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the patients’ CTL precursor status. It is reported that
inappropriate peptides induce the affinity maturation of
inappropriate T-cell receptors, which can disturb the
appropriate peptide signalings for generating CTL
responses (24), possibly resulting in the failure of cancer
immunotherapy using antigenic peptides. This host-oriented
peptide evaluation (HOPE) approach to augment tumor
responses in the peptide-based clinical trials deserves a good
deal of attention.

The time required for detecting candidate peptides to
generate CTLs is another important issue in the
immunotherapy of advanced cancer. It was reported that it
took 14 days to detect candidate peptides to generate CTLs
(10, 23). In cur whole blood assay, it took 4-5 days, which
suggests that our method may be more convenient for
screening the candidate peptides. Finally, we attempted to
establish a more rapid assay for predicting candidate
peptides for generating CTLs by using the IFN-gamma gene
(25). It was observed that the IFN-gamma response could
be detectable within 6 hours using real-time-PCR instead of
within 4-5 days using IFN-gamma-specific ELISA. This
approach is more expensive and laborious than that of IFN-
gamma-protein analysis, but can conserve the patients’
limited time by permitting them to start peptide-based
cancer immunotherapy earlier. Researchers who work in the
treatment of advanced cancer patients should give the
patients’ time the highest consideration. The use of real-
time-PCR for detecting the IFN-gamma gene may be a
useful tool in the HOPE approach to peptide-based cancer
immunotherapy.
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Abstract. Locoregional administration of the streptococcal
preparation OK-432 is effective in treating malignant ascites
from gastric cancer. In order to enhance the efficacy, we
conducted a pilot study of locoregional immunotherapy for
malignant ascites using host-oriented doses of OK-432. More-
over, action mechanisms of OK-432 were further explored
in view of the T-helper type 1 (Th1)-Th2 concept. Gastric
. cancer patients with cytologically determined malignant
ascites were locoregionally administered with OK-432, The
dose of OK-432 was selected according to the delayed-type
hypersensitivity (DTH) reaction levels to OK-432, Cytokine
- production profiles of ascites cells were determined using
whole ascites assay by stimulation with OK-432. IL-10 mRNA
expression was analyzed using RT-PCR. It was found that

a positive clinical response was observed in 37 of the 51

{73%) patients with the DTH-oriented approach, showing a
significantly higher efficacy than traditional dosage methods
using empirical doses (31/58, 53%) (p=0.0487). The DTH-
oriented administration of OK-432 produced adverse effects
such as fever elevation (p<0.0001) and abdominal pain
(p=0.0013) to a significantly lesser extent compared with
the traditional treatment. Analysis of the action mechanism
of OK-432 revealed that the DTH reaction in responders
(1946 mm) was stronger than that in non-responders (614 mm)
(p<0.0001). Tumor necrosis factor (TNF)-a production of
ascites cells was also higher in responders (3943£1247 pg/ml)
than in non-responders (12174939 pg/ml) (p=0.0002). There
was a significant positive correlation (p=0.0085) between the
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levels of DTH reaction and TNF-a production of ascites
cells, but not of blood cells. Responders appeared to polarize
on the Th1 axis when clinical responses were plotted on Thi-
Th2 dimensions according to the cytokine production profiles
of TNF-a, IFN-y, IL-4 and IL-6 of ascites cells. In vitro
culture with IL-2 of ascites cells after OK-432 administration
demonstrated an almost clonal expansion of CD4* lympho-
cytes, which produced TNF-« and IFN-y, but did not produce
[L-4 or [L-6. IL-10 mRNA expression was detectable in ascites
cells from non-responders before treatment. These results
suggest that the DTH-oriented locoregional administration of
OK-432 may be both effective and less toxic in treating
malignant ascites from gastric cancer, showing a possibility
of the tailored immunotherapy for malignant ascites. Thl
dysfunction exists in the microenvironment of malignant
ascites from gastric cancer, in which IL-10 may, in part, play
a role. The up-regulation of Th! responses by OK-432 may
result in positive clinical responses. The DTH reaction to
OK-432 may be a useful tool not only for predicting clinical
response but also for selecting the optimal dose of OK-432,

Introduction

Malignant ascites often occurs as a principal clinical problem
in primary or refractory cancer patients, and is associated with
several objective and subjective symptoms such as anorexia,
full sensation in the abdomen and dyspnea. If effective and
practical treatments for malignant ascites were available for
these terminally ill patients, it would offer them better quality
of life and might possibly prolong the survival. Locoregional
administration of various agents, including antineoplastic
chemotherapeutic drugs (1,2), biological response modifiers
for immunotherapy (2), and gene therapy agents (3) by para-
centesis may be good clinical candidates for the treatment of
malignant ascites due to its pharmacokinetic advances in drug
delivery.

In the present study, we examine locoregional immuno-
therapy for malignant ascites using OK-432, OK-432 is a
penicillin- and heat-inactivated lyophilized powder of Strepto-
coccus pyogenes A3. In Japan, OK-432 has been approved
for use in treating lymphangioma (4), in post-operative
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adjuvant therapy for several cancers in combination with
anti-cancer chemotherapy (5,6), and in treating malignant
effusions resulting from gastrointestinal and lung cancers (7).
The standard approved dose of OK-432 for malignancies is
5 KE per body.

OK-432 has a capability to induce potent host-mediated
immune responses and belongs to the category of biological
response modifiers. The mechanism responsible for the anti-
tumor activity of OK-432 has been studied both in vitro and
in vivo. Uchida and Micksche (8) reported that intrapleural
administration of OK-432 augmented ascites' natural killer
(NK) cell activity and reduced ascites' NK suppressor cell
activity. Katano and Torisu (9) demonstrated the induction of
tumericidal neutrophils by OK-432. In a previous study, we
reported that the locoregional administration of OK-432
induced serial cellular infiltration of immunocompetent cells,
including neutrophils, macrophages and lymphocytes, into
the local cavity (7). Fujimoto et al (10) recently found that
OK-432 stimulated IL-12 production to potentiate T-helper
type 1 (Thl) responses. The terms Thl and Th2 originally
described in mouse model studies (11), and later were extended
to studies on human immune systems (12,13}, T-helper cells
can be divided into two subpopulations, Thl and Th2,
according to the cytokine production profiles. Thl produces
interleukin (IL)-2, tumor necrosis factor (TNF) and interferon
(IFN)-y, and is involved in celjular immune responses including
delayed-type hypersensitivity (DTH) reactions. On the other
hand, Th2 produces IL-4, -5 and -6, and participates in humoral
immune responses through IgE synthesis. Studies on the
function of Th1 and Th2 have led to a greater understanding of
many disorders, including autoimmune and neoplastic diseases
(12,13).

We here conducted a pilot study of the locoregional
immunotherapy for malignant ascites from gastric cancer
using a host-oriented dose of OK-432. Further, we analyzed
the clinical response in terms of Thl and Th2 in order to
address the mechanism of OK-432 immunotherapy. We will
show that the up-regulation of Thl responses by locoregional
administration of OK-432 can result in a positive clinical
response, and that the clinical response of patients with
malignant ascites can be predicted with a DTH skin reaction,
which may permit a host-oriented approach of determining
an optimal dose of OK-432.

