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ABSTRACT

Spergualin exhibited a strong antitumor effect against L1210(IMC), a
tumor cell line which has been maintained in BALB/c x DBA/2 I ,
(hereafter called (1)21,) mice in the Institute of Microbial Chemistry.
Mice inoculated i.p. with 10* cells of L1210(IMC) survived more than

60 days by daily i.p. administration of spergualin for 9 days at 5 mg/kg/
day, which was started 1 day after the tumor inoculation. These cured
mice rejected a second inoculation of 1111'cells of L1210(IMC), but they
did not reject the inoculation of IO2P388 cells. In Winn's tumor neutral
ization assay and in the "Cr release assay, the T-cell fraction prepared

from the spleens of the cured mice had higher cytotoxic activity against
L1210(IMC) than whole spleen cells. The cytotoxic activity of spleen
cells was diminished by treatment with anti-Thy-1.2 or anti-Lyt-2.1
antibody and complement. Therefore, the effector cells involved in the
immunological rejection should be regarded as cytotoxic T-lymphocytes.
The cytotoxic activity of these T-lymphocytes was measured during and
after the spergualin administration for 9 days, and high activity was
observed from 1 day after the final spergualin administration. The
antitumor effect of spergualin against L1210(IMC) was much lower in
T-cell-deficient athymic mice. These results suggest that cytotoxic T-
lymphocytes are involved in the antitumor action of spergualin against
L12IO(IMC)in c/Vo.

INTRODUCTION
SGL3 is an antitumor antibiotic produced by a strain of

Bacillus laterosporus and its structure has been determined to
be (-)-( 15S)-1 -amino-19-guanidino-11,15-dihydroxy-4,9,12-
triazanonadecane-10,13-dione (1). SGL exhibited antitumor
activity against various mouse leukemias such as LI210, 11-4,
and P388 (2, 3). Among SGL-responsive tumors, L1210(IMC),
which has been maintained in BALB/c x DBA/2 FI (hereafter
called CD2F,) mice in the Institute of Microbial Chemistry, is
the most sensitive, and the host mice were cured by SGL
treatment (2, 3). These cured mice rejected the second inocu
lation of L1210(IMC) (3, 4). In order to determine the nature
of the effector cells involved in this acquired resistance to the
tumor challenge, we examined various cell populations for
cytotoxicity by the Winn and 5lCr release assays. Furthermore,

to know the role of the effector cells in the treatment of SGL
in vivo, we examined the therapeutic effect of SGL against
L1210(1MC) growing in normal and in T-cell-deficient athymic

mice.

MATERIALS AND METHODS

Drugs. SGL was prepared at Takara Shuzo Co., Ltd. (Ohtsu, Japan),
dissolved in 0.9% NaCl solution, and stocked in the dark at 4Â°Cbefore
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use. ACNU, CYC, and MMC were purchased from commercial sources
and dissolved in 0.9% NaCl solution just before use.

Animals. CD2F,, BALB/c, and BALB/c-nu/nÂ« mice were purchased
from Shizuoka Laboratory Animal Center (Hamamatsu, Japan),
Charles River Japan, Corp. (Atsugi, Japan), and Clea Japan, Inc.
(Tokyo, Japan), respectively. T-cell-deficient CD2F, mice (TXB-
CD2F,) were made according to the method of Dye and North (5).
Briefly, CD2F| mice were thymectomized at 4 weeks of age, and 1 week
later the mice were X-ray irradiated (900 rads) followed by i.v. infusion
with IO7syngeneic bone marrow cells within 2 h after the irradiation.
The TXB-CD2F| mice were used 2 weeks after the infusion.

Tumor. L1210(IMC) is a substrain of LI210 which has been main
tained by weekly i.p. transplantation in CD2F| mice at the Institute of
Microbial Chemistry.

Tumor Inoculation. L1210(IMC) cells were collected from the peri
toneal cavity with HBSS S days after i.p. implantation. After the cell
number was determined on a model ZB1 Coulter Counter, the cells
were diluted with HBSS to the required concentration, and 0.2-ml
aliquots of the suspension were inoculated i.p. into the mice.

Drug Administration. SGL was administered i.p. once daily for 9
days starting the next day (day 1) after tumor inoculation. ACNU and
CYC were administered i.p. once on day 1. All drugs were administered
at a volume of 0.1 ml/10 g body weight.

