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Background: Renal cell carcinoma (RCC) is a common urological system malignancy lack
of effective therapeutic options. Upregulation of the Bcl-2 proteins was correlated with poor
prognosis of RCC, suggesting that BH-3 mimetics may be a promising treatment option.
ABT-263 is a BH3 mimetic that possesses anti-tumor effects. TW-37 is another inhibitor of
Bcl-2 family protein with potential anti-tumor activities. However, since their effect as single
agent is limited, combination treatment represents a strategy to improve the efficiency. We
studied the ABT-263 in combination with TW-37 and analyzed the molecular mechanisms of
action in RCC cells.

Methods: MTT and colony formation assays were used to measure the proliferation of RCC
cells. Transwell assay was used to assay the migration and invasion of RCC cells. Cell cycle
distribution and apoptosis were measured using the flow cytometry and apoptotic nucleo-
some assay, respectively. Western blotting was performed to measure the change of proteins.
The anti-tumor effects of ABT-263, TW-37 and their combination were also evaluated
in vivo.

Results: Cotreatment of TW-37 and ABT-263 synergistically repressed the proliferation of
RCC cells. TW-37 and ABT-263 also synergistically inhibited the migration and invasion of
RCC cells It was also showed that TW-37 and ABT-263 synergistically induced cell cycle
arrest at the G2/M phase. Furthermore, increased apoptosis was observed after exposure to
TW-37 and ABT-263. Mechanism investigation showed that TW-37 and ABT-263 synergis-
tically induced apoptosis via the mitochondrial pathway and relied on the activation of Bax
and caspases. Furthermore, ERK signaling pathway activation was detected after treated with
TW-37 and ABT-263. Finally, TW-37 and ABT-263 also synergistically repressed the growth
of RCC cells in xenograft mice.

Conclusion: In summary, our data demonstrated that combined treatment with TW-37 and
ABT-263 exhibited synergistic RCC cell death and this combination may be applied as an
effective therapeutic strategy against RCC.

Keywords: renal cell carcinoma; RCC, TW-37, ABT-263, apoptosis, ERK signaling

Introduction

Renal cell carcinoma (RCC) is a common malignancy of the urinary system with an
increasing incidence worldwide." Till now, the major treatment for early RCC
patients is radical nephrectomy.” However, more than 30% of RCC patients had
signs of metastasis at the initial diagnosis and missed the opportunity for surgery.’
Currently, the survival of RCC patients is still dismal and the overall 5-year survival
rate is less than 10%.* In the past decades, enormous progress have been made in
understanding the pathogenesis and progression mechanisms underlying the RCC
and multiple targeting agents have been developed such as lapatinib, sunitinib and
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sorafenib.’ Nevertheless, application of those drugs was
limited by various factors such as high-cost, side effects
and resistance to drug.® Therefore, its necessary to identify
new and more efficient therapeutic agents for RCC.
TW-37 is a second-generation Bcl-2 homology 3
mimetic derivative of gossypol that initially purified from
cotton seeds and roots.” TW-37 can bind to the Bcl-2
homology domain 3 (BH3) groove of Bcl-2 to intervene
the heterodimerization of Bcl-2 with proapoptotic proteins
and thereby inducing the apoptosis.® TW-37 has similar
affinity to Mcl-1 and Bcl-2 while has a lower affinity to
Bel-x1.? It was found that TW-37 had anti-cancer activities
against various cancers such as oral cancer, neuroblas-
toma, non-small cell lung cancer, colorectal cancer, naso-

pharyngeal 710-14

carcinoma and pancreatic cancer.
Previous studies have found that Bcl-2 proteins were fre-
quently overexpressed in RCC."> Hence targeting Bcl-2
proteins might be a promising strategy for inhibiting RCC.

However, the effects of TW-37 alone or in combination
with other chemotherapeutic agents on RCC are still elusive.