Materials and methods

Patients and locoregional immunotherapy using OK-432.
Fifty-one gastric cancer patients with cytologically proven
malignant ascites were enrolled in the study. The subjects
were less than 80 years of age and had measurable ascites on
sonographic examination and computed tomographic (CT)
scans, an Eastern Cooperative Oncology Group performance
status of 0-3, and a life expectancy of at least 3 months.
Written informed consent was obtained from each patient
before treatment. Ascitic fluid was removed by paracentesis
before treatment, and a host-oriented dose of QK-432,
described in detail below, was administered thereafter. QK-
432 administration was once repeated on day 8 when no
decrease of ascites was observed. Fifty-eight gastric cancer
patients with malignant ascites who had been treated
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empirically with 5 KE of OK-432 served as a historical
control. All of our subjects had been administered combination
chemotherapy with 5-fluorouracil (350 mg/body, daily,
continuously) and cis-platinum (5 mg/body, daily, intra-
venously), which had failed to reduce the ascites. Clinical
responses were assessed on day 15 by cytological and sono-
graphic examination together with CT scans. We then assigned
our patients to one of two groups: responders, who showed
disappearance or decrease of ascites with negative cytology
for more than 1 month after the treatment; and non-responders,
who had stable or increasing ascites even after the treatment.
Toxicities associated with OK-432 immunotherapy were
assessed according 1o the National Cancer Institute Common
Toxicity Criteria Version 2.0, with the exception of fever
elevation which was classified by degree: <37°C, 37-38°C,
38-39°C, and >39°C. Changes of performance status and
subjective symptoms of full sensation in the abdomen and
oral food intake were also evaluated before and after the
treatment,

DTH skin reaction to OK-432 and its clinical dose. The DTH
skin reaction test using OK-432 was performed in all patients
prior to the treatment and doses of OK-432 were decided. In
brief, 0.004 KE OK-432 dissolved in 0.02 ml saline was
intradermally injected in the forearm and the diameter of
redness was measured 24 h later. The dose of OK-432 for
treatment was determined as follows: 10 KE for patients
showing redness of 0-5 mm, 5 KE for those with 6-15 mm,
2 KE for those with 16-25 mm, and 1 KE for those with
>26 mm of skin redness. One KE of OK-432 contains 0.1 mg
of lyophilized streptococci.

Cytokine assay. Cytokine production potential was determined
using whole blood/ascites assay in initia] 20 patients consisting
of 14 responders and 6 non-responders. Briefly, heparinized
venous blood and ascites were collected prior to treatment
and 0.5 ml of each sample was added to 5 ml of RPMI-1640
mediumn containing 0.1 KE/m] OK-432 (Chugai Pharmaceutical
Company, Tokyo). Incubation was performed at 37°C in a
5% CO; incubator and supernatants were collected at 24 h,
because preliminary experiments showed that cytokine
production of blood cells and ascites cells peaked at 24 h
when stimulated with 0.1 KE/ml of OK-432. IFN-y and TNF-a
were measured as Thl cytokines, and IL-4 and -6 as Th2
cytokines by ELISA (R&D Systems, Minneapolis, MN).

Preparation of locoregional lymphocytes. Heparinized ascites
cells of responder patients were obtained by paracentesis
before and after treatment and pelleted. Cells were resuspended
in RPMI-1640 medium and layered on 75/100% Ficoll-Conray
gradient. After centrifugation at 400 g for 30 min, autologous
tumor cells were collected from 75% interface and mono-
nuclear cells from 100% interface. Mononuclear cells were
washed 3 times and incubated in RPMI-1640 medium
supplemented with 2% heat-inactivated autologous serum
and 80 U/ml IL-2. Incubation was maintained with changing
half the medium twice a week. On day 21, cells were harvested
and subjected to flow cytometry, and culture supernatants
were collected for measuring cytokine production by
ELISA.
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Table 1. Patient characteristics.

Empirical DTH-oriented
{n=58) {n=51)

Age 6248 - 6419
Gender (male/female) 41/17 32/19
P.S. (0/1/2/3) 4/21/28/5 4/19/24/4
Prior operation (yes/no) 52/6 46/5
Histology

Differentiated 13 11
Undifferentiated 45 40
Concurrent metastases

Liver 17 18
Lymph node 47 45

Flow cytometry. Fifty ul of the lymphocyte suspension
(5x10% was incubated with fluorescein isothiocyanate
(FITC) or phycoerythrin (PE)-labeled monoclonal antibodies
at 4°C for 45 min. Cells were washed twice and resuspended
in RPMI1-1640 medium. The monoclonal antibodies used
were anti-Leuda (CD3}, -Leu3a (CD4), -Leu2a {CD8)} and
-Leul9 (CD56, Becton Dickinson, Mountain View, CA).
Flow cytometric analysis was performed on Cytron (Ortho
Diagnostic Systems, Inc., Raritan, NJ). After being adequately
gated on lymphecytes using forward and side scatter, data
collection was set up to stop when 10000 events had been
analyzed.

IL-10 mRNA expression. Reverse transcription-polymerase
chain reaction (RT-PCR) was performed to analyze IL.-10
expression. In brief, total cellular RNA was extracted by acid
guanidinium thiocyanate-phenol-chloroform extraction, and
RNA samples were reverse-transcribed into ¢cDNA with a
random hexamer (14). PCR amplification of the cDNA was
performed in a reaction mixture consisting of cDNA samples,
Taq potymerase (Gibco-BRL, Grand Island, NY, USA) and
the following primers: IL-10, 5-AAGCTGAGAACCAAGA
CCCAGACATCAAGGC-3' and 3-AGCTATCCCAGAGCC
CCAGATCCGATTTTGG-5' (15), and B-actin (Stratagene,
La Jolla, CA, USA). The reaction was carried out in a Perkin-
Elmer Cetus thermal cycler (Perkin-Elmer Corporation,
Eden Prairie, MN, USA) under conditions of 3 min
denaturation at 94°C followed by 35 cycles of 1 min at 94°C,
1 'min at 55°C, and 1 min at 72°C. After amplification, 8 pl of
the reaction mixture was removed and analyzed by electro-
phoresis through 2.0% agarose gels in Tris-borate-EDTA
buffer, and the gels were then stained with ethidium bromide.
The expected lengths of the amplified cDNAs were 328 and
514 bp for IL-10 and B-actin, respectively.

Statistical analysis. Statistical analysis was conducted by 2
test or Student's t-test using StatView software (version 5) on
a Macintosh computer,
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Table I1. Comparison of clinical efficacies between empirical
and DTH-oriented OK-432 immunotherapies for malignant
ascites in gastric cancer patients.

Response Empirical (n=58) DTH-ortented (n=51)
Yes 31(53) 37(73)
No 27 (47) 14 (27)

Locoregional immunotherapy of malignant ascites was performed
in gastric cancer patients using DTH-oriented dose of OK-432, and
its clinical responses were compared with those of empirical control
lreatments. A statistical value was significantly different, p=0.0487.
Parentheses indicate percentages.

Results

Patient characteristics. The characteristics of the 51 patients
in the present study are listed in Table I. The patients had a
mean age of 64+9 years, and included 32 males and 19
females, and showed performance status (P.S.) values of 0-3.
Forty-six patients had undergone prior resection of the primary
tumor. Eighteen and 45 patients had concurrent liver and
lymph node metastases, respectively, as well as ascites
detectable by CT scan. Gastric cancer patients (n=58) with
malignant ascites, who had been previously treated with an
empirical dose of OK-432 (5 KE), are also shown in Table I
as a historical control group. No significant differences were
observed in the patients' characteristics between the DTH-
oriented group and the control group.

Clinical efficacy of locoregional immunotherapy for malignant
ascites using OK-432. Clinical efficacy was evaluated by
sonographic examination and CT scan (Table II). Positive
responses were observed in 37 of 51 (73%) patients in the
DTH-oriented group and in 31 of 58 (53%) patients in the
control group in treating malignant ascites by locoregional
immunotherapy using OK-432. There was a significant
difference in response rate between the control and the DTH-
criented groups (p=0.0487).

