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Background: Cisplatin-based chemotherapy is mainstay treatment in urinary bladder cancer
(UBC). However, tumor recurrence frequently occurs with the acquisition of cisplatin resis-
tance. We explored the potential effect of a polyherbal preparation, Zyflamend, on UBC cells
resistant to cisplatin treatment.

Methods: To establish a cisplatin-resistant human bladder cancer cell line, T24 cells were
cultured in increasing concentrations of cisplatin for more than 10 months. These cells (T24R)
were then treated with different concentrations of Zyflamend, and both proliferation and activity
of nuclear factor kappaB (NFkB) signaling pathway were examined. To test the synergistic
effect between Zyflamend and cisplatin, we treated T24R cells either with Zyflamend or cispla-
tin alone, or in combination. Apoptotic effect was evaluated by Annexin V/propidium iodide
double staining, and the levels of the proteins involved in cell cycle and anti-apoptosis were
examined by Western blotting. Finally, mice with palpable xenograft were treated either with
cisplatin and Zyflamend alone or in combination for 28 days before they were sacrificed for
measuring the sizes and weights of the tumor tissues. In addition, proliferation and apoptosis
markers were examined by immunohistochemistry.

Results: Comparing to that in the parental T24 cells, NFkB is constitutively active in cisplatin-
resistant T24R cells. Zyflamend is capable of inhibiting the growth of T24, T24R, as well as
another UBC cell line J82 in a concentration-dependent manner. Mechanistically, Zyflamend
suppresses NFkB-mediated cell proliferation, survival, and invasion/angiogenesis and induces
apoptosis. In addition, Zyflamend significantly increased the sensitivity of T24R and J82 cells
to cisplatin treatment and these findings were confirmed in T24R xenograft model with reduced
proliferation index and decreased expression of RelA and its downstream target MMP9.
Conclusion: Zyflamend is capable of counteracting bladder cancer resistance to cisplatin by
repressing proliferation and inducing apoptosis through targeting NFxB signaling pathway.
Keywords: Zyflamend, cisplatin, bladder cancer, NFkB, acquired resistance

Introduction

Urinary bladder cancer (UBC) is one of the most malignant tumors in the USA, with
58,950 new cases and 11,820 UBC-related deaths in 2016." In China, UBC prevalence
in the general population and people older than 65 years was ranked 9th and 2nd,
respectively.? At diagnosis, ~70% of UBC patients have non-muscle invasive bladder
cancer, while the other 30% have muscle invasive bladder cancer (MIBC).>* Since
radiotherapy has very limited effects for MIBC, chemotherapy is currently the mainstay
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of treatment for this disease. However, the mechanisms of
acquired resistance to chemotherapy are still unclear.’ The
mechanistic understanding may help to identify the novel
drug combination strategies to overcome the acquired drug
resistance in UBCs.

The nuclear factor kappaB (NFkB)/Rel family is com-
posed of five members in mammals, RelA/p65, c-Rel, RelB,
NFxBI1 (p105/p50), and NFxB2 (p100/p52).%7 Rel proteins
bind to p50 and p52, which are proteolytically processed
by proteasome from p105 and p100, and form heterodimer.
Once the stimuli exist, cytosolic-localized NFkB complex
is released from the tether of NFxB inhibitor o (IxBo)
protein and translocates into nucleus, where it binds to
its cognate DNA motif and transcriptionally regulates the
downstream targets including Bcl2, cyclin D1, vimentin,
MMP9, and VEGFa.*? NFxB plays important roles in various
cellular processes, including survival, inflammation, and
angiogenesis.!*!! Therefore, dysregulation of NFxB signal-
ing pathway has been implicated in both cancer development
and chemoresistance. Meanwhile, NFxB also serves as a
promising drug target in cancer therapy.'? !4

As a formulated dietary supplement, polyherbal Zyfla-
mend contains 10 standardized herbal extracts: holy basil,
turmeric, ginger, green tea, rosemary, Hu Zhang, barberry,
oregano, Baikal skullcap, and Chinese goldthread. Others and
we have reported that Zyflamend possesses anticancer prop-
erty against prostate and pancreatic cancers either through
its anti-inflammatory or anti-androgen receptor effects.!>3
However, whether Zyflamend has anticancer effect on UBC
cells, particularly on the cisplatin-resistant UBC cells, has
not been explored.

