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ABSTRACT

Primary growth of AMC 60 fibrosarcoma inoculated into the
hind leg of ACI/N rats resulted in occasional generation of
concomitant resistance to growth of a second graft of the same
tumor cells in the peritoneal or pleural cavity. Using this syngeneic
tumor-host system, experiments were carried out to elucidate

the effect of intratumoral injections of an immunomodulator,
Nocardia rubra cell wall skeleton (N-CWS), on concomitant im
munity. Rats bearing a solid tumor into which N-CWS was

repeatedly injected showed a significant inhibitory effect on the
proliferation of the tumor cells inoculated secondarily into the
peritoneal cavity, I.e., concomitant immunity, as compared to
control groups of normal, N-CWS-treated and solid tumor-bear

ing rats. Peritoneal macrophages, when harvested after i.p.
tumor inoculation into the N-CWS treated solid tumor-bearing

rats, were found to be significantly potentiated for tumoricidal
activity against [5-125l]iodo-2'-deoxyuridine-labeled AMC tumor

cells. These potentiated macrophages were induced tumor spe
cifically by i.p. inoculation of AMC tumor cells but not by unrelated
syngeneic reticulosarcoma SL 1 tumor cells; nevertheless their
tumoricidal activity was observed tumor nonspecifically for the
SL 1 tumor cells. Additional experiments revealed that nonad-

herent peritoneal cells were only weakly tumoricidal and that the
macrophage tumoricidal activity was completely abolished in the
presence of carrageenan. Thus in the model presented here, it
is possible to conclude that the augmentation of concomitant
immunity by injection of N-CWS into a primary solid tumor is
mainly due to potentiation of the tumoricidal activity of tumor-

associated macrophages in the peritoneal cavity. Although the
underlying mechanism by which concomitant resistance can be
augmented by intratumoral injection of N-CWS remains undeter
mined, the existence of a tumor-specific trigger for induction of
potentiated tumoricidal macrophages may indicate that N-CWS

when injected repeatedly into the tumor tissue plays an important
role in augmenting a pre-existing, weak, tumor-specific cell-

mediated immune response leading to activation of macro
phages.

INTRODUCTION

Concomitant antitumor immunity has been described as an
immunological resistance to a second graft of the same tumor in
animals bearing a progressively growing tumor (1). Some studies
on the underlying mechanism have documented that concomi

tant immunity is a cell-mediated event involving specific and
nonspecific immune responses (2-5). On the other hand, immu

nological studies on experimental metastasis have demonstrated
that a local tumor exerts an inhibitory effect on lung metastasis
in the early stage of tumor growth and occasionally excision of
the primary tumor results in increased growth of the metasta-
sized tumor cells (6-8). It is suspected on the basis of these

observations that concomitant immunity if augmented by the use
of an immunomodulator may exert an immense influence on
suppression of tumor metastasis in tumor-bearing animals.

Many studies have shown that N-CWS3 is capable of gener

ating antitumor effector in vivo as well as in vitro (9-15). This
effect was related to a tumor-specific, T-cell-mediated antitumor
immune response as well as tumor-nonspecific cell-mediated
cytotoxicity. Indeed N-CWS when injected into the tumor mass

was found to suppress effectively tumor metastasis. Despite
these encouraging results, it is not clear how N-CWS can modify
concomitant immunity in a tumor-bearing host. The present study

was therefore designed to analyze the effects of intratumoral
injection of N-CWS on concomitant immunity and on the effector

cells involved in this type of immune response.

MATERIALS AND METHODS

Animals. Nine- to 10-wk-old male ACI/N rats were purchased from

Shizuoka Experimental Animal Farm (Shizuoka, Japan). Food and water
were supplied ad libitum.

Tumors. Methylcholanthrene-induced, syngeneic fibrosarcoma AMC

60 and reticulosarcoma SL 1 were serially passed by weekly Â¡.p.inocu
lations. These tumor cells were harvested 7 days after the passage,
washed, and suspended in Hanks' balanced salt solution or in RPMI

1640 medium supplemented with 10% heat-inactivated fetal calf serum,

penicillin (100 units/ml), and streptomycin (100 //g/ml).
Agents. N-CWS was supplied as sterile, lyophilized material by Fujis-

awa Pharmaceutical Co., Ltd. (Osaka, Japan) and used after redispersing
in a sterile 0.85% NaCI solution at a concentration of 2 mg/ml. Carra
geenan (Sigma Chemical Co., St. Louis, MO) was dissolved in a boiling
0.85% NaCI solution at 1 mg/ml, cooled, and added to the assay medium
at a concentration of 100 ng/ml.