Preparation of Spleen Cells. Spleens were aseptically collected from
mice, and a single cell suspension was prepared by gentle teasing of the
spleen mass in HBSS (6). The cell suspension was centrifugea at 200
x g for 5 min, and the cell pellet was resuspended in HBSS or RPMI
1640 supplemented with 10% fetal calf serum and antibiotics. Viability
of the cells was measured by the trypan blue dye exclusion method.

Enrichment of T-Cell Population. T-cells were collected from the
spleen by the method of Julius et al. (7) with some modifications.
Briefly, 2 ml of spleen cell suspension (1.5 to 2.0 x 10" cells) in the

supplemented RPMI 1640 were applied onto a nylon wool column
equilibrated previously with the culture medium. After incubation at
37Â°Cin a 5% CO2 atmosphere for 45 min, nonadherent cells were

collected by elution of the column with 5 ml of the culture medium.
The nonadherent cells were washed and resuspended in HBSS for the
Winn assay or in the culture medium for 5>Crrelease assay.

Selective Depletion of Spleen Cell Population by Antibody and Complement. Equal volume of spleen cell suspension (2 x 10'/nil) was

mixed and incubated with 1:500 diluted anti-Thy-1.2 antibody (Olac
1976, Ltd., Bicester, England), 1:500 diluted anti-Lyt-2.1 antibody
(Meiji Institute of Health Science, Tokyo, Japan), 1:5 diluted ami
L3T4 antibody (Becton Dickinson, Mountain View, CA), or anti-asialo-
GMI antibody solution (Wako Pure Chemical Industries Ltd., Osaka,
Japan) at room temperature for 30 min in RPMI 1640 medium. The
antibody-treated cells were washed and resuspended in 1:15 diluted
rabbit complement solution (Cedarlane Laboratory, Ltd., Hornby, Can
ada) and incubated further at 37"C for 45 min. The spleen cells thus

treated were washed and resuspended in the appropriate assay medium.
Isolation of Macrophage Cells. Harvested peritoneal cells were

washed twice with the supplemented RPMI 1640 by centrifugation at
200 x g for 5 min each time. Then 4 x IO6 viable cells in 2 ml were
incubated at 37Â°Cin a 5% CO2 atmosphere for l h in plastic dishes

(model MSP-P) for macrophage separation (Japan Immunoresearch
Laboratory Co., Ltd., Takasaki, Japan). The adherent cells were har
vested by washing after incubation at 4Â°Cfor 30 min with cold phos

phate-buffered saline containing 0.2% EDTA and 5% fetal calf serum.
The cells were washed and resuspended in HBSS for the Winn assay.
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In Vivo Tumor Neutralization Assay (Winn Assay). A modified Winn
assay (8) was done as follows. Immune cells (2 x 10'') obtained from
the cured mice and L1210(IMC) cells (1 x IO4) were mixed and
incubated in 0.2 ml HBSS for IS min at 37Â°Cand then inoculated i.p.

into CD2F] mice. The neutralizing effect of immune cells was evaluated
by mean survival time of the inoculated mice. Mice in a control group
were inoculated with L1210(IMC) cells alone.

"Cr Release Assay. Spleen cells were stimulated in vitro by a 5-day

coculture with L1210(IMC) cells pretreated with MMC (50 >ig/ml for
1 h) (9). Cytolytic activity of spleen cells was determined by "Cr release

assay according to the method of Brunner et al. (10) with some
modifications. Briefly, L1210(IMC) cells (4 x 10') were labeled with
100 uCi of Na25'CrO4 (New England Nuclear Products, Boston, MA)
at 37Â°Cfor l h and washed 4 times with the culture medium. Effector
cells and the labeled target cells (2 x IO4) in 0.15 ml of the culture
medium were mixed and incubated for 4 h at 37'C in a COi incubator,

and thereafter the radioactivity of the supernatant was measured with
a Beckman model Gamma 8000 gamma spectrometer. The cytolysis
was calculated as

Cytolysis (%)
Test release - spontaneous release

Maximum release â€”spontaneous release

Maximum release of "Cr was obtained by 3 repetitive freezings and

thawings of the labeled L1210(IMC) cells.