In this study, an acquired cisplatin-resistant UBC cells
(T24R) was established using the human UBC cell line
(T24) by repeated selection with elevated concentration
of cisplatin for 10 months and NFxB/RelA activation was
observed in these cells. Importantly, our in vitro and in vivo
experiments showed that by inhibiting NFxB signaling
pathway Zyflamend is capable of counteracting acquired
cisplatin-resistance.

Materials and methods

Human UBC cell lines and reagents

Human UBC cell lines T24 and J82 were obtained from the
Cell Bank of Type Culture Collection, Chinese Academy
of Science (Shanghai, China) and maintained in RPMI
1640 medium (Thermo Fisher Scientific, Waltham, MA,
USA) with 10% fetal bovine serum (Hyclone Laboratories,
South Logan, UT, USA). To generate cisplatin-resistant T24

(T24R) cells, T24 cells were initially exposed to 0.01 pug/mL
cisplatin and the dose was gradually increased over 10
months. Finally, we obtained T24R cells viable in the pres-
ence of 2 pg/mL cisplatin. Cells were incubated at 37°C in
an atmosphere of 5% CO, and 95% air. Zyflamend (New
Chapter, Brattleboro, VT, USA) was dissolved in DMSO
at a stock concentration of 10 mg/mL and stored at —80°C
in separate aliquots. Cisplatin (EY0024; Shanghai Amquar
Biological Technology, Shanghai, China) was dissolved in
0.9% NaCl solution at a stock concentration of 2 mg/mL and
stored at —20°C in aliquots.

Cell viability assay

T24, T24R, and J82 cells were seeded into 96-well plates
at 2,000 cells per well. Then, 1 day after cell inoculation,
Zyflamend (0-1,200 pg/mL) and cisplatin (0-16 pg/mL)
were added, respectively. After cells were treated with
Zyflamend and cisplatin individually or combined for
72 h, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT; 5 mg/mL) was added for 2 h at 37°C. Then,
the culture medium was removed and 100 uL. DMSO
was added to dissolve formazan crystals. Absorbance at
490 nm was examined using a microplate reader (BioTek
Instruments, Winooski, VT, USA). Each treatment was per-
formed in triplicates, and experiments were repeated at least
3 times. IC, of each cell line to cisplatin or Zyflamend was
calculated by Graphpad Prism software (Graphpad Software,
Inc, La Jolla, CA, USA).

Combination index analysis

The anti-proliferative effects of the interaction between
Zyflamend and cisplatin were assessed by measuring the
combination index (CI).' T24, T24R, and J82 cells were
cultured in 96-well plates at a density of 2,000 cells/well
overnight, respectively. Cells were treated with individual
or combined Zyflamend (0—1,200 pug/mL) and cisplatin
(0-8 ug/mL) at various concentrations as indicated. Then,
72 h later, cells were stained with 5 mg/mL MTT. DMSO
was used to dissolve formazan crystal. The CI values by
Chou-Talalay method were assessed using CompuSyn 1.0
software (ComboSyn, Paramus, NJ, USA). Cl value <1, =1,
and >1 indicates synergism, additive, and antagonism
effects, respectively.

Colony formation assay

T24R and J82 cells were seeded in 6-well plates at a density
of 1,000 cells/well. After 2 days, cells were treated with
100 pg/mL Zyflamend and/or 1 pug/mL cisplatin. After 48 h,
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the media were changed to regular culture media. After 7 days,
cells were fixed with 7:1 methanol:acetic acid, and stained
with 0.5% crystal violet (Sigma-Aldrich Co, St Louis, MO,
USA). Only colonies with >50 cells were counted.

