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Abstract
Background Repeated and long-term oxaliplatin therapy leads to drug resistance and severe adverse
events, which limit its clinical use. These difficulties highlight the importance of identifying potent and
specific drug combinations to enhance the antitumor effects of oxaliplatin. The farnesoid X receptor
(FXR) deficiency in colorectal cancer (CRC) suggests that restoring FXR function might be a promising
strategy for CRC treatment.
Methods A series of in vitro and in vivo experiments were conducted to assess the antitumor effect of the
combination of oxaliplatin and FXR agonist GW4064 in CRC. The synergistic mechanism involved was
explored.
Results A drug combination study showed that the GW4064 acted synergistically with oxaliplatin in colon
cancer cells. The combination of oxaliplatin plus GW4064 inhibited cell growth and colony formation,
induced apoptosis and pyroptosis in vitro, and slowed tumor growth in vivo. Mechanistically, GW4064
enhanced the chemosensitivity of cells to oxaliplatin by inducing BAX/caspase-3/GSDME-mediated
pyroptosis. Furthermore, the combination of oxaliplatin and GW4064 synergistically inhibited STAT3
signaling by restoring SHP expression.
Conclusions Our study revealed that GW4064 could enhance the antitumor effects of oxaliplatin against
CRC, which provides a novel therapeutic strategy based on a combinational approach for CRC treatment.

Background
Colorectal cancer (CRC) is one of most common cancers worldwide (1). A number of CRC patients are
initially diagnosed as an advanced stage and surgery-based comprehensive treatment is the best
therapeutic strategy for advanced CRC (2). Oxaliplatin-based chemotherapy, including fluorouracil,
leucovorin and oxaliplatin (FOLFOX) or capecitabine plus oxaliplatin (CAPOX), is recommended as the
first-line treatment in combating CRC (3–5). Despite the favorable clinical efficacy of oxaliplatin, doselimiting side effects prevent the application of the full efficacious dose and frequently lead to the
withdrawal of treatment (6). Moreover, drug resistance often contributes to therapeutic failure in
metastatic CRC cases. Thus, it is of paramount importance to develop novel drugs that effectively and
safely complement the therapeutic effects of oxaliplatin.
The farnesoid X receptor (FXR) belongs to the nuclear receptor superfamily of ligand-dependent
transcription factors (7, 8). Previous studies demonstrated that FXR is downregulated in CRC tissues and
is negatively correlated with tumor stage and prognosis (9–12). Activation of FXR suppresses abnormal
cell growth and curtails CRC progression (9). Hence, restoring FXR function might be a therapeutic
strategy in CRC. GW4064, a synthetic FXR agonist, is at the preclinical phase in the treatment of
cholestatic liver diseases, metabolic syndrome and alcoholic liver disease (13–18). Recently, GW4064
showed promising antitumor effects in breast cancer (19) and liver cancer(20). In colon cancer cells,
treatment with GW4064 could induce activation of the extrinsic death signaling pathway to exhibit
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anticancer effects (21). However, to the best of our knowledge, whether GW4064 could improve the
therapeutic effects of oxaliplatin in CRC remains largely unknown.
GSDME/DFNA5 (deafness, autosomal dominant 5) belongs to the gasdermin superfamily and shares
more than a quarter of its identity with the pore-forming domain of GSDMD (22). GSDME was indicated
to be an executor of pyroptosis owing to its cleavage by caspase-3 (23). Recently, the role of GSDME in
the pathogenesis of human malignancies has attracted increasing attention. Due to promoter
hypermethylation, GSDME is inactivated in several cancers (24–26). Our previous studies demonstrated
that chemotherapy, including 5-FU and lobaplatin, could induce pyroptosis in gastrointestinal cancer by
cleaving GSDME (27, 28). GSDME-dependent pyroptosis might be an unrecognized mechanism
contributing to the antitumor effects of chemotherapy. Intriguingly, Lage and Lu et al. showed that
genetic GSDME deletion promoted drug resistance, while restoring GSDME expression led to the
sensitization of tumor cells to chemotherapy drugs (29, 30). Therefore, activating pyroptotic pathway is
expected to be a promising therapeutic approach of enhancing drug sensitivity.
