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The combined effects of ling-zhi polysaccharide fraction 3 (LZP-F3) and anticancer drugs (cisplatin and

arsenic trioxide) were examined in three human urothelial carcinoma (UC) cells (parental, NTUB1;

cisplatin-resistant, N/P(14); and arsenic-resistant, N/As(0.5)). MTT assay and median-effect analysis

revealed that LZP-F3 could profoundly reverse the chemosensitivity of N/P(14) and N/As(0.5) to

cisplatin and arsenic, respectively, in a dose-dependent manner, which involved activation of p38 and

down-regulation of Akt and XPA. A dose of 10 μg/mL of LZP-F3 induced significant G1 arrest in N/P(14)

and N/As(0.5) cells by flow cytometry, which may be mediated by the induction of p21WAF1/CIP1. The

combination of LZP-F3 and arsenic trioxide produced a significant synergistic growth inhibition of

NTUB1 and N/As(0.5) cells. Similar results were also found in N/P(14) cells. These molecular events of

combined effects involved significant and earlier induction of Fas, caspase 3 and 8 activation, Bax and

Bad up-regulation, Bcl-2 and Bcl-xL down-regulatuion, and cytochrome c release.
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INTRODUCTION

Bladder cancer is the second most common malignancy affect-
ing the urinary system. Approximately 90% of urothelial tumors
are urothelial carcinomas (UC). For the majority of patients
presenting with superficial bladder tumors, death from metastatic
disease results in approximately 20-40% of UC patients (1).
Systemic chemotherapies including cisplatin, gemicitabine, or taxol
are used for locally advanced disease or metastatic disease (2), but
about 30-50% of advanced UC cells do not respond to these
chemotherapeutic agent-based therapies (3). A common feature
among chemoresistant and metastatic tumor cells is that they
exhibit profound resistance to apoptosis (4). Thus, chemoresis-
tance can be considered as the final stage during tumor progression
and is mainly responsible for the majority of urothelial cancer-
related death (5). The challenges of controlling UC are the
prevention of recurrence and the inhibition of disease progression
during the treatment course.

Resistance to multiple chemotherapeutic agents is a common
clinical problem for cancer treatment; such resistance, termed

multidrug resistance (MDR), may occur in primary therapy
(intrinsic) or be acquired during or after treatment (6). Mechan-

isms involved in drug resistance include the presence of a range of
drug transporters (such as P-glycoprotein or multidrug resistance-

associated protein) (7-9); changes in the expression of topoiso-
merases (8, 10); alterations in metabolic pathways that influence

drug metabolism (11-13), DNA repair, or apoptosis (4, 14-16);
delivery anddistribution of anticancer drugs to tumor cells (17,18);

imbalance of the ratio of Bax to Bcl-2 (19-21); high level of
constitutive nuclear factor-κB (NF-κB) activity (22, 23), mitogen-
activated protein kinase (MAPK) signaling pathway (such as high

level of ERK1/2 phosphorylation) (24-26), cyclin D1 and B1
overexpression (27,28), and themicroenvironment (29). Drug resi-

stance in cancer cells can be overcome by administration of a non-
toxic reversing agent together with the anticancer agent (30). This

co-administration of an anticancer agent and a chemomodulator
has been shown to increase the therapeutic effect of the drug. In

particular, combined treatments involving inhibitors (such as
glutathione, EGFR, mTOR, and NF-κB) plus conventional
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chemotherapy have been tested, showing significant improve-
ments in antitumor effects (31-35).

Ganoderma lucidum (reishi or ling-zhi) has been used as
traditional Chinese medicine for its beneficial activities in human
health for several centuries (36). The major pharmacologically
active constituents of G. lucidum are triterpenoids and poly-
saccharides (37). Previous studies have indicated that the crude
or partially purified polysaccharides of G. lucidum (LZP) show
antitumor activity as well as inhibit tumor metastasis in animal
models (36, 38, 39). Triterpenoids have been reported to exhibit
hepatoprotective, antihypertensive, hypocholesterolemic, anti-
histaminic, antitumor, platelet aggregation-inhibiting, and com-
plement inhibition activities (37,40-43). Polysaccharides, such as
β-D-glucans, have been well-known to possess antitumor effects
by stimulating the expression of CD4 and T-cell counts during or
after chemotherapy (39) and antiangiogenesis by suppression of
VEGF induction (44). Additionally, polysaccharides have a pro-
tective activity against free radicals and suppress cell damage by
mutagens (37,41). Although the active constituents responsible for
the antitumor and immunomodulating activities have been quali-
tatively studied and the structure has been partially identified (36),
the molecular roles of their actions have not been clearly explored.