Western blotting

Cells were lysed in RIPA buffer containing phosphatase
inhibitor cocktail I (Sigma-Aldrich Co) and protease inhibi-
tor cocktail mini-tablet (Roche Diagnostics, Indianapolis,
IN, USA). The supernatants were collected after centrifuga-
tion at 12,000 g at 4°C for 20 min. Then, 20 ug of protein
lysates was separated by SDS-PAGE and transferred onto
polyvinylidene difluoride membrane (EMD Millipore, Bil-
lerica, MA, USA). After blocking with 5% non-fat milk in
PBST, the primary antibodies for RelA (8242, dilution ratio:
1:1,000; Cell Signaling Technologies, Danvers, MA, USA),
pRelA (S536) (3033, dilution ratio: 1:1,000; Cell Signaling
Technologies), MMP2 (13132, dilution ratio: 1:1,000; Cell
Signaling Technologies), MMP9 (13667, dilution ratio:
1:1,000; Cell Signaling Technologies), VEGFa (BS6496,
dilution ratio: 1:1,000; Nanjing Bioworld Biotech Co. Ltd,
Nanjing, China), c-Myc (BS4126, dilution ratio: 1:1,000,
Bioworld), cyclin D1 (16663, dilution ratio: 1:1,000; Abcam,
Cambridge, UK), vimentin (10366-1-AP, dilution ratio:
1:800, Proteintech, Chicago, IL, USA), cleaved caspase 3
(9661, dilution ratio: 1:1,000; Cell Signaling Technologies),
PARP (9542, dilution ratio: 1:1,000; Cell Signaling Tech-
nologies), and actin (A1978, dilution ratio: 1:2,000; Sigma-
Aldrich Co). The membranes were then washed with PBST 3
times and incubated with horseradish peroxidase-conjugated
secondary antibody (dilution ratio: 1:2,000). The blots were
visualized using the enhanced chemiluminescence reagents
(WBKLS0100; EMD Millipore).

Cell death assay

Cell death rates were detected by Annexin V/propidium
iodide (PI) staining kit (Cat # A211-01; Vazyme, Nanjing,
China) according to manufacturer’s manual. Briefly, T24R
or J82 cells were incubated in RPMI 1640 either with cis-
platin or Zyflamend for 24 h. After cells were harvested and
resuspended in 100 UL binding buffer, they were stained with
5 UL PI and 5 puL. Annexin V at 4°C for 10 min in the dark.
Cells were analyzed by flow cytometry within 60 min, and
Annexin V-positive cells were defined as the dead cells.

Animal study
The experimental animal protocol was approved by the
Institutional Animal Care and Use Committee of the Model

Animal Research Center at Nanjing University and conducted
in the animal facility of the Model Animal Research Center
according to the animal experimental ethics committee
guidelines of the Model Animal Research Center at Nanjing
University. In total, 5x10° T24R cells were suspended in
50% Matrigel (BD Bioscience, San Jose, CA, USA) and
subcutaneously inoculated into the dorsal flank of athymic
nu/nu male mice (6-week-old). Then 1 week later, mice with
palpable xenograft were randomly divided into 4 groups:
1) vehicle control (olive oil, 100 uL by gavage, daily);
2) cisplatin (5 mg/kg, once a week, intraperitoneal [ip] injec-
tion); 3) Zyflamend (1 g/kg, daily, per os [po]); 4) combined
Zyflamend (1 g/kg, daily, po) and cisplatin (5 mg/kg, once a
week, ip). Body weights and tumor dimensions were moni-
tored every 3 days. Tumor volumes were calculated using
the equation V =0.524 x width? x length. The animals were
sacrificed after drug treatment for 4 weeks.

Histological and immunohistochemistry
(IHC) staining

For histological staining, 5 um thick sections were deparaf-
finized and stained with hematoxylin and eosin. For IHC
staining, sections were stained by the antibodies against
Ki-67 (M7240, 1:1,000; DAKO), cleaved caspase 3 (9661,
1:1,000; Cell Signaling Technologies), RelA (8242, 1:1,000;
Cell Signaling Technologies), and MMP9 (13667, 1:1,000;
Cell Signaling Technologies) following the standard
protocol.?’

Statistical analysis

Each experiment was repeated 3 times. The mean values with
SE from the triplicates were plotted. Statistical analysis was
carried out using GraphPad Prism Software. Comparisons
between groups were performed with 2-tailed Student’s
t-test, and differences were considered statistically significant
with P<<0.05.

Results
Establishment of cisplatin-resistant UBC
cell T24R

First, we successfully established a cisplatin-resistant cell
line (T24R) from the parental T24 UBC cell line by culturing
the cells with increasing concentrations of cisplatin over
10 months. Then, we examined the effect of cisplatin on
these cells by measuring IC, of different cells. As shown
in Figure 1A, T24R cells were the most resistant cells to
cisplatin with an IC, of 11.53 pug/mL, which was 7.2-fold
higher than that of the parental T24 cells (IC, =1.61 pug/mL).
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Figure | Establishment of the acquired cisplatin-resistant T24 cells.