Toxicity of locoregional immunotherapy for malignant ascites
using OK-432. The DTH-oriented administration of OK-432
was assessed in terms of toxicity (Table I1D). Hematological
toxicity was not observed in any patients analyzed except
as an increase in white blood cell counts at approximately
12000-18000/mm?, which decreased spontaneously within
one week (data not shown). The most common constitutional
symptom was fever elevation with temperatures of >37°C
observed in the control group in 90% of patients treated by
OK-432, and most notably in 14% of the control group, who
suffered a fever of >39°C. In the DTH-oriented group, 71%
patients showed a fever elevation of >37°C and <38°C, and
no patients suffered a temperature of >39°C. There was a
significant difference of fever elevation levels between the
control and study groups (p<0.0001). Abdominal pain, the
second most frequently observed adverse effect, was also
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Table I11. Comparison of adverse effects between empirical
and DHT-oriented OK-432 immunotherapies for malignant
ascites in gastric cancer patients.

Adverse effects Empirical DHT-oriented
(n=58) (n=51)

Fever elevation (*C}

<37 6 (10} 5

237, <38 17 (29) 36(7)

238, <39 27 (47 10 (20)

239 8(14) 0

Abdominal pain

Grade 1,2 8 (14) 14 (27)

Grade 3 12 (21) t]

Locoregional immunotherapy of malignant ascites was performed
in gastric cancer patients using DTH-oriented dose of OK-432, and
its adverse effects were compared with those of empirical control
treatments. Statistical values were p<0.0001 and p=0.0013 for
adverse effects of fever elevation and abdominal pain, respectively.
Parentheses indicate percentages.

examined. In the control group, 21% of patients showed
grade 3 dull pain that disturbed their daily life for a couple of
days after the treatment. In the DTH-oriented group, 27% of
patients complained of grade 1 or 2 abdominal pain, but none
suffered pain of grade 3. There was a significant difference in
abdominal pain between the two groups (p=0.0013). Other
toxicities experienced were of no more than grade 2 in the
DTH-criented group {data not shown). -

Improvement of symptoms in responders. The significance of
OK-432 immunotherapy was assessed by comparing per-
formance status, full sensation in the abdomen and oral food
intake between responders and non-responders (Fig. 1),
Improvement in these three symptoms was found to be 43%,
93% and 64% in responders, and 17%, 17% and 0% in non-
responders, respectively. There were significant differences
between the presented values of responders and non-responders
in full sensation of the abdomen and oral food intake, but
not in performance status (p<0.0001, p<0.0001, p=0.0986,
respectively).

DTH reactions to OK-432 and clinical responses. In order to
address the background of responder patients to OK-432
immunotherapy, the DTH skin reaction to OK-432 was
analyzed in patients with malignant ascites (Fig. 2). The
redness of the DTH reaction differed from patient to patient
within the range of 0-30 mm in diameter, with 2 mean + SD
of 1528 mm. These skin reactions were clearly divided into
two populations in view of clinical responses to OK-432
treatment. The redness diameters of the DTH reaction in
responders and non-responders were 1946 and 6+4 mm,
respectively, and the DTH reaction of responders was
significantly stronger than that of non-responders (p<0.0001).
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Performance Full sensation in Oral food imake
slulus the abdomen
Responders 16¢43 IH92 362
(n=37) 6(43) 492) 23(62)
Non-responders 1483) 11(79) - 14(100)
(n=14)
()%

D Improved
D Nat improved

Figure 1. Clinical significance of locoregional immunotherapy for gastric
cancer patients with malignant ascites. Gastric cancer patients with malignant
ascites were treated with locoregional immunotherapy using 0OK-432, and
improvement in the findings indicated, both subjective and objective, were
compared between responders and non-responders.

DTH skin reaction (mm)

All patients

‘ Responders

Non-respenders Eﬁm 0
—
*

Figure 2. DTH skin reaction Jevels in gastric cancer patients with malignant
ascites. A DTH skin reaction fest using OK-432 was performed in gastric
cancer patients with malignant ascites before OK-432 immunotherapy, and
the diameter of skin redness was measured at 24 h and plotted. Patients who
had skin redness with blister () and those with faint redness (o) are also
shown. Significant difference from the value of responders, *p<0.0001.

Moreover, blister formation was observed in 2 responders,
while it was rather difficult to determine the redness margin
in 2 non-responders because of its faintness.

TNF-a production of blood cells and ascites cells by OK-432.
The cytokine production of blood cells and ascites cells by
in vitro stimulation with OK-432 was measured with the
whole blood assay and the whole ascites assay in patients
treated with OK-432 immunotherapy (Fig. 3). The blood
cells of responder patients produced significantly higher
TNF-o than those of non-responders (14181907 pg/ml vs.
5331422 pg/ml) (p=0.036). The ascites cells produced more
TNF-a than blood cells by OK-432 stimulation, and the
difference in TNF-a production between responders and non-



N
INTERNATIONAL JOURNAL OF ONCOLOGY 24: 959-966, 2004 -~

TNF-a (pg/ml)

2000 4000
Whole blood assay —
responders (n=14) %83 ]
—r
non-responder (n=6) :8)8
Whole asci _—
responders {n=14) o O OO@%
P

non-responder (n=6)

2

Figute 3. TNF-a production potential of blood and ascites cells stimulated with
OK-432. Ascites fluids were collected from gastric cancer patients before
OK-432 immunotherapy and diluted in medium, then stimulated with OK-432
for 24 h (whole ascites assay). TNF-a concentration in the supematant was
measured by ELISA. Values were significantly different between responders
and non-responders, *p=0.036, **p=0.0002.

Ascites cells

Blood cells
TNF- a
(pg/ml)

4000

2000 ® o
® ...
10 20

DTH skin reaction (mm)

Figure 4. Relationship between DTH skin reaction levels and TNF-a
production levels of blood cells or ascites cells. DTH skin reaction levels and
TNF-u production levels of blood cells or ascites cells were measured in
gastric cancer patients with malignant ascites before OK-432 treatment, and
linear regression analysis was carried out to clarify relationship between both
values. Regression coefficients were -0.036 (p=0.881) or 0.563 (p=0.0085)
for relationships between DTH skin reaction levels and TNF-a production
levels of bloed cells or ascites cells, respectively.

responders was markedly augmented when evaluated by the
whole ascites assay. Ascites cells from responder patients
produced 3943+1247 pg/ml TNF-a, whereas those from non-
responders produced 12174939 pg/ml TNF-a. A significant
difference was found between these two values (p=0.0002).

Relationship between levels of DTH response and TNF-a
production. We next analyzed the correlation between levels
of DTH reactions to OK-432 and TNF-a productions of
blood cells or ascites cells stimulated with OK-432 in vitro
(Fig. 4). We were unable to find any correlation between the
DTH reaction and TNF-a production levels of blood cells
stimulated with OK-432 (r=-0.036, p=0.881). We did, how-
ever, observe a significant positive correlation between the
DTH reactions and TNF-a production levels of ascites cells
by OK-432 stimulation, in which the correlation coefficient
was calculated at 0.563 (p=0.0085). '
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Figure 5. Comparison between clinical responses of OK-432 immunotherapy
and Thl, Th2 cytokine production profiles of ascites celis by in vitro
stimulation with OK-432. Cytokine production profiles, including TNF-a
and IFN-y as Thl cyokines, and 1L-6 and IL-4 as Th? cytokines, of ascites
cells from gastric cancer patients were determined by whole ascites assay
using OK-432 stimulation before OK-432 immunotherapy. Clinical responses
were plotted on a Th1-Th2 dimension as indicated.

