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FXR agonist GW4064 enhances anti-PD-L1 immunotherapy in colorectal cancer
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ABSTRACT

Colorectal cancer (CRC) is one of the top three malignant tumors in terms of morbidity, and the limited
efficacy of existing therapies urges the discovery of potential treatment strategies. Inmunotherapy
gradually becomes a promising cancer treatment method in recent decades; however, less than 10% of
CRC patients could really benefit from immunotherapy. It is pressing to explore the potential combination
therapy to improve the immunotherapy efficacy in CRC patients. It is reported that Farnesoid X receptor
(FXR) is deficiency in CRC and associated with immunity. Herein, we found that GW4064, a FXR agonist,
could induce apoptosis, block cell cycle, and mediate immunogenic cell death (ICD) of CRC cells in vitro.
Disappointingly, GW4064 could not suppress the growth of CRC tumors in vivo. Further studies revealed
that GW4064 upregulated PD-L1 expression in CRC cells via activating FXR and MAPK signaling pathways.
Gratifyingly, the combination of PD-L1 antibody with GW4064 exhibited excellent anti-tumor effects in
CT26 xenograft models and increased CD8" T cells infiltration, with 33% tumor bearing mice cured. This
paper illustrates the potential mechanisms of GW4064 to upregulate PD-L1 expression in CRC cells and
provides important data to support the combination therapy of PD-L1 immune checkpoint blockade with
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FXR agonist for CRC patients.

Introduction

Colorectal cancer (CRC) has high morbidity and mortality
worldwide, with more than 1.85 million newly confirmed
cases and 0.85 million deaths each yearl. Genetic inheritance,
poor dietary habits, and lifestyle factors can affect the develop-
ment of CRC”. At present, surgery is still the preferred treat-
ment option, and the combination of chemical, radiological,
and targeted therapy has significantly prolonged the survival
time of CRC patients. However, the clinical treatment and
diagnosis of metastatic CRC is still a problem, and the patients’
five-year survival rate with metastatic CRC is less than 20%”.
Unlike traditional chemotherapy drugs, immunotherapy is
a novel therapeutic strategy for cancer treatment, aiming to
exert a highly effective tumor killing effect by reactivating or
enhancing the body’s anti-tumor immune response®.
Programmed death-ligand 1 (PD-L1) is the most used drugs
targeting immune checkpoint molecules, whose binding with
its receptor (PD-1) results in suppressing the anti-tumor
immunity”. Blocking the interaction between PD-L1 and PD-
1 has become a promising treatment for cancer’®. PD-L1/PD-1
antibodies, such as Atezolizumab, Nivolumab, and Avelumab,
et al., have witnessed the success and encouraging efficacy in
multiple human cancers, including non-small cell lung cancer
(NSCLC), advanced melanoma, and bladder cancer’. However,

less than 10% of CRC patients could really benefit from
immunotherapy®. Thus, the new combination therapy strate-
gies are critical to enhance the efficacy of immunotherapy for
CRC patients.

Farnesoid X receptor (FXR, NR1H4), functioning as an
important regulator of bile acids homeostasis, could regulate
the transcription of numerous genes including lipid, glucose,
and amino acid metabolism in the gut-liver axis’ '*. Recent
studies have found that FXR is deficiency in CRC, hepatocar-
cinoma carcinoma (HCC), and cholangiocarcinoma (CCA)**-
!>, but overexpression in NSCLC, pancreatic cancer, and thyr-
oid cancer'®'®, The abnormal expression of FXR is associated
with the disorder of bile acids, destruction of intestinal flora,
secretion of inflammatory cytokines, and poor prognosis of
tumor patients, revealing that FXR is involved in the regulation
of inflammation, immunity, and tumorigenesis'®~'. Evidences
suggest that PD-L1 low/negative NSCLC patients receiving
anti-PD-1 immunotherapy have favorable clinical outcomes
when their FXR expression is highzz. And in mice, the PD-1
antibody is effective against EXR™"PD-L1'°Y Lewis lung car-
cinoma (LLC), indicating that FXR regulation might be an
effective strategy to combat cancers combined with
immunotherapy™. It is demonstrated that there is a negative
correlation between tumor stage and prognosis and the
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downregulation of FXR in CRC tissues'>**7*. Activation of
FXR has a significant inhibiting effect on CRC progression’”*®.
Hence, restoring the function of FXR might be a promising
therapeutic strategy in combination with immunotherapy for
CRC therapy.

