
Abstract. Docetaxel, a member of the taxane family, induces
antitumor effects in patients with advanced gastric cancer.
However, toxicity at therapeutic doses can be severe, resulting
in discontinuation of therapy. It is possible that dose reduction
due to adverse events may decrease the cytotoxic efficacy of
docetaxel. PSK, a protein-bound polysaccharide, has been
used as a chemoimmunotherapy agent in the treatment of
cancer in Asia for over 30 years. In the present study, we
investigated the enhancing effects of PSK on the cytotoxicity of
docetaxel in human gastric cancer through non-immunological
actions both in vitro and in vivo. The sensitization effects of
PSK on docetaxel were evaluated by MTT assay using
human gastric cancer cell lines in vitro. In addition, to eluci-
date the molecular mechanism, we analyzed the activation of
NF-κB and the subsequent production of the antiapoptotic
molecule survivin in combined treatment with docetaxel and
PSK. Accordingly, TMK-1 xenograft growth in SCID mouse
was used to evaluate the in vivo efficacy, and the survivin
expression in xenografts was also investigated by immuno-
histochemistry. In vitro, PSK enhanced docetaxel-induced
growth inhibition in TMK-1 cells. The docetaxel-induced
NF-κB activation was inhibited by adding PSK in a dose-
dependent manner. Furthermore, the expression of survivin,
which is transcriptionally regulated by NF-κB, was also
inhibited by treatment with PSK. In SCID mouse, PSK
significantly inhibited growth of TMK-1 subcutaneous
xenografts in combination with low-dose docetaxel, and
decreased the docetaxel-induced survivin expression in

TMK-1 xenografts. Our data suggest that PSK enhanced the
efficacy of docetaxel against human gastric cancer both in
vitro and in vivo, at least in part, by downregulating NF-κB
activation and survivin expression induced by low-dose
docetaxel.

Introduction

Gastric cancer remains a major public health problem, and is
the second most common type of malignancy worldwide (1).
The chemotherapeutic agent docetaxel, which belongs to the
taxane family, shows significant cell-killing activity in a
variety of tumor cells, including gastric cancer (2). Docetaxel
is a unique anticancer agent that poisons mitotic spindles by
stabilizing microtubules, thus inhibiting their depolymeri-
zation to free tubulin (3). Docetaxel-based chemotherapy has
recently been shown to improve survival in patients with
metastatic gastric cancer and has become the standard treatment
in such cases (4,5). However, docetaxel is cytotoxic and can
induce myelosuppression and granulocytopenia, including
neutropenia, which limits the dose of docetaxel that can be
administered (6). As it has been reported that low or mode-
rate doses of docetaxel have no significant antitumor activity
in patients with pancreatic cancer (7), there is interest in
developing ways to reduce the dose of docetaxel without
affecting its antitumor activity to obtain clinical benefits and
for the rational design of combination strategies that may
improve therapeutic results.

Nuclear factor κB (NF-κB), a ubiquitous transcription
factor, is known for its role in immunity, inflammation,
embryonal development, regulation of cell growth and
apoptosis (8,9). NF-κB suppresses apoptosis by inducing
expression of a number of antiapoptotic proteins, including
intracellular inhibitors of apoptosis, such as c-IAP, Bcl-xL
and survivin (10,11). The role of NF-κB in chemoresistance
is well established (12-14), and accumulating evidence
suggests that elevated expression of Bcl-xL and survivin
confers resistance to apoptosis induced by taxanes and other
anticancer drugs (15-17). It is possible that dose reduction
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due to adverse events may decrease the cytotoxic efficacy of
docetaxel by activation of these antiapoptotic factors.

PSK, a protein-bound polysaccharide obtained from the
mycelial culture of Colorius versicolor (Fr.) Quel, also known
as Krestin®, has been used in the treatment of cancer in Asia
for over 30 years. Several randomized clinical trials have
demonstrated that PSK has great potential in adjuvant cancer
therapy, with positive results in the treatment of gastric,
colorectal, breast and lung cancers (18-22). These studies
suggested the efficacy of PSK as an immunomodulator of
biological responses. In addition, PSK has also been shown
to suppress NF-κB activity induced by taxanes in several
experimental studies, and to enhance apoptosis induced by
low-dose docetaxel by downregulation of NF-κB activity
(23,24). These findings suggest that combination therapy
with PSK could reduce the dose of docetaxel without
impairing cytotoxic efficacy by suppression of antiapoptotic
proteins transcriptionally regulated by NF-κB.