It was apparent that more effective regimens, involving better
combinations and novel agents, were needed. However, the cyto-
toxic effect of the combination of LZP and anticancer agent was
unclear. In this study, we will examine the new combinations of
cytotoxic agents with LZP to serve as a novel treatment for UC.
Findings of this study can contribute to substantiating the clinical
use of LZP in the treatment of human UC.

MATERIALS AND METHODS

Cell Lines and Chemicals. Three bladder urothelial carcinoma cell
lines were used: NTUB1, N/P(14) (cisplatin-resistant subline), and N/
As(0.5) (As2O3-resistant subline). N/P(14) and N/As(0.5) were generated
by culturing NTUB1 in progressively increased concentrations of each
drug and could thrive at 14 μM cisplatin and 0.5 μM As2O3, respec-
tively (34, 45). The cisplatin IC50 of N/P(14) and As2O3 and the IC50 of
N/As(0.5) were 36.6 and 5.0 μM, respectively, being 15.3- and 4.2-fold
higher than those of NTUB1. All cells were maintained in an RPMI-1640
medium (Gibco BRL, Gaithersburg, MD) containing 10% heat-inacti-
vated fetal calf serum (Gibco BRL) at 37 �C in humidified air with 5%
CO2. Cisplatin was purchased from Sigma Chemical Co. (St. Louis,MO),
andAs2O3was provided fromTTYBiopharmCo. (Taipei, Taiwan). Anti-
p21, anti-caspase-8, anti-Bad, anti-cytochrome c, and anti-Fas antibodies
were purchased from BD Pharmingen (San Diego, CA). Anti-Akt,

anti-Bcl-2, and anti-XPA antibodies were obtained from Santa Cruz Bio-
technology (Santa Cruz, CA). Anti-caspase 3 antibody was obtained from
IMGENEX (San Diego, CA). Anti-Bax antibody was purchased from
GeneTex (Irvine, CA).Anti-Bcl-xL, anti-p38, and antiphosphorylated p38
antibodies were obtained from Cell Signaling (Boston, MA).

Purification of LZP-F3. Purification of the water-soluble extract of
G. lucidum was as previously described (36). In short, 6 g of crude powder
of reishi extract (6 g) was dissolved in 120mL of double-distilledwater and
centrifuged (1000 rpm) for 1 h to remove the insoluble remains. The
supernatant was purified by gel filtration chromatography using a
Sephacryl S-500 column (100 � 1.6 cm) with 0.1 N Tris buffer (pH 7.0)
as the eluent. Each 6.0 mL/tube was fractionated by the flow rate of 0.6
mL/min. Then, each fractionwas subjected to carbohydrate detectionwith
phenol-H2SO4 after chromatographic purification. Five fractions were
collected (designated LZP-F1F2 and LZP-F3-LZP-F6), concentrated at
40-50 �C to give a small volume, dialyzed to remove excessive salts and
sodium azide, and then lyophilized to give 520 mg (25%) of LZP-F3.

Cell Cycle and Sub-G1 Fraction Analysis by DNA Flow Cyto-

metry. Cells (2 � 105 cells) were treated with LZP-F3 at 10 μg/mL for up
to 48 and 72 h, respectively. These cells were harvested after varied culture
intervals (24, 48, and 72 h) by trypsinization, washed with 1� PBS,
resuspended in 200 μL of PBS, and fixed in 800 μL of ice-cold 100%
ethanol at -20 �C. After overnight incubation, the cell pellets were
collected by centrifugation, resuspended in 1 mL of a hypotonic buffer
(0.1% Triton X-100 and 50 μg/mL RNase A), and incubated at 37 �C for
30 min. One milliliter of propidium iodide solution (50 μg/mL) was added
to stain the nuclei. The mixture was allowed to stand on ice for 30 min.
These samples were analyzed with a FACScan flow cytometer (Becton-
Dickinson, San Jose, CA) for cell cycle and sub-G1 analysis.