Tumor Inoculation and Treatment with N-CWS. Rats were inoculated
i.m. in the left hind leg with 5 x 106 AMC tumor cells as a primary solid

tumor. Intratumoral injection of 200 ><gof N-CWS was started 5 days
after the primary tumor inoculation and repeated 3 times at 5-day
intervals. Injection of N-CWS into control normal rats was performed i.m.
in the hind leg. To examine for concomitant resistance, 1 x 105 AMC

tumor cells were inoculated into the peritoneal cavity of solid tumor-

bearing rats 15 days after the primary tumor inoculation into the hind leg
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unless otherwise indicated.
Radiolabeling of Tumor Cells. Tumor cells were labeled with [5-125l]-

iodo-2'-deoxyuridine ([125l]-ldUrd; Radiochemical Centre, Amersham,
United Kingdom) as described previously (13). Briefly, 1 x 106 tumor
cells were indicated with 100 pCi of [5-125l]iodo-2'-deoxyuridine for 3 h

in RPMI-FCS, washed 3 times, and suspended in RPMI-FCS.

In Vivo Decay of AMC Tumor Cells in the Peritoneal Cavity. To
examine for in vivo decay of tumor cells inoculated secondarily into the
peritoneal cavity, rats were given injections of 2 x 105125l-labeled AMC

tumor cells and killed 24 h later. The whole i.p. cells including the
introduced radiolabeled tumor cells were harvested by washing with
Hanks' balanced salt solution containing heparin (5 lU/ml), centrifuged

into a pellet, and counted for radioactivity in a scintillation counter. The
in vivo decay of the radiolabeled tumor cells was presented as the
percentage recovery of the total injected radioactivity.

To examine for sequential proliferation of tumor cells inoculated into
the peritoneal cavity, rats were inoculated Â¡.p.with 1 x 10s AMC tumor

cells and killed 4 days later. The whole i.p. cells were harvested by
washing and suspended in 1 ml of Turk's staining solution. The number

of tumor cells and host peritoneal cells were differentially counted on the
basis of the distinct difference in size between the large tumor cells and
the smaller host peritoneal cells.

Assay of in Vitro Tumoricidal Activity of Peritoneal Macrophages.
The tumoricidal activity of peritoneal macrophages was assayed as
described previously (13). In brief, rats were killed at various intervals
after Â¡.p.inoculation of tumor cells. The peritoneal cells were harvested
by washing the peritoneal cavity with Eagle's minimal essential medium

containing heparin (5 lU/ml), washed, and suspended in RPMI-FCS. One
ml of the suspension containing 1 x 106 mononuclear peritoneal cells

was incubated in a plastic tube (No. 2058; Falcon Plastics, Oxnard, CA)
for 2 h to adhere the peritoneal macrophages, and then both the
inoculated AMC tumor cells and the nonadherent peritoneal cells were
flushed out with vigorous jets of Hanks' balanced salt solution. The

resulting adherent peritoneal cells, a majority (>90%) of which were
cytologically identified as macrophages, were tested for tumoricidal
activity against 1x10* radiolabeled tumor target cells in 1 ml of RPMI-

FCS. After 22 h of incubation, the tube was centrifuged and the cell-free

supernatant was placed in another tube. The radioactivity of the cellular
pellet and the supernatant were each counted in a scintillation counter.
The tumoricidal activity was determined by the following formula

Tumoricidal activity (%)

cpm of the supernatant
x 100

cpm of the supernatant + cpm of the cell pellet]

- spontaneous release (1%)

The spontaneous release was the percentage of radioactivity released
from the radiolabeled tumor target cells in the absence of the effector
macrophages; this usually ranged from 10 to 20%.

To assess the in vitro decay of macrophage tumoricidal activity, the
macrophage monolayer was also tested for residual tumoricidal activity
after an additional 24 h of incubation.

In some experiments, the macrophage tumoricidal activity was as
sayed not only for AMC tumor cells but also for SL 1 tumor cells.