ABT-263, also known as Navitoclax, is an orally avail-
able BH-3-mimetic agent which was tested in Phase I/II
for various cancers.'® ABT-263 has been reported to pos-
sess high affinity to Bcl-2, Bcl-x1 but low affinity to Bel-w
and Mcl-1."'” ABT-263 has shown promising anti-tumor
activity toward chronic lymphocytic leukemia (CLL)
either as a single agent or in combination with other
therapeutic agents.'"® However, the application of ABT-
263 in solid tumors is limited by high levels of Mcl-1.
Given that TW-37 could bind and inhibit Mcl-1, it would
be intriguing to test the combination effects of TW-37 and
ABT-263 against tumors.

In the present study, we found that a combination of
TW-37 and ABT-263
effects against RCC. Mechanisms investigation revealed
that this TW-37 acts together with ABT-263 to induce

apoptosis via the mitochondrial pathway and relied on

showed synergistic anti-tumor

the activation of caspase and ERK signaling pathway.
Moreover, TW-37 also synergize with ABT-263 to inhibit
the growth of RCC in a xenograft mice mode.

Materials and Methods

Cell Culture and Chemicals

Human RCC cells (786-0 and Caki-1) were obtained from

Shanghai Bank for Cell Culture (Shanghai, China). All

cultured in RPMI-1640 medium (Life
USA) 10% FBS

cells were

Technologies, supplemented with

(Gibco, USA). Cells were maintained in humidified atmo-
sphere with 5% CO, at 37°C. TW-37, ABT-263 and all
other chemicals were obtained from Sigma-Aldrich (St
Louis, USA). TW-37 and ABT-263 were dissolved in
DMSO at a stock solution of 100 mM and diluted with
FBS-free medium to achieve desired concentrations.

Cell Transfection

siRNA against Bax (si-Bax) or negative control (si-NC)
were ordered from GenePharm (Shanghai, China). RCC
cells were transiently transfected with siRNA using the
Lipofectamine 2000 (Life Technologies, USA) according
to the manufacturer’s guide.

Cell Viability Assay

Cell viabilities were performed as described.'” In short,
cells were seeded at a density of 2x10* cells/well in 96-
well plates. 10 puL of 5 mg/mL MTT solution (Beyotime,
Beijing, China) was added into each well and the absor-
bance was read by a microplate reader (BioTek, USA).
Data were presented as the mean = SD of triplicate
experiments.

Cellular Apoptosis Assay

Cellular apoptosis was measured by Apoptotic
Nucleosome ELISA kit (Calbiochem, USA) according to
the manufacturer’s guide. Briefly, cells were seeded at
a density of 1x10° cells/well in 96-well plates, after dif-
ferent treatment cell lysates were incubated with biotiny-
lated antibody according to the manufacturer’s guide and
the results were read by a microplate reader (BioTek,
USA). The experiments were performed in triplicate.

Cell Cycle Distribution Assay

Cells were seeded into 24-well plate at a density of 5x10*
cells/well and treated with agents. Then, cells were har-
vested and washed with PBS twice and fixed with 20%
ethanol for 4 hours avoiding the light. Then cells were
collected after centrifuging for 5 min at 1500 rpm. Next,
cells were stained with propidium iodide (PI) for 20 mins
in the dark. The cell cycle distribution was analyzed by
flow cytometry (BD Bioscience, USA).

Colony Formation Assay

For colony formation assay, cells were seeded into 6-well
plates at a density of 200 cells/well. Then cells were
exposed to different treatment for two weeks, cells were
fixed with methanol and staining with 0.1% crystal violet
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and the number of colonies were recorded under inverted
microscope (Olympus, Tokyo, Japan).

Cellular Migration and Invasion Assay

For migration/invasion assay, around 1x10* cells were
cultured in serum-free medium and seeded into the upper
chambers of transwell plate (8 pm pore size, Costar, USA)
(BD
Biosciences, USA) for migration and invasion assay,

that were coated with or without Matrigel
respectively. Bottom chamber was filled with full medium
with 10% FBS. Then cells were cultured in a cell incuba-
tor for 48 h. Next, cells in the top chamber were removed
with cotton swabs and cells on the lower surface were
fixed with methanol and stained with 0.1% crystal violet,
the number of cells was visualized and recorded under the
microscope (Olympus, Tokyo, Japan).