However, the mechanisms of the enhancement by PSK
remain to be clarified, and the in vivo clinical translation
potential of combination treatment for gastric cancer has not
been fully established in an animal model. Therefore, the
present study was performed to determine the general
applicability of the sensitization effect of PSK on docetaxel,
and to determine the in vivo efficacy of combining docetaxel
with PSK against TMK-1 human gastric cancer xenograft in
a SCID mouse model.

Materials and methods

Cell culture. Six human gastric cancer cell lines, MKN28,
MKN45, NUGC3, KATO III, AZ521 and TMK-1, were
obtained from the American Type Culture Collection
(Rockville, MD, USA). The cell lines were maintained in
RPMI-1640 medium (Nissui Pharmaceutical, Tokyo, Japan)
supplemented with 10% fetal bovine serum (FBS; Iwaki,
Tokyo, Japan), 2 mM glutamine (Nissui Pharmaceutical),
10 U/ml penicillin-streptomycin (Gibco-BRL, CA, USA). Cell
culture was maintained in 37˚C in a humidified atmosphere
containing 5% (v/v) CO2. All experiments were performed
within 30 passages of the frozen stocks from which the cells
were periodically recovered.

Reagents. PSK was generously donated by Kureha Chemical
Industry (Tokyo, Japan), and docetaxel was donated by
Sanofi-Aventis (Paris, France).

Antibody. As primary antibodies, we obtained mouse mono-
clonal anti-Bcl-xL antibody (Santa Cruz Biotechnology,
Santa Cruz, CA, USA), mouse monoclonal anti-c-IAP1
antibody (Santa Cruz Biotechnology), and mouse monoclonal
anti-survivin 6E4 antibody (Cell Signaling Technology,
Beverly, MA, USA).

Cell growth assay. The sensitivities of human gastric cancer
cell lines to docetaxel and PSK, alone or in combination,
were determined by MTT colorimetric assay. Briefly, cell
lines were seeded at a density of 1x104/well in 96-well plates
in RPMI-1640 medium and incubated for 24 h at 37˚C in a
humidified environment containing 5% CO2. The cells were

then further incubated with docetaxel and/or PSK at the
indicated concentrations. After incubation for 48 h, MTT
solution was added to each well at 250 μg/ml. The cells were
incubated for 3 h and lysed in dimethyl sulfoxide, and the
absorbance was analyzed using a spectrophotometer (EAR
340 AT; SLT, Vienna, Austria) at a wavelength of 540 nm.
Cell proliferation was assessed in triplicate.

Electrophoretic mobility shift assay. Electrophoretic mobility
shift assay was performed as described previously (25).
Briefly, nuclear proteins of cancer cells were extracted with
nuclear and cytoplasmic extraction reagents (NE-PER; Pierce
Biotechnology, Rockford, IL, USA), in accordance with the
manufacturer's recommendations. Protein concentration was
determined using Advanced Protein Assay Reagent (Cyto-
skeleton, Denver, CO, USA) with bovine serum albumin as a
reference. Double-stranded NF-κB consensus oligonucleo-
tides (5'-AGTGAGGGGACTTTCCCAGGC-3', 5'-TCAA
CTCCCCTGAAAGGGTCCG-3'; Promega, Madison, WI,
USA) were end-labeled with [Á-32P]-adenosine triphosphate
(3000 Ci/mmol at 10 mCi/ml; NEN Life Science Products,
Boston, MA, USA) using T4 polynucleotide kinase. Binding
reactions that contained 10 μg of nuclear protein extracts and
105 cpm of oligonucleotides were performed for 30 min at
room temperature in binding buffer consisting of 10 mM
HEPES (pH 7.6), 50 mM KCl, 1 mM EDTA, 0.4% Ficoll,
1 mM DTT, 0.125 mM PMSF and 0.05 mg/ml poly(dI-dC).
Reaction products were separated on 4% polyacrylamide gels
and analyzed by autoradiography. The specificity of the
DNA and protein complex was confirmed by competition
with a 50-fold excess of unlabeled NF-κB oligonucleotides.
For supershift analysis, 1 μg of anti-NF-κB antibodies (p50
and p65; Santa Cruz Biotechnology) was added to the reaction
mixtures for 30 min at room temperature before the addition
of a radiolabeled probe.