All assays in these experiments were performed in duplicate.
Cell Incubations and Cultures. All incubations and cultures of mac

rophages and/or tumor cells were performed at 37Â°C in a humidified

atmosphere containing 5% CÃ›2.
Statistical Analysis. Arithmetic means were calculated for each ex

perimental group and tested for statistically significant differences by
Student's i test.

RESULTS

Concomitant Resistance in Rats Bearing Solid Tumor. Gen
eration of concomitant resistance was preliminarily assessed by

secondary tumor inoculation into the peritoneal or pleural cavity
of rats bearing a solid tumor (Table 1). Although a considerable
number of rats bearing a growing solid tumor were still alive on
the day when all the control rats had died due to an ascites
tumor, the concomitant resistance observed was so weak that
the second tumor graft was eradicated in only a small number
of the animals.

In Vivo Decay of Radiolabeled Tumor Cells Inoculated into
the Peritoneal Cavity. Table 2 shows the percentage recovery
of radiolabeled AMC tumor cells which had been injected into
the peritoneal cavity 24 h earlier. No significant difference was
observed between the normal and N-CWS-treated or solid tu
mor-bearing rats. In the N-CWS-treated solid tumor-bearing rats,

the decay of radiolabeled tumor cells was significantly acceler
ated and this was not influenced by growth of the primary solid
tumor.

Tumor Cell Growth in the Peritoneal Cavity. To evaluate
more quantitatively the concomitant resistance to subsequent
growth of the inoculated tumor cells, proliferation of the tumor
cells was determined by differentially counting the tumor cells
and the host peritoneal cells. Significant inhibition of the growth
of the inoculated tumor cells was observed only in the N-CWS
treated solid tumor-bearing rats (Chart 1).

Tumoricidal Activity of Peritoneal Macrophages. Peritoneal
macrophages were harvested 1 and 4 days after i.p. tumor
inoculation and assayed for tumoricidal activity (Table 3). Mac
rophages harvested 1 day after i.p. injection of 0.5 ml of Hanks'

balanced salt solution into N-CWS-treated solid tumor-bearing

Table 1
Concomitantresistance to a second tumor graft in rats bearing solid AMC tumor"

Site of
second

inoculation0Peritoneal

cavityPleural

cavityRecipientsControl

(normal)Solid

tumor
bearing

Control(normal)Solid

tumor
bearingNo.

of
rats6

9

11

11No.

of
survivors00

7

0

7Regression

of second
graft"0

2

0

2

aAMC tumor cells (5 x 10")were inoculated into the left hind leg.
AMC tumor cells (1 x 105)were inoculated into the peritonealor pleuralcavity

15 days after the primary tumor inoculation.
c Survivors were killed 25 or 33 days after i.p. or intrapteuraltumor inoculation,

respectively,when all control rats had died in each experiment.
d All survivors were killed and examined grossly for i.p. or intrapteural tumor

growth.

Table 2
In vivo decay of radiolabeledAMC tumor cells injected i.p.

GroupControl

N-CWS treated"
Solid tumor bearing6
N-CWS treated solid

tumor bearing
Tumor wt >1 .0
Tumor wt S1.0No.

of
rats10

9
910

12Mean

tumor
wta5.07.10.4radioactivityrecovered"14.5Â±0.9C

13.6 Â±1.0
11.2Â±1.311.1

Â±1.3
8.5 Â±1.6PNot

significant
Not significant<0.05

<0.01
a Mean tumor wt of solid tumor in the leg.
6 Whole i.p. cells were harvested 22 h after i.p. injection of radiolabeledtumor

cells and counted for radioactivity.
c Mean Â±SE.
" N-CWS was injected 3 times into the solid tumor at 5-day intervals.
eAMC tumor cells (5 x 10")were inoculated into the left hind leg.
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Control(Normal)

N-CWS-treated

Solidtumor-bearing

N-CWS-treated,
Solidtumor-bearing

Group xlO-65 10

No. of AMI; tumor cells
Chart 1. Tumor cell growth in the peritoneal cavity. Whole i.p. cells including

the AMC tumor cells were washed out 4 days after i.p. inoculation of the AMC
tumor cells (1 x 105). Subsequent growth of AMC tumor cells was estimated by
differential counting of the AMC tumor cells by Turk's stain. â€¢,tumoricidal activity

of an individual animal; *, P < 0.05 compared to control group.

