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ABSTRACT

Although chemotherapy is one of several therapeutic options for cancer patients, the outcomes have been less satisfac-
tory with palpable side effects in many cases. To help improve the efficacy of chemotherapy, we examined whether
D-fraction (DF), a bioactive mushroom extract, would potentiate anticancer effects of those drugs in vitro. Seven types
of cancer cell lines, including breast, lung, stomach, colon, prostate, bladder, and kidney cancers, were tested with
various chemotherapeutic drugs and their combinations with DF. Compared to individual drugs alone, combinations of
those drugs and DF have indeed improved anticancer activity, resulting in the significant (p < 0.05) cell viability reduc-
tion in all cancer cells. As vitamin C (VC) has been insinuated to potentiate bioactivity of DF, combination of DF (300
pg/ml) and VC (200 uM) was also examined. Such studies showed that DF/VC combination led to the drastic (>90%)
viability reductions in 6 cancer cells and the 70% reduction in 1 cancer cell type. These results were superior to those
from combinations of drugs and DF. To assess if such a profound cell viability reduction by DF/VC combination might
be attributed to apoptosis, this possibility was tested by Western blots. Analyses revealed that anti-apoptotic bcl-2 was
down-regulated while pro-apoptotic Bax was up-regulated with DF/VC combination, indicating induction of apoptosis.
It is plausible that DF/VC combination may induce apoptosis, resulting in the severe cell viability reduction. Therefore,
DF may have a great potential as an adjuvant agent that can be combined with chemotherapeutic drugs or with VC for
the improved treatment of various human malignancies.
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1. Introduction survival rate of <10% [3], which is devastating and dis-
mal. Nevertheless, chemotherapy is yet currently one of
the most common therapeutic options, although the out-
comes have been rather disappointing or unsatisfactory
with severe side effects [4]. However, we cannot com-
pletely rule out the possibility that chemotherapy could
be altered in such a way that its efficacy is improved
while the needed dosages to gain results are decreased.
To improve the efficacy or anticancer property of che-
motherapy, we have been exploring combination therapy
using chemotherapeutic drugs and natural agents ex-
tracted from herbs, plants, mushrooms, seeds, fruits etc.
Among those agents, we were particularly interested in
“D-fraction (DF)”, a bioactive extract from maitake
mushroom (Grifola frondosa). DF is the protein-bound
polysaccharide or proteoglucan, consisting of a bioactive
*Corresponding author. component known as f-glucan [5]. It has been commer-

The World Health Organization (WHO) estimates that
7.6 million deaths worldwide would come from cancers,
which remain a global health problem [1]. Cancer is in-
deed a leading cause of death worldwide with five major
cancer types from lung, stomach, liver, colon, and breast
[1]. Several conventional therapeutic options, such as
surgery, internal/external radiotherapy, hormone therapy,
chemotherapy, immunotherapy etc., are currently avail-
able. Although they may have the initial good response
rates, most deaths are attributed to a subsequent relapse
or recurrence of the disease developed in large numbers
of patients [2]. For instance, after complete resection of
kidney tumor (by nephrectomy), 20% - 30% of patients
would progress to a metastatic disease with the 5-year

Copyright © 2013 SciRes. JCT



844 Improved Anticancer Effects on Various Cancers with Combinations of Chemotherapeutic Drugs
or Vitamin C and D-Fraction

cially available for a variety of medical and scientific
research, and a number of studies have shown its immu-
nomodulatory and antitumor activities in an animal
model [6,7]. For instance, antitumor activity of DF has
been shown in tumor-bearing mice through activation of
various immune effectors such as macrophages, cyto-
toxic T-lymphocytes, natural killer cells etc. [6,7]. Addi-
tionally, antiviral effect of DF was demonstrated on
hepatitis B [8] and also confirmed on human immunode-
ficiency virus (HIV)/AIDS in anti-HIV drug screening
tests conducted by the US National Cancer Institute in
1992 [9]. Thus, DF appears to be an interesting and pro-
mising natural agent that deserves further studies on its
antitumor activity. Moreover, the US Food and Drug
Administration (FDA) has exempted DF from a phase I
study of toxicology. The FDA has also approved DF for
the Investigational New Drug (IND) application for a
phase II pilot study on patients with advanced breast and
prostate cancer [10]. It has been reported that a random-
ized clinical trial of DF on healthy subjects (non-cancer-
ous participants) confirmed no palpable ailments or ad-
verse effects on any participants [11]. Therefore, all these
facts support the safety of DF on cancer patients as well
as normal healthy people.