RESULTS

Eighty-four % or more of L1210(IMC)-bearing mice survived
for 45 days after the inoculation when SGL, ACNU, and CYC
were separately administered under the dose schedules shown
in Table 1. The surviving mice were reinoculated with various
numbers of L1210(IMC) cells and their survival times were
examined. The mice cured by SGL rejected the growth of the
second inoculum of L1210(IMC) (up to IO6 cells), whereas

those cured by ACNU or CYC did not reject the second one
even when its size was reduced to IO2cells. The mice cured by

SGL did not reject P388 cells, even when the inoculum size
was only 10' cells, although the mean survival times of the

cured mice challenged with P388 were slightly longer than
those of the control mice. Thus, the rejection of the second
inoculation was found to be specific to L1210(IMC) cells. This
specific rejection was also observed when L1210(IMC) cells
were reinoculated s.c. (data not shown).

Table 1 Rejection of second tumor inoculation in LI210(Â¡MC) mice surviving by
treatment with SGL, ACNU, and CYC

Drug and Dose
(mg/kg xday)SGL,

5x9ACNU,

30 x1CYC,

300 x1SGL5X9Survivor

rate"Control

mice1'99/118(84%)29/30(97%)55/60(92%)Control

mice1*99/118(84%)Second

inoculationTumorL12100MC)L12IOUMC)L1210(IMC)L1210UMC)P388P388SizeIO710*UPUP10'10*Iff10'IO110"IOÂ»IO2IO1IO2MST*5.2

Â±0.46.0
Â±0.710.0
Â±0.010.8
Â±0.8>8.6

Â±3.6>509.6

Â±0.710.0
Â±0.510.6

Â±1.610.5
Â±1.412.2

Â±1.312.5
Â±0.815.8

Â±1.017.8
Â±1.0Survivor'0/50/50/60/61/66/60/80/80/80/80/60/60/60/6

" Forty-five days after the first inoculation of IO9L1210(IMC) cells.
* MST, mean survival time (mean Â±SD).
' Fifty days after the second inoculation.
'' First inoculation and treatment were not performed.

Next, the effector cells which caused the secondary rejection
of L1210(IMC) cells were examined by the Winn assay (Table
2). Whole spleen cells (i.e., unfractionated) were found to have
neutralizing activity against L1210(IMC) cells, whereas peri
toneal macrophages did not have the activity. Among the spleen
cells, cells nonadherent to a nylon wool column showed strong
activity, while the adherent cells were inactive. By treatment of
the spleen cells with anti-Thy-1.2 antibody and complement,
the immune activity of spleen cells was lost. Whole spleen cells
showed no activity against P388 cells even when the effec-
tortarget cell ratio was increased to 4000:1 (data not shown).
These results suggest that T-cells are involved in the neutraliz
ing activity and play a role in the rejection of L1210(IMC)
cells.

To characterize the effector cells responsible for the tumor
rejection, we carried out 5lCr release assays. As shown in Table
3, lysis of "Cr-labeled L1210(IMC) cells was observed after 4

h incubation with the spleen cells which were isolated from the
mice cured from L1210(IMC) by SGL and previously stimu
lated by coculture with MMC-treated L1210(IMC) cells for 5
days. These stimulated spleen cells did not show any cytolytic
activity to 5ICr-labeled P388 and YAC-1 cells. The in vitro
stimulation of the spleen cells with the MMC-treated
L1210(IMC) cells was necessary to induce cytolytic activity.
Moreover, when the MMC-treated stimulator cells were re
placed with MMC-treated P388 cells, cytolytic activity was not
induced to 51Cr-labeled P388 cells and to L1210(IMC) cells.

These results suggest that the cytolytic activity of spleen cells
from the mice cured by SGL is specific to L1210(IMC) cells
and responsible for in vivo tumor rejection.

For further characterization of effector cells, some treatments
on spleen cells were performed before coculture with "Cr-

Table 2 Characterization of effector cells by Winn assay"

CellsSpleen

cellsTreatment(Control)NoneSurvival

time9.2
Â±0.8*

14.7 Â±5.8Ratio100160

Peritoneal cells

Nylon wool column
Nonadherent 19.5 Â±7.0 212
Adherent 8.7 Â±0.5 95

Anti-Thy-1.2 +complement 8.8 Â±0.5 96
Complement 11.0 Â±1.3 120

Plastic dish adhesion 9.4 Â±0.5 102
"Spleen cells and peritoneal cells were harvested from the mice cured of

L1210(IMC) by SGL 45 days after inoculation. Treatments were performed as
described in "Materials and Methods." L1210(IMC) cells (IO4) were incubated
separately with each population of immune cells (2 x 10*) for 15 min and then

inoculated i.p. into CD2F, mice.
* Mean Â±SD.