Caspase-3 Activity Assay

Caspase-3 activity was measured using a caspase-3 activ-
ity assay kit (Abcam, USA) according to the manufac-
turer’s guide. Briefly, after different treatments, cellular
lysates were mixed with equal amounts of colorimetric
substrate and incubated at room temperature for 4 h. The
results were measured using a microplate reader

(BioTek, USA).

Western Blot and Immunoprecipitation
Assay

After different treatment, cells were harvested and lysed
with CHAPS lysis buffer. The purification of cytosol was
performed as described earlier.’® The concentration of
total protein was calculated using the BCA protein assay
kit (Beyotime, Beijing, China). The protein was separated
by 12% SDS-PAGE and then transferred to PVDF mem-
brane (Millipore, USA). The PVDF membrane was
blocked with 5% skimmed milk at room temperature for
1 h and then incubated with various primary antibodies
(Cell Signaling Technologies, USA) overnight at 4 °C.
Next, the membrane was incubated with corresponding
secondary antibodies for 1 h at room temperature. For
detection of activation of Bax, immunoprecipitation was
conducted as described before.?’

Xenograft Models

Male BALB/c nude mice (4- to 6-weeks-old) were ran-
domly divided into four groups (Control group, TW-37
treated group, ABT-263 treated group, TW-37 and ABT-

263 treated group). 786-O and Caki-1 cells (1x107) were
implanted into mice. When the tumour size reached
about 100 mm>, mice were intravenous injected with
different agents. Tumors size were calculated using
a caliper every 3 days, and two perpendicular diameters
of each tumour were recorded. The tumour volume was

measured using the following formula: volume =
(width2 x length)/2.

Immunohistochemistry

Immunohistochemistry was performed in paraffin-

embedded (5 um) tissue sections. Sections were immunos-
tained with anti-Ki67 (Abcam, USA) and anti-cleaved
caspase-3 (Abcam, USA) afterwards detected by
MACH3 HRP-Polymer kit (CST, USA) according to the
manufacturer’s guide. The images were visualized using
a microscope (Olympus, Tokyo, Japan).

Statistical Analysis

The data are presented as the mean + S.D. for at least three
independent experiments. Statistical analysis of two means
was performed with Student’s #-test. Three or more means
were calculated with one-way ANOVA and Bonferroni’s
post hoc test. A probability value of less than 0.05 was
considered to be statistically significant. The combined
treatment (combination index [CI]) effects were analyzed
using the CalcuSyn software program according to the
Chou-Talalay equation,' and the value of the CI for the
combination treatment was quantitatively used to define
the effect with CI < 1 (synergism), CI = 1 (additivity), and
CI > 1 (antagonism).

Results

The Combination of TW-37 and ABT-263
Synergistically Repressed the Proliferation
of RCC Cells

Firstly, we measured the viabilities of RCC cells (786-0,
Caki-1) under the treatment of various doses of TW-37,
ABT-263 and their combinations for 24 h. As indicated in
Figure 1A, TW-37 and ABT-263 alone decreased the via-
bility of RCC cells
Meanwhile,

in a dose-dependent manner.
of TW-37 and ABT-263
repressed the viability of RCC cells in a higher extent
when compared to the treatment with TW-37 or ABT-
263 alone (Figure 1A). Then we tested the inhibitory
effects of combination of TW-37 and ABT-263. It was
showed that the combination of various doses of TW-37

co-treatment
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Figure | TW-37 and ABT-263 cotreatment synergistically inhibited the viability of RCC cells. (A) RCC cell lines (786-O and Caki-1) were treated with various doses of TW-
37 (0 uM, 5 uM, 10 uM, 20 uM) and ABT-263 (0 uM, 10 uM, 20 uM, 40 pM) for 24 h, then cell viability was measured by MTT assay. (B) RCC cell lines (786-O and Caki-1)
were treated with different combinations of TW-37 and ABT-263 (5 uM + 10 pM; 10 uM + 20 pM; 20 uM + 40 pM), then cell viabilities were assayed at various time points (6
h, 12 h, 24 h). (C) Combination index (Cl) of TW-37 and ABT-263 in RCC cells were calculated using the Chou-Talalay method (CompuSyn). Fa: Fraction affected. Data was
presented as mean*SD. Experiments were performed at least three times. ¥p<0.05; **p<0.01 vs. control group.
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and ABT-263 decreased the viabilities of RCC cells in
a time-dependent manner (Figure 1B). Furthermore, the
CI calculation revealed that CI values were less than 0.8 at
almost all fraction-affected points, suggesting strong
synergistic effect between TW-37 and ABT-263 in RCC
cells (Figure 1B). Because the synergistic effect is the
most potent while the TW-37 dose is 20 uM and ABT-
263 is 40 uM, so this concentration is chosen in the
following experiments.

