from hyperimmune rats were cultured with MMC-

treated KMT-17 cells (R:S, 30:1) for 5 days.
6 Macrophages (2 x 10*)obtained by the adhesion of spleen cells from various

rats to plastic for l h were added to the MLTC.
' Cytotoxicity of lymphocytes harvested after the 5-day MLTC was examined

by a 6 h chromium release test.
J Effectortarget ratio.
' The T-enriched fraction was obtained by passing whole spleen cells through

a nylon wool column, and the passed cells were used as responder cells in MLTC.

cells was found to be similar among normal rats, untreated, and
BLM-treated tumor bearers, as far as they were harvested on
Day 13. The same result was given by using peritoneal macro
phages. Moreover, we observed that T-rich fractions of the
untreated spleen did not show any reactivity to tumor antigen
even if they were restored by BLM-treated macrophages (data
not shown).

Inhibition of Suppressor 1-Cell Activity Generated in the
Spleen of KMT-17-bearing Rats by BLM Treatment. In order
to find out whether immunosuppressive activity would generate
in spleen cells from tumor bearers' spleen cells, we conducted

an experiment in which we examined the influence of fraction
ated cells on the induction of cytotoxic T-lymphocytes in the
MLTC of hyperimmune spleen cells. As we have described
previously, the spleen cells from hyperimmune rats showed a
high degree of reactivity to tumor antigens. When the activity
was expressed by LU/flask cells, it was 20 to 45 LU (Figs. 5
and 6). The reactivity of hyperimmune spleen cells was inhibited
by nylon wool-passed T-rich fractions of untreated tumor bear
ers when they were augmented with responder cells at a ratio
of 3 to 10 (Fig. 5). T-rich fractions of BLM-treated tumor
bearers and normal rats did not inhibit the reactivity of hyper-

MLTC Induction ofCTLResponderstimulatorâ€¢fNylon

wool rpassed cells N/RC

fromratsBLM-treatedb

,.,,.

tumorbearing3/10Non-treated1"

j.j-
tumorbearing3/10Normal

1/10

â€¢¿� 3/10LU/flaskd

10 20 30401Dll

Fig. 5. Suppression of the CTL generation by a I rich fraction from untreated
KMT-17-bearing rats and the elimination of Ts activity by BLM treatment. Nylon
wool-passed cells from various donors were added to the MLTC of spleen cells
from hyperimmune rats. After a 5-day culture, viable cells were harvested and
used as effectors in a chromium release test for checking the CTL activity, a, 2 x
IO7 spleen cells from hyperimmune rats cultured with MMC-treated KMT-17
cells (R:S ratio, 30:1). A,WKA rats implanted s.c. with 1 X 10* KMT-17 cells on

Day 0 and treated with BLM (5 mg/kg/day) from Day 8 to Day 12. Donors were
sacrificed on Day 17. c, the nylon wool-passed cell/responder ratio, d. LU/flask
calculated as: (number of recovered cells/flask)/10' x LU/107.

MLTC Induction of CTL

Responder
+

stimulator3++

â€¢¿�fâ€¢f

++

â€¢¿�fMacrophages

fromratsBLM-treatedb

tumor-bearingb

Non-treated
tumor-bearingNormalH/RC1/103/101/10

3/101/10

3/10LU/flaskd

0 30 60

Fig. 6. No suppression of the CTL generation by macrophages from BLM-
treated and untreated KMT-17-bearing rats. Macrophages were harvested from
BLM-treated, nontreated KMT-17-bearing, and normal rats by adhesion of whole
spleen cells to plastic for 2 h at 37'C. Adherent cells were obtained by scraping
with a rubber policeman. Two x 10' (macrophage:responder = 10:1) and 6 x 10*
(macrophage:responder â€¢¿�-10:3) macrophages were added to the MLTC in which
spleen cells from hyperimmune rats were used as responders. After a 5-day
culture, effectors were harvested to check the CTL activity in a chromium release
assay, a, 2 x IO7spleen cells from hyperimmune rats cultured with MMC-treated
KMT-17 cells (R:S ratio, 50:1). b, WKA rats inoculated s.c. with I x 10* KMT-

17 cells on Day 0 and treated with BLM (5 mg/kg/day) from Day 8 to Day 12.
Donors were sacrificed on Day 15. c. The macrophage:responder ratio (M/R). d,
LU/flask was calculated as: (number of recovered cells/flask)/IO7 x LU/107.

immune spleen cells but rather augmented it. These findings
reveal that those suppressor I -cells that generate in untreated
tumor bearers and their activity are suppressed by the BLM
treatment. Macrophages in spleen cells did not show any inhi
bition of antitumor immune reactivity as might have been
expected from the results shown in Table 3 (Fig. 6).