In the present study, we aimed to investigate whether GW4064 could synergistically potentiate the
antitumor effect of oxaliplatin against CRC in vivo and in vitro and examined the possible molecular
mechanisms responsible for such synergy.

Methods
Clinical samples and cell cultures
HT-29, SW480, HCT116, CACO-2 and RKO cells (Shanghai Institute of Cell Biology, Chinese Academy of
Sciences) were maintained in DMEM medium (HyClone; GE Healthcare Life Sciences, Logan, UT, USA)
and SW620 cells (Shanghai Institute of Cell Biology, Chinese Academy of Sciences) were maintained in
1640 medium (HyClone; GE Healthcare Life Sciences, Logan, UT, USA), with 10% fetal bovine serum
(HyClone; GE Healthcare Life Sciences, Logan, UT, USA) at 37 °C in 5% CO2.
Lentiviral vectors and transfection
The lentiviral vectors were constructed by GeneChem Co., Ltd. (Shanghai, China). The phU6-EGFP-shRNASHP lentiviral vectors and their control vectors were prepared and used to inhibit SHP expression.
According to the manufacturer’s protocol, we performed all transfections.
Cell viability assays
Cells were seeded into 96-well culture plates at 5000 cells/well and treated with different doses of
GW4064 and Oxaliplatin for 48 h. Based on the manufacturer’s protocol, cell viability was examined using
the Cell Counting Kit-8 assay (CCK8, Dojindo, Tokyo, Japan).
Cell apoptosis
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Cell apoptosis assay were performed as described previously(31). For apoptosis analysis, cells were
stained with Annexin V-APC and 7-ADD (Multi Sciences, Hangzhou, Zhejiang, China) according to the
manufacturer's protocol. Cell apoptosis were assessed using ﬂow cytometry (BD Biosciences). Flowjo
10.0 software (FlowJo LLC, Ashland, OR, USA) was used to analyze the data.
Microscopy assay
To examine the morphology of cells, cells were seeded in 6-well plates at approximately 30% confluence
and performed to the indicated treatments. A Nikon microscope was used to take the Static bright-field
cell images. The pore-forming activity of pyroptosis was observed by transmission electron microscopy
(TEM).
Nude mouse xenograft assay
All animal experiments were approved by the Institutional Animal Care and Use Committee of the First
Affiliated Hospital of Xi’an Jiaotong University. The 4-week-old female BALB/c-nude mice were purchased
from Shanghai SLAC Laboratory Animal Co., Ltd. (Shanghai, China). HT-29 cells (5×106) in logarithmic
growth phase were subcutaneously injected into the flanks of nude mice. When the palatable xenograft
tumors were established, oxaliplatin (3 mg/kg) and GW4064 (15 mg/kg) as both single agents and in
combination was injected intraperitoneally twice a week for 3 weeks. The control group received DMSO
by intraperitoneally injection. The tumor width (b) and length (a) were measured using the callipers every
3 days. The tumor volume (V) was obtained as follows: V = ab2/2. The animals were sacrificed and the
xenograft tumors were measured at the end of the experiment.
Immunohistochemistry (IHC)
For IHC, the staining procedure was performed using the standard avidin–biotin complex method.
According to the extent and intensity of the staining, the stained sections were divided into two groups
(negative and positive). The extent of positively stained cells was scored on a scale from 0 to 4: 0–5%
(0), 6–25% (1), 26–50% (2), 51–75% (3), and 76–100% (4). The staining intensity was scored on a scale
from 0 to 3: negative (0), weakly positive (1), moderately positive (2), and strongly positive (3). The
immunoreactivity score (IRS) is defined as the product of the extent score and the intensity score. An IRS
of ≤3 was defined as negative, and a score of >3 was defined as positive. Two pathologists evaluated all
the specimens in a blinded manner.
IL-1β release assay
IL-1β was measured using a QuantiCyto IL-1β ELISA kit (Neobioscience, Chenzhen, China) according to
the manufacturer’s instructions. The absorbance value at 450 nm was then measured.