GW4064, a FXR agonist, showed promising anti-tumor
effects in multiple tumors, including breast cancer, liver cancer,
and CRC*7*?, In present study, we found that GW4064 could
inhibit the proliferation of CRC cells in vitro but not suppress
the growth of CRC tumors in vivo. Further studies revealed
that GW4064 upregulated PD-L1 expression in CRC cells via
activating FXR and MAPK signaling pathways. And the com-
bination of PD-L1 antibody with GW4064 exhibited excellent
anti-tumor effects in CT26 xenograft models and increased
CD8" T cells infiltration, with 33% tumor bearing mice
cured. This paper illustrates the potential mechanisms of
GW4064 to upregulate PD-L1 expression in CRC cells and
provides important data to support the combination therapy
of PD-L1 immune checkpoint blockade with FXR agonist for
CRC patients.

Materials and methods
Regent and cell lines

GW4064 was purchased from MCE (Shanghai, China). CRC
cell lines HCT116 (human) and CT26 (mouse) were purchased
from the National Collection of Authenticated Cell Cultures
(Shanghai, China). The HCT116 cells and CT26 cells were
cultured in a cell incubator with the appointed medium.

Cell viability assay

HCT116 and CT26 cells were seeded into 96-well plates (5 x
10° cells/well) overnight, and incubated with GW4064 at dif-
ferent concentrations for 24 h. Then the cells were incubated
with fresh free-serum medium containing 10% Cell Counting
Kit-8 (CCK-8, Beyotime, China) solution for another 2 h.
Finally, the absorbance was measured using a Cytation 5 sys-
tem (BioTek, USA) under 450 nm.

Live/Dead cell viability/cytotoxicity

HCT116 and CT26 cells (1 x 10* cells/well) were seeded into
96-well plates overnight and treated with GW4064 for 24 h.
Then the fresh medium containing calcein-AM (2 pM) and
propidium iodide (PI, 8 uM) was added to incubate for 15
min. The cells were observed and photographed by a high
content analysis imaging system (PE, USA).

Real-time cell growth inhibition

5x 107 cells each well of HCT116 and CT26 cells were seeded
into E-Plate overnight and treated with or without GW4064 at
various concentrations for 24 h. Real-time cell proliferation
and cytotoxicity were measured by a xCELLigence RTCA sys-
tem (Agilent, USA).

Apoptosis assay

To explore apoptosis in vitro, HCT116 and CT26 cells (3 x 10°
cells/well) were seeded in 6 well plates and treated with
GW4064 for 24 h. Then the cells were collected and incubated
with annexin V-FITC and PI for 10 min in the dark before
being analyzed by flow cytometry.

Cell cycle arrest

HCT116 and CT26 cells treating with or without GW4064
were harvested and fixed in 75% ethanol overnight at —20°C.
Then the fixed cells were washed twice with PBS and incubated
with PI (BD Pharmingen, USA) for 15 min before analyzing by
flow cytometry (CytExpert 3.0 software).

siRNA transfection

The FXR siRNA and NC were commercially obtained from
GenePharma Biotech Company (Shanghai, China). The sequence
of FXR siRNA1 was 5-GCAACUGUGUGAUGGAUAUTT-3’
and the sequence of FXR siRNA2 was 5-
GGAGAGUAAACGACCACAATT -3. The negative control
(NC) sequence was 5-UUCUCCGAACGUGUCACGUTT-3’.
According to the manufacturer's protocols, the cells were har-
vested for western blot assay after transfection for 48 h.

Proteomics

HCT116 cells were treated with 6 uM GW4064 for 48 h, then
extracted from the cell lysate. The samples were preliminarily
treated using FASP enzymatic hydrolysis method™”. Finally, we
use TMT to label the samples. The liquid phase was used for
classification, and the final samples were detected by mass
spectrometry. The results were analyzed using bioinformatics
databases.

Western blot assay

The proteins of HCT116 and CT26 cells treating with GW4064
were collected, separated by 12% SDS-PAGE, and transferred
onto polyvinylidene difluoride (PVDF) membranes. Then the
PVDF membranes were blocked in 5% nonfat milk for 1 h and
incubated with primary antibodies at 4°C overnight. After
being incubated with secondary antibodies for another 1h,
the proteins were detected by Gel Imaging System (Tanon,
China) and analyzed by Image ] software.