Table 3 Specificity ofcytolytic activity of spleen cells from L1210(1MC)-
implanted mice treated with SGL

Cytolysis (%) at
effector.target cell

ratio of
Stimulator

cells'NoneL1210(IMC)P388Targetceli?L1210(IMC)L1210(IMC)

P388
YAC-1P388

LI2KXIMC)20:1036

000

040:1048

0
00

0
' Spleen cells from SGL-cured mice were cocultured with MMC-treated stim

ulator cells for 5 days.
* "Cr-labeled target cells were mixed and incubated with stimulated spleen

cells for 4 h. See "Materials and Methods" for details.
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labeled L1210(IMC) cells (Table 4). The T-cell fraction pre
pared by passage through a nylon wool column showed the
stronger cytolytic activity than whole spleen cells. The cytotox-
icity was diminished by treatment of spleen cells with anti-Thy-
1.2 antibody or anti-Lyt-2.1 and complement. Treatment of
spleen cells with anti-L3T4 antibody or anti-asialo-GMi anti
body and complement did not affect the activity of spleen cells.
These results suggest that the effector cells induced by SGL
treatment in vivo are CTL. However, when the spleen cells were
first fractionated and the T-cell fraction were cocultured with
MMC-treated L1210(IMC) cells, then the T-cells did not show
cytolytic activity. These results suggest that the simultaneous
presence of other type(s) of immune cells is necessary for CTL
induction.

Next, we determined when the cytolytic activity of the spleen
cells is induced by SGL in L1210(IMC)-implanted mice. When
SGL at 5 mg/kg/day was administered daily for 9 days starting
the day (day 1) after the tumor inoculation, the cytolytic activity
of the spleen cells appeared on day 9 and became maximal on
day 13 (Table 5). However, the cytotoxic activity induced by
the administration of 15.8 mg/kg/day of SGL was small and
temporary, and a subtoxic dose (50 mg/kg/day) of SGL did not
induce CTL at all. When a much lower dose (1.58 mg/kg/day)
of SGL was administered, higher cytolytic activity was induced
on day 9, although after that mice died from tumor.

We examined the effect of the reinoculation time on the
rejection of LI210(1 MC) cells. As shown in Table 6, the mice
treated with SGL at 5 mg/kg/day for 9 days rejected 10*

L1210(IMC) cells even when the reinoculation was done on
day 10. This result is consistent with the fact that CTL have

Table 4 Characterization of effector cells by "Cr release assay

Cytolysis (%) at
effectortarget cell

ratio of

Table 6 Rejection of the second inoculation of Â¡Ifcells ofL1210(lMC) in
L1210(IMC)-implanted mice treated with SGL daily for 9 days at a dose of

S mg/kg

Experiment12Treatment*None

(whole spleencells)Nylon
wool columnnonadherentBefore

stimulationAfter
stimulationNone

(whole spleencells)ComplementAnti-Thy-1.2

+complementAnti-Lyt-2.1
-(-complementAnti-L3T4

+complementAnti-asialo-GMi
+ complement10:111024192000332520:134045484500564340:1520596566007555

â€¢Whole spleen cells from SGL-cured mice were first stimulated in vitro with
MMC-treated L1210(IMC) cells for 5 days and then mixed with "Cr-labeled

L12IO(IMC) cells and cytolytic activity was evaluated. In experiment 1, nylon
wool column passage was carried out either before or after in vitro stimulation.
In experiment 2, treatment of spleen cells with antibody and complement was
carried out after in vitro stimulation. Treatment and "Cr release assay were
performed as described in "Materials and Methods."

Table 5 Induction of cytolytic activity of spleen cells from L1210(IMC)-
implanted mice treated with SGL

Daysafterlation24791012131518Cytolysis
(%)* at following doses of

SGL(mg/kg/day)1.58Â»â€”â€”23â€”â€”<fâ€”d523013355455393115.8â€”â€”â€”3â€”â€”35â€”550â€”â€”â€”0â€”â€”0â€”0

" Effectortarget cell ratio was 40:1.
* â€”,not tested.
' d. mice died from tumor.

Second inoculation
(days after first inoculation) Survivors0

10
21
45

5/5
4/5*

4/4
" Number of mice surviving 60 days after the second inoculation. All the

control mice died between 7 and 9 days after inoculation.'' One mouse died 23 days after the second inoculation.