Relationship between clinical responses and Thl/Th2 cyto-
kines. Clinical responses were analyzed in detail in order to
explore the mechanisms of OK-432 immunotherapy by using
the Th1/Th2 concept based on cytokine production profiles
of ascites cells of TNF-a, IFN-y, IL-4 and IL-6, which were
measured by means of the whole ascites assay using OK-432
(Fig. 5). When the clinical responses were plotted on a TNF-o/
IL-6 dimension, responder patients appeared to polarize on
the TNF-a axis, while the non-responder patients deviated
on the IL-6 axis. A similar result was observed when the
data were analyzed in the IFN-y/IL-4 dimension, in which the
responders polarized on the IFN-y axis but the non-responders
did not.

Preferential expansion of CD4* Thl Iymphocytes. Ascites
lymphocytes of 3 responders were stimulated in vitro with
IL-2 and further characterized by the phenotype analysis and
cytokine production analysis (Table IV). More than 89% of
lymphocytes predominantly expressed CD3* and CD4*
phenotypes, but CD8 and CD56 populations were around
15%. These CD3+*CD4* lymphocyte lines were found to
produce predominantly TNF-a and IFN-y but little or no IL-4
or IL-6.

IL-10 mRNA expression of ascitic cells. Finally, the expression
of Th2 cytokine IL-10 was examined at the mRNA level
(Fig. 6). Among the 13 patients examined, 10 of the 11
responders to OK-432 immunotherapy showed no expression
of IL-10 mRNA in ascites cells before treatment (Fig. 6,
lanes 1-10). However, both non-responders, as well as one
responder, demonstrated positive bands of IL-10 mRNA

expression in ascites cells prior to treatment (Fig. 6, lanes
11-13).

Discussion
We have demonstrated here the efficacy of locoregional

immunotherapy for malignant ascites in gastric cancer patients
using the streptococcal preparation OK-432. Approximately



964

Table IV. Phenotypes and cytokine production profiles of
ascites cells after in vive OK-432 administration and in vitro
IL-2 stimulation.

Phenotype and cytokine Pt. 1 Pt. 2 Pt 3
Phenotype (%)
CD3 95 90 96
CD4 91 89 920
CcD3 16 13 7
CD356 13 17 ND
Cytckine (pg/ml)
TNF-a 3810 2710 883
[FN-y 2000 1044 954
-4 g 12 <4
IL-6 3 20 11

Ascites cells were collected after OK-432 immunotherapy and further
stimulated with IL-2 in vitro. Phenotypic analysis for activated cells
was performed on Cytoron, and cytokine concentrations in culture
supernatant of activated cells were determined by ELISA specific
for Th1, Th2 cytokines as indicated. Pt., patient; ND, not determined.

M )2
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Figure 6. IL-10 mRNA expression in ascites cells before OK-432 immuno-
therapy. mRNA was extracted from ascites cells of gastric cancer patients
before OK-432 immunotherapy, and IL-10 expression was evaluated by RT-
PCR analysis using primers specific for human 1L-10.

70% of patients were successfully treated by the locoregional
administration of OK-432, even when chemotherapy had
failed to regulate ascites. Although it has been reported that
patients with malignant ascites have an extremely poor
prognosis and that the mean survival period of patients with
malignant ascites is approximately 78 days (16), there is
considerable difference between the quality of the patients’
limited time with and without malignant ascites, since these
ascites can cause a full sensation in the abdomen, anorexia
and dyspnea, all of which typically decrease patients' QOL
(7,16). In the present study, approximately half of the patients
who responded to the OK-432 immunotherapy showed an
improvement in performance status, symptoms and oral food
intake without notable side effects. We would like to emphasize
that OK-432 locoregional immunotherapy is practical, effective
and very significant in improving the QOL of patients with
malignant ascites.

We have chosen to measure DTH skin reactions to OK-432
in order to address the characteristics of responder patients to
OK-432 immunotherapy. It was observed that there was quite
different responsiveness in the DTH reactions to OK-432

YAMAGUCHI ez al: DTH-ORIENTED IMMUNQTHERAPY OF MALIGNANT ASCITES USING OK-432

among the patients tested, indicating that each patient may
show any of a fairly wide range of different reactions and
clinical responses when administered QK-432. Interestingly,
a posilive relationship was demonstrated between the ¢linical
efficacy of OK-432 immunotherapy and the DTH reactions.
The DTH reaction has been previously reported to be one of
the most popular parameters when establishing the immuno-
logical status of cancer patients (17,18). In a study of post-
operative adjuvant chemoimmunotherapy, protein-bound poly-
saccaride PSK has been shown to have a survival benefit in
gastric cancer patients who have positive DTH reactions to
purified protein delivertives (19), We suggest that the DTH
reactions reflect the sustained immune responsiveness levels
of the host and that this sustained immune responsiveness is
the minimal condition for the success of locoregional immuno-
therapy using OK-432 for malignant ascites from gastric
cancer. ‘

Because DTH reaction levels to OK-432 indicate patients’
sustained immune responsiveness to OK-432 and because
these levels differ among patients with malignant ascites, it
may be possible to use the DTH reaction to determine the
optimal dose of OK-432 for OK-432 immunotherapy for each
individual patient. Our previous experiences with the loco-
regional administration of OK-432 in treating malignant ascites
showed that fever elevation was often an adverse effect of
this type of treatment. We hypothesized that patients who
showed a significant adverse effect needed much less OK-432
than the empirical dose (5 KE), and that patients who had no
response needed more. Therefore, we conducted a pilot study
in which a DTH-oriented dose of OK-432 (1-10 KE) was
administered to each patient. It was found that the DTH-
oriented approach demonstrated significantly high efficacy in
comparison with the empirical administration of OK-432.
Moreover, significantly fewer adverse effects were observed
in patients who received a DTH-oriented dosage of OK-432,
Talmadge er al (20) have reported that the dose of IL-2 is
critical and that a high dose of IL-2 does not always resuit in
successful immunotherapy in a mouse tumor model. We
suggest that there is an optimal dose of QK-432 for individual
treatment of malignant ascites, and that the DTH-oriented
administration of OK-432 is a highly effective treatment. If it
is true that an optimal dose of therapeutic agents exists in
immunotherapy for cancer, it is critical that it should not be
decided uniformly, nor by patients’ body weight or surface
area, but by patients' responsiveness to the agents. This study
provides a possibility of tailored immunotherapy for
malignant ascites. :

We next measured the cytokine production profiles of
ascites cells by whole blood/ascites assay. It was demonstrated
that the TNF-a production of ascites cells was stimulated
in vitro with OK-432 and that these responses correlated well
with clinical responses, indicating that not only the DTH
reaction but also the measurement of in vitro TNF-a production
of ascites cells with OK-432 is a good indicator for clinical
responses to OK-432 immunotherapy. Cytokine production
profiles have been studied in relation to patients’ immunity
and are usually measured with purified peripheral blood mono-
nuclear cells (PBMCs) (21). It has been reported that a good
correlation is obtained in comparing PBMC cultures with the
whole blood system if the cell number is taken into account,
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and that whole blood culture is a simple and reproducible
method for the measurement of mitogen-induced cytokine
production (22). Our data strongly suggest that the whole
ascites assay using OK-432 is also both simple and
reproducible to predict an in vivo situation for the purposes
of locoregional administration of OK-432.