Tables

Tumoricidal activity of macrophages induced by i.p. inoculation of AMC tumor
cells

Experiment
group*1"Control

(normal)
N-CWStreatedSolid

tumor bearing
N-CWS treatedsolidtumor

bearing2"Day

1
Control (normal)
N-CWStreatedSolid

tumor bearing
N-CWS treatedsolidtumor

bearing
Tumor wt >1.0Tumor

wt51.0Day
4

Control (normal)
Solid tumorbearingN-CWS

treatedsolidtumor
bearing

Tumor wt >1.0Tumor
wt S1.0No.

of
rats3

44

48

38838

1175%

tumoricidal
activity

(mean Â±SE)0.3

Â±0.1
1.9Â±1.04.1

Â±2.7
8.1Â±1.016.0

Â±0.9
14.5 Â±2.517.8
Â±1.622.6

Â±3.222.9
Â±1.53.7

Â±1.1
4.5 Â±0.89.2

Â±1.912.2
Â±1.7PNSÂ°NS<0.01NSNSNS<0.01NS<0.05<0.001Tumor

wt(g)8.17.45.34.40.19.15.00.3

* Treatment was the same as in Table 2.
0 Peritoneal cells were harvested 1 day after i.p. injection of Hanks' balanced

salt solution.
c NS, not significant.
d Whole i.p. cells were harvested 1 and 4 days after i.p. inoculation of AMC

tumor cells (1 x 105).

rats showedslight tumoricidalactivity (Experiment1). On the
contrary,when living tumor cells were inoculated,the macro
phage tumoricidalactivity increasedrapidly 1 day later and
decreased4 dayslaterin allexperimentalgroups.Particularlyin
N-CWS-treatedsolidtumor-bearingrats, the tumoricidalactivity
was potentiatedmoreeffectivelythan in the otherexperimental
groups. The influenceof the primary tumor growth on this
potentiationwasnot conclusive.

Furthermorethe macrophagepotentialitywas estimatedin
terms of the durabilityof the tumoricidalactivityby comparing
the in vitro decayof the macrophagetumoricidalactivity(Table
4). In all groups, the tumoricidalactivity of the macrophages
incubatedin vitrofor anadditional24 h was foundto bedramat-

Tabto4
In vitro decay of macrophage tumoricidal activity

% tumoricidal
activity*

(mean Â±SE)
%Group"Normal

Solid tumor bearing
N-CWStreated solid

tumor bearingNo.

of
rats8

5
12Before

incubation16.1

Â±0.1
16.9 Â±2.1
21.8 Â±2.3After

incubation1.8

Â±0.8
1.4 Â±0.4
6.1 Â±1.3reduc-

tionc90.1

91.4
75.3d

" Treatment was the same as in Table 2.
5 Macrophagemonolayerwas prepared 1 day after i.p. inoculationof AMC tumor

cells and assayed for tumoricidal activity before and after 24 h incubation.
c F tumoricidal activity after incubation 1

[ tumoricidal activity before incubation]]
d P < 0.02 compared to normal and tumor-bearing rats.

30

Â£
S

Â£ 20
3S

A

I

10

r â€¢0.79

10 20 30

Tumoricidal activity for SL 1 (%)

Chart 2. Tumoricidal activities of macrophages for AMC 60 and SL 1 tumor
cells. Whole i.p. cells were harvested 4 days after i.p. inoculation of AMC tumor
cells into N-CWS-treated solid tumor-bearing rats, and 1x10* host peritoneal cells
counted differentially by Turk's stain were seeded into a plastic tube. After a 2-h

incubation, both AMC tumor cells and nonadherent peritoneal cells were removed
and the resulting monolayer of macrophages (approximately 70% of the whole i.p.
cells seeded) was added with either 1x10* radiolabeled AMC 60 or SL 1 tumor

cells for assaying of macrophage tumoricidal activity; effectortarget cell ratio was
therefore presented as 100:1. â€¢,differential tumoricidal activity of one individual
animal.

Tables

Efleet of carrageenan on macrophage tumoricidal activity
% tumoricidal activity*

(meanÂ±SE)Macrophage

donorsN-CWS
treated solid

tumor bearingNo.