Notes: (A) Cell viability of UBC cells treated with cisplatin at various concentrations (0—16 pg/mL) for 72 h detected by MTT assay. Data are presented as mean * SE.
(B) Western blotting analysis on UBC cells for the expression levels of NFkB/RelA transcriptional factor, which were normalized by actin as a loading control. (C and D) The
quantification analysis of Western blotting data. The band density was quantified by Image ] software and normalized values were depicted in graphs.

Abbreviations: UBC, urinary bladder cancer; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; SE, standard error; NFkB, nuclear factor kappaB; RQ,

relative quantification.

In addition, IC, for J82 cells to cisplatin was 2.40 pg/mL,
right between T24 and T24R cells.

Constitutive activation of NFxB has been implicated in
carcinogenesis and drug resistance in many cancer types.?'
Therefore, we examined whether this pathway was altered
in T24 and T24R cells. Western blotting data revealed that
the levels of NFKB/RelA, also known as p65, and its phos-
phorylated form pRelA (S536) were elevated remarkably in
T24R cells, compared to T24 cells. Consistent with IC, , the
cisplatin-resistant J82 cells showed moderate level of RelA
and phosphorylated RelA (Figure 1B-D). Besides, we also
observed elevated levels of NFkB/RelA downstream targets
in T24R cells (Figure S1). These data showed a clear cor-
relation between the activation of NFkB and the resistance
to cisplatin treatment in UBC cells.

Zyflamend is capable of inhibiting NFxB
signaling pathway

Since Zyflamend has been reported to possess antican-
cer property through targeting NFxB pathway, we next
examined whether Zyflamend could inhibit cell proliferation

by inactivating the NFKB signaling pathway in UBC calls.
First, we found that Zyflamend indeed suppressed cell pro-
liferation in a concentration-dependent manner for T24,
J82, and T24R cells with respective IC, values of 379.5,
310.3, and 296.4 ug/mL (Figure 2A). To examine whether
Zyflamend inhibits NFkB signaling pathway, we performed
Western blotting assays to assess the major NFxB transcrip-
tion factor (RelA) and its downstream targets, including cyclin
D1, c-Myec, and Bcl2, in T24, T24R, and J82 cells. As shown
in Figure 2B, Zyflamend reduced the levels of both total and
phosphorylated RelA in a dose-dependent manner. In line
with this finding, levels of proliferation-associated proteins
(cyclin D1 and c-Myc) and anti-apoptotic protein (Bcl2) were
gradually reduced with Zyflamend treatment (Figure 2C and D
and Figure S2A and B). In addition, Zyflamend treatment
also led to increased levels of cleaved caspase 3 and PARP
(Figures 2D and S2B). Furthermore, the downstream targets
of NFkB such as vimentin, MMP2, MMP9, and VEGFa
were all downregulated by Zyflamend in a dose-dependent
manner (Figures 2E and S2C). These data indicate that Zyfla-
mend is capable of inhibiting the NFxB pathway in UBC cells.
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Figure 2 Zyflamend inhibited cell survival of UBC cells and suppressed NFkB signaling pathway.

Notes: (A) Cell viability of UBC cells treated with Zyflamend at various concentrations (0—1,200 ug/mL) for 72 h detected by MTT assay. Data are presented as mean * SE.
Western blotting analysis on T24, T24R, and J82 cells treated with the indicated concentrations of Zyflamend for the expression levels of NFkB transcriptional factor (B).
The graphs depict the quantification data of Western blotting on pRelA and total RelA, which were analyzed by Image] software. The NFkB downstream targets related to
cell proliferation (C), survival (D), and invasion/angiogenesis (E) were also examined after 48 h treatment with Zyflamend.

Abbreviations: UBC, urinary bladder cancer; NFkB, nuclear factor kappaB; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; SE, standard error;

T24R, cisplatin-resistant T24 cell; RQ, relative quantification.

The synergistic effect of Zyflamend and
cisplatin in inhibiting survival and inducing
apoptosis of cisplatin-resistant UBC cells
To test whether Zyflamend can overcome UBC cell resis-
tance to cisplatin, we treated T24R and J82 cells with either