RNA isolation and real-time PCR
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TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used to isolate the total RNA. The PrimeScript RT
Reagent Kit (TaKaRa, Osaka, Japan) was used to synthesize complementary DNA (cDNA). According to
SYBR Green fluorescence signal detection assays (TaKaRa, Osaka, Japan) with primers (Table S1), realtime PCR was performed on an IQ5 instrument (Bio-Rad, CA, USA). The level of specific mRNA expression
was quantified by the 2-ΔΔCT method.
Protein extraction and western blotting
RIPA buffer (Heart, Xi’an, China) was used to lyse cells and fresh tissue. Tissue or cell lysates containing
50μg of total protein were then loaded and separated to SDS–PAGE (Beyotime, Shanghai, China) and
then transferred to polyvinylidene difluoride membranes (Millipore, Billerica, MA, USA). The membranes
were blocked with 5% fat-free dry milk at room temperature for 1 h and incubated with appropriate
primary antibodies at 4 °C overnight (anti-GSDME, Bax, Bcl-2, Bcl-xL, Cytochrome C, PARP, caspase1/3/8/9, GAPDH, SHP, STAT3, p-STAT3, P62, LC3, IL-1β, NLRP3, ASC and GSDMD, 1:1000 dilution). The
membrane was then washed four times with TBS-Tween-20 buffer for 8 min each and incubated with a
goat anti-rabbit horseradish peroxidase-conjugated secondary antibody for 1 h at room temperature.
Chemiluminescent HRP substrate (Millipore, Billerica, MA, USA) was purchased and used to visualize the
protein bands. The antibodies against SHP and GAPDH were purchased from Santa Cruz (Dallas, TX,
USA), the antibodies against Bax, Bcl-2, Bcl-xL, caspase-1/3/8/9, STAT3, p-STAT3, P62, LC3, IL-1β, NLRP3
and ASC were purchased from Abcam (Cambridge, MA, USA), and the antibodies against Cytochrome C,
PARP and GSDMD were purchased from Cell Signaling Technology (Danvers, MA, USA).
Drug combination studies
Cells per well were seeded at a density of 5×103 in the 96-well plates. The following day, the cells were
treated with a single drug or with a combination of oxaliplatin and GW4064 for 48 hours. Cell viability
was measured using the CCK-8 assay. Combination index (CI) and fraction affected (Fa) values were
calculated using CompuSyn software. CI<1 indicates synergy, CI=1 indicates an additive effect, and CI>1
indicates antagonism.
Statistical analysis
Every experiment was repeated three times. Data are showed as the means ± SD. Student’s t-test or χ2
test was used to compare the differences among the groups. Statistical analyses were performed with
SPSS 20.0 software (SPSS Inc, Chicago, IL, USA). A P value less than 0.05 was considered statistically
significant.

Results
The FXR agonist GW4064 acts synergistically with oxaliplatin in colon cancer cells
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We first evaluated the levels of GSDME expression in colon cancer cells, including HT-29, HCT116,
SW620, SW480, CACO-2 and RKO cells. HT-29 and HCT116 cells expressed high levels of GSDME, and
SW620 cells expressed moderate levels. However, GSDME was barely expressed in SW480, CACO-2 and
RKO cells (Fig. 1A and B). HT-29 and SW620 cells were chosen for further study. Next, the IC50 values of
oxaliplatin and GW4064 in HT-29 and SW620 were evaluated by CCK8 assays. The results showed that
the IC50 values of GW4064 in HT-29 and SW620 cells were 1.38 and 0.76 μM, respectively (Fig. 1C). For
oxaliplatin, the IC50 values in HT-29 and SW620 cells were 3.6 and 2.3 μM, respectively (Fig. 1D). Finally,
to evaluate whether the effects of oxaliplatin plus GW4064 were synergistic, we calculated the
combination index (CI) values through the Chou-Talalay method for the cell lines treated with doses of
GW4064 and oxaliplatin based on the IC50 values. The CI values indicated that GW4064 had strong
synergistic effects with oxaliplatin on HT-29 (Fig. 1E and F) and SW620 cells (Fig. 1G and H).