It should be noted that the TNF-a-producing potential of
ascites cells by in vitro OK-432 stimulation correlated well
with the DTH skin reaction levels to OK-432, indicating that
it is possible to predict locoregional TNF-a response to OK-432
administration by the DTH reaction to OK-432. TNF-a may be
effectively induced in vivo by the locoregional administration
of OK-432 in responder patients who showed a strong DTH
reaction to OK-432, The DTH reaction is a more convenient
and practical method of determining the responsiveness, and
does not require any exceptional equipment. It remains to be
clarified why the DTH skin reaction levels correlate with the
TNF-a production potential of ascites cells. One possible
explanation is that both responses belong to the group of Thl
type immune responses (12). It is still unknown, however,
why the DTH skin reaction did not correlate with the TNF-a
production potential of peripheral blood ceils.

It has been demonstrated that OK-432 up-regulates Th1
type cellular immune responses by stimulating IL-12 expression
(10). In the present study, we attempted to understand loco-
regional responses to OK-432 according to the Thi/Th2
concept. We found that responders to locoregional immuno-
therapy for malignant ascites with OK-432 polarized on the
Thl axis when clinical responses were analyzed with Th1/Th2
dimensions on the basis of cytokine production profiles of
ascites cells by in vitro OK-432 stimulation. Interestingly,
in vitro cultivation with IL-2 of ascites cells of responder

patients after OK-432 administration was able to stimulate -

CD4* cell expansion which did produce Th1 cytokines. These
data strongly suggest that positive clinical responses can be
obtained in patients in whom OK-432 up-regulates Th1 type
responses. In other words, the Thl dysfunction may exist at
the level of the ascites microenvironment. Yoshino et al (23}
have reported that the Th2 population is relatively dominant
in gastric cancer patients even in the small tumor burden.
Shibata et al (24) have also reported the decreased production
of interleukin-12 and the dominance of Th2 immune responses
in cachectic patients with colorectal and gastric cancer.
-Although the results of our study are consistent with these
investigations on the Th1/Th2 concept of immunological
status in gastric cancer patients, we would like to propose
that the ascites microenvironment may be the Th1 dysfunction,
rather than Th2 dominance,

If the ascites microenvironment is the Thl dysfunction,
the Th2 cytokine IL-10 may play some roles in patients who
show a lack of response to OK-432 immunotherapy. In the
present study, we detected IL-10 mRNA expression in the
ascites cells of non-responders, but not in those of responders,
prior to OK-432 immunotherapy. It has previously been
reported that tumor cells of many histological types secrete
IL-10(25) and that IL-10 has immunosuppressive modulating
actions, including down-regulation of HLA (26), inhibition

of both CD40 expression and CD40-mediated dendritic cell .

- function (27), and suppression of Thl cytokine production
(28), especially of IL-12 (29). Considering this evidence, we
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suggest that tumor-derived 1L-10 may be involved, in part,
in the Thl dysfunction in the ascites microenvironment,
and that ascites cells fail to produce Thl cytokines even
under stimulation with OK-432, which can stimulate IL-12
production. Previously, we have demonstrated with an IL-10-
secreting murine tumor model that anti-IL-10 antibody
enhances the anti-tumor activity of OK-432 (30). This type
of approach may augment the clinical efficacy of OK-432
immunothetapy for patients with malignant ascites.

In conclusion, the locoregional immunotherapy using
OK-432 is a simple and an effective treatment for malignant
ascites in pastric cancer patients. The Thl dysfunction may
be present at the level of the ascites microenvironment, and a
positive clinical response can be induced by the up-regulation
of Thl type immune responses by OK-432. IL-10 may be
involved, in part, in the Thl dysfunction. Finally, each patient
has a different responsiveness to OK-432, and the DTH skin
reaction to OK-432 is an excellent method not only for
predicting clinical responsiveness but also for selecting the
appropriate dose of OK-432 on an individual basis. This type
of approach of the OK-432 immunotherapy improves the
QOL even for terminally ill patients with malignant ascites
from gastric cancer.
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Enhancing Effect of PS-K on IL-2-induced
Lymphocyte Activation: Possible Involvement
of Antagonistic Action Against TGF-beta
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YOSHIHARU KAWABUCHI, KOSUKE NOMA and TETSUYA TOGE
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Hiroshima University, Hiroshima, Japan

Abstract, Effects of protein-bound polysacchraide (PS)-K on
interleukin (IL)-2-induced responses of peripheral blood
mononuclear cells (PBMCs) were studied. PS-K (50 mcgiml)
was observed to enhance proliferative responses, cytotoxic
activities against K362 and Daudi targer cells, CD25+ cell
population and telomerase activity of PBMCs stimulated with
IL-2. The cytotoxic effector cells could be generated in the
presence of PS-K even with a minimum amount of IL-2. The
enhancing effect of PS-K on the IL-2-induced lymphocyte
activation was more evident in PBMCs from cancer patients
than in those from healthy volunteers, suggesting that PS-K may
be beneficial if combined in the IL-2-based immunotherapy of
cancer. TGF-beta inhibited the IL-2-induced lymphocyte
activation of proliferative responses, cytotoxic activities and
CD25+ cell population, the inhibitions of which were abrogated
with PS-K. PS-K also abrogated the TGF-beta-induced
anchorage-independent growth of normal rat kidney cells. Flow
cytometric analysis using a labeled TGF-beta revealed that PS-
K blocked the binding of TGF-beta at its receptor level on the
surface of PBMCs. It is suggested that PS-K enhances IL-2-
induced lymphocyte activation through, in part, an antagonistic
action against TGF-beta.

Polysaccharide (PS)-K, prepared from Coriolus vesicolor of
the class Basidiomycetes, has a molecular weight of 50,000 to
100,000 and belongs to biological response modifiers (BRMs)
(1, 2). The anti-tumor activity of PS-K was documented in
experimental animal models (3, 4) and beneficial therapeutic
effects were demonstrated in clinical studies of several types
of tumors (5). Recently, it has been published that PS-K has
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survival benefit in patients with gastric (6, 7) and colorectal
(8) cancers after surgery in combination with chemotherapy.
The mechanisms of action by which PS-K modifies host
biological immune responses have been addressed. It was
reported that PS-K had immunopotentiating activities such
as the augmentation of depressed natural killer activity in
cancer patients (9), the maturation of defective dendritic cell
function exposed to tumor-derived factors (10) and the up-
regulation of HLA class I expression on tumor cells (11).

We have examined the immunomodulatory activity of PS-
K and revealed its unique propetty of restoring the depressed
immune responses in cancer patients (12). This activity was
partly explained by its antagonistic action to soluble
immunosuppressive factor(s), including immunosuppressive
acidic protein (13). It is well established that transforming
growth factor (TGF)-beta has a potent immunosuppressive
activity (14, 15) and is involved in the regulation system of
lymphocyte activation together with interleukin (IL)-2 (16,
17), although it was originally reported that TGF-beta
transformed fibroblasts allowing them to grow on soft agar
(anchorage-independent growth) (18, 19).

In this report, we attempted to clarify PS-K activities on
the IL-2-induced lymphocyte responses and on the
immunosuppressive activities of TGF-beta, in order to further
understand the action mechanisms of PS-K. We will show its
synergistic effect on IL-2-induced lymphocyte responses with -
up-regulation of IL-2R expression, the effect of which is
possibly based on the antagonistic action against TGF-beta,

Materials and Methods

Reagents. PS-K was a kind gift from Kureha Chemical Industry,
Tokyo, Japan. It was dissolved in RPMI-1640 medium, filter-sterilized
and stored at -20°C untjj used. IL-2 (TGP-3) was purchased from
Takeda Pharmaceutical Co. Ltd, Osaka lapan. A fluorescein
isothiocyanate (FITC)-labeled anti-IL-2 receptor alpha chain (IL-2R,
CD25) antibody and FITC-labeled TGF-beta (Fluorokine) were
purchased from Becton-Dickinson Immune Systems, MP, USA.
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Cells. The erythroleukemic cell line, K562 and Daudi cells (17)
were cultured in RPMI-1640 medium supplemented with 10%
heat-inactivated fetal calf serum (FCS), 2 mM L-glutamine, 100
U/m] penicillin and 100 pg/m! streptomycin (complete medium) in
a humidified incubator with 5 % CO, at 37°C. Normal Rat Kidney
{NRK) cells (18) were maintained in complete DMEM medium
under the same conditions mentioned above and transferred twice
a week using a standard trypsinization.