Zyflamend (50 pg/mL) and cisplatin (1 pg/mL) alone, or in
combination for 72 h. We found that compared to single treat-
ment, the combination of Zyflamend with cisplatin reduced
the viability of both UBC cell lines (P<<0.001; Figure 3A
and B). To test the synergetic effect between Zyflamend
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and cisplatin, T24R and J82 cells were exposed to different
concentrations of Zyflamend (0-1,200 pg/mL) and cisplatin
(0-8 pug/mL) alone or in combination for 72 h followed by
MTT assay. CI between Zyflamend and cisplatin was cal-
culated using Chou-Talalay method. As shown in Figure 3C
and D, the CI values of the combined treatment were all <1
with the mean CI values of 0.41 and 0.50 for T24R and
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J82 cells, respectively. To test whether Zyflamend can also
enhance parental T24 cells to cisplatin, we treated them with
either Zyflamend (50 pwg/mL) and cisplatin (0.25 pg/mL)
alone, or in combination for 72 h. The results on the synergis-
tic assays revealed that Zyflamend can also enhance T24 cells
to a low concentration of cisplatin treatment (Figure S3A).
Chou-Talalay method also confirmed that low concentration
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Notes: (A and B) Cell viability of UBC cells treated with Zyflamend (50 pg/mL) and/or cisplatin (I pg/mL) for 72 h detected by MTT assay. Viability of vehicle treated cells
was defined as 100%. (C and D) Chou-Talalay method FA-CI plots to assess drug synergy between Zyflamend and cisplatin against T24R (C) and ]82 cells (D). Cl values less
than 1.0 indicate synergism of the two agents. (E) Colony-formation capability of UBC cells treated with Zyflamend and cisplatin individually or combined for 7 days. (F and G)
Quantification of colony numbers under the treatment of Zyflamend and cisplatin, individually or combined. Data are presented as mean * SE; ***P<0.001.

Abbreviations: UBC, urinary bladder cancer; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; Cl, combination index; T24R, cisplatin-resistant T24 cell;

SE, standard error; FA, fraction affected.

of Zyflamend and cisplatin showed synergism on cytotoxicity
(Figure S3B). Overall, these results indicate a synergistic
interaction between Zyflamend and cisplatin on the growth
inhibition of both UBC cells. Consistently, co-treatment
with Zyflamend and cisplatin had a stronger inhibitory effect
on the colony-formation capability of T24R and J82 cells

(P<0.001; Figure 3E-G).
To determine the mechanism for the synergistic effect

between Zyflamend and cisplatin, we performed apoptosis

assay with Annexin V/PI double staining. Flow cytometry
analyses showed that ~48% T24R cells underwent apopto-
sis when treated with Zyflamend (50 pg/mL) and cisplatin
(1 pg/mL) together, whereas only 23.1% and 9.21% T24R
cells were undergoing apoptosis when they were treated with
Zyflamend (50 pug/mL; P<<0.01) and cisplatin (1 pug/mL;
P<0.01), respectively (Figure 4A and B). Similar results
were obtained when J82 cells were treated (Figure 4A
and C). In addition, co-treatment reduced both total and
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Figure 4 Zyflamend had cytotoxic effect and downregulated the NF«xB signaling pathway in UBC cells.
Notes: (A) Flow cytometry analysis on T24R and ]82 cells treated with Zyflamend (50 pg/mL) and cisplatin (I pg/mL) alone or both using an Annexin V-FITC/PI double
staining kit. Representative plots are shown. (B and C) Quantification of cell death rates in T24R (B) and 82 cells (C) treated with Zyflamend and cisplatin alone or both.
Annexin V-positive cells were defined as apoptotic cells. Data are presented as mean * SE; *P<<0.05; **P<<0.01. (D and E) Western blotting analysis on T24R (D) and )82
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phosphorylated RelA (S536) with reduced levels of proteins
involved in cell cycle progression (c-Myc and Cyclin D1)
and survival (Bcl-2). The co-treatment strikingly induced
cleavages of caspase 3 and PARP in both T24R and J82 cells

(Figure 4D and E). As for parental T24 cells, Zyflamend
(50 pg/mL) and low concentration of cisplatin (0.25 pg/mL)
synergistically induced apoptotic rate and the cleavages of
caspase 3 and PARP, and reduced the NFxB downstream
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targets (Figure S4). These results demonstrated that combina-
tion of cisplatin and Zyflamend has a strong cytotoxic effect
on UBC cells by inhibiting NF«kB signaling pathway.