Combined Treatment of Anticancer Drugs and LZP. Cellular
chemosensitivity was determined using a modified 3-(4,5-dimethylthiazo-
2-yl)-2,5-diphenyl tetrazolium (MTT, Sigma Chemical Co., St. Louis,

Figure 1. Cytotoxicity of LZP-F3 in UC cells. NTUB1, N/P(14), and N/
As(0.5) cells treated with LZP-F3 alone at various doses of 0.1, 1, 10, and
100 μg/mL, respectively, showed nontoxicity to the three cells at concen-
trations of up to 100 μg/mL by MTT assay.

Figure 2. LZP-F3 reversed the chemosensitivity of cisplatin- and arsenic-
resistant UC cells. Combinations of various doses of LZP-F3 (0.1, 1, 3, and
10μg/mL) and (A) cisplatin (14μM) in N/P(14) cells or (B) arsenic trioxide
(0.5 μM) in N/As(0.5), respectively, were used. The survival rate was
analyzed by MTT assay. Data are presented as mean( standard error of
the means of three separate experiments. /, p < 0.05; //, p < 0.01.
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MO) assay in vitro (33). In brief, cells in 100 μL of culture medium were
seeded into 96-well microplates and incubated at 37 �C for 24 h prior to
drug exposure. The number of cells was titrated to keep control cells
growing in the exponential phase throughout the 72 h incubation period.
For the combined treatment, cells were treated with LZP and anticancer
drugs (each in 100 μL of culture medium) simultaneously and incubated

for 72 h.At 72 h, 50μLofMTT (2mg/mL inRPMImedium)was added to
eachwell and incubated for 2.5 h. Blue formazan crystals thus formedwere
pelleted to the bottom of the well by centrifugation, separated from the
supernatant, and dissolved in 150 μL of dimethyl sulfoxamide. The optical
density at 492 nm was determined by absorbance spectrometry using a
microplate reader (MRX-2, Dynex Technologies, Inc., Chantilly, VA).

Figure 3. LZP-F5 and LZP-F6 fractions could not reverse the chemosensitivity of drug-resistant UC cells. Combinations of various doses of LZP-F5 (0.1, 1,
and 10 μg/mL) and (A) cisplatin (14 μM) in N/P(14) cells or (B) arsenic trioxide (0.5 μM) in N/As(0.5), respectively, were used. Similarly, combinations of
various doses of LZP-F6 (0.1, 1, and 10 μg/mL) and (C) cisplatin (14 μM) in N/P(14) cells or (D) arsenic trioxide (0.5 μM) in N/As(0.5), respectively, were
used. Data are presented as mean( standard error of the means of three separate experiments. /, p < 0.05, and //, p < 0.01, compared to the control value.

Figure 4. Induction of p21 and p38 and suppression of Akt and XPA by LZP-F3 in drug-resistant UC cells. N/P(14) and N/As(0.5) cells were treated with
LZP-F3 at 10 μg/mL for 24 and 48 h, respectively. The levels of p21, p38, Akt, and XPA protein were examined byWestern blotting analysis. β-Actin served as
an internal control. The number under each band in the immunoblot indicates the relative intensity of the corresponding band. The staining intensity of protein
was assessed by using a densitometer. The fold of protein level was normalized to β-actin and compared to control. C, control group.
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Three separate experiments with triplicate data were performed to obtain
mean cell viability. Drug concentration that inhibited cell growth by
50% (IC50) was determined by the dose-effect analysis model as pre-
viously described (33) and presented as mean ( standard error of the
means (SEM).