Isolation of PBMCs and proliferation assay. Heparinized venous blood
was obtained from 5 healthy volunteers or 5 patients with unresectable
cancer, including 3 gastric cancer patients with peritoneal metastasis
and 2 colo-rectal cancer patients with liver metastasis. Peripheral
blood mononuclear cells (PBMCs) were isolated on Ficoll-Conray
gradient and washed 3 times with RPMI-1640 medium. PBMCs were
incubated in the medium supplemented with 109 heat-inactivated
autologous serum, 2 - 2000 U/m! IL-2, in the presence or absence of
PS-K. On day 4, cells were pulsed by 3H-TdR and further incubated
for 8 h. Cells were harvested and their radioactivity was determined
by liquid scintillation counter (Beckmann).

Cyotoxicity assay. The cytotoxic activity of the activated
lymphocytes was determined by standard 3!Cr releasing assay. In
brief, 51Cr-labeled K562 or Daudi target cells (5 x 10*3) and
effector lymphocytes (10*5) were cocultured in 96-well round-
bottomed microtiter plates (Corning, No.25850) in a volume of 200
ul. After a 4-h incubation, the radioactivity of the supernatants was
counted using an auto-gamma scintillation counter (300C, Packard,
USA). Spontaneous release was determined in wells containing the
target cells alone and maximun release was done by adding 100 pl
of 1% Triton X-100 solution over the target cells instead of the
effector cells. Cytotoxic activity was calculated from triplicate
samples by the following formula: Cytotoxic activity (per cent) =
(experimental release [cpm] - spontaneous release [cpm]) /
{maximal release [cpm] - spontaneous release {epm]} X 100.

ELISA specific for soluble IL-2R. Soluble IL-2R (p55) levels in the
supernatants of lymphecyte cultivation by 1L-2 with or without PS-
K were detected by using an enzyme- linked immunosorbent assay
(ELISA} kit specific for human soluble IL-2R (Immunothec,
France). The assay procedure was performed according to the
original instruction and the concentration of soluble IL-2R in the
culture supernatants was calculated from the standard curve
obtained by known control samples.

Flow cytometry. Fifty pl of the lymphocyte suspension (5 x 1075)
were incubated with a FITC-labeled anti-CD25 antibody at 4°C for
45 min. In some experiments, lymphocytes were also incubated
with FITC-labeled TGF-beta in the presence or absence of PS-K.
Cells were washed twice with RPMI-1640 medium and
resuspended in the same medium. Flow cytometric analysis was
performed on Cytron (Ortho Diagnostic Systems, USA). The argon
ion laser was operated at 488 nm with 260 mw of power. After
being adequately gated on lymphocytes by using forward and side
scatter, FITC emission was collected with a 530/30 nm band-pass
filter. Data collection was set up to stop when 10,000 events had
been analyzed.

Bioassay for TGF-beta activity. TGF-beta activity was measured by
the bioassay mentioned in detail elsewhere (20). In brief, NRK cells
(30,000 celis / well) were plated in aliqguots of 400ul of
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methylcellulose  (1.2%  wjv)-containing DMEM  medium
suppiemented with 2% of FCS in 11-mm wells of a 48-well culture
dish (Costar). Each well then received 10 ng/m] EGF (Wakunaga,
Japan) and 40 gl of the TGF-B controls in the presence of varying
concentrations of PS-K. After a 5-day incubation, 3H-TdR was
added to a final concentration of 3 uCi / ml and the cells were
incubated for an additional 24 h. The methylcellulose was then
transferred to eppendorf tubes and difuted with at least 2 volumes
of RPMI-1640 medium. The cells were pelleted by centrifugation
and washed twice with the medium, DNA synthesis was determined
from the incorporation of 3H-TdR into TCA-precipitable materials.

Detection of telomerase activity (TRAP assay). Telomerase activity
in PBMCs was measured by the telomeric repeat amplification
protocol (TRAP) assay using the TRAPeze®™ Telomerase
Detection Kit (Intergen Co., Purchase, NY, USA) (21). Cells (1 x
105 ) were lysed with 20 pl of CHAPS lysis buffer. The extracts
were prepared for measurement of telomerase activity. Telomere
elongation was conducted at 30°C for 30 min, and polymerase
chain reaction (PCR) amplification was achieved with 28 cycles of
incubation at 94°C for 30 sec and at 58°C for 30 sec in a PTC-
100TM Programmable Thermal Controller (MJ Research Inc.,
Waltham, MA, USA). PCR products (10ul) were separated on 10%
polyacrylamide gel electrophoresis. The gels were stained with
SYBRTM Green I (Bio-Rad, Hercules, CA, USA) according to the
manufacturer’s instructions. Densitometric measurements were
made with the use of an FLLA-2000 fluoro-image analyzer (Fuji Co.
Lid, Tokyo, Japan). Telomerase activity was evaluated with TPG
units. One TPG unit was equivalent to the enzymatic activity that
extended 600 molecules of TS primer with at least 4 telomeric
repeats in a 10-min incubation at 30°C.

Statistical analysis. Statistical analysis was conducted by ¥Z test and
paired or un-paired Student’s r-test using StatView software
(Version 5) on a Macintosh computer.

Results

PS-K enhances IL-2-induced lymphocyte proliferation and
differentiation. TFirst, we measured the proliferative
responses of PBMCs stimulated with either 200 U/ml IL-2
alone or IL-2 plus PS-K (Figure 1a). The proliferative
response of PBMCs from a healthy volunteer was
35,105%1422 cpm when stimulated with IL-2 alone. This
was augmented in a dose-dependent manner by PS-K, and
the maximum proliferative response of 38,544+1253 cpm
Wwas observed in the presence of 50 mcg/ml PS-K. There was
a significant difference between the proliferative responses
with and without PS-K (p <0.05).

We simultaneously measured the cytotoxic activity of
PBMCs against K562 and Daudi target cells by stimulation
with IL-2 alone or IL-2 plus PS-K (Figure 1b). Stimulation
with IL-2 alone induced 39% cytotoxic activity against Daudi
target cells at an effector-to-target ratio of 20. This was
augmented in a dose-dependent manner by PS-K, similar to’
the proliferation experiments shown above, and the
maximum cytolysis of 46% was observed in the presence of

. ‘{c'
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Table 1. Enhancing effect of CD25+ cell induction and soluble {L-2 Ra
chain by PS-K.

Days in Healthy volunteer Cancer patient
culture
PSK PSK
- + - +
4 CD25+ 14.28 18.3 19.1 257
_ (28.9) (34.8)
sIL-2Ra 18.2b 46.9 43 345
(157.7) (702.3)
8 CD25+ 217 414 187 39.8
(49.5) (112.8)
sIL-2Ra 1845 3423 559 186.6
(85.5) (233.8)

PBMCs were stimulated with 200 U/ml IL-2 alone or IL-2 plus 50
mcg/ml PS-K. CD25+ cell population of PBMCs was analyzed with
flow cytometry and soluble 1L-2Ra chain concentration in the culture
of PBMCs was determined with ELISA,

a: CD25+ cell population (%), b: concentration of soluble 1L-2Ra
chain (pM). Numbers in parentheses indicate percentage. of
augmentation from values without PS-K.