The synergistic effect of Zyflamend and
cisplatin in inhibiting survival and inducing
apoptosis of cisplatin-resistant UBC cells
in vivo

The synergistic effect of Zyflamend and cisplatin was
further tested with the cisplatin-resistant T24R xenograft
animal model. Then, 6-week old male nude mice were
subcutaneously inoculated with T24R cells. After 1 week,
palpable tumor-bearing mice were randomly divided into four
groups and treated with either vehicle, Zyflamend (1 g/kg)
or cisplatin (5 mg/kg) alone, or in combination (Figure 5A)
for 4 weeks. Then, mice were sacrificed and tumors were
collected for further analysis (Figure 5B). As shown in
Figure 5C and D, tumor volumes and tumor weights in the
cisplatin group did not show significant difference from
those of the vehicle group, whereas Zyflamend treatment
alone significantly reduced both tumor volume and weight.

Of note, combined treatment showed the highest suppres-
sion on tumor growth among all groups (P<<0.01). The
body weights of the mice among different treatment groups
were comparable (Figure 5E). In addition, there were no
obvious morphological and weight changes of liver, spleen,
lung, kidney, and heart among four groups (Figure SSA
and B), suggesting that Zyflamend treatment either alone
or in combination with cisplatin has no significant toxicity
to the animals.

To understand the underlying mechanism, we exam-
ined the levels of the cell proliferation marker (Ki-67)
and apoptotic marker (cleaved caspase 3) in xenografts
(Figure 6A). As shown in Figure 6B and C, Zyflamend
and cisplatin significantly decreased the Ki-67-positive
cancer cells and increased the cleaved caspase 3-positive
cells in xenografts compared with the single treatments
(P<<0.01 versus cisplatin group; P<<0.05 versus Zyflamend
group). ITHC results showed that the xenografts from the
co-treatment group expressed the least levels of RelA and
MMP9 (Figure 6A, the 3rd row), and contained the most

cleaved Caspase 3-positive cells compared with the single
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Figure 5 Co-treatment of Zyflamend and cisplatin had an inhibitory effect on T24R xenografts.

Notes: (A) Schematic illustration of experimental protocol described in the section “Materials and methods”

. Vehicle group was given olive oil (100 uL, po daily) and PBS

(100 pL, ip once weekly), Zyflamend group was given Zyflamend (I g/kg in 100 pL olive oil, po daily), Cisplatin group was given cisplatin (5 mg/kg in 100 uL, PBS, ip, once
weekly), and Combination group was given Zyflamend (I g/kg in 100 uL olive oil, po daily) and cisplatin (5 mg/kg in 100 uL PBS, ip once weekly). Photograph (B) and tumor
weight (C) of UBC xenografts with different treatments at the end of experiment. The tumor volume (D) and body weight (E) of tumor-bearing mice over time are shown.
Data are presented as mean + SE; *P<<0.01; ***P<0.001.

Abbreviations: T24R, cisplatin-resistant T24 cell; po, per os; ip, intraperitoneally; UBC, urinary bladder cancer; SE, standard error; ns, non significant.

OncoTargets and Therapy 2018:1 | submit your manuscript 4421

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Xue et al

Dove

A Vehicle Cisplatin

5

Y
o ‘-‘!'.“"v

X -,\n“:a:“"uﬁ"t'-\ h:,f,.. o
St s R

5 '.,u\ n"’_‘l,'
% s b

Ki-67

o

e

AN,
. g e L T

Cleaved caspase 3

RelA

A

\‘.
At

MMP9

€ R e

AN B RS oA

B
P 80 -
]
o ek
o 60 4
2
ko
S 404
~
@
£ 20
L
o
R 0
Cisplatin - 5 mg/kg - 5 mg/kg
Zyflamend - - 1 g/kg 1 g/kg

Zyflamend Zyflamend + cisplatin
TR B v o B Tk

-
g 2 Lwag
EL IR RAE L B TVt
o8 Ao AL

50 1

ok

w £
o o
1 1

% of cleaved
S

caspase 3-positive cells

=
o
1

0 -
Cisplatin - 5 mg/kg -
Zyflamend - - 1 g/kg

5 mg/kg
1 g/kg

Figure 6 Co-treatment of Zyflamend and cisplatin decreased cell proliferation, increased apoptosis, and suppressed NFkB signaling in T24R xenografts.
Notes: (A) Representative IHC staining of proliferative marker (Ki-67), apoptosis marker (cleaved caspase 3), RelA, and MMP9 from the sections of vehicle, cisplatin, and/or
Zyflamend treatment groups. Quantification of Ki-67-positive cancer cells (B) and cleaved caspase 3 (C) in the sections of T24R xenografts with different treatments. Data
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Abbreviations: NFkB, nuclear factor kappaB; T24R, cisplatin-resistant T24 cell; IHC, immunohistochemistry; SE, standard error.