Of
rats11Withoutcarrageenan19.3

+ 2.6With

carrageenan3.3

Â±0.7P<0.01

* Tumoricidal activity of macrophages was assayed 1 day after the i.p. inocula

tion of AMC tumor cells into N-CWS-treated solid tumor-bearing rats in the presence
or absence of 100 ^g of carrageenan.

ically reduced. In N-CWS-treated solid tumor-bearing rats, the

percentage of reduction in this activity was significantly smaller
than that in the other control groups. Finally in an attempt to
attribute the tumoricidal activity to macrophages, some experi
ments were performed. Chart 2 shows the differential tumoricidal
activities for AMC and SL 1 tumor cells of the macrophages from
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Table6
Tumor/oda/ activity of macrophages induced by i.p. inoculation of AMC 60 or

SL 1 tumor cells attenuated by MMC

i.p. inoculation
and group8

No. of
rats

% tumoricidal
activity

(mean Â±SE)

AMC 60 SL1

SL1
Control (normal) 3 5.1 Â±0.6 7.6 Â±0.9
Solid tumor bearing 4 9.1 Â±2.1 8.9 Â±1.9
N-CWS treated solid 4 8.2 Â±2.4 7.3 + 2.1

tumor bearing

AMC 60
Control (normal) 5 1.5 Â±0.6 Not done
Solid tumor bearing 5 2.8 Â±0.7 Not done
N-CWS treated solid 7 14.9 Â±3.4* Not done

tumor bearing

AMC 60
Control (normal) 3 4.2 + 1.7 9.3 Â±3.1
Solid tumor bearing 4 6.6 Â±2.3 13.8 Â±2.1
N-CWS treated solid 4 20.2 Â±4.3C 22.1 Â±3.7

tumor bearing
' Rats were inoculated i.p. with either AMC 60 or SL 1 tumor cells attenuated

with MMC and treatment was the same as in Table 2.
V-cO.01.
CP<0.05.

individual animals killed 4 days after i.p. inoculation of 1 x 10s

living AMC tumor cells. There was a close correlation between
these activities. Table 5 shows the effect of carrageenan added
in vitro during the assay of tumoricidal activity. Apparently the
tumoricidal activity was lost by this treatment. Although no data
are presented here, the nonadherent peritoneal cells separated
from the whole i.p. cells induced in N-CWS-treated solid tumor-

bearing rats showed no signficant tumoricidal activity.
Final experiments were carried out to examine the induction

of tumoricidal macrophages by i.p. inoculation of different kinds
of tumor cells which were related or unrelated to the primary
solid tumor. Before i.p. inoculation, both AMC and SL 1 tumor
cells were completely attenuated by incubation with MMC
(Kyowa Hakko Industrial Co., Tokyo, Japan) at a concentration
of 50 /ig/m' for 30 min. Without this MMC treatment, intact SL
1 tumor cells, which are the same size as the macrophages and
lymphocytes, would proliferate so rapidly as to make it impossi
ble to perform the differential cell counting of the SL 1 tumor
cells and host peritoneal cells. As shown in Table 6, the macro
phage tumoricidal activity for AMC tumor cells was preferentially
potentiated in N-CWS-treated rats bearing a solid tumor after
i.p. inoculation of MMC-attenuated AMC tumor cells but not after

the same treatment with SL 1 tumor cells. However, the activity
was observed also for SL 1 tumor cells indicating that they were
tumor nonspecific. The difference in tumoricidal activity between
AMC and SL 1 tumor target cells seemed to be due to a
difference in the susceptibility of these target cells to tumoricidal
macrophages.