50 mcg/ml PS-K. There was a significant difference between
the cytotoxic activities with and without PS-K (p<0.05).
Similar results were observed in the cytotoxicity assay using
K562 target cells. We decided that 50 mcg/ml PS-K was the
optimum concentratjon for enhancing the proliferation and
differentiation of PBMCs in the presence of IL-2.

Requirement of minimum I1.-2 for generating killing activity in
the presence of PS-K. We next determined the IL-2
concentration required to generate the killing activity in the
presence of 50 meg/ml PS-K (Figure 2). When culturing
PBMCs with IL-2 alone, the cytotoxic activities against K562
and Daudi target cells increased in a dose-dependent
manner of IL-2 and reached a plateau level at 200 U/ml IL-
2. These cytotoxic activities generated with IL-2 alone were
markedly enhanced in the presence of 50 meg/ml PS-K. A
significantly high cytotoxic activity was observed in the
presence of PS-K even at a very low concentration of 2 U/ml
IL-2 (p<0.05), which alone could not generate the killing
activity of PBMCs against Daudi target cells,

IL-2R expression on PBMCs stimulated with IL-2 plus PS-K.
To address the involvement of the IL-2/IL-2R system in the
enhancing effect by PS-K of lymphocyte responses to IL-2,
the CD25+ cell population of PBMCs and soluble IL-2Ra
levels in the culture supernatant were investigated (Table I),
On day 4 of the culture, the CD25+ population stimulated
with 200 U/ml IL-2 alone was 14% and 19% in PBMCs from
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Figure 3. Increase of CD25+ cell population in PBMCs stimulated with
IL-2 plus PS-K. PBMCs from healthy volunteers and cancer patients were
stimulated with 200 Ulmi IL-2 alone or IL-2 plus 50 mcgimi PS-K, and
CD25+ cell populations were analyzed. Significant differences form the
value without PS-K, *p<0.05.

healthy volunteers and cancer patients, respectively. These
were augmented by the addition of PS-K to 18% and 25%
in PBMCs from healthy volunteers and cancer patients,
respectively, showing 29 and 35 percent increases from those
without PS-K. The augmentation seemed stronger in PBMCs
from cancer patients than in those from healthy volunteers
according to the percent increase basis. The augmentation
of soluble IL-2Ra levels in the culture supernatant was more
evident compared with the CD25+ cell population. The
soluble IL-2Ra levels after IL-2 stimulation were enhanced
in the presence of PS-K from 18 to 47 pM (158% increase)
in PBMCs from healthy volunteers and 4 to 35 pM (702%
increase) in PBMCs from cancer patients. Similar
augmentations were observed in PBMCs stimulated for 8
days with IL-2 alone or IL-2 pius PS-K.

PBMCs from 5 healthy volunteers and 5 cancer patients
were stimulated with IL-2 for .4 days and CD25+ cell
populations were compared in the presence or absence of 50
meg/ml PS-K (Figure 3). The CD25+ cell population
increased from 24:+5% with IL-2 alone to 34:+5% with IL-2
plus PS-K in PBMCs from healthy volunteers. This
augmentation of CD25+ cell populations by stimulating
PBMCs with IL-2 plus PS-K was more evident in PBMCs
from cancer patients. The CD25+ cell population was
enhanced from 32+13% with IL-2 alone to 50+12% with IL-
2 plus PS-K in PBMCs from cancer patients, There were
significant differences between the values with and without
P5-K in both healthy volunteers and cancer patients (p<0.05).

Te!omemse activity of lymphocytes stimulated with IL-2 plus
FS-K. PBMCs were stimulated with 200 U/ml IL-2 in the
presence or absence of PS-K and telomerase activity was
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Figure 5. Inhibitory effects of TGF-beta on I.-2-induced PBMC responses and its abrogation by PS-K. PBMCs were stimulated with 200 Uit IL-2 in

the presence or absence of TGF-beta and PS-K as indicated. Proliferative responses, cytotoxic activities and CD25+ cell populations of PBMCs were
analyzed. Significant differences form the value with IL-2 alone, *p<0.05.
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determined by TRAP assay (Figure 4a, b). The telomerase
activity of PBMCs stimulated with IL-2 alone was initially
detectable between day 2 and day 5 at levels of 125 to 240
TPG units (Figure 4a). The addition of PS-K during the IL-
2 stimulation augmented the telomerase activity in a dose-
dependent manner of PS-K, and an almost 4-fold increase
of the telomerase activity was observed in the presence of
10 mcg/m] PS-K when compared to I1L-2 alone.

TGF-B-induced inhibiton of lymphocyte responses and IL-2R
expression and their abrogation by PS-K. We next investigated
the effects of TGF-beta on the IL-2-induced stimulation of
PBMCs in the presence of PS-K (Figure 5). Proliferative
responses of PBMCs were significantly depressed with the
addition of 1 ng/ml TGF-beta into the culture. The
expressions of cytotoxic activity against both K562 and
Daudi cell targets as well as the CD25+ cell population of
PBMCs were also suppressed with the addition of TGF-
beta. These suppresssions were drastically abrogated with
the addition of PS-K in a dose-dependent manner, and 100
mcg/ml PS-K almost completely restored the cytotoxic
activity of PBMCs depressed by 1 ng/ml TGF-beta.

TGF-B-activity on anchorage-independent growth of NRK cells

and its abrogation by PS-K The effects of PS-K on the
anchorage-independent growth of NRK cells were analyzed
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Figure 6. Anchorage-independent growth of
NRK cells in the presence of TGF-beta and PS-
K. NRK cells were grown in a soft agar as
described in Materials and Methods in’ the
presence or absence of TGF-beta and PS-K, and
3H-TdR incorporation of NRK cells was
determined. Significant differences from the
value without PS-K, *p<0.05.

(Figure 6). The NRK indicator cells could grow on the soft
agar when added with 10 ng/ml TGF-beta, and showed a 4-
fold increase of *H-TdR uptake (8,129+766 cpm) compared
to that without TGF-beta (2,147+106 cpm). This TGF-beta
activity for the anchorage-independent growth of NRK cells
was clearly inhibited by the addition of PS-K in a dose-
dependent manner. DNA synthesis of NRK indicator cells
in the presence of 100 meg/ml PSK was 3,411+273 ¢pm

“even in the presence of 10 ng/m] TGF-beta. There was a

significant difference between the values with and without
PS-K (p<0.05). PS-K alone, however, did not show any
effects on the anchorage-dependent growth of NRK cells
(data not shown).

Inhibitory effect of PS-K on the binding of TGF-beta to its
receptor on PBMCs. To understand the mechanisms by
which PS-K inhibited the TGF-beta activities, a TGF-beta
binding assay on IL-2-stimulated PBMCs was performed by
using FITC-labeled TGF-beta in the presence of PS-K
{Figure 7). The TGF-beta receptors were induced on the
surface of PBMCs by stimulation with IL-2 for 4 days and
were expressed on 15 to 34% of the IL-2-stimulated
PBMCs. The binding of TGF-beta was clearly down-
modulated when 100 mcg/m! PS-K was present at the
staining of IL-2-stimulated PBMCs with FITC-labeled TGF-
beta (Figure 7a). The down-modulation of TGF-beta
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Figute 7. Inhibition of binding of TGF-beta on PBMCs activated with IL-2. PBMCs were stimulated with 200 Utml IL-2 and TGF-betaR was analyzed

using FITC-labelled TGF-beta in the presence or absence of PS-K

binding on the IL-2-stimulated PBMCs’ was found to be
dose-dependent of PS-K, and approximately a half or more
inhibition of the binding was observed in the presence of
100 mcg/ml PS-K (Figure 7b),