Western blot analysis. Cell lysates were prepared using
standard methods. The protein concentration of each sample
was measured using a Bio-Rad protein assay kit II (Bio-Rad,
Richmond, CA, USA). For SDS-PAGE, aliquots of 30 μg of
proteins from each sample were subjected to electrophoresis
on 10-15% polyacrylamide gels. Proteins were transferred
electrophoretically onto polyvinylidene difluoride membranes
with a tank transfer system (Bio-Rad), then blocked with
buffer containing 5% skim milk and 0.1% Tween-20 in Tris-
buffered saline (TBST) at room temperature for 1 h. All
primary antibodies were diluted in TBST containing 5%
skim milk. The membranes were incubated overnight with
primary antibody at 4˚C, washed (4x10 min) with washing
buffer (TBST), followed by incubation with horseradish
peroxidase-conjugated secondary antibody (0.02 μg/ml in
TBST) as appropriate for 1 h at room temperature, and then
washed (4x10 min) with washing buffer. Detection of chemi-
luminescence was performed with ECL Western blot detection
kits (Amersham, Little Chalfont, UK) in accordance with the
manufacturer's instructions.

Animal study with docetaxel/PSK combination. Seven-week-
old female severe-combined immunodeficient mice (CB17
SCID) were obtained from Charles River Laboratories Japan
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(Yokohama, Japan). We selected the SCID mouse, which is
lacking in functional T and B lymphocytes and immunoglo-
bulins, as a xenograft model in this study to preclude the
non-specific immunological effects of PSK. TMK-1 cells
(1x107 cells), suspended in 50 μl of Matrigel (Becton-
Dickinson, NJ, USA), were implanted subcutaneously in the
flank of each mouse on the first day. Docetaxel was admini-
stered intravenously at various concentrations (0-20.0 mg/kg)
on the 14th and 21st days after tumor implantation. PSK
(50 mg/kg) was also administered intraperitoneally 3 times
a week from the 7th to the 28th day. The animals were
carefully monitored, and the tumors were measured twice a
week until 6 weeks after injection. The tumor volume (V)
was calculated according to the formula V=AB2/2, where A
is the greatest diameter and B the diameter perpendicular to
A. The subcutaneous tumors were harvested on the 42nd day.

We also investigated the expression of survivin in tumors
in our xenograft models. Briefly, TMK-1 cells (1x107 cells)
were injected into the flank of mice, and animals were divided
into four groups (saline/saline, PSK/saline, docetaxel/saline,
PSK/docetaxel) (n=7, each group). The animals were injected
intraperitoneally with PSK (50 mg/kg) dissolved in saline or
with saline alone as a control 3 times per week after tumor
cell injection. Docetaxel (5 mg/kg) or vehicle was injected
intravenously on the 14th (day 0) and 21st (day 7) days after
tumor cell injection. The tumors were resected on day 0 (4 h
after injection of docetaxel), days 1 and 7 for immunohisto-
chemical analysis. Procedures involving animals and their
care were conducted in accordance with national and interna-
tional laws and policies and were approved by our institutional
review board.

Immunohistochemistry. Tumor tissue specimens were fixed
with 10% buffered formalin and embedded in paraffin.
Briefly, sections 4 μm thick were mounted on poly-l-lysine-
coated glass slides, air-dried and deparaffinized through a
graded series of xylene and ethanol solutions. For antigen
retrieval, sections were pretreated in 10 mM citrate buffer
(pH 6.0), and autoclaved for 10 min at 120˚C before immuno-
histochemical staining with the primary antibody. Endoge-
nous peroxidase activity was blocked with peroxidase block
solution provided with the EnVision kit for 10 min, and the

slides were rinsed/washed with phosphate-buffered saline
(PBS). The slides were incubated overnight at 4˚C with
mouse monoclonal antibody (1:100). Immunostaining was
performed using the EnVision method (Dako, Glostrup,
Denmark) according to the manufacturer's instructions. The
slides were developed with diaminobenzidine and counter-
stained with hematoxylin.

Statistical analysis. Statistical analysis was performed using
Student's t-test. Statistical significance was set at P<0.05.

Results

PSK enhances docetaxel-induced growth inhibition in
TMK-1 cells. First, the effects of docetaxel on the growth of
human gastric cancer cell lines were quantified after 48 h of
incubation at concentrations from 0.1 to 100 ng/ml. Docetaxel
showed a dose-dependent inhibitory effect on the growth of
both MKN45 and TMK-1 cancer cell lines (Fig. 1). The con-
centration corresponding to 10% growth inhibition (1 ng/ml)
was used in subsequent combined treatment experiments.