treatments (P<<0.01 versus cisplatin group; P<<0.05 versus
Zyflamend group). IHC results showed that the xenografts
from the co-treatment group had the lowest levels of RelA
and MMP9 (Figure 6A, the 3rd row), which indicated that
the xenografts decreased NF«kB signaling under co-treatment

with Zyflamend and cisplatin. As one of NFkB targets,
MMP9 protein levels were also reduced in Zyflamend-
treated xenografts, compared to vehicle group. Such effect
was further enhanced in tissues treated with combination
of cisplatin (Figure 6A, 4th row). The data demonstrated
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that the NFkB signaling pathway is effectively repressed
by the co-treatment.

Discussion

Due to its high morbidity and recurrent rates, UBC is the
costliest cancer on a per-patient basis.?* Cisplatin-based
chemotherapy is currently the mainstay treatment for UBC,
but chemoresistance inevitably develops. As a polyherbal
supplement, Zyflamend is relatively pharmacologically
safe and affordable to be used for the prevention/treatment
of various chronic diseases. Since treating UBC cells with
cisplatin leads to NFkB activation and Zyflamend is known
to target the proinflammatory NFxB pathway,'” we focused
the effect of Zyflamend on proliferation of UBC cells,
especially the cisplatin-resistant UBC cells. We found that
Zyflamend is capable of suppressing NFkB signaling path-
way in a dose-dependent manner for both J82 and T24R
cells. More importantly, Zyflamend synergistically inhibits
cell proliferation of T24R and J82 cells with cisplatin both
in vitro and in vivo.

Activation of NFxB has been implicated in chemoresis-
tance of various cancer types,”' > and cytokine secretion from
apoptotic and/or necrotic cancer cells can activate NFxB sig-
naling pathway through paracrine effect.>>?’ In addition, can-
cer cells may also activate NFkB signaling through autocrine
secretion of IL-1B.2%% Activated NFkB pathway increases cell
proliferation and survival, as well as cancer stemness.’** We
found that activation of NFkB/RelA pathway was not only

Cisplatin-sensitive
UBC cells

due to increased phosphorylation of Ser536 on RelA, but
also due to the total RelA. This suggests that there may exist
other mechanism responsible for NFkB activation. Recent
study found that proinflammatory stimulus lymphotoxin o132
specifically induces RelA, instead of NFKB/RelB, at mRNA
level, through activating its cognate receptor lymphotoxin 3
receptor in 5637 UBC cells.* Upregulated RelA in cisplatin-
resistant cancer could be the result of enhanced transcription
or increased mRNA stability/translation regulated by miRNA.
For instance, in acute lymphoblastic leukemia, oncoprotein
MDM2 directly regulates RelA through the Spl site of the
RelA promoter.*? Recent study revealed that miR-138 directly
regulated NFxB/RelA expression through binding to its
3’UTR and further mediated drug efflux pump P-glycoprotein
expression to induce chemoresistance.?* Therefore, molecular
mechanisms for NFkB/RelA upregulation in cisplatin-resistant
UBC cells is not clear yet.

Zyflamend showed anti-inflammatory and anticancer
effects via decreasing the activities of several key enzymes
involved in inflammation including COX-1/2, 5-LOX,
and 12-LOX.**3* Some of these effectors are regulated by
inflammation-associated transcription factors NFxB and
STAT3, which are also suppressed by Zyflamend in pancre-
atic and prostate cancer cells.!”*> Moreover, in an obesity-
induced mammary gland inflammation mouse model,
Zyflamend inhibited proinflammatory cytokines expression
through suppression of AKT/NFkB pathway, which was
confirmed in THP-1 human macrophages.* In line with

Cisplatin-resistant
UBC cells

p—
nylamenu

4
Proliferation Survival Invasion Angiogenesis
c-Myc Bcl-2 Vimentin VEGF
Cyclin D1 MMP2/9

Figure 7 lllustration of anticancer effect of Zyflamend against NF«B pathway in UBC cells.

Abbreviations: UBC, urinary bladder cancer; NFkB, nuclear factor kappaB.