1/6

B)

.3/3 3/3 3/3 3/3

0,78 3.13 12.5

Dose (mg/kg/day)

0.78 3.13 12.5 50

Dose (mg/kg/day)

Fig. 1. Difference of antitumor activity of SGL against L12IO(IMC) in T-cell-
deficient athymic mice and in normal mice. (A) CD2F, (O), TXB-CD2F, (â€¢)
mice and (/( ) BALB/c (O) and BALB/c-nu/nu (â€¢)mice were inoculated i.p. with
10* L1210(IMC) cells; SGL was administered i.p. daily for 9 days. Numbers of
survivors 60 days after inoculation are indicated near symbols.

been already induced on day 10, the day after the final injection
of SGL at a dose of 5 mg/kg/day.

In order to confirm the involvement of immunological action
in the antitumor effect of SGL, the therapeutic effect of SGL
against L1210(IMC) was compared between normal and T-cell-
deficient athymic mice. As shown in Fig. IA, the increase in
life span in TXB-CD2F, mice was much lower than that in
normal CD2F, mice at lower doses of SGL (3.13 to 12.5 mg/
kg/day). At a high dose of SGL, 50 mg/kg/day, where the CTL
was not induced, the increase in life span of normal mice was
decreased, almost being the same as that of TXB-CD2Fi mice.
These results suggest that CTL activity induced by low doses
of SGL in normal mice contributes to the prolongation of life
in such treated animals.

Therapeutic effect of SGL in athymic nude BALB/c mice
was also much lower than that in normal BALB/c mice (Fig.
IB). In this case, however, all BALB/c mice survived at any
dose of SGL used. Although BALB/c and L1210 (DBA/2 in
origin) carry the same H-2d haplotype, the effector cells induced

in BALB/c mice seemed to be alloreactive CTL because the
spleen cells from the cured BALB/c mice caused cytolysis of
P388 cells (H-2", DBA/2 in origin) as well as L1210(IMC)
cells but not of MH134 cells (H-2\ C3H/He in origin) in the
51Cr release assay (data not shown). Dose-response patterns in

nude mice and in TXB mice were similar to each other. This
weak antitumor activity shown by higher doses of SGL in the
two kinds of T-cell-deficient athymic mice may be due to the
direct antitumor action of SGL on L1210(IMC) cells.

DISCUSSION

When L12IO(IMC)-bearing mice were cured (i.e., surviving
more than 45 days) by treatment of SGL at the low dose, these
mice rejected a second inoculation of IO6 L1210(IMC) cells.

This immunological resistance was shown to be due to the
induction of CTL. In both the Winn assay and 51Cr release

assay the T-cell fraction had higher activity than the whole
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spleen cells, and this activity was diminished by treatment with
anti-Thy-1.2 antibody or anti-Lyt-2.1 antibody and comple

ment. Furthermore, it was found that copresence of other
type(s) of immune cells was required for the induction of CTL
by SGL in the stimulation process in vitro with MMC-treated
L1210(IMC) cells before the 5lCr release assay was conducted.

These results may be related to the direct stimulation of the
induction of CTL by macrophages and dendritic cells or to the
indirect stimulation through soluble mediators (11, 12). Al
though further cellular mechanisms involved in the induction
of CTL remain unclear, enhancement of production of IL-2 by

SGL seemed to be involved (13).
Although a lower dose of SGL (5 mg/kg/day) to

L1210(IMC)-bearing mice induced CTL, a 10-fold higher dose

(50 mg/kg/day) did not. This result is in accord with the fact
that the antitumor activity of SGL against I.I 2IO(IM( ') im

planted into CD2F, mice was stronger at a low dose than at a
high one. These results were not obtained in thymectomized
mice which cannot induce CTL and may be related to the
reported immunosuppressive effect of high doses of SGL on
the establishment of delayed-type hypersensitivity to sheep

RBC (4).
The antitumor activity of SGL observed in thymectomized

mice may be due to direct antitumor action of SGL. The
immunological rejection and the induction of CTL occurred 1
day after the final administration of 9 consecutive daily doses
at 5 mg/kg/day. These results will be interpreted to mean that
direct antitumor action of SGL reduced the number of tumor
cells less than IO6 and then CTL removed the residual tumor

cells.
There are a few reports on rejection of the second tumor

inoculation in mice cured by other antitumor agents such as
l,3-bis(2-chloroethyl)-l-nitrosourea (14), CYC (15) and bleo-
mycin (16). In our present study the mice cured of L1210(IMC)
by ACNU, an analogue of l,3-bis(2-chloroethyl)-l-nitrosourea,

or by CYC did not reject rechallenged L1210(IMC) cells, even
when the challenged dose was as low as IO2cells.