Next, to investigate whether PSK affects the suscep-
tibility of cells to docetaxel, MKN45 and TMK-1 cells were
cultured in the presence of docetaxel (1 ng/ml) with or
without various concentrations of PSK (Fig. 2). Taking its
bioavailability into consideration, the maximum concentration
of PSK used in the present study was 500 μg/ml. PSK dose-
dependently enhanced the cytotoxic effect of docetaxel in
TMK-1 cells, although PSK alone showed no significant
effect on cell proliferation at a concentration of 500 μg/ml. In
contrast, PSK showed no significant effect on the cyto-
toxicity of docetaxel in MKN45 cells.

PSK inhibits docetaxel-induced activation of NF-κB in TMK-1
cells. Electrophoretic mobility gel shift assays (EMSA) were
performed to determine whether treatment with docetaxel
and PSK affects NF-κB activation. As shown in Fig. 3A,
nuclear extracts from untreated TMK-1 cells showed a low
level of NF-κB-binding activity; this basal constitutive NF-κB
activity has been described previously (26). Docetaxel alone
enhanced NF-κB nuclear translocation in TMK-1 cells.
Furthermore, the docetaxel-induced NF-κB activation was
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Figure1. The sensitivity of docetaxel on the growth of human gastric cancer cells (MKN45, TMK-1) was quantified by MTT assay. Cells seeded in 96-well
plates (1x104 cells/well) were treated with different concentrations of docetaxel (0.1-100 ng/ml) for 48 h. Results are expressed as the percentage of growth of
control cell lines. Docetaxel induced proliferative activity in a dose-dependent manner in both MKN45 and TMK-1 cells. The 10% growth inhibition was
observed at 1 ng/ml. The results are the mean of three independent experiments.
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inhibited in a dose-dependent manner by addition of PSK.
This inhibition was also observed when the cells were exposed
to PSK alone. In contrast, no involvement of NF-κB activation

was observed in MKN45 cells treated with docetaxel and
PSK (Fig. 3).

The specificity of the detected DNA-protein complexes
was determined by supershift assays identifying both p50/
p65 heterodimers and p50/p50 homodimers (data not shown).

Effects of combined treatment with low-dose docetaxel and
PSK in the other gastric cancer cell lines. In addition, we
investigated whether PSK enhances the cytotoxic efficacy of
low-dose docetaxel and inhibits NF-κB activation induced by
docetaxel in the other cell lines, MKN28, NUGC3, KatoIII
and AZ521. As shown in Fig. 4, NUGC3 cells showed the
same results as TMK-1 cells (data not shown). Briefly, the
combined effects of docetaxel + PSK treatment were confirmed
in 2/6 of human gastric cancer cell lines examined.

Docetaxel induces antiapoptotic gene products and PSK
decreases docetaxel-induced expression of survivin in TMK-1
cells. NF-κB regulates expression of antiapoptotic proteins,
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Figure 2. Gastric cancer cell lines (MKN45, TMK-1) were treated with 1 ng/ml docetaxel and increasing concentrations of PSK for 48 h. Cell viability was
assessed by MTT assay. Results are expressed as the percentage of cancer cells treated with docetaxel alone. The results are the mean of three independent
experiments. PSK alone had no significant effect on cell proliferation at a concentration of 500 ng/ml. However, PSK enhanced the docetaxel-induced growth
inhibition of TMK-1 cell in a dose-dependent manner. In MKN45 cells, PSK had no significant response to the cytotoxic effects of docetaxel.

Figure 3. The effect of PSK on docetaxel-induced NF-κB-binding activity in gastric cancer cell lines (MKN45, TMK-1). Cells were serum-deprived for 24 h
then treated with docetaxel (1 ng/ml) and different concentrations of PSK for 4 h and nuclear extracts from the cells were analyzed by EMSA. Lane 1, control;
lane 2, docetaxel alone (1 ng/ml); lane 3, PSK (50 μg/ml) alone; lane 4-6, docetaxel + PSK (50, 100, 500 μg/ml), lane 7; lane 8. In TMK-1 cells, PSK inhibits
docetaxel-induced NF-κB-binding activity in a dose-dependent manner. The involvement of NF-κB activation in the docetaxel and PSK treatment was not
seen in MKN45 cells.

