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Combined therapeutic effects of an immunomodulator, PSK,
and chemotherapy with carboquone on rat bladder carcinoma
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Summary. Responses of bladder cancer in ACI rats to
combination therapy with an immunomodulator, PSK, and an
alkylating agent, carboquone, are reported. PSK is a pro-
tein-bound polysaccharide isolated from Basidiomycetes, and
carboquone is the alkylating agent 2,5-bis(1-aziridinyl)-3-(2-hy-
droxy-1-methanoxyethyl)-6-methyl-p-benzoquinone  carbor-
nate, molecular weight 3,214.

The immunomodulator, PSK, was shown to enhance the
effectiveness of the chemotherapeutic agent, carboquone. The
therapeutic effect of combination tratment was monitored by
measuring growth rates of tumors transplanted SC and by
measuring decreases in metastatic spread to lungs in tumor-bear-
ing animals. Effects of PSK on host immunity were monitored
by measuring serum levels of immunosuppressive substance.

Introduction

Surgery, radiotherapy, chemotherapy, and immunotherapy
have all been used in the management of malignant tumors.
Bladder cancer is immunologically the most extensively
studied urologic tumor. Various manipulations of immune
systems in tumor-bearing hosts have been used to restrict or
alter bladder tumor growth. Nonspecific active immunothera-
py has received the most attention, because it is felt that the
general immune status of the tumor-bearing host is usually
depressed and may be further depressed by the use of
chemotherapeutic agents. Therefore, many animal studies and
some human studies of bladder cancer have used agents such as
Bacillus Calmette-Guérin (BCG), C. parvum, Streptomyces
(OK432), levamisole, thymosin, and poly I: C in efforts to
enhance host immune systems.

In animal studies BCG has been used extensively, but with
mixed results [1, 5, 14, 19, 32]. Differences in responses may
well be due to type, route of administration, and dose
schedule. In human studies BCG has been used successfully in
the treatment of patients with superficial bladder cancer [4, 15,
18, 19]. One study [11] indicates that the streptococcal OK-432
might also be beneficial, but in other studies C. parvum [29]
and poly I:C [8] were not effective in reducing the recurrence
rate of superficial bladder cancer. Interferon has also been
used as a preparation for intralesional injection [9] and shows
promise, but more studies need to be done.
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The mechanism by which most immunomodulators exert
an antitumor effect remains speculative. BCG, for example,
elicits a host response, which is mediated by tissue and
circulating macrophages. Macrophages may then exert a direct
antitumor effect or indirect tumor cell destruction by the
recruitment of cytotoxic lymphocytes. BCG may also modulate
suppressor cells and induce interferon, which in turn may
activate NK cells [3].

Since one of the common side effects of chemotherapy is
suppresion of the antitumor immunity of the host, it is
important to counteract this suppression to achieve an
optimum chemotherapeutic effect. Various immunochemo-
therapeutic regimens have been reported [10, 16, 20, 24, 33,
34], all designed with the aim of enhancing host antitumor
immunity while reducing the immunosuppressive action of the
chemotherapeutic agent. PSK has been the immunomodulator
in some of these studies [16, 20, 34] and is the agent used in the
studies described below.

Materials and methods

PSK is a protein-bound polysaccharide lectin (molecular
weight 100,000) isolated from Basidiomycetes [2, 26, 27, 35]
and obtained from Kureha Chemical Company, Japan.
Carboquone (CQ) is an alkylating chemotherapeutic agent
(Sankyo Co, Japan). ACI male rats 8—10 weeks old and
weighing 200 g were used as hosts for bladder tumor BC-47 [7].
The solid tumor was removed from a host rat, trypsinized into
a single cell suspension [36], and inoculated SC into the
backs of experimental animals (10 animals/group) on day 0.
PSK suspension was administered PO by catheter
from day 1 through day 30 at a dose of 1 ghkg. CQ was
administered IP on days 1, 4, 8, and 12 at a dose of 0.5 mg/kg.
Tumor sizes (cm’) were measured on days 7, 14, 21, and 28.
Groups consisted of control (no drug), PSK alone, CQ alone,
and PSK + CQ. The effect of treatment in each group was
monitored by noting survival time in days, changes in body
weight (weekly) and serum concentration of immunosuppres-
sive substance [30] on day 28, measured by single radial immu-
nodiffusoin. The amount of immunosuppressive substance.
Increase in life span for each treatment group was determined
by noting the time in days for 60% of animals to die from tumor
burden in relation to the untreated control group.