GW4064 synergistically enhances the antitumor effect of oxaliplatin in colon cancer cells in vitro
By conducting a series of in vitro experiments, we evaluated whether GW4064 enhanced the efficacy of
oxaliplatin against CRC. HT-29 and SW620 cells were treated with oxaliplatin and GW4064 alone or in
combination. Compared to the individual drugs, the combination of oxaliplatin and GW4064 significantly
inhibited colony formation of colon cancer cells (Fig. 2A and C). The effect of combination therapy on
apoptosis was also assessed by flow cytometry. HT-29 and SW620 cells treated with both drugs exhibited
a high apoptosis rate compared to those treated with a single drug alone (Fig. 2B and D). In summary,
these data indicate that GW4064 synergistically enhances the efficacy of oxaliplatin in colon cancer cells
in vitro.
The combination of oxaliplatin plus GW4064 induces pyroptosis independent of NLRP3 inflammasome
activation
Pyroptosis is morphologically characterized by cell swelling and large bubbles emerging from the plasma
membrane (23). Intriguingly, our study indicated that cotreatment with oxaliplatin and GW4064 markedly
induced pyroptotic morphology in HT-29 and SW620 cells (Fig. 3A). TEM revealed multiple pores formed
in the membranes of cells treated with both drugs (Fig. 3B). Moreover, the release of the proinflammatory
factor IL-1β was elevated in response to the combination of oxaliplatin and GW4064, indicating plasma
membrane rupture and leakage (Fig. S1A).
The release of IL-1β in pyroptosis requires two signaling pathways associated with the NLRP3
inflammasome: one that upregulates IL-1β mRNA and other components (Signal 1) and one that induces
activation (Signal 2) (32). Surprisingly, oxaliplatin or GW4064 alone or in combination did not affect the
mRNA levels of IL-1β, CASP-1, ASC, and NLRP3 in HT-29 and SW620 cells (Signal 1) (Fig. S1B). We next
assessed whether combination therapy activated signal 2 of the NLRP3 inflammasome in HT-29 and
SW620 cells. The combination of oxaliplatin plus GW4064 promoted the release of IL-1β but did not
influence the protein levels of NLRP3, ASC, caspase-1 (cleaved and pro) and pro-IL-1β (mature and pro)
(Signal 2) (Fig. S1C and D). Thus, we concluded that combination therapy induced pyroptosis and the
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subsequent release of IL-1β independent of NLRP3 inflammasome activation and hypothesized that there
existed other mechanisms contributing to this phenomenon.
GSDME-dependent pyroptosis is downstream of the Bax-mitochondrial apoptotic pathway
Pyroptosis can be triggered by the N-terminal domain of GSDMD due to cleavage by caspase-1/-4/-5/-11
(33). However, in our study, GSDMD was not shown to be cleaved in response to oxaliplatin and GW4064
alone or in combination (Fig. S1C and D). Given that the pyroptotic gasdermin N-terminus is shared by all
gasdermins except for DFNB59, we hypothesized that other GSDMD-related family members could trigger
pyroptosis (27). GSDME has been shown to execute pyroptosis under intrinsic and extrinsic stimuli
through cleavage by caspase-3 (34). In the current study, combination therapy resulted in increases in the
N-terminal fragment of GSDME in HT-29 and SW620 cells (Fig. 3C and D).
Our previous study indicated that the Bax-mitochondrial apoptotic pathway is required for chemotherapyinduced pyroptosis (27). The current study demonstrated marked reductions in the protein levels of Bcl-2
and Bcl-xL, accumulation of Bax protein and the release of cytochrome C (Cyto C) in HT-29 and SW620
cells treated with the combination of GW4064 and oxaliplatin (Fig. 4A and B). Moreover, we observed
cleaved caspase-3/-8/-9 in HT-29 and SW620 cells in response to the combination therapy (Fig. 3C and
D). However, the protein expression levels of biochemical markers that are known to cause autophagy,
such as LC3 and p62, were not significantly altered (Fig. S1C and D). Our data indicate that the
combination of oxaliplatin and GW4064 triggers GSDME-mediated pyroptosis downstream of the Baxmitochondrial apoptotic pathway and caspase-3/-8/-9 activation.