Figure 4. PSK enhances the cytotoxic efficacy of low-dose docetaxel and
inhibits NF-κB activation induced by docetaxel in 2/6 of human gastric
cancer cell lines (NUGC3 and TMK1).
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such as IAP-1, Bcl-xL. To determine whether docetaxel
activates cIAP-1 and Bcl-xL expression, Western blotting
analyses were performed using TMK-1 cells based on the
data from MTT assay and EMSA. Docetaxel induced the

activity of these antiapoptotic proteins in a time-dependent
manner (Fig. 5A).

Subsequently, we investigated the effects of combination
treatment on the expression of survivin, which belongs to the
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Figure 5. (A) Docetaxel induced upregulation of Bcl-xL and c-IAP1 expression in a time-dependent manner in TMK-1 cells. Cells were serum-deprived for
24 h, then treated with docetaxel (1 ng/ml) for the incubated time. Cell lysates were prepared and analyzed by Western blotting using antibodies against
specific gene products. Equal protein loading was evaluated by ß-actin. (B) The effect of PSK upon docetaxel-induced survivin expression. Cells were serum-
derived for 24h  then treated with docetaxel (1 ng/ml), PSK (500 μg/ml), or both for the incubated time and lysates were used for Western blot analysis of
survivin, or ß-actin. Docetaxel enhanced survivin expression in TMK-1 cells and PSK suppressed survivin expression induced by docetaxel.

Figure 6. Effects of treatment with docetaxel and PSK on the growth of TMK-1 human gastric cancer xenografts. Well-established s.c. TMK-1 (1x107 cells)
xenografts in SCID mice were treated by intra-peritoneal injections of PSK (50 mg/kg) or saline (control) and intraveouns injections of docetaxel at the
different concentrations (0-20.0 mg/kg). Points, mean (n=7); bars, SE.
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inhibitor of apoptosis protein (IAP) family, induced by
docetaxel. Docetaxel activated survivin expression in a time-
dependent manner, and the maximum level was reached after
24 h of exposure. PSK suppressed this survivin expression
activated by docetaxel (Fig. 5B).

Effects of PSK on antitumor activity of docetaxel in human
gastric cancer xenograft models. The impressive results of
the in vitro studies prompted us to examine the in vivo effects
in a TMK-1 xenograft model in SCID mice that lack an intact
adaptive immune repertoire.

We investigated the ability of PSK to suppress tumor
growth with different concentrations of docetaxel in the
xenograft model (Fig. 6). The results indicated that PSK
(50 mg/kg) alone had no significant effect on tumor growth.
Docetaxel markedly suppressed tumor growth at a range of
doses (10, 15, 20 mg/kg), but there were no significant
differences in tumor growth between docetaxel alone and
docetaxel + PSK. Therefore, we reduced the doses to below
10 mg/kg to determine the suboptimal dose of docetaxel; i.e.,
0.2, 1, 2.5 and 5 mg/kg. At 6 weeks after tumor implantation,
the combination of docetaxel + PSK (50 mg/kg) significantly
blocked tumor development as compared to treatment with
docetaxel alone at dose of 2.5 and 5 mg/kg. No toxicity was
observed for any of the dosage groups; there were no changes
in animal weight or body condition over the course of the
experiment (data not shown).

Effects of PSK and DTX on survivin expression in TMK-1
gastric cancer xenografts. Immunohistochemical analysis
was performed to examine the effects of docetaxel and PSK
on survivin expression in TMK-1 gastric cancer xenografts
(Fig. 7). A docetaxel dose of 5 mg/kg was chosen as the
suboptimal dose in this experiment. On day 0, there were no
significant differences in survivin expression among the four
groups. On day 1, slight constitutive expression of survivin
was detected in small parts of the tumors of control mice.
PSK alone did not significantly affect survivin expression,
while docetaxel (5 mg/kg) alone markedly enhanced survivin
expression. Importantly, PSK suppressed the expression of
survivin, which was enhanced by docetaxel. Furthermore, the
effects of PSK on survivin expression were more marked on
day 7.

Discussion

In the present study, we found that combined treatment with
low-dose docetaxel and PSK enhanced growth inhibition of
cancer cell lines and xenografts compared with low-dose
docetaxel alone. We also showed that low-dose docetaxel
activated NF-κB, which then upregulated the antiapoptotic
molecules cIAP-1, Bcl-xL and survivin in gastric cancer
cells. However, PSK suppressed both docetaxel-induced
NF-κB activity and the expression of survivin in vitro. In a
human gastric cancer xenograft model, administration of
PSK significantly enhanced the cytotoxic efficacy of docetaxel,
and this was correlated with suppression of survivin expres-
sion induced by docetaxel in tumor tissues.