From the results presented in this paper, we can conclude

that SGL exhibits its antitumor activity against L1210(IMC)
by induction of CTL in addition to its direct antitumor action.

REFERENCES

1. Umezawa, II.. Kondo, S., (inuma, II.. Kunimoto, S., Ikeda, Y., Iwasaki, II.
Ikeda, I)., and Takeuchi, T. Structure of an antitumor antibiotic, spergualin.
J. Antibiot. (Tokyo), 34: 1622-1624, 1981.

2. Takeuchi, T., linuma, II, Kunimoto, S., Masuda, T., Ishizuka, M.. Takeuchi,
M . Mamada, M., Naganawa, H., Kondo, S., and Umezawa, H. A new
antitumor antibiotic, spergualin: isolation and antitumor activity. J. Antibiot.
(Tokyo), 34:1619-1621, 1981.

3. Nishikawa, K., Shibasaki, ( .. Takahashi, K.. Nakamura, T., Takeuchi, T.,
and Umezawa, H. Antitumor activity of spergualin, a novel antitumor anti
biotic. J. Antibiot. (Tokyo). 39: 1461-1466, 1986.

4. Umezawa, H. Studies of microbial products in rising to the challenge of
curing cancer. The Leeuwenhoek Lecture, 1982. Proc. R. Soc. Lond. Ser. B,
2/7:357-376,1983.

5. Dye. E. S., and North, R. J. T cell-mediated immunosuppression as an
adoptive immunotherapy of the P81S mastocytoma and its mÃ©tastases.J.
Exp. Med., 154:1033-1042, 1981.

6. Nariuchi, H., and Matsuhashi, T. The effect of anti-plasma cell serum on B
cells. J. Immunol., 112:462-467, 1974.

7. Julius, M. H., Simpson, E., and Herzenberg, L. A. A rapid method for the
isolation of functional thymus-derived murine lymphocytes. Eur. J. Immu
nol., 3:645-649, 1973.

8. Winn, H. J. Immune mechanisms in Homotransplantation II. Quantitative
assay of the immunologie activity of lymphoid cells stimulated by tumor
homografts. J. Immunol., 86: 228-239, 1961.

9. Mokyr. M. B., and Dray, S. In vitro immunization as a method for generating
cytotoxic cells potentially useful in adoptive immunotherapy. Methods Can
cer Res., Â¡9:385-417, 1982.

10. Brunner, K. T., Mauel, J., Rudolf, H., and Chapuis, B. Studies of allograft
immunity in mice I. Induction, development and in vitro assay of cellular
immunity. Immunology, IS: 501-515, 1970.

11. Lutz, C. T., Glasebrock, A. L., and Fitch, F. W. Alloreactive cloned T cell
lines III. Accessory cell requirements for the growth of cloned cytolytic T
lymphocytes. J. Immunol., 126: 1404-1408, 1981.

12. Nussenzweig, M. C., Steinman, R. M., Gutchinov, B., and Conn, Z. A.
Dendritic cells are accessory cells for the development of anti-trinitrophenyl
cytotoxic T lymphocytes. J. Exp. Med., 152: 1070-1084, 1980.

13. Ishizuka, M., Masuda, T., Mizutani, S., Osono, M., Kumagai, H., Takeuchi,
T., and Umezawa, H. Induction of antitumor resistance to mouse leukemia
L1210 by spergualins. J. Antibiot. (Tokyo), 39: 1736-1743, 1986.

14. Feola, J., and Maruyama. Y. Host resistance to tumor after cure of advanced
LSA lymphoma by treatment with BCNU and chlorozotocin. Cancer Treat.
Rep., 63: 1409-1412, 1979.

15. Hengst, J. C. D., Mokyr, M. B., and Dray, S. Cooperation between cyclo-
phosphamide tumoricidal activity and host antitumor immunity in the cure
of mice bearing large MOPC-315 tumors. Cancer Res., 41:2163-2167,1981.

16. Morikawa, K., Hosokawa, M., Hamada. J., Sugawara, M., and Kobayashi.
H. Host-mediated therapeutic effects produced by appropriately timed
administration of bleomycin on a rat fibrosarcoma. Cancer Res., 45: 1502-
1506. 1985.

3065

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/12/3062/2428078/cr0470123062.pdf by guest on 19 M

ay 2023