Accordingly, we investigated if anticancer effects of
various chemotherapeutic drugs might be potentiated in
combination with DF in seven different types of human
cancer cells. Those included breast, lung, stomach, colon,
prostate, bladder, and kidney cancers. As it has been pro-
posed that vitamin C (VC) could modulate the bioactivity
of DF [12], we also examined if such combination might
have any (anticancer) effects on those various cancer
cells. More details and notable findings are described
herein.

2. Materials and Methods
2.1. Cell Culture

A total of seven human cancer cell lines were obtained
from the American Type Culture Collection (ATCC;
Manassas, VA) and employed in this study: breast cancer
MDA-MB231 cells, lung cancer A549 cells, stomach
cancer AGS cells, colon cancer Caco-2 cells, prostate
cancer PC-3 cells, bladder cancer T24 cells, and kidney
cancer ACHN cells. They were maintained in RPMI
1640 medium containing 10% fetal bovine serum, peni-
cillin (100 units/ml), and streptomycin (100 pg/ml) at
37°C in a humidified incubator. Chemotherapeutic drugs
were purchased from Sigma-Aldrich (St. Louis, MO) and
standardized D-fraction (DF) was a gift from the manu-
facturer (Mushroom Wisdom, Inc., East Rutherford, NJ).
For experiments, certain chemotherapeutic drugs being
clinically used were tested in specific cancer cells as fol-
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lows: paclitaxel (PTX) was tested in breast (MDA-
MB231) and prostate (PC-3) cancers; cisplatin (CPL)
was in lung (A549) and bladder (T24) cancers; and
S-fluorouracil (5-FU) in stomach (AGS), colon (Caco-2),
and kidney (ACHN) cancers. These different cancer cells
were seeded at the initial cell density of 1 or 2 x 10°
cells/ml in 6-well plates or T-75 flasks and treated with
varying concentrations of specific drugs assigned as well
as combinations of those drugs and DF. Additionally,
these cancer cells were separately treated with combina-
tion of DF and vitamin C (VC). The effects of chemo-
therapeutic drugs alone, their combinations with DF, or
DF/VC combination were then assessed on cell viability
by MTT assay. All experiments have been separately
performed three times and statistical analysis was also
performed accordingly.

2.2. MTT Assay

Cell viability was determined by MTT (3-[4,5-dimethy-
Ithiazol-2-yl1]-2,5-diphenyl-tetrazolium bromide) assay
following the vendor’s protocol (Sigma-Aldrich, St. Louis,
MO) with minor modifications. This MTT system is
based on the conversion of the water-soluble MTT to an
insoluble purple formazan through mitochondrial de-
hydrogenases in viable cells. Briefly, at the harvest time,
MTT reagent (0.5 mg/ml) was added to all wells in the
6-well plate, which was then incubated for 3 h. After
MTT reagent was removed from all wells, DMSO (di-
methyl sulfoxide) was added to each well to dissolve the
formazan crystals (with purple color). Absorbance of
fomazan solution was read in a microplate reader, and
cell viability was expressed by the % relative to the con-
trol reading (100%).

2.3. Western Blot Analysis

The procedures essentially followed the protocol de-
scribed previously [13]. Briefly, cell lysates were ob-
tained from control and agent-treated cells by “freeze
thaw” in liquid nitrogen. An equal amount of cell lysates
(7 png) was subjected to 10% SDS-polyacrylamide gel
electrophoresis and transferred to a nitrocellulose mem-
brane. The blot (membrane) was incubated for 90 min
with the primary antibodies against bcl-2 or Bax (Santa
Cruz Biotechnology, Santa Cruz, CA), followed by
30-min incubation with the secondary antibody conju-
gates. The specific immunoreactive protein bands were
then detected by chemiluminescence following the manu-
facturer’s protocol (Kirkegaard and Perry Laboratories,
Gaithersberg, MD).