PSK, an oral biological response modifier, has a completely
different mechanism of action from cytotoxic chemotherapy
agents. The actions of PSK include immunological effects,
such as the induction of interleukin-2 and interferon-Á, thereby
stimulating lymphokine-activated killer cells, enhancing
natural killer cells, and neutralizing immunosuppressive
cytokines associated with surgical invasion or tumor aggres-
siveness (27). Therefore, PSK is considered suitable for
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Figure 7. Effect of docetaxel and PSK on survivin expression in TMK-1
xenografts was investigated by immunohistochemistry. Animals were
divided into four groups (saline/saline, PSK/saline, docetaxel/saline, PSK/
docetaxel) (n=7, each group). (A) Day 0: 4 h after injection of docetaxel; (B)
day 1: 1 day after injection of docetaxel; (C) day 7: 7 days after injection of
docetaxel PSK suppressed the expression of survivin, which was enhanced
by docetaxel on days 1 and 7. Original magnification, x200 (A-D).
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concurrent use with chemotherapeutic agents as postopera-
tive adjuvant treatment. In fact, Nakazato et al demonstrated
that combination therapy with PSK as adjuvant chemo-
therapy with mitomycin C and oral fluorouracil significantly
prolonged survival after curative gastrectomy in a large
prospective trial of patients with gastric cancer (20). Moreover,
PSK also has direct effects on cancer cells, including
apoptosis, suppression of tumor infiltration and augmentation
of HLA class I expression (23). The present study indicated
another advantage of PSK, i.e., it has non-immunological
effects through suppression of NF-κB and antiapoptotic
proteins in combined treatment with chemotherapeutic
agents. We also demonstrated the suppression of survivin
expression by administration of PSK in combination with
docetaxel in vivo using SCID mice, which lack an adaptive
immunological response.

The transcription factor NF-κB has been shown to regu-
late the expression of numerous genes, including survival
factors and cell growth regulatory molecules. Under certain
conditions, cytotoxic drugs such as taxane, cisplatin, 5-fluo-
rouracil and anthracyclines can have antiapoptotic effects by
activating the stress-induced NF-κB survival pathway. Our
results also indicated that low-dose docetaxel induced NF-κB
activation in gastric cancer cells. This activation of NF-κB is
likely due to some type of stress, oxidative or inflammatory,
and is regarded as a contributing factor in the resistance of
the tumor to chemotherapy and apoptosis (28-31). In the
present study, we demonstrated that PSK reduced NF-κB
activation induced by docetaxel in gastric cancer cells. This
result was consistent with the findings reported by Zhang et al
(23) and Yamasaki et al (24).

NF-κB is generally presumed to control the expression of
the IAP and Bcl-2 families, and these antiapoptotic molecules
block the proapoptotic signals at the step where external
stimuli activate caspase (32). Previous studies indicated that
the IAP survivin is expressed in embryonic and fetal organs,
but its expression has not been reported in differential normal
tissues. In contrast, survivin is overexpressed in most human
tumor types (33), including gastric cancer (34), and high-
level survivin expression was shown to be associated with
resistance to chemotherapy and poor prognosis of carcinomas
of the lung, breast, colon, esophagus and stomach (35-39).
Several studies have demonstrated the correlation between
docetaxel resistance and upregulation of survivin expression
in gastric cancer (40-42). The results of the present study
provided in vitro and in vivo evidence that low-dose docetaxel
induced the expression of survivin protein and PSK inhibited
this docetaxel-induced survivin expression in TMK-1 cells
and xenografts in SCID mice. These results support the
suggestion that survivin may be central for not only intrinsic
resistance but also acquired resistance to docetaxel. Therefore,
targeting survivin is a rational approach to overcome docetaxel
resistance in cancer cells (43).

In summary, the results presented here should prompt
further exploration of the potential therapeutic value of
combined treatment docetaxel and PSK through inhibition of
NF-κB and survivin. Our results indicated the usefulness of
PSK through non-immunological effects in combined treat-
ment with anticancer agents for gastric cancer in addition to
conventional immunomodulatory effects. We found efficacy

of combined treatment in 2 of 6 human gastric cancer cell
lines. Therefore, ~30% of patients with advanced gastric
cancer could show clinical benefits of combined treatment
with PSK, which can reduce the dose of docetaxel without
impairing antitumor activity and also alleviate the harmful
side effects of the chemotherapy.
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