The combination of oxaliplatin plus GW4064 inhibits STAT3 signaling by restoring SHP expression
Small heterodimer partner (SHP), a well-known target gene of FXR, inhibits tumorigenesis by repressing
STAT3 activity (35). Various lines of evidence have established that oxaliplatin could decrease the
expression of STAT3 to inhibit the progression of cancer (36, 37). As expected, GW4064 treatment alone
increased the protein level of SHP. However, oxaliplatin alone markedly decreased the expression level of
SHP. Intriguingly, the combination of oxaliplatin plus GW4064 restored SHP expression, which in turn
inhibited STAT3 activity (Fig. 4C and D).
To further validate the involvement of SHP in the synergistic mechanism of oxaliplatin plus GW4064, we
knocked down SHP expression in colon cancer cells (Fig. 5A). Depleting SHP expression in HT-29 and
SW620 cells abolished the oxaliplatin and GW4064 cotreatment-mediation inhibition of cell viability and
colony formation (Fig. 5B, E and H) and elevation of cell apoptosis and pyroptosis (Fig 5D and G).
Moreover, SHP knockdown suppressed the generation of the N-terminal fragment of GSDME and the
release of IL-1β (Fig. 5I). Pyroptotic morphological features were abrogated in SHP-knockdown cells
treated with the drug combination (Fig. 5C). Mechanistically, SHP knockdown restored STAT3 activity and
abolished activation of the Bax-mitochondrial apoptotic pathway (Fig. 5F). Taken together, our results
indicate that the combination of oxaliplatin and GW4064 inhibits STAT3 signaling by restoring SHP
expression.
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Oxaliplatin and GW4064 synergistically inhibit tumor growth in vivo
To validate the synergistic effects of oxaliplatin and GW4064 in vivo, we generated xenograft mouse
models by injecting HT-29 cells subcutaneously into the right flanks of nude mice. The xenograft tumors
that were treated with the combination of GW4064 and oxaliplatin developed much more slowly and were
smaller and lighter than those treated with individual agents (Fig. 6A-C). The levels of the universal
proliferation marker Ki67 were evaluated. As expected, the xenograft tumors in the combination therapy
group had lower Ki67 staining than those in the single drug group. Mechanistically, the restoration of SHP,
downregulation of p-STAT3 and Bcl-xL and elevation of cleaved caspase-3 were observed in xenograft
tumors treated with both agents compared to those treated with a single agent only (Fig. 6D and E).
These data indicated that oxaliplatin and GW4064 could synergistically inhibit tumor growth in vivo.

Discussion
Recently, the involvement of pyroptosis in chemotherapy has challenged a long-standing view that
chemotherapy acts most potently by stimulating apoptosis (23). However, whether pyroptosis is
synergistically increased by combinational therapy in CRC has been rarely studied. In the present study,
we first identified an FXR agonist as a synergistic chemical agent with oxaliplatin and developed GW4064
plus oxaliplatin as a potential combination treatment strategy against CRC. Second, we found that this
cotreatment markedly inhibited colon cancer cell growth both in vitro and in vivo. Third, we demonstrated
that GW4064 and oxaliplatin cooperated to restore SHP expression and in turn inhibited STAT3 signaling,
which triggered pyroptosis in colon cancer cells via Bax-caspase-3-GSDME pathway activation.
Recently, the most commonly used method to elevate chemotherapy efficacy is combination therapy (38).
Although the combination of oxaliplatin with other chemotherapeutic drugs has improved the outcomes
of patients with CRC, it has marked side effects (39). In addition, drug resistance often occurs in patients
dying of disease recurrence. As a promising antitumor drug with little toxicity, GW4064 suppressed cell
growth in several cancer cells, including CRC, but not in normal cells (21). Pharmacological activation of
FXR in colon cancer cell lines could strikingly induce proapoptotic caspases (40). Our data suggested
that activation of FXR by GW4064 acts synergistically with oxaliplatin to exert antitumor efficacy in vitro
and in vivo. A previous study proved that FXR is hardly expressed and exhibits loss of function in CRC
(41). Advanced stage patients, who are usually recommended to undergo chemotherapy, have better
survival after using FXR agonists (9). Therefore, it is vital to restore the function of this protein in the
treatment of CRC.