Synergistic Effects of TW-37 and ABT-263
Co-Treatment on the Colony Formation,
Migration, Invasion and Cell Cycle

Distribution of RCC Cells

Next, we assayed the effects of TW-37, ABT-263 and
their combination on the colony formation ability of
RCC cells. As indicated in Figure 2A, compared to the
groups treated with TW-37 or ABT-263 alone, the
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colony numbers in the TW-37 and ABT-263 co-treated
groups were marked decreased. Furthermore, co-
treatment of TW-37 and ABT-263 also significantly
inhibited the migration (Figure 2B) and invasion
(Figure 2C) of RCC cells. Western blot assays showed
that TW-37 and ABT-263 treatment decreased the pro-
tein levels of MMP-2/-7, and EMT transition markers
such as Vimentin and N-cadherin while increased the
expression of epithelial marker (E-cadherin) and this
effect is more obvious in the group co-treated with
TW-37 and ABT-263 (Figure 2D). Cell cycle distribu-
tion analysis showed that TW-37 and ABT-263 co-
treatment synergistically decreased the number of cells
in the G1 phase and increased the number of cells in the
G2/M phase (Figure 2E). Western blot analysis showed
that TW-37 and ABT-263 synergistically increased the
expression of p21 while decreased the expression of
Cyclin B1, D1 and E (Figure 2F).
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Figure 2 The effects of TW-37 and ABT-263 cotreatment on the colony formation, migration, invasion and cell cycle distribution of RCC cells. RCC cells were treated TW-
37 (20 puM), ABT-263 (40 pM) or their combination. (A) Two weeks later, the colony formation ability was assayed. (B) 48 h later, migration of RCC cells was measured. (C)
48 h later, invasion of RCC cells was measured. (D) 48 h later, cellular lysates were subjected to Western blot analysis with indicated antibodies. (E) 48 h later, cell cycle
distribution was assayed. (F) 48 h later; cellular lysates were subjected to Western blot analysis with indicated antibodies. Data was presented as meanSD. Experiments

were performed at least three times. *p<0.05; *p<0.01; ***p<0.001 vs. control group.
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TW-37/ABT-263 Co-Treatment Triggered levels of proteins involved in the apoptosis by Western

APOptOSiS in a Caspase-Dependent blotting. It was found that cotreatment of TW-37 and
Manner in RCC Cells ABT-263 caused a significantly decrease of anti-apoptotic

To reveal the molecular mechanisms underlying the
synergy of TW-37/ABT-263, we evaluated the apoptosis
after the treatment of TW-37/ABT-263. As indicated in
Figure 3A, single treatment with either TW-37 or ABT-
263 resulted in an increase of apoptosis. Co-treatment of
TW-37 and ABT-263 triggered the apoptosis in a more activation of Bax which was further increased by cotreat-
extent (Figure 3A). Meanwhile, caspase-3 activity assay ment of TW-37 and ABT-263 (Figure 3D, top).
showed that treatment of TW-37 or ABT-263 alone Furthermore, it was also observed that the combination
induced enhancement of activity of caspase-3 while co- 0f TW-37 and ABT-263 resulted in the release of mito-

treatment of TW-37 and ABT-263 induced more activation ~ chondrial proteins cytochrome ¢ and Smac/DIABLO in
of Caspase-3 (Figure 3B) We then measured expression a greater extent than the treatment of TW-37 or ABT-263