2.4. Statistical Analysis

All data were presented as mean + SD (standard devia-
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tion), and statistical differences between groups were
assessed with either one-way analysis of variance (ANOVA)
or the unpaired student’s ¢ test. Values of p < 0.05 were
considered to indicate statistical significance.

3. Results

3.1. Effects of Chemotherapeutic Drugs Alone or
Their Combinations with DF on Cell
Viability of Various Cancer Cells

Seven different cancer cells were treated with varying
concentrations of specific chemotherapeutic drugs as
follows: MDA-MB231 and PC-3 cells were treated with
PTX (0 - 30 nM); A549 and T24 cells were with CPL (0
- 100 uM); and AGS, Caco-2, and ACHN with 5-FU (0 -
300 ng/ml). In addition, these cancer cells were also
treated with combinations of drugs and DF (300 pg/ml)
as follows: both MDA-MB231 and PC-3 cells were
treated with combinations of PTX and DF; A549 and
T24 cells with combinations of CPL and DF; and AGS,
Caco-2, and ACHN cells with combinations of 5-FU and
DF. After 72 h, all cells were analyzed for cell viability
by MTT assay. It should be noted that DF (300 pg/ml) by
itself had little effects on all seven cancer cells in our
pilot study (data not shown). Moreover, the concentra-
tions of these drugs used were the estimated maximum
physiologically tolerable levels.

For the effects on MDA-MB231 cells, MTT assay
showed that PTX by itself had the potent effect on
MDA-MB-231 cells, resulting in a 38%, 47%, and 68%
reduction in cell viability at 6, 10, and 30 nM, respec-
tively. However, its combination with DF (300 pg/ml)
slightly improved such an efficacy (i.e. only <10% in-
crease in the viability reduction) (Figure 1(a)).

For A549 cells, no significant reduction in cell viabil-
ity of A549 cells was observed with CPL concentrations
up to 100 uM with a 28% viability reduction. Its combi-
nation with DF (300 pg/ml) had the slightly improved
effects on the cell viability reduction (up to only 32%)
(Figure 1(b)).

For AGS cells, 5-FU seemed to have only a little effect
on AGS cells and its highest concentration of 300 ng/ml
tested led to a 22% viability reduction. However, its
combination with DF (300 pg/ml) became highly potent
or more effective, resulting in a 25% and 40% viability
reduction from a 13% and 22% reduction with 5-FU (200
and 300 ng/ml) alone, respectively (Figure 1(c)).

For Caco-2 cells, no significant effect with 5-FU was
seen up to 300 ng/ml with a 31% viability reduction in
Caco-2 cells. Yet, its combination with DF (300 pg/ml)
led to the improved viability reduction: even 5-FU (100
ng/ml) with no apparent effect showed a 35% viability
reduction with DF, and combinations of 200 and 300
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ng/ml of 5-FU (with a 13% and 31% viability reduction,
respectively) and DF resulted in a 50% and 62% viability
reduction, respectively (Figure 1(d)).

For PC-3, T24, and ACHN cells, a significant (25%)
viability reduction was only seen in PC-3 cells with 30
nM PTX (Figure 1(e)), but no such a reduction was seen
in T24 and ACHN cells with given drugs (Figures 1(f)
and 1(g)). Nevertheless, combinations of PTX, CPL, or
SFU and DF (300 pg/ml) led to a maximum 45%, 42%,
and 49% viability reduction in PC-3, T24, and ACHN
cells, respectively (Figures 1(e)-(g)).

Taken together, these results suggest that DF appears
to enhance anticancer activity of chemotherapeutic drugs
to some extent on a variety of cancer cell types.

3.2. Synergistic Effects of Combination of DF
and VC on Cell Viability

While VC has been implied to enhance bioactivity of DF
[12], it has also been long known as the beneficial nutri-
tional supplement and has been extensively studied for a
potential role in cancer prevention and treatment [14,15].
We then examined if combination of DF and VC could
exhibit any anticancer or inhibitory activity against these
cancer cells. All seven cancer cells were cultured with
combination of DF (300 pg/ml) and VC (200 pM) and
cell viability was assessed at 24 h. It should be noted
again that neither DF (300 pg/ml) nor VC (200 pM)
alone had any effects on these cancer cells (data not
shown). The results were then summarized in Table 1.