In the present study, we found that GW4064 plus oxaliplatin synergistically induced GSDME-mediated
pyroptosis compared with individual drug treatments. Both pyroptosis and apoptosis are key processes
associated with chemotherapy-related programmed cell death and play functional roles in antitumor
treatment (34). In addition, mitochondrial damage in developing cancer cells through various stresses,
including excessive DNA damage and reduced survival factor signaling, that would normally result in
activation of the apoptotic and pyroptotic program (31, 42). Our previous study indicated that lobaplatin,
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a third-generation platinum antineoplastic agent, could induce pyroptosis in colon cancer cells via a novel
Bax-caspase-3-GSDME pathway (27). Thus, we focused our attention on the expression of mitochondriarelated proteins, and as expected, the combination of GW4064 and oxaliplatin induced robust activation
of the Bax-mitochondrial apoptotic pathway and cleavage of downstream caspase-3. In addition to
apoptosis, GSDME-mediated pyroptosis, a new type of programmed cell death, plays an essential role in
this synergy.
Additionally, our results indicated that GW4064 could act cooperatively with oxaliplatin to inhibit STAT3
and subsequently regulate downstream targets to induce tumor cell apoptosis and pyroptosis. Excessive
STAT3 activation in CRC is an important signaling mechanism that mediates tumor progression and drug
resistance to chemotherapies (43). Blocking STAT3 signaling has been demonstrated to restore drug
sensitivity in CRC (39). Our results suggest that GW4064 or oxaliplatin alone exert a minimal antitumor
effect on blocking the STAT3 pathway; however, cotreatment with GW4064 and oxaliplatin strongly
inhibited STAT3 activity, suggesting that FXR agonists may become candidates to reverse drug resistance
in CRC with excessive STAT3 activation.
Among FXR target genes, SHP is thought to be pivotal in inhibiting tumor growth because it is a cell death
receptor that targets mitochondria and induces apoptosis (44). FXR/SHP signaling induces
dephosphorylation of STAT3 and inhibits expression of its target Bcl-xL (41). In addition, SHP can
translocate to mitochondria, bind to Bcl-2, and cause Cyto C release to the cytoplasm (45). Our results
indicated that treatment with oxaliplatin alone decreased the expression levels of SHP, whereas SHP
expression was clearly recovered by cotreatment with GW4064 plus oxaliplatin. Thus, as an appropriate
partner, GW4064 is required to amplify the antitumor effect of oxaliplatin via activation of FXR and SHP.

Conclusions
In conclusion, our study demonstrated that GW4064 could exert synergistic anticancer effect via the
pyroptosis pathway. Importantly, GW4064 supplementation could amplify the antitumor effect of
oxaliplatin in combating CRC in vitro and in vivo. Therefore, the combination of an FXR agonist and
oxaliplatin may represent an alternative therapeutic strategy against CRC.
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Figures

Figure 1
GW4064 synergistically enhanced the antitumor effect of oxaliplatin in colon cancer cells. A, B. GSMDE
expression was analyzed by western blotting in 6 colon cancer cell lines. C, D. Dose-response curves
indicated the effect of GW4064 and oxaliplatin on the viability of HT-29 and SW620 cell lines. E, F.
Sensitivity of HT-29 to oxaliplatin, GW4064 alone or oxaliplatin plus GW4064. G, H. Sensitivity of SW620
to oxaliplatin, GW4064 alone or oxaliplatin plus GW4064. Fa, fraction affected; OXA, oxaliplatin. *, p<0.05,
**, p<0.01.
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Figure 2
GW4064 synergistically enhances the antitumor effect of oxaliplatin in colon cancer cells in vitro. A, C.
Results of colony formation assays for HT-29 and SW620 cells. Colon cancer cells were treated with
GW4064 (0.15 μM for HT-29, 0.07 μM for SW620) or oxaliplatin (0.45 μM for HT-29, 0.25 μM for SW620)
or a combination of both for 14 days. B, D. Flow cytometry analysis of annexin V and 7-ADD staining of
apoptotic cells. HT-29 and SW620 cells were treated with GW4064 (0.15 μM for HT-29, 0.07 μM for
SW620) or oxaliplatin (0.45 μM for HT-29, 0.25 μM for SW620) or a combination of both for 24 h. OXA,
oxaliplatin. *, p<0.05, **, p<0.01.