DISCUSSION

In the tumor-host system used here, the growth of tumor cells

inoculated secondarily into the peritoneal or pleural cavity of rats
bearing a solid tumor was found to be retarded and accompanied
by occasional regression. This kind of paradoxical resistance to
a second tumor graft in tumor-bearing animals is usually thought

to be mediated by the generation of a state of concomitant
immunity. Although the resistance was usually not strong enough
to induce complete regression of the second tumor graft in the
peritoneal cavity, in an earlier study using the same tumor-host
system, we observed that repeated injection of N-CWS into a

distant solid tumor could augment the tumoricidal activity of the
peritoneal resident macrophages (13). Extending these obser
vations, the following experiments were designed to analyze the
effect of intratumoral injections of N-CWS on concomitant re

sistance with special reference to macrophage activation.
Initially we demonstrated that the in vivo decay of injected

radiolabeled tumor cells, which indicates in vivo tumor cell death
(16-18), was facilitated only in N-CWS-treated solid tumor-bear

ing rats. The results, together with other findings that sequential
proliferation of tumor cells inoculated into the peritoneal cavity
compared to the normal and N-CWS-treated controls was sig
nificantly inhibited in N-CWS-treated solid tumor-bearing rats but
not in solid tumor-bearing rats, suggest that injections of N-CWS

into a primary growing tumor may be essential for augmentation
of weak concomitant resistance against tumor cells inoculated
secondarily. Regarding the possible effector mechanism of con
comitant resistance, our study also showed that i.p. inoculation
of AMC tumor cells resulted in a trigger for induction of tumori
cidal macrophages irrespective of the existence of a primary
solid tumor (Table 3), although no mechanism(s) has been clearly
elucidated. However, insofar as can be estimated by macrophage
tumoricidal activity, concomitant resistance in solid tumor-bear

ing rats was fairly weak and transient, as shown in Tables 3 and
4, which seemed to explain the experimental results shown in
Table 1.

North and Kirstein (4) have reported that progressive growth
of SA 1 sarcoma generates concomitant resistance to growth of
a second implant of the same tumor, which is associated with
generation of T-cell-mediated immunity to the growing tumor

and activated macrophages. In contrast, Gorelik ef al. (3) have
emphasized that the inhibitory effect observed in concomitant
immunity is tumor nonspecific and T-cell independent, whereas

the inhibitory effect of a local tumor on mÃ©tastasesseems to be
tumor specific (6). In a recent report, however, they mentioned
that the resistance of tumor-bearing mice to a second tumor

challenge was a function of antitumor immune reactions if the
tumor was immunogenic (2). These data suggest that concomi
tant resistance can be augmented so as to provide significant
inhibition of the second implant of the same tumor when a
preexisting tumor-associated immune response has been pre

liminarily strengthened by an immunomodulator. In fact, there is
ample evidence that immunomodulators when injected with tu
mor cells into normal animals or intratumorally into tumor-bearing
animals are able to augment antitumor or tumor-associated
immune response(s) (11,19-22).

Furthermore it is generally accepted that the kinetics of mac
rophage tumoricidal activity are essentially regulated by a MAF
(14, 23-25), which is mainly produced by interaction between
the antigen and the antigen-reactive T-cells (26-28). Â¡nfact, we
observed that the macrophage tumoricidal activity in N-CWS-
treated solid tumor-bearing rats was clearly more potent and

lasting both in vitro and in vivo than in control groups. This
together with the general concepts mentioned above led us to
surmise that N-CWS might play an important role in augmenting

concomitant immunity by potentiating a preexisting but weak
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cell-mediated immune response including MAP production. Re
cently collaboration of specifically sensitized T-lymphocytes with
an immunomodulator-activated antitumor effect by treatment
with Corynebacterium parvum has been reported (29); however,
little is known about the adjuvant effect of an immunomodulator
on MAP production by a cell-mediated immune response to

tumor cells.
In the experiment with a single i.p. inoculation of MMC-atten-

uated tumor cells, tumor-specific augmentation of macrophage
tumoricidal activity was observed in the N-CWS-treated tumor-

bearing animals. Turtle ef al. (5) characterized the peritoneal
exÃºdate cells as an accumulation of effectors mediating concom
itant immunity. In the present experimental system also, the i.p.
inoculation of AMC 60 tumor cells may play an important role in
triggering and locally intensifying the tumor-associated cell-me
diated immune response activated preliminarily by N-CWS and

subsequently eliciting local macrophage activation leading to a
state of concomitant immunity. From this point of view, the
present finding that the tumoricidal activity of macrophage mon-
olayers induced in N-CWS-treated solid tumor-bearing rats was

more durable in vitro (shown in Table 4) may be related to the
function of lymphocytes which remained unremoved in the mon-

olayer. Considering again the previous and present results, it
seems probable that an immunomodulator can effectively aug
ment concomitant immunity by its potentiating activity on a
preexisting tumor-associated cell-mediated immune response,

and this is capable of rendering macrophage tumoricidal in
collaboration with the local antigenic stimulation by the second
tumor inoculation.