Discussion

There are  various reports investigating  the
immunopotentiating actions of PS-K. Kariya et al. (22)
demonstrated that PS-K activated human NK cells
independently of IFN and the 1L-2/IL-2R system. Nio et al,
(23) also reported that culturing lymphocytes from gastric
cancer patients with PS-K alone induced up-regulation of
IL-2R, but the immunomodulation by PS-K might be
mediated by mechanisms independent of IFN and IL-2, Qur
study demonstrated, however, that PS-K augmented the
activation of PBMCs including proliferative responses and
expressions of cytotoxic activity, IL-2R and teiomerase
activity, when PBMCs were stimulated with PS-K in
combination with IL-2. This augmentation was observed in
PBMCs from cancer patients. It should be emphasized that
PS-K could induce the cytotoxic activity of PBMCs even
with low concentration of IL-2. Earlier clinical studies
demonstrated that high-dose IL-2 exhibited considerable
effects against solid tumors, but also had severe adverse
effects, including a vascular leak syndrome (24, 25). The
evidence that PS-K induced significant responses of PBMCs
even with the minimal amount of IL-2 suggests that PS-K

may advantageously be combined with IL-2-based
immunotherapy for both ctinical tumor responses and the
reduction of adverse effects.

In order to understand the mechanism by which PS-K
enhanced IL-2-induced lymphocyte responses, we focused
the anti-immunosuppressive action of PS-K against TGF-
beta, because it has been previously reported that PS-X has )
an antagonistic property against immunosuppressive acidic
protein (IAP) (13). It was observed that PS-K abrogated the
TGF-beta activity of the anchorage-independent growth of
NRK cells and restored the TGF-beta-induced inhibition of
lymphocyte proliferation, cytotoxic activity and IL-2R
expression. It has been described that there is an 1L-2/TGF-
beta system which regulates lymphocyte responses (16, 17).
During activation with IL-2, lymphocytes endogenously
produce TGF-beta and express TGF-beta receptor on their
surface in order to down-regulate their own responses
triggered by IL-2. PS-K may enhance IL-2-induced
lymphocyte activation by regulating the action of
endogenous TGF-beta. Harada et al. (26) reported that PS-
Kreduced plasma TGF-betal Jevels in tumor-bearing mice.
Habelhah et al (27) showed that TGF-betal mRNA
expression was suppressed in murine fibrosarcoma tissues
treated with PS-K. Zhang e al. (28) also reported the down-
regulation of TGF-betal by PS-K in a tumor invasion
system. Collectively, PS-K may exert its immunopotentiating
action by inhibiting both the production and the activity of
TGF-beta.
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Which are the molecular mechanisms by which PS-K
inhibits TGF-beta activity? Matsunaga e al. (29) reported
that PS-K specifically bound to the active form of TGF-beta
itself. This is one explanation for the antagonistic action of
P5-K against TGF-beta. QOur data indicated that the
receptor analysis using TGF-beta itself revealed that PS-K
blocked the binding of TGF-beta to its receptor on the
surface of PBMCs, suggesting that PS-K exerts its
antagonistic action against TGF-beta at the level of TGF-
betaR. We previously demonstrated that PS-K competed
with soluble suppressor factors at the leve! of their receptors
(30}, which were recognized by a lectin wheat germ
agglutinin (WGA) (31). Moreover, novel TGFE-betaR was
affinity-purified by using WGA, indicating that TGF-betaR
has glycosilated sites recognized by WGA (32, 33). Taken
together, we speculate that a lectin-like domain of protein-
bound polysaccharide PS-K competes with TGF-beta, as
well as WGA, at the glycosilation sites of TGF-betaR on the
surface of responder cells. PS-K may affect the IL-2/TGF-
beta system by competing with TGF-beta at TGF-betaR on
activated lymphocytes, resulting in the restoration of the
TGF-beta-induced inhibition of lymphocyte activation and,
therefore, resulting in the augmentation of the IL-2-induced
lymphocyte activation.

In conclusion, a polysaccharide preparation, PS-K, has
an enhancing effect for lymphocyte activation in
combination with IL-2, especially in cancer patients, the
effect of which is partly based on an antagonistic action
against TGF-beta at its receptor level. Thus, PS-K may be
a beneficial agent to be combined in the IL-2-based
immunotherapy of cancer. '
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Abstract Paclitaxel, a semisynthetic 'L'axane,:is one of the

maost active chemotherapeutic agents for the treatment
of patients with breast cancer. We focused on the effect
of paclitaxel on the cytotoxicity of natural killer (NK)
cells. NK cells were purified by negative selection with
magnetic beads from peripheral blood mononuclear cells
of healthy volunteers. A human breast carcinoma cell
linc BT-474 and an NK cell-sensitive erythroleukemia

-+ cell line K562 were used as targets. Cytotoxicity of NK

© cells was determined by °

*!Cr-release assay with labeled

. target cells. Paclitaxel (1-100 nM) did not affect cellular

- perforin-mediated “cytotoxic' pathway, inhibited paclit-+.
axel-dependent NK  cell-mediated ~eytotoxicity,  Fur- |
thermore, paclitaxel induced activation of nuclear factor
kB (NF-xB) in NK cells. NF-xB inhibitor pyrrolidine "
(dithiocarbamate significantly suppressed - both .paclit- -
axcl-induced perfonin expression and NK .cell CYtotox-
icity. Our resuits show for the first time that paclitaxel

forin production, and NF-xB activation. ..

viability, and significantly enhanced cytotoxicity of NK-

cells in a dose-dependent-mapner. Although paclitaxel

did not affect Fas-ligand expression of NK cells, pac-
- litaxel induced mRNA and protein production of per-:
forin, an effector molecule in .NK  cell-médiated

cytotoxicity. Concanamycin A, a potent'inhibitor. of the

enhances in vitro cytotoxicity of human NK cells.
Moreover, our results suggest a significant association

between enhanced NK cell cytotoxicity, increased per-

TINF .
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Abbreviations : 7 L _
CMA Concanamycin A DR S
GAPDH  Glyceraldehyde-3-phosphaté dehydrogenase
1L - Ioterleukin - - o -
LPS Lipopolysaccharide
“mAb Monoclonal antibody
MF1 Mean fluorescence intensity
NF-xB" Nucléar factor kB =
NK. - . Natural killer . o
:PBMC - Peripheral blood mononuclear celt
'PDTC - Pyrrolidine dithiocarbamate .
“TLR " Tolllike receptor = -

~ Tumor necrosis factor

Paclitaxel and docetaxel are t}\\ic‘a”répr_‘_:is';ér‘it'z'lti\}e' taxare- . -
~based chemotherapeutic. agents for: the ; treatment  of
‘patients with breast cancer [6, 10,.12,.30}:Paclitaxel is a

semisynthetic taxane-isolated from ' the Western yew,:
Taxus brevifolia {10, 12, 23, 30). Paclitaxel s thought to
induce apoptosis in carcinoma - cells by binding to

tubulin, inducing tubulin’ polymerization and microtu--.

~ bule formation, and blocking cell mitosis [22, 33, 43].
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- apoptosis in"some cells and biclogical

Judging from the results’ of recent studies, however,

- paclitaxel ‘may " induce apoptosis through different: ‘
mechanisms, including c-Jun NHitérminal kinase acti- . .

vation, nuclear factor kB (NF: activation, p66 She . -
phosphorylation. or mitogen-activaied protein -kinase -

" pathway [3, 13, 21, 44, 46,-47], 'd(":ﬁénding@bh cell lines
~-and culture’ conditions. In addition; ‘paclitaxel induces.

oti'in other”
as'beén shown'

cells [24]. In murine ‘models, paclitaxel b