Effects of therapy on lung metastatic growth of BC-47
were also evaluated. Male ACI rats 3 weeks old were divided



into groups of 10 and received no therapy (control), PSK
alone, CQ alone, or PSK + CQ. Solid tissue (BC-47) was
removed from a stock animal, trypsinized into single cells, and
injected IV (2 X 10° cells/animal) on day0. PSK was
administered from day 1 through day 30 at a dose of 1 g’kg PO
while CQ was administered IP on days 1 and 7 at 0.5 mg/kg. All
groups were terminated on day 30. Effects of treatment on
lung metastasis was evaluated by animal survival time in days
and extent of lung metastasis in each animal at death or at
termination of experiment on day 30.

Results

Effect of therapy on growth rates of tumors
and on survival offanimals

The slope' of exponential growth of BC-47 injected into
untreated ACI rats and those treated with PSK alone was 0.47
and 0.36 (cm?/day), respectively, and this was not a significant
difference (unpaired ttest, P <0.05; Fig. 1). The slope of
exponential tumor growth in untreated rats aind in rats treated
with CQ alone was 0.47 and 0.14 (cm®day), respectively, and
this difference was significant (unpaired #test, P = 0.001;
Fig. 1). When exponential growth rates of tumors in untreated
animals and those treated with a combination of PSK and CQ
were measured the slopes were 0.47 and 0.06 (cm%/day7,
respectively, a significant difference (unpaired t-test, P = <
0.001; Fig. 1). The difference in growth rate between tumors in
animals treated with CQ alone and CQ + PSK (0.14 and 0.06,
respectively) was not significant (unpaired r-test, P = > 0.05,
Fig. 1).

The effect of therapy on animal survival is shown in Fig. 2.
Increase in life span over untreated tumor-bearing control
animals was 57%, 32%, and 82% for animals receiving CQ
alone, PSK alone, or CQ + PSK, respectively. At 60 days after
tumor inoculation in animals receiving CQ alone, PSK alone,
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Fig. 1. Linear regression analysis of mean tumor growth in BC-47
bladder carcinoma. Each group contained 10 animals. Control group
(O no treatment), r value = 0.9806; PSK alone group (A), r value =
0.9337; CQ alone group (@), r value = 0.9053; PSK + CQ group (A), r
value = 0.9041. PSK dose = 1.0 g/kg PO daily; CQ dose = 0.5 mg/kg
IP on days 1, 4, 8, and 12
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Fig. 2. Effect of PSK and CQ therapy on life span of rats hosting BC-47
bladder carcinoma. Tumor inoculation on day 0, 10 animals in each
group. Control group (no treatment), solid heavy line; PSK alone
group, dashed light line; CQ alone group, dashed heavy line; PSK +
CQ group, solid light line. PSK dose = 1.0 g/kg PO daily; CQ dose =
0.5 mg/kg IP on days 1, 4, 8, and 12

and CQ + PSK, one, one, and three animals, respectively.
were alive. All animals in the untreated group were dead at day
41 after tumor inoculation.

Effect of therapy on tumor growth metastatic to lung

The effect on life span of animals injected with BC-47 IV is
shown in Fig. 3. The lung metastatic tumor percentage take
rate was 70, 60, 60, and 40 for control, PSK alone, CQ alone,
and PSK + CQ groups, respectively. All animals with one or
more metastatic nodules died by day 27. The experiment was
terminated on day 30. Therapy did not increase survival in any
group if only those animals with lung tumors are considered.
However, the incidence of tumor growth in the PSK + CQ
combination group was lower than in each of the other three
groups (control, PSK alone, CQ alone).