Bcl-2 proteins while increase the expression of pro-
apoptotic protein Bax and cleavage of caspase-3 (Figure
3C). We then examined whether co-treatment with TW-37
and ABT-263 results in Bax activation by immunoprecipi-
tation. As indicated, TW-37 or ABT-263 alone induced
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Figure 3 TW-37 and ABT-263 cotreatment synergistically induced apoptosis in RCC cells. RCC cells were treated with TW-37 (20 uM), ABT-263 (40 uM) or their
combination for 24 h. (A) Cellular apoptosis rates were measured using the apoptosis nucleosome ELISA assay. (B) Caspase-3 activity was assayed. (C) the expression of
indicated proteins were measured using the Western blotting assay. (D) the activation of Bax (top) and release of mitochondrial proteins (bottom) were assayed. (E) cells
were co-treated with TW-37 and ABT-263 in the presence of zZVAD.fmk or not for 24 h, then cellular apoptosis was measured. (F) RCC cells were transfected with siRNAs
for 24 h, the level of Bax was measured by Western blotting (left). Transfected cells were co-treated with TW-37 and ABT-263, the release of mitochondrial proteins was
assayed (right). (G) RCC cells were transfected with siRNAs for 24 h, then cells were co-treated with TW-37 and ABT-263 for another 24 h and the cleavage of caspase-3
was measured by Western blotting. (H) RCC cells were transfected with siRNAs for 24 h, then cells were co-treated with TW-37 and ABT-263 for another 24 h and cellular
apoptosis was assayed. (I) RCC cells were transfected with siRNAs for 24 h, then cells were co-treated with TW-37 and ABT-263 for another 24 h and activity of caspase-3
was assayed. Data was presented as mean+SD. Experiments were performed at least three times. *p<0.05; **p<0.01.
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alone (Figure 3D, bottom). To explore whether or not
activation of caspase is essential for the apoptosis caused
by TW-37/ABT-263, a pan caspase-inhibitor zVAD.fmk
was added. As shown in Figure 3E, z.VAD.fmk almost
blocked apoptosis after the cotreatment of TW-37 and
ABT-263 in RCC cells. Moreover, in order to further
evaluate the molecular mechanisms underlying the apop-
tosis caused by TW-37 and ABT-263, we silenced the
expression of Bax in RCC cells (Figure 3F, left). It was
found that downregulation of Bax inhibited the release of
mitochondrial proteins (Figure 3F, right) and cleavage of
caspase-3 (Figure 3G) caused by TW-37/ABT-263.
Meanwhile, knockdown of Bax also inhibited the apopto-
sis (Figure 3H) and increase of caspase-3 activity (Figure
30) triggered by TW-37/ABT-263 in RCC cells. These
experiments indicate that TW-37/ABT-263 induced apop-
tosis of RCC cells via the mitochondrial pathway in
a caspase-dependent manner.

TW-37/ABT-263 Co-Treatment Triggered
Apoptosis Relied on the Activation of
ERK Signaling Pathway in RCC Cells

Next, we investigated whether there are any signaling
pathways involved in the apoptosis induced by TW-37/
ABT-263. As indicated in Figure 4A, treatment of TW-37/
ABT-263 resulted in the activation of ERK, JNK but not
p38 signaling pathway. In order to confirm the role of
MAPKs, we applied various specific inhibitors.
Interestingly, it was found that ERK inhibitor SB220024
but not JNK inhibitor (SP600125) and p38 inhibitor
(SB202190) could successfully blocked the apoptosis
induced by combination of TW-37 and ABT-263 (Figure
4B). Moreover, it was also found that SB220024 but not
SP600125 and SB202190 could repress the cleavage of
caspase-3 (Figure 4C), activation of Bax (Figure 4D) and
release of mitochondrial proteins into cytosol (Figure 4D).
Taken together, those data suggested that TW-37 and
ABT-263 cooperates to induce apoptosis relied on the
activation of ERK pathway in RCC cells.