Quantitative real-time PCR (Qrt-PCR)

PD-L1 mRNA expression was detected using qRT-PCR
method. The total RNA was extracted from CT26 and
HCT116 cells as well as CT26 xenograft tumors adminis-
tered with GW4064. RNA was reverse transcribed into
c¢DNA using the Reverse Transcription Kit HIScript® II Q
RT SuperMix (Vazyme, R223-01). PCR reaction mixes were
prepared according to the manufacturer’s instructions for
the ChamQ Universal SYBR qPCR Master Mix kit
(Vazyme, Q711-02). The sequence of human PD-L1 gene:



forward 5- GACCACCACCACCAATTCCAAGAG-3' and
reverse 5-TGAATGTCAGTGCTACACCAAGGC-3'. The
sequence of mouse PD-L1 gene: forward 5'-
GATTCAGTTTGTGGCAGGAGAGGAG-3' and reverse 5'-
GGCATTGACTTTCAGCGTGATTCG-3". The human pri-
mer GAPDH (Sangon Biotech, B661104) and the mouse
primer GAPDH (Sangon Biotech, B661304) were used as
internal control. Subsequently, PD-L1 mRNA expression
was quantified using the Real-Time PCR System (Applied
Biosystems).

HMGB1 and calreticulin (CRT) immunofluorescence
staining

The HCT116 and CT26 cells treated with GW4064 were fixed
and permeabilized with 4% paraformaldehyde for 20 min and
1% Triton X-100 for 5 min, respectively. Then incubated with
the primary antibody of HMGBI1 (Abcam, ab227168) at 4°C
overnight, following incubating with secondary antibody con-
jugated with Alexa Fluor 488 for another 2 h. For CRT, the cells
were stained with Alexa Fluor 488-CRT (Abcam, ab196159) for
1 h. Finally, stained the cell nucleus with Hoechst 33,342 and
detected by GE DeltaVision OMX SR.

ATP release assay

HCT116 and CT26 cells (5 x 10° cells/well) were seeded in 96-
well plates and treated with GW4064 at different concentra-
tions for 6h. Based on the protocols of ATP assay kit
(Beyotime, S0027), the cell supernatant was analyzed by a
luminometer (Tecan Spark, Switzerland).

Anti-tumor therapy

Female BALB/c mice (4-5weeks) were obtained from
Shanghai Sippr BK Laboratory Animals Ltd under SPF condi-
tion. These animal experiments obtained the ethics committee
approve of Shanghai University of Traditional Chinese
Medicine (No. PZSHUTCM220627046). 5 x 10° CT26 cells
were subcutaneously inoculated into these mice on the right
side of their armpits. The tumor volume was monitored every 2
days and calculated by the following formula: volume =
(length x width?)/2. Twelve mice were randomly divided into
Control group and GW4064 (30 mg/kg, i.p.) group when the
tumor volume was approximately 50 mm®. After treating with
GW4064 for the appointed time, tumor tissues were collected
for further studies.

Combination therapy

In female BALB/c mice, 5x 10°> CT26 cells were subcuta-
neously injected into the right armpit. When the average
tumor volume reached about 50 mm?, the mice were randomly
divided into four groups (n = 6): Control, GW4064 (30 mg/kg,
i.p.), PD-L1 antibody (100 pg per mouse, i.p.), and GW4064 +
anti-PD-L1. Finally, the tumors were collected for further
studies, including Elisa assay (IL-2, IFN-y, and TNF-a), and
histochemical analysis (H&E, Ki-67, TUNEL, CD4, and CD8).

ONCOIMMUNOLOGY (&) 3

Hematoxylin and eosin (H&E) stains

Tumor tissues were sectioned and fixed overnight in 4% par-
aformaldehyde (Servicebio, G1101), paraffin embedded and
cut into 5-pm-thick sections. Then the sections were stained
with hematoxylin (Servicebio, G1004) for 5min and then
stained with eosin (Servicebio, G1001) after dehydration.
After sealing, they were photographed under the microscope
for analysis.

Immunohistochemistry (IHC)

Tumor tissue sections were deparaffinized with xylene and
rehydrated in anhydrous alcohol solution. For IHC, the sec-
tions were incubated with 3% BSA blocking solution for 30
min, followed by incubation with primary antibodies of Ki67
(Servicebio, GB111499). Subsequently, the sections were incu-
bated for 1h with the secondary antibody conjugated with
HRP. After the development reaction with DAB, the slices
were photographed with the Cytation 5 system (BioTek, USA).

TUNEL