There have been some clinical reports on the therapeutic
benefits of N-CWS administration to cancer patients (30, 31).

Further studies on the effect of immunomodulators on concom
itant immunity may provide a rational basis for clinical use of
immunomodulators in patients with cancer.

Studies are in progress in our laboratory to elucidate tumor-

specific MAF production by interaction between secondarily in
oculated tumor cells and the preexisting tumor-associated im

mune response potentiated by an immunomodulator.

REFERENCES

1. Vaage, J. Concomitant immunity and specific depression of immunity by
residual or reinjected syngeneic tumor tissue. Cancer Res., 31: 1655-1662,
1971.

2. Gorelik, E. Resistance of tumor-bearing mice to a second tumor challenge.
Cancer Res., 43: 138-145, 1983.

3. Gorelik, E., Segal, S., and Feldman,M. On the mechanismof tumor concomi
tant immunity. Int. J. Cancer, 27: 847-856, 1981.

4. North, R. J., and Kirstein, D. P. T-cell-mediated concomitant immunity to
syngeneic tumors, I. Activated macrophagesas the expressors of nonspecific
immunity to unrelatedtumors and bacterialparasites.J. Exp. Med., 145:275-
291, 1977.

5. Tuttle, R. L., Knick. V. C., Stopford, C. R., and Wolberg, G. In vivo and in vitro
antitumor activity expressed by cells of concomitantly immune mice. Cancer
Res., 43: 2600-2605,1983.

6. Gorelik, E., Segal, S., and Feldman, M. Growth of a local tumor exerts a
specific inhibitory effect on progression of lung mÃ©tastases.Int. J. Cancer,27:
617-625,1978.

7. Janik, P., Bertram, J. S., and Szaniawska, B. Modulationof lung tumor colony
formation by a subcutaneouslygrowing tumor. J. Nati. Cancer Inst., 66:1155-

1158,1981.
8. Sugarbaker,E., Thomthwaite, J., and Ketcham,A. Inhibitoryeffect of a primary

tumor on metastasis. Prog. Cancer Res. Ther, 5: 227-240,1977.
9. Ito, M., lizuka. H., Masuno, T., Yasunami, R., Ogura, T., Yamamura, Y., and

Azuma, I. Killing of tumor cells in vitro by macrophages from mice given
injections of squalene-treated cell wall skeleton of Nocardia rubra. Cancer
Res., 41: 2925-2930, 1981.

10. Kagawa, K., Yamashita, T., Tsubura, E., and Yamamura, Y. Inhibition of
pulmonary metastasis by Nocardia rubra cell wall skeleton, with special refer
ence to macrophageactivation. Cancer Res., 44: 665-670,1984.

11. Kawase, I., Uemiya,M., Yoshimoto, T., Ogura, T., Hirao, F., and Yamamura,
Y. Effect of Nocardia rubra cell wall skeleton on T-cell-mediatedcytotoxicity in
mice bearingsyngeneicsarcoma. Cancer Res., 41: 660-666,1981.

12. Masuno, T., Ito, M., Ogura, T., Hirao, F., Yamawaki, M., Azuma, I., and
Yamamura, Y. Activation of peritoneal macrophages by oil-attached cell wall
skeleton of BCG and Nocardia rubra. Gann, 70: 223-227, 1979.

13. Ogura, T., Namba, M., Hirao, F., Yamamura,Y., and Azuma, I. Association of
macrophageactivation with antitumor effect on rat syngeneic fibrosarcomaby
Nocardia rubra cell wall skeleton. Cancer Res., 39: 4706-4712,1979.

14. SonÃ©,S., and Fidler, I. J. Activation of alveolarmacrophagesto the tumoricidal
state in the presenceof progressivelygrowing pulmonarymÃ©tastases.Cancer
Res.,47. 2401-2406,1981.

15. SonÃ©,S., Pollack, V. A., and Fidler, I. J. Direct activation of tumoricidal
properties in rat alveolar macrophages by Nocardia rubra. Cancer Immunol.
Immunother.,9: 227-232,1980.