Effect of therapy on host parameters

Each treatment group was evaluated during therapy by
monitoring changes in body weight. All groups gained weight
over the 4-week treatment period (Fig. 4). The correlation
coefficients for the no treatment (control) and PSK alone
groups indicated that group mean weight gains were a linear
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Fig. 3. Effect of PSK and CQ therapy on life span of rats injected IV
with BC-47 bladder carcinoma; 2 x 10° viable cells inoculated on
day 0. 10 animals in each group. Rats evaluated for lung lesions on day
of death or at termination of experiment. Control group (no
treatment), solid heavy line; PSK alone group, dashed light line; CQ
alone group, dashed heavy line; PSK + CQ group, solid light line. PSK
dose = 1.0 g/lkg PO daily; CQ dose = 0.3 mg/kg IP on days 1 and 7
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Fig. 4. Effect of PSK and CQ therapy on mean body weight (g) of
rats hosting BC-47 bladder carcinoma. Each group contained 10
animals, O, control group, no treatment; A, PSK alone group; @, CQ
alone group; A, PSK + CQ group. PSK dose = 1.0 g/kg PO daily; CQ
dose = 0.5 mg/kg IP on days 1, 4, 8, and 12

function, whereas in the CQ alone and CQ + PSK groups they
were nonlinear. These two groups experienced a net loss in
mean group weights in weeks 1 and 2, the period during which
therapy was given.

All treatment groups had serum immunosuppressive
substance levels determined at week 4 to determine the effect
of therapy on that aspect of the host imune system. The no
therapy (control), PSK alone, and CQ alone groups all had
significantly elevated levels (unpaired #test, P < 0.001)
compared either with the treatment group receiving CQ +
PSK or with the non-tumor-bearing normal rat group (Fig. 5).
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Fig. 5. Effect of PSK and CQ therapy on serum levels of
immunosuppressive substance in rats hosting BC-47 bladder carcino-
ma. PSK = 1 g/kg PO daily; CQ = 0.5 mg/kg IP on days 1, 4, 8, and 12.
Serum levels of immunosuppressive substance were measured on
day 28. Tumor inoculation on day 0

There was no significant difference in immunosuppressive
substance serum levels among the no treatment (control)
group, the CQ alone group and the PSK alone group (unpaired
t-test, P > 0.05), although the mean serum levels were lowest
in the PSK alone group. There was no significant difference
between the group receiving CQ + PSK and the non-tu-
mor-bearing normal rat group (unpaired t-test, P> .005).

Discussion

Several studies using immunomodulators, such as PSK, in
conjunction with various chemotherapeutic agents have been
reported previously [2, 12, 28]. It is clear that the combined
effects are dependent on the specific chemotherapeutic agents
used and on the administrative routes and schedules. Com-
bination therapy with PSK and CQ has been effective in animal
tumors [13, 31] as well as in human tumors including lung
carcinomas [17] and urologic carcinomas [21].

In this study, CQ significantly decreased the growth rate of
the test tumor BC-47. However, three of 10 animals were dead
at 4 weeks, all with lung metastases. CQ alone increased the
life span of the tumor-bearing animals by 57% beyond the
untreated (control) animal group. PSK alone was not an
effective chemotherapeutic agent, since it did not significantly
decrease the tumor growth rate. The life span of the
PSK-treated group, however, was extended by 32% beyond
that of the untreated control group.

Combination therapy of BC-47 with PSK and CQ
demonstrated significant inhibition of tumor growth and an
increase in life span of 82% over the not treatment (control)
group. In the experiment in which BC-47 cells were injected IV
and metastatic lesions to lungs were monitored, the groups
receiving no therapy, PSK alone, and CQ alone had similar life
spans and a similar incidence of lung lesions. Obvious
prolongation of survival was evident in the group receiving
combination PSK and CQ, With 60% of the animals having no
tumor modules in either lung at 30 days, the last day of the
experiment. Longer observation periods are needed to deter-
mine whether these animals were tumor-free or had unde-
tectable small lesions at day 30.