TW-37/ABT-263 Synergistically Inhibited
the Growth of RCC Cells in Mouse
Xenograft

Finally, we evaluated the effects of TW-37/ABT-263 in
a xenograft mouse model. As shown in Figure SA, TW-37
(10 mg/kg) or ABT-263 (10 mg/kg) alone reduced the
growth of xenograft tumors when compared to the control

group. In line with in vitro experiments results, cotreat-
ment of TW-37 and ABT-263 show synergistic effects
against the growth of tumor in vivo (Figure 5A).
Meanwhile, we also observed that cotreatment of TW-37
and ABT-263 reduced the tumor weight more than the
treatment of TW-37 and ABT-263 alone (Figure 5B).
Further that
repressed the expression of Ki-67 and induced the upre-

study showed combination treatment
gulation of cleaved caspase-3 more than treatment with
single agent (Figure 5C). Western blotting results also
confirmed that cotreatment of TW-37 and ABT-263
induced more cleaved caspase-3 in xenograft tumors
(Figure 5D). Taken together, those data suggested that
TW-37 and ABT-263 synergistically repressed the growth

of RCC cells in vivo.

Discussion

To date, there’s lack of effective treatment for the RCC
and better therapeutic options are urgently needed.
A group of small-molecule compounds, known as “BH3-
mimetics,” can bind to anti-apoptotic Bcl-2 proteins to
directly activate apoptosis of tumor cells. Considering
that evaluated expression of Bcl-2 proteins was correlated
with poor prognosis of RCC patients.”> Therefore, BH3-
mimetics might be promising in the treatment of RCC,
especially those with high levels of Bcl-2 proteins.
However, the anti-tumor effects of BH3-mimetics are lim-
ited by single agent. Thus, BH3-mimetics treatment of
cancers with other agents is an essential strategy to
improve the outcome. For instance, BH3-mimetic ABT-
737 could significantly enhance the anti-tumor effects of
PI3K inhibitor LY294002 in RCC.>> ABT-737 in combi-
nation with Chloroquine also showed synergistic anti-
tumor effects against RCC.>* In the current study, the
effects of TW-37 and ABT-263 were evaluated on RCC
cells. We found that TW-37 and ABT-263 showed strong
synergistic anti-tumor effects against RCC cells. The
potency of this synergism is proved by CI wvalues.
Besides the in vitro experiments, TW-37 and ABT-263
also synergistically inhibited the growth of tumor in xeno-
graft mice models.

It was reported that ABT-263 could efficiently inhibit
Belxl, Bel-2 and Bel-w while it fails to bind Mcl-1.7
Thus, Mcl-1 drives resistance toward BH3-mimetics and
therefore strategies that can counteract Mcl-1 are essential
to take full advantage of ABT-263 based therapies. It was
well recognized that TW-37, a non-peptidic small molecular,
has a great affinity for Mcl-1.%° In the present study, we
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Figure 4 TW-37 and ABT-263 cotreatment lead to the activation of ERK signaling pathway. (A) RCC cells were treated with TW-37 (20 uM), ABT-263 (40 uM) or their
combination for 24 h, then total cellular lysates were subjected to Western blotting analysis with indicated antibodies. (B) RCC cells were pretreated with various specific
inhibitors for 4 h, then cells were incubated with TW-37 in combination with ABT-263 for another 24 h, cellular apoptosis was measured. (C) RCC cells were pretreated
with various specific inhibitors for 4 h, then cells were incubated with TW-37 in combination with ABT-263 for another 24 h, the cleavage of caspase-3 was measured by
Western blotting. (D) RCC cells were pretreated with various specific inhibitors for 4 h, then cells were incubated with TW-37 in combination with ABT-263 for another
24 h, the activation of Bax and release of mitochondrial proteins were assayed. Data was presented as mean%SD. Experiments were performed at least three times. **p<0.01

vs. control group.

revealed that combination of TW-37 and ABT-263 signifi-
cantly repressed cell viability of RCC cells when compared
to the treatment of single agent alone. It was also found that
TW-37 and ABT-263 synergistically inhibited the migration
and invasion of RCC cells. Furthermore, the current study
showed that treatment of TW-37 and ABT-263 led to the
downregulation of mesenchymal makers N-cadherin and
Vimentin and to the upregulation of epithelial marker
E-cadherin. Hence, the process of EMT process was
repressed. Considering EMT process played an essential
role in metastasis of RCC.?” Thus, cotreatment with TW-37
and ABT-37 might have impact on metastasis of RCC and it
would be intriguing to test it. Furthermore, it was also found
that TW-37 and ABT-263 triggered cell cycle arrest. Our

finding is in line with previous studies which also reported
that TW-37 or ABT-263 could trigger cell cycle arrest in
various cancer cells.”®>°

In addition, we also investigated the underlying mole-
cular mechanisms.