16. Fidler, I. J. Metastasis: quantitative analysis of distribution and fate of tumor
emboli labeledwith 125l-5-iodo-2'-deoxyuridine.J. Nati. Cancer Inst., 45: 773-

782,1970.
17. Fioretti,M. C., Liberti, M., Bonmassar,E.,and Cudkowicz, G. Immuneinhibition

of altogeneiclymphomacells in the peritonealcavity in mice. Cancer Res., 35:
30-36,1975.

18. Proctor, J. W., Auclair, B. G., and Rudenstam,C. M. The distribution and fate
of blood borne 125l-Udr-labelledtumor cells in immune syngeneic rats. Int. J.
Cancer, 78: 255-262,1976.

19. Davies, M., and Sabbadim, E. Dose dependent adjuvant effect of Bacillus
Calmette-GuÃ©rinon tumor immunity in Lewis rats. Cancer Res., 39: 958-965,
1979.

20. Dye, E. S., North, R. J., and Mills, C. D. Mechanism of antitumor action of
Corynebacteriumparvum. I. Potentiated tumor-specific immunity and its ther
apeutic limitations.J. Exp. Med., 754: 609-620,1981.

21. Jones, P. D. E., and Castro, J. E. Immunological mechanisms in metastatic
spread and antimetastatic effect of C. Parvum. Brit. J. Cancer, 35: 519-527,
1977.

22. Scott, M. T. Potentiation of the tumor specific immune response by Coryne
bacteriumparvum. J. Nati. Cancer Inst., 55: 65-72, 1975.

23. Fidter,I. J. Activation in vitro of mouse macrophagesby syngeneic,allogeneic
or xenogeneic lymphocyte supernatant.J. Nati. Cancer Inst., 55:1159-1163,
1975.

24. Fidler, I. J., Barnes, Z., Fogler, W. E., Kirsh, R., Bugelski, P., and Poste, G.
Involvement of macrophages in the eradication of established mÃ©tastases
following intravenousinjectionof liposomescontainingmacrophageactivators.
Cancer Res., 42: 496-501,1982.

25. Meltzer, M. S., Ruco, L. P., Boraschi, D., and Nacy, C. A. Macrophage
activation for tumor cytotoxicity: analysis of intermediary reactions. J. Reticu-
loendothel.Soc., 26: 403-416,1979.

26. McGregor, D. D., and LogÂ«,P. S. The mediator of cellular immunity, X.
Interaction of macrophage and specially sensitized lymphocytes. Cell. Immu
nol., 73: 454-465,1975.

27. Ruco, L. P., and Meltzer, M. S. Macrophageactivation for tumor cytotoxicity:
induction of tumoricidal macrophages by PPD in BCG-immune mice. Cell.
Immunol.,32: 203-215, 1977.

28. Ruco, K. P., and Meltzer, M. S. Macrophage activation for tumor cytotoxicity:
induction of tumoricidal macrophages by supematants of PPD-stimulated
Bacillus Ca/meffe-Guer/n-immunespleen cell cultures. J. Immunol., 179: 889-
896, 1977.

29. Miyata, H., Himeno, K., and Nomoto, K. Mechanisms of the potentiation of
specific antitumor immunity by intratumor injection of Corynebacteriumpar
vum. Cancer Res., 43: 4670-4675,1983.

30. Ochiai, T., Sato, H., Sato, H., Hayashi, R., Asano, T., Isono, K., Suzuki, T.,
Nagata,M., Enomoto, K., Gunji,Y., Okuyama,K., and Tanaka.T. Randomized
controlled study of chemotherapy versus chemoimmunotherapyin postoper
ative gastric cancer patients. Cancer Res., 43: 3001-3007,1983.

31. Yamamura,Y., Ogura, T., Sakatani, M., Hirao, F., Kishimoto, S., Fukuoka, M.,
Takada, M., Kuwahara,M., Furuse,K., Kawahara,O., Ikegami,H., andOgawa,
N. Randomized controlled study of adjuvant immunotherapy with Nocardia
rubra cell wall skeleton for inoperable lung cancer. Cancer Res., 43: 5575-
5579,1983.

CANCER RESEARCH VOL. 45 DECEMBER 1985

6375

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2421706/cr04512p16371.pdf by guest on 19 M

ay 2023