DISCUSSION

The findings presented in this paper indicate that an antitu-
mor drug, BLM, eliminates immunosuppressor T-lymphocyte
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activity and therefore augments antitumor immune reactivity
in tumor-bearing rats. This evidence is contrary to the general
concept that antitumor drugs tend to suppress host immunity
as a side effect (1, 15), and it is noteworthy as an addition to
our previous reports dealing with the therapeutic effects of
BLM that depend on the antitumor immune responses aug
mented by the drug (7, 8, 16).

The KMT-17 cells used in our study are relatively highly
antigenic and are able to stimulate the host immune system
during the early and middle stages of growth after tumor
transplantation (17). The antitumor immune responses are
thereafter suppressed by the tumor growth. The findings in this
paper reveal that the growth of immunosuppression in KMT-
17 tumor-bearing rats is due to the generation of suppressor T-
lymphocytes. Since we detected the suppressive activity in the
MLTC, we suppose that the suppressor T-lymphocyte activity
depresses the generation of cytotoxic T-lymphocytes. We have
previously reported another kind of suppressor cell activity, one
which blocks antitumor immunity in the effector phase. The
suppressor cells in the spleen obtained from untreated tumor
bearers inhibit the tumor-neutralizing activity of BLM-treated
spleen cells and abrogate the transplanted resistance in rats
immunized with irradiated tumor cells (7). In addition to our
previous findings, we have found in this study that the suppres
sor cells are also able to act during the afferent phase. This
activity, therefore, reduces the antitumor immune reactivity.
This is likely to be more important as the cause of the suppres
sion of an thumor immune reactivity in the tumor-bearing hosts.
The suppressor T-cells which act in the afferent phase have
been found in A/N mice transplanted or immunized with what
are known as suppressogenic YAC lymphoma cells (18, 19).
The KMT-17 cells induce suppressor T-lymphocytes as well as
antitumor effector cells. Therefore, antitumor immune reactiv
ity can be augmented if the suppressor T-cell activity can be
selectively eliminated by the BLM treatment.

There have been a number of reports which indicate that
antitumor drugs eliminate the suppressor cell activity in anti-
tumor immunity (2-8, 20-27). However, these drug-mediated
effects on the immunocompetent cells are not always confined
to suppressor cell activity but also work on effector or responder
cell activity in tumor-bearing hosts. For instance, CY is known
to eliminate responder cell activity as well as that of suppressor
cells. CY selectively inhibits suppressor cells when it is given
prior antigenic stimulation or at lower doses, such as less than
50 mg/kg in mice and less than 15 mg/kg in rats. The regular
dose of BU also augments antitumor immunity when BU is
given before the tumor transplantation (6). The mechanisms
for BLM-induced selective elimination of suppressor cell activ
ity have not been made clear. BLM has been found to produce
augmentation of antitumor transplantation resistance in rats
immunized with irradiated tumor cells when it was given before
or after the immunization (27). Recently, it has been reported
that BLM enhances interleukin 2 release of rat spleen cells
(28). Moreover, it has been noted that BLM brings about
relatively weak bone marrow suppression (29). Researchers
have speculated, therefore, that BLM may act selectively on the
precursors of suppressor T-lymphocytes that are in the rapid
phase of the cell cycle and on active suppressor T-lymphocytes
induced rapidly after the middle stage of tumor bearing.

Another suppressive activity mediated by macrophages in
tumor-bearing hosts should also be considered. Originally, we
had speculated that BLM might restore the antigen-presenting
cell activity of macrophages, since we had observed that the
drug augmented tumoricidal activity of macrophages (8, 27).

The APC activity, however, was not suppressed in untreated
tumor-bearing rats but was augmented slightly by BLM treat
ment (Table 3). Since no suppressive effect was observed in the
macrophage fraction on the antitumor immune reactivity of T-
lymphocytes 15 days after the tumor implantation, we believe
that the suppressor macrophages may participate in immuno
suppression only in the later stage of tumor bearing if indeed
they do so at all.

The fact that BLM not only restores but rather enhances
immune reactivity against tumor cells in the course of regular
chemotherapy suggests the feasibility of the combined use of
BLM with tumor vaccine for the augmentation of active im-
niunothcrapeutic effects in cancer treatment.
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