Median-Effect Analysis of Combined Effects. By combining LZP-
F3 and anticancer drugs at graded concentrations, numerous combined

effects on growth inhibition were determined by median-effect analysis

with the mutually nonexclusive model as previously described (31, 33).
The calculation was carried out using the computer software Calcusyn

(version 1.1.1, 1996, Biosoft Inc., Cambridge, U.K.). Control experiments
were performed in which either active agent was replaced with drug-free

medium. For a given degree of growth inhibition (known as the “fraction

affected” in the analysis), there is a corresponding combination index (CI)
that reflects the combined effect. The combined effect is displayed in

fraction-affected combination index plots, where a combination index
of <1, =1, or >1 indicates synergism, additivism, or antagonism, res-

pectively. Synergism or antagonism of various degrees may occur in

different fraction-affected ranges with the same combination.
Western Blotting Analysis.Cells (2� 106) were treated with LZP-F3

at 10 μg/mL for 24 and 48 h, respectively. Cells scraped from one 100-mm

Petri dish were resuspended in 100 μL of RIPA lysis buffer (0.5% sodium
deoxycholate, 1%NP-40, 150mMNaCl, 10mMEDTA, 50mMTris-HCl

(pH 7.5), 1 mM sodium ovanadate, 0.1% sodium dodecyl sulfate (SDS),

10μg/mLaprotinin, 1mMphenylmethanesulfonyl fluoride, and 10μg/mL
leupeptin) and put on ice for 30 min. The lysate was then centrifuged at

18000g for 30 min at 4 �C to collect the supernatant for protein con-
centration determination. Cell extracts (50 μg) were separated on 10%

SDS-polyacrylamide gels and transferred to immobilon polyvinylidene

difluoride membranes (Millipore, Bedford, MA). After blocking, the
membranes were incubated with human specific antibodies, respectively,

at 4 �C for 12 h, followed by the horseradish peroxidase-labeled second
antibody, and developed with the ECL system (PiercE, Rockford, IL).

Statistical Methods. All symmetrical numeric data are presented as
mean ( SEM and compared with the Student’s t test.

RESULTS

Cytotoxicity of LZP-F3 in Urothelial Carcinoma Cells. NTUB1,
N/P(14), and N/As(0.5) cells treated with LZP-F3 alone at
various doses of 0.1, 1, 10, and 100 μg/mL, respectively, showed
nontoxicity to the three cells at concentrations of up to 100 μg/mL
by MTT assay (Figure 1). Similarly, sub-G1 fractions continued
to showno significant difference after 72 h of exposure toLPZ-F3
(10 μg/mL) alone in all three cells (data not shown). These data
suggested that the lowerdose ofLZP-F3was almost noncytotoxic
for the three cell lines.

LZP-F3 Reversed Chemosensitivity of N/P(14) and N/As(0.5).
In this study, we established that both N/P(14) and N/As(0.5)
sublines fromNTUB1 could thrive at 14 μMcisplatin and 0.5 μM
As2O3, respectively. With the combinations of various doses
of LZP-F3 (0.1, 1, 3, and 10 μg/mL) and cisplatin (14 μM) in
N/P(14) cells or arsenic trioxide (0.5 μM) in N/As(0.5), respec-
tively, the survival rate in MTT assay analysis decreased drama-
tically in these two drug-resistant cells, indicating that LZP-F3
could reverse significant chemosensitivity in both resistant cells
(Figure 2). The survival rates of N/P(14) and N/As(0.5) were
significantly suppressed to approximately 50% by LZP-F3 at
10μg/mLat 24 h.However, LZP-F5 orLZP-F6 could not reverse
the chemosensitivity in both resistant cells (Figure 3).

Induction of p21 and p38 and Suppression of Akt and XPA by

LZP-F3. For N/P(14) cells, LZP-F3 induced slight expression of
p21 protein at 48 h (Figure 4A). LZP-F3 (10 μg/mL) up-regulated
significantly p21 in the first 12 h and then decreased gradually at
24 and 48 h of treatment inN/As(0.5) (Figure 4B). In addition, we
examined the effects of LZP-F3 treatment on two chemoresistant-
related molecules, p38, phosphorylated p38 (pp38), andAkt. Treat-
ment with LZP-F3 at 10 μg/mL down-regulated Akt expression

in N/As(0.5) (Figure 4B), but not in N/P(14) cells (Figure 4A).
p38 activation was induced in N/As(0.5) after LZP-F3 treatment
for up to 24 h (Figure 4). Similarly, p38 activation inN/P(14) cells
was also significantly altered by LZP-F3. Using Western blot
analysis, we demonstrated an evident down-regulation of xero-
derma pigmentosum, complementation group A (XPA) protein
expression, after LZP-F3 treatment in N/P(14) cells but not in
N/As(0.5) cells. This decrease in expressionwas in a time-dependent
manner.