Overall, combination of DF and VC was highly potent
or cytotoxic, inducing a >90% viability reduction in
nearly all cancer cells except for a ~70% viability reduc-
tion in lung cancer A549 cells (Table 1). These findings
also indicate that DF and VC may work synergistically to
induce such a profound cell viability reduction. There-
fore, DF/VC combination appears to affect those cancer
cells more severely than any combinations of chemo-
therapeutic drugs and DF (Figures 1(a)-(Q)).

3.3. Possible Induction of Apoptosis by DF/VC
Combination

To obtain a better understanding of such a profound vi-
ability reduction induced by DF/VC combination,
whether it would be linked to apoptosis (programmed
cell death) was examined. Seven cancer cells were ex-
posed to combination of DF (300 pg/ml) and VC (200
uM) for 24 h and subjected to Western blot analysis on
two key apoptosis regulators, bcl-2 and Bax. The results
revealed that bcl-2 expression was down-regulated while
Bax expression was up-regulated with DF/VC combina-
tion in all seven cancer cells (Figure 2). As bcl-2 is
known as an anti-apoptotic regulator while Bax is a pro-
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Figure 1. MDA-MB231 (a) and A549 (b) cells were treated with PTX (0 - 30 nM) and CPL (0 - 100 uM), respectively. At 72 h,
all cells were subjected to MTT assay to assess cell viability, which was expressed by the percent (%) of viable cells relative to
controls (100%). The data are mean + SD (standard deviation) from three separate experiments; AGS (c) and Caco-2 (d) cells
were separately treated with 5-FU (0 - 300 ng/ml) for 72 h and subjected to MTT assay. Cell viability was expressed by the %
of viable cells relative to controls (100%). The data are mean * SD from three separate experiments; PC-3 (e), T24 (f), and
ACHN (g) cells were treated with PTX (0 - 30 nM), CPL (0 - 100 uM), and 5-FU (0 - 300 ng/ml), respectively. Cell viability at
72 h was assessed by MTT assay and expressed by the % of viable cells relative to controls (100%). The data are mean + SD
from three independent experiments ("p < 0.05 compared with respective controls).
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Figure 2. Effects of DF/VC combination on bcl-2 and Bax.
After seven cancer cells were treated with combination of
DF (300 pg/ml) and VC (200 puM) for 24 h, expressions of
bcl-2 and Bax in each cell line treated with or without
DF/VC were analyzed on Western blots. Autoradiographs
show that bcl-2 expression was down-regulated (diminished)
but Bax was up-regulated (augmented) with DF/VC com-
bination in all seven cancer cell lines, indicating induction
of apoptosis.
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Table 1. Combination of DF and VC on cell viability of
various cancer cells.

Cell Viability (% of
Control) at 24 h

DF (300 pg/ml) + VC (200
nM)

<5% (>95% |)"
30% (70% |)
<5% (>95% |)
<10% (>90% |)
<5% (>95% )
<10% (>90% |)
10% (90% |)

Cancer Cell Lines

MDA-MB231 (Breast Ca)
A549 (Lung Ca)
AGS (Stomach Ca)
Caco-2 (Colon Ca)
PC-3 (Prostate Ca)
T24 (Bladder Ca)
ACHN (Kidney Ca)

“Values in parentheses are the % of cell viability reduction relative to con-
trol (100%). DF: D-fraction; VC: vitamin C; Ca: cancer.

apoptotic regulator [16], the down-regulation of bcl-2
concomitant with the up-regulation of Bax rather sug-
gests induction of apoptosis. Thus, it is plausible that the
drastically reduced cell viability with DF/VC combina-
tion is more likely attributed to apoptotic cell death.

4. Discussion

To help find the way to improve the poor efficacy of
chemotherapy on various human cancers, we investigated
if a variety of chemotherapeutic drugs could be potenti-
ated with bioactive DF extracted from maitake mush-
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room. As DF has been shown to have antitumor activity
with few side effects [6,7], it appeared to be an appropri-
ate agent to be used in our combination study (with vari-
ous drugs).

Several common human cancers, such as breast, lung,
stomach, colon, and urologic (prostate, bladder, and kid-
ney) cancers, were employed and studied. First of all, a
dose-dependent study showed the drug concentration-
dependent cell viability reduction in a cancer-specific
manner (Figures 1(a)-(e)). As those viability reductions
(relative to respective controls), except for T24 and
ACHN cells (Figures 1(f) and (g)), were confirmed to be
statistically significant (p < 0.05), drugs tested may have
the certain inhibitory or negative effects on cell viability
of these cancer cells.

Whether DF would further enhance or potentiate the
efficacy of those drugs was then examined. We found
that all drugs tested were somewhat potentiated with DF,
ranging from the marginal (7%) to highly significant

(43%) cell viability reductions (compared to drugs alone).

As summarized in Table 2, ACHN cells show the most
significant improvement in the cell viability reduction
with SFU/DF combination; from 100% cell viability with
SFU alone to 57% cell viability with SFU/DF combina-
tion—i.e. a “43%” improved reduction in cell viability.
In contrast, A549 cells show the least improvement in
such a reduction; from 91% cell viability with CPL alone
to 84% with CPL/DF combination—i.e. only a 7% dif-
ference in the cell viability reduction. Overall, five out of
seven cancer cell lines (>70%), ACHN, T24, PC-3,
Caco-2, and AGS cells, show statistically the significant
improvement in the cell viability reduction with combi-
nations of specific drugs and DF (compared to individual
drug alone). It thus appears that DF could help improve
the efficacy of many drugs significantly. However, as
such an improvement somewhat varies with cancer types,
it will be crucial to explore how different drug/DF com-
binations would actually work or to better understand
their underlying mechanisms. Such study is currently
underway in our laboratory.

Additionally, as a unique approach, we examined if
combination of DF (300 pg/ml) and VC (200 uM) might
also have some anticancer effects on those cancer cells.
Remarkably, such DF/VC combination was capable of
inducing a drastic >90% cell viability reduction in six
cancer cell lines except for a ~70% viability reduction in
one cancer cell line (Table 1). To gain an insight into
how such a profound viability reduction is induced by
DF/VC combination, possible induction of apoptosis was
examined. We found that DF/VC combination led to the
down-regulation of anti-apoptotic bel-2 concomitant with
the up-regulation of pro-apoptotic Bax (Figure 2), indi-
cating induction of apoptosis [16]. Therefore, the cell
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Table 2. Improved cell viability reductions with combina-
tions of drugs and DF.

Maximum Difference (%) in Cell Viability
Between Drug alone and Drug/DF Combination

9% (Cell viability: 32% with PTX vs 23%

Cancer Cell Lines

MDA-MB231 with PTX + DF)
A549 7% (91% with CPL vs 84% with CPL + DF)
AGS 18% (78% with SFU vs 60% with SFU + DF)
Caco-2 37% (87% with SFU vs 50% with 5FU + DF)
PC-3 20% (75% with PTX vs 55% with PTX + DF)
T24 35% (93% with CPL vs 58% with CPL + DF)
ACHN 43% (100% with SFU vs 57% with 5FU + DF)

DF: D-fraction; PTX: paclitaxel; CPL: cisplatin; 5FU: 5-fluorouracil; vs:
Versus.

viability reduction induced by DF/VC combination is
presumably attributed to apoptotic cell death.

Nevertheless, it is rather critical to elucidate the cyto-
toxic mechanism of DF/VC combination, although our
separate study indicates a possible involvement/role of
oxidative stress. More studies are required for further
confirmation.

Taken together, DF/VC combination appears to be su-
perior to any drugs alone or any combinations of drugs
and DF tested, and may ultimately induce apoptosis in
these cancer cells.

5. Conclusion

The present study suggests that D-fraction may have a
great potential as an adjuvant agent that can be combined
with certain chemotherapeutic drugs or with vitamin C
for the safer and more effective therapeutic modalities
for various human malignancies. Further studies are thus
warranted.
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