Nakano et al. [22, 23] demonstrated that CQ administra-
tion had two measurable side effects on treated animals. First,
delayed-type skin reactions were diminished and second, the
animals had a decrease in body weight during therapy. When
PSK was combined with CQ the skin reactions were restored to
normal and weight loss was diminished. In the present studies,
rats receiving CQ alone lost only 7% of the mean body weight
during the 12 days of therapy and were gaining weight 7 days
afterwards. Animals receiving PSK and CQ combination
therapy lost 15% of the mean body weight during therapy but
were also gaining weight 7 days after completion of CQ
administration. For the group receiving the combination of CQ
and PSK, the correlation coefficient of mean body weight
changes during the 5-week experimental period was 0.7110,
indicating the CQ administration caused a decrease in body
weight. The addition of PSK in this group allowed an 18%
mean increase in body weight at 4 weeks after inoculation.
Animals in the control group had a 49% mean increase in body
weight.

Immunosuppressive substance is known to increase in the
serum of tumor-bearing animals [30]. Immunosuppressive
substance inhibits several T-cell-mediated immune responses
without affecting B-cell responses. It is a polypeptide with a
molecular weight of less than 10,000, which suppresses



PHA-induced proliferation of lymphocytes in vitro and
suppresses the in vivo induction of splenic plaque-forming cells
in mice [25]. Glasgow et al. [6] suggested that immunosup-
pressive substance might be responsible for the failure of some
cancer patients to mount an effective immune response against
their tumors. In these experiments, all tumor-bearing groups
had elevated serum levels of immunosuppressive substance.
However, the serum concentration of immunosuppressive
substance in the group receiving PSK alone was lower than the
serum levels in either the no treatment (control) group or the
group receiving CQ alone. A significant reduction (9.3-fold) in
the serum concentration of immunosuppressive substance was
evident in the group receiving combined CQ and PSK
compared with the no treatment (control) group. The
combination PSK and CQ group had serum levels only 1.5-fold
above the serum levels of non-tumor-bearing ACI rats. These
results suggest that although CQ is cytotoxic to tumor cells and
causes slowing of tumor growth, the remaining tumor cells
elicit production of immunosuppressive substance in the host
and consequently decrease the life span of the tumor-bearing
animals. These results suggest that combination therapy with
PSK and CQ is more effective than CQ therapy alone. CQ
alone acts as a cytotoxic chemotherapeutic agent. When PSK is
added to the therapeutic regimen it decreases the immuno-
suppressive substance in the sera of the tumor-bearing animals
to the concentration present in normal rat sera. In our
experiments, there was a 72% increase in the life span of
tumor-bearing animals receiving combination therapy over
tumor-bearing animals receiving no therapy.

In summary, combination therapy of PSK and CQ was
studied in ACI rats bearing rat_bladder carcinoma BC-47.
Comparison of the differences between treatment with CQ
alone versus PSK plus CQ allows the following conclusions.
First, there is no significant difference in tumor growth rates
(Fig. 1); second, animals receiving the combination therapy
had slightly longer survival times than animals receiving CQ
alone (Fig.2); third, the incidence of lung metastases in
animals receiving combination therapy was 40%, versus 60%
for animals receiving CQ alone; and fourth, the serum
immunosuppressive substance concentrations in animals
receiving combination therapy were significantly lower than
concentrations in animals receiving CQ alone. It is suggestive
that serum levels of immunosuppressive substance are elevated
by the tumor burden, and that the combination of PSK plus
CQ decreases serum levels to those found in normal,
non-tumor-bearing rats. Whether immunosuppressive sub-
stance is a reflection of host immunity is not known. PSK may
contribute slightly to the cytotoxicity of CQ. PSK seemed to be
contributory to the prolongation of life in the aniaml receiving
combination therapy.
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