Alteration of Cell Cycle Progression by LZP-F3. NTUB1,
N/P(14), and N/As(0.5) cells were treated with 10 μg/mL LZP-F3
for 48 h and then subjected to flow cytometric cell cycle analysis
(Figure 5). LZP-F3 caused a progressive accumulation of G0/G1

Figure 5. Induction of G1 arrest by LZP-F3 in UC cells. NTUB1, N/P(14),
and N/As(0.5) cells were treated with LZP-F3 (10 μg/mL) alone for 48 h
and then subjected to flow cytometric cell cycle analysis. Data are
presented as mean ( standard error of the means of three separate
experiments. /, p < 0.05 compared to the control value.
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fractions (G1 arrest) in these cells for up to 48 h treatment. At the
same time, there was a slight decrease in G2/M phase cells.

Median-Effect Analysis of Combined Effects of LZP-F3 and

Anticancer Drugs. As shown in Figure 6, the combination of LZP-
F3 and cisplatin showed a significant synergistic effect (combination
indices<1) in N/P(14) cells according to the median-effect analysis
(Figure 6B). For N/P(14) cells, although synergism could be
observed, additivismwas presentwithin a small range of the fraction
affected (0.4-0.6 range) by this combination. In contrast, the
combined effect of LZP-F3 and cisplatin generated an evident
antagonistic effect (combination indices > 1) in NTUB1 cells
(Figure 6A). It appeared to be the least effective in killing NTUB1
cells. Interestingly, median-effect analysis revealed that a combined
treatment of LZP-F3 and arsenic trioxide generated profound
synergistic cytotoxic effects in NTUB1 and N/As(0.5) cells
(Figure 6C,D).Ofparticular note, the higher the fractionaffected (or
degree of growth inhibition), the more profound was the synergism
with the two-drug combination. Among the three cells, the syner-
gism of the combination appeared to be more profound in the two
resistant cells than in the sensitive parental cell, indicating that LZP-
F3may potentiate cisplatin and arsenic cytotoxicity in cisplatin- and
arsenic-resistant cells, respectively.

Combined Cytotoxic Mechanism by LZP-F3 and Anticancer

Drugs. Next, we compared the extent of Bcl-2 family, apoptosis-
related molecules, Fas, caspase 3 and 8, and cytochrome c induced
by 10 μg/mL LZP-F3 alone or in combination with cisplatin
(IC30=30 μM) and arsenic trioxide (IC30=2 μM) in N/P(14)
andN/As(0.5) cells, respectively.More prominent as well as earlier
caspase 3 and 8 activation at 48 h was seen with the combined

treatment than with LZP-F3 alone in N/P(14) and N/As(0.5),
respectively (Figure 7). Western blots, however, did not detect
expression of caspase-9 in the two cells under identical conditions
(data not shown). Commitment to apoptosis is largely amitochon-
drial event controlled by proteins in the Bcl-2 family. Compared to
LZP-F3 treatment alone, the pro-apoptotic proteins Bad and Bax
were significantly up-regulated and showed earlier expressions in
cells incubatedwith the combined treatment (Figure 7). In contrast,
the combined treatment mediated significant Bcl-2 and Bcl-xL
reduction after 56 h of continuous treatment compared to LZP-F3
alone in N/P(14) and N/As(0.5) cells, respectively (Figure 7).