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Figure 3
Co-treatment of oxaliplatin and GW4064 induced GSDME-related pyroptosis in HT-29 and SW620 cells. A,
B. Combination of GW4064 and oxaliplatin induced pyroptosis in HT-29 and SW620 cell representative
bright-field (A) and transmission electron microscopy (B) images of HT-29 (up) and SW620 (below) cells
treated with the indicated drugs for 48 h. The red arrowheads indicate the large bubbles emerging from
the cell membrane. C. D. The protein expression of pro-caspase-8/9/3, cleaved-caspase-8/9/3 and
GSDME-F/N was examined in HT-29 and SW620 cells using Western blotting. Lysates from HT-29 and
sw620 cells were treated with GW4064 (0.15 μM for HT-29, 0.07 μM for SW620) or oxaliplatin (0.45 μM
for HT-29, 0.25 μM for SW620) or a combination of both for 24 h. OXA, oxaliplatin. *, p<0.05, **, p<0.01.
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Figure 4
A, B. Oxaliplatin plus GW4064 synergistically regulated Bax-mitochondrial pathway. The protein
expression of Bax, Bcl-2, Bcl-xL, Cytochrome C and cleaved-PARP was examined in HT-29 and SW620
cells using western blotting. C, D. Synergistical antitumor effect of co-treatment of oxaliplatin and
GW4064 was regulated by inhibition of STAT3 signaling and restoration of SHP expression. Results of
western blotting present the protein expression of p-STAT-3, STAT3 and SHP. Lysates from HT-29 and
SW620 cells were treated with GW4064 (0.15 μM for HT-29, 0.07 μM for SW620) or oxaliplatin (0.45 μM
for HT-29, 0.25 μM for SW620) or a combination of both for 24 h. OXA, oxaliplatin. *, p<0.05, **, p<0.01.
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Figure 5
Knock-down of SHP could rescue the antitumor effect of co-treatment of GW4064 and oxaliplatin in
colon cancer cells. HT-29 and SW620 cells was pretreated by combination of oxaliplatin (0.45 μM for HT29 cell, 0.25 μM for SW620 cell) and GW4064 (0.15 μM for HT-29 cell, 0.07 μM for SW620 cell) at the
same time for 24 h. A. Knockdown of SHP in HT-29 and SW620 cells was confirmed by Western blot. B.
Knockdown of SHP restored the cell growth inhibited by co-treatment of oxaliplatin and GW4064 in HT-29
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and SW620 cells. C. Knockdown of SHP inhibited pyroptosis induced by combination of oxaliplatin and
GW4064 in HT-29 and SW620 cells. D, G. Flow cytometry analysis showed knockdown of SHP could
decreases annexin V and 7-ADD staining of cells induced by co-treatment of oxaliplatin and GW4064. E,
H. Knockdown of SHP promoted colony formation inhibited by combination of oxaliplatin and GW4064. I.
ELISA results indicated that knockdown of SHP decreased IL-1β release induced by co-treatment of
oxaliplatin and GW4064. F. Western blotting showed that the protein levels of Bax, Bcl-2, Bcl-xL, cleavedcaspase-3 and GSDME-F/N were rescued by knockdown of SHP. OXA, oxaliplatin. *, p<0.05, **, p<0.01.
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Figure 6
Co-treatment of oxaliplatin and GW4064 synergistically inhibited the proliferation of colon cancer cells in
vivo. A, B, C. Compared with using oxaliplatin or GW4064 only, combination of oxaliplatin and GW4064 in
HT-29 cell line inhibited the tumor formation more significantly in vivo. D. Immunohistochemical staining
for Ki67, SHP, p-STAT3, BCL-XL and Caspase-3 was shown in HT-29 mouse xenografts treated as
indicated above. OXA, oxaliplatin. *, p<0.05, **, p<0.01.
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