We showed that TW-37 and ABT-263 synergistically
induced apoptosis via the mitochondrial pathway. This
conclusion is supported by various pieces of evidence.
For instance, downregulation of anti-apoptotic Bcl-2 pro-
teins and upregulation of pro-apoptotic Bcl-2 protein. In
addition, activation of Bax was observed after treatment of
TW-37/ABT-263. The relevance of activation of Bax in
to TW-37/ABT-263 co-

treatment is verified by knockdown studies showing that

determining the sensitivity
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Figure 5 TW-37 and ABT-263 synergistically inhibited the growth of tumor in xenograft mice model. (A) Tumor-bearing nude mice were treated with vehicle, TW-37
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*#p<0.01 vs. control group.
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silencing of Bax significantly protects cells from TW-37/
ABT-263 triggered apoptosis. Noteworthy, it was recog-
nized that blockage of Mcl-1 is essential for augment the
anti-tumor effects of ABT-263.>! In our scenario, it was
found that TW-37 treatment led to the downregulation of
Mcl-1 while ABT-263 alone had no effects on the expres-
sion of Mcl-1. It may explain the synergistic effects
between TW-37 and ABT-263 and further investigation is
required to verify it. Activation of caspase-3 was also
detected after treatment of TW-37/ABT-263. We also
found that pan caspase inhibitor zZVAD.fmk blocked the
apoptosis induced by TW-37/ABT-263. Therefore, TW-37/
ABT-263 triggered apoptosis in a caspase-dependent man-
ner via the mitochondrial pathway in RCC cells.

Furthermore, we also observed activation of ERK after
treatment of TW-37/ABT-263. Our study is in line with
previous study which also found that ABT-263 induced
activation of ERK pathway in hepatocellular carcinoma
cells.** However, another study reported that TW-37
inhibited the activation of ERK pathway in melanoma
cell.*® This discrepancy might be caused by different
cells lines and more investigation regarding the effects of
TW-37/ABT-263 on MAPKs is required.

In addition, in vivo experiments were conducted on
a xenograft mice model to test the synergistic effects
between TW-37 and ABT-263. The dosage we used is
lower than previous studies to avoid any possible side
effects.'®*** Our data indicated that TW-37/ABT-263
treatment significantly inhibited RCC growth in vivo in
the xenograft model, which could in part be caused by
decreased proliferation and increased apoptosis as evi-
dence by reduced Ki-67 and enhanced cleavage caspase-
3 immunoreactivity in the xenograft tumors.

Some limitations of our study are, firstly, the central
mechanism that accounts for the entire synergistic effect of
TW-37 and ABT-263 was not established in our study.
Secondly, it remains unclear whether any other pathways
are also involved in the combination effects of TW-37 and
ABT-263. Thirdly, the drugs dosages are relatively high in
our study. Therefore, its meaningful to find strategies to
decrease the concentrations of agents. Such as modifica-
tion of agents to improve its efficiency or in combination
with other chemotherapeutics.

In summary, our data suggests that combination of TW-
37 and ABT-263 exhibited synergistic effects against RCC
cells. The synergistic anti-tumor effects of TW-37 and ABT-
263 is relied on the activation of mitochondrial pathway in
a caspase-dependent manner. In addition, activation of ERK

is essential for the anti-tumor effects of TW-37/ABT-263.
Furthermore, in vivo data showed that the combination of
TW-37 and ABT-263 leads to significant tumor regression in
RCC xenografts. Our study reveals for the first time that
combination of TW-37 and ABT-263 is a novel potential
strategy for the treatment of RCC.
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