To examine whether or not the apoptotic effect induced by
LZP-F3 alone or in combination with anticancer drugs was
through the mitochondrial signaling pathway, release of cyto-
chrome c was determined. The combined treatment showed a
substantial amount of cytochrome c release after 48 h into the
cytosol as well as caspase 3 activation compared to LZP-F3 alone
in N/P(14) and N/As(0.5) cells (Figure 7), as shown by Western
blot analysis. Interestingly, we also found Fas was significantly
up-regulated and showed earlier expression in combined treat-
ment than inLZP-F3 alone in these two cells (Figure 7). Similarly,
FasL also was more significantly induced in combined treatment
than in LZP-F3 alone (data not shown).

DISCUSSION

In this study, we have shown that the combination of LZP-F3
and chemotherapeutic agents (cisplatin and arsenic trioxide)
produced synergistic cytotoxicity inUC (Figure 6). The apoptotic

Figure 6. Median-effect analysis of the combined effects of LZP-F3 and anticancer drugs in NTUB1, N/P(14), or N/As(0.5) cells. By combining LZP-F3 and
cisplatin or arsenic trioxide at graded concentrations in these three cells, respectively, numerous combined effects on growth inhibitionwere determined bymedian-
effect analysis with the mutually nonexclusive model. Combination indices of <1, =1, and >1 indicate synergistic, additive, and antagonistic combinations,
respectively. Among the three cells, the synergism of the combination appeared to be more profound in the two resistant cells than in the sensitive parental cell.
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molecules of combined effects involved significant and earlier
induction of Fas, caspase 3 and 8 activation, up-regulation of Bax
and Bad, Bcl-2 and Bcl-xL down-regulatuion, and cytochrome c
release (Figure 7). From these findings, we hypothesized LZP-F3
enhanced cytotoxicity of chemotherapeutic agents inN/P(14) and
N/As(0.5) cells and perhaps involved Fas/FasL-mediated apo-
ptosis through signal pathway of cytochrome c release and caspase
8 and 3 activation.

LZP-F3 itself at concentrations of up to 100 μg/mL had little
impact on viability ofUC cells (Figure 1). Upon exposure toLZP-
F3, induction of G1 arrest (Figure 5) and a number of critical
molecular events occurred, which included induction of p21 and
p38 expressions and suppression of the Akt and xeroderma pig-
mentosum and complementation group A (XPA) expressions in
N/P(14) orN/As(0.5) cells (Figure 4). Interestingly, we also found
a synergistic effect generated by combining LZP-F3 and doceta-
xel in hormone refractory prostate cancer (data not shown). By
doing so, we can sensitize cancer cells to drugs that normally
would not be able to kill cells effectively. Because advanced UC

cells are known to be relatively chemoresistant, any efforts to
potentiate chemotherapeutic effects bymodulating phenotypes of
cancer cells could be a novel strategy of treatment. These results
may at least in part explain the potentiating effects of LZP-F3 on
the cytotoxicity to UC cells.

According to our data, the potential ability of LZP-F3 was
associated with the p21 expression and subsequent induction of
cell cycle G1 arrest in UC cells (Figure 5). Thus, induction of p21
appeared to play a key role in the ability to inhibit cell cycle
progression and suppress tumor cell growth (33). We have
examined the expression of Akt, which was associated with drug
resistance in cancer cells (46). Our results indicated that the
suppression of Akt by LZP-F3 rendered N/As(0.5) cells more
susceptible to the cytotoxic effect of arsenic trioxide. However,
LZP-F3 had no effect on the Akt protein in N/P(14) cells.
A previous study showed that XPA, a DNA repair protein, was
involved in the cisplatin-mediated resistance in some cancer
cells (47). Our data demonstrated that LZP-F3 inhibited the
XPA expression in N/P(14) but had no effect on N/As(0.5) cells.

Figure 7. Combined effects of LZP-F3 and anticancer drugs on cytochrome c release, Bcl-2 family proteins, Fas expression, and caspase 3 and 8 activation in
N/P(14) andN/As(0.5) cells. N/P(14) andN/As(0.5) cells were treated with 10μg/mL LZP-F3 alone or in combinationwith cisplatin (IC30 = 30μM) and arsenic
trioxide (IC30 = 2 μM) for 56 h, respectively. The levels of Bcl-2 family, Fas, cytochrome c, and caspase 3 and 8 proteins were examined by Western blotting
analysis. R-Tubulin served as an internal control. The number under each band in the immunoblot indicates the relative intensity of the corresponding band.
The staining intensity of protein was assessed by using a densitometer. The fold of protein level was normalized to β-actin and compared to control. C, control group.
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These findings may partly explain why LZP-F3 can specifically
inhibit the expression of drug resistance-related molecules, such
as Akt and XPA, to reverse the chemosensitivity of N/P(14) and
N/As(0.5), respectively.