OncoTargets and Therapy 2018:1 |

submit your manuscript

4423

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Xue et al

Dove

these findings, our data revealed that Zyflamend decreased
the levels of total and phosphorylated RelA in UBC cells.
Interestingly, Zyflamend was found to inhibit invasion of
osteoclast and suppress osteoclastogenesis through down-
regulation of NFxB pathway.?” These evidences suggest
that Zyflamend might exert its anticancer effects not only
on cancer cells, but also affects tumor microenvironment in
primary and metastatic sites.

Zyflamend is a dietary polyherbal preparation with 10
herbal extracts, which contains polyphenols, such as carno-
sol, epigallocatechin gallate, curcumin, and resveratrol. 363840
In the current study, we found that Zyflamend suppressed
NFxB activation and the expression of its downstream
targets associated with cell proliferation (cyclin D1 and
c-Myc), survival (Bcl-2), and cell invasion/angiogenesis
(vimentin, MMP2, and MMP9) in the cisplatin-resistant UBC
cells (Figure 7). These findings are in consistence with that
polyphenols possess antitumor properties through inhibition
of NFxB activation.*'™* Moreover, several studies includ-
ing our previous work demonstrated that Zyflamend can
enhance apoptosis of bicalutamide-treated prostate cancer
cells and TRAIL-induced colorectal cells.'>!® The current
study demonstrated that Zyflamend can enhance apoptosis
of cisplatin-treated UBC cells.

Conclusion

We have demonstrated for the first time that Zyflamend can
sensitize UBC cells to the chemotherapeutic agent cisplatin
in vitro and in vivo by inhibiting the NFkB signaling
pathway. Given that Zyflamend is well tolerant and safe,*
cisplatin and Zyflamend combination could be a promising
therapeutic approach for cisplatin-resistant UBC.
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Figure S| The increased levels of NFkB/RelA downstream targets in T24R cells, compared to its parental T24 cells.
Notes: Protein lysates were harvested to perform Western blotting analysis. Actin was used as the loading control.
Abbreviations: NFkB, nuclear factor kappaB; T24R, cisplatin-resistant T24 cell.
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Figure S2 Zyflamend inhibited cell survival of parental T24 cells and suppressed NF«xB signaling pathway.

Note: (A) Western blotting analysis on T24 cells treated with the indicated concentrations of Zyflamend for the expression levels of NFKkB downstream targets related to
cell proliferation (A), survival (B), and invasion/angiogenesis (C) after 48 h treatment with Zyflamend.

Abbreviation: NFkB, nuclear factor kappaB.
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Figure S3 Zyflamend showed synergistic anticancer effect with cisplatin on T24 parental cells.

Notes: (A) Cell viability of T24 cells treated with Zyflamend (50 pg/mL) and/or cisplatin (0.25 pg/mL) for 72 h detected by MTT assay. Viability of vehicle-treated cells was
defined as 100%. (B) Chou-Talalay method FA-CI plots to assess drug synergy between Zyflamend and cisplatin against T24 cells. Cl values less than 1.0 indicate synergism
of the two agents. **p<0.001.

Abbreviations: MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; Cl, combination index; FA, fraction affected.
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Figure S4 Zyflamend had cytotoxic effect and downregulated the NF«B signaling pathway in T24 parental cells.

Notes: (A) Flow cytometry analysis on T24 cells treated with Zyflamend (50 pg/mL) and cisplatin (0.25 pg/mL) alone or both using an Annexin V-FITC/PI double
staining kit. Representative plots are shown. (B) Quantification of cell death rates in T24 cells treated with Zyflamend and cisplatin alone or both. Annexin V-positive cells
were defined as apoptotic cells. Data are presented as mean + SE; *P<0.05; **P<<0.01. (C) Western blotting analysis on T24 cells treated with Zyflamend and cisplatin
alone or both for 48 h. FLI-H is for Annexin V and FL2-H is for PI.

Abbreviations: NFkB, nuclear factor kappaB; Pl, propidium iodide; SE, standard error; FITC, fluorescein isothiocyanate.
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Figure S5 Zyflamend and/or cisplatin did not induce any obvious side effects.

Notes: (A) Histological staining of liver, spleen, lung, kidney, and heart sections from vehicle, cisplatin, Zyflamend, and combined treatment groups. Black boxes in the panel
with 4x magnification indicate the enlarged area in panel with 20x magnification. (B) Quantification of weights of liver, spleen, lung, kidney, and heart sections from vehicle,
cisplatin, Zyflamend, and combined treatment groups. The results are represented as mean * SE.

Abbreviation: SE, standard error.
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