Cisplatin is among the most active cytotoxic agents against
human UC. Arsenic trioxide has recently demonstrated signifi-
cant activity for the treatment of cisplatin-resistant UC (48).
However, approximately 30-50% of advanced UC cells do not
respond to chemotherapeutic agent-based therapies. Therefore,
chemoresistance is still a major problem for successful treatment
of cancer. Many studies have reported that chemoresistance in
cancer cells can be overcome by administration of a nontoxic
reversing agent together with the anticancer agent (30). This co-
administration of an anticancer agent and a chemomodulator has
been shown to enhance the therapeutic effect of the drug (31-35).
In this study, we found a novel modulator, LZP-F3, that showed
a synergistic combination with anticancer drugs (cisplatin and
arsenic trioxide) in UC cells. It was noteworthy that synergism of
the combination appeared to be more profound in the two
resistant cells than in the sensitive parental cell. However, the
combined effect of LZP-F3 and cisplatin showed an evident
antagonistic effect in NTUB1 cells, indicating that this combina-
tion might be not suitable for chemosensitive UC.

Previous findings showed that LZP-F3 could stimulate spleen
cell proliferation and expression of cytokines, including IL-1,
IL-2, and IFN-γ through Toll-like receptor 2 and 4 (TLR2 and 4)
pathways (36). The composition of the LZP-F3 fraction has been
analyzed, and the presence of fucose has been determined to be
essential for induction of immunomodulating activities and
antitumor activity (49, 50). Additionally, Lin et al. have found
and demonstrated that LZP-F3 could induce the innate immune
response through the TLR2/TLR4-mediated p38 MAPK signal
pathway (51). Of note, we also found that LZP-F3 could induce
p38 expression in N/As(0.5) and N/P(14) cells. Therefore, LZP-
F3 may be an effective chemomodulator agent for treatment of
human drug-resistant UC.

Cheng et al. showed that LZP-F3 may induce death receptor
ligands, such as tumor necrosis factor-R (TNF-R), tumor necrosis
factor-related apoptosis inducing ligand (TRAIL), and Fas (CD95/
APO-1) to mediate cellular apoptosis through death receptor
oligomerization, recruitment of specialized adaptor proteins,
activation of the caspase 3 and 8 cascade, and Bcl-2 down-
regulation (52). Interestingly, we also found the similar feature
that LZP-F3 potentiates cytotoxic effects of anticancer drugs
against N/P(14) and N/As(0.5) cells via a Fas/FasL signaling
pathway (a cell surface “death receptor” of the TNF receptor
family), caspase 3 and 8 activation, and Bcl-2 down-regulation in
this study. Wang et al. have also indicated the main active
component of LZP-F3 is a glycoprotein fraction containing
essential terminal fucose residues with 1,2-linkages for cellular
cytotoxicity (36) and antitumor activity (49, 50). Furthermore,
the presence of fucose in the saccharide fraction is required for the
activities.We hypothesized LZP-F3maymimic a death ligand by
the terminal fucose residues to bind the death receptor for
induction of cell apoptosis. However, the detailed structures of
LZP-F3 and other LZP fractions are still unknown due to their
huge size and complex structures. Therefore, the real carbohy-
drate epitope responsible for the antitumor activity and its
receptor remain to be identified.

Very few studies on evaluating the combined effects of LZP
and chemotherapeutic agents in cancer cells havebeenperformed.
To our knowledge, this is the first study showing that LZP-F3
potentiates the cytotoxic effects of cisplatin and arsenic trioxide in
human UC cells. Our results have clinical implications and
represent one of the few efforts to substantiate the potential use

of LZP-F3 as a chemomodulator in the treatment of human
urothelial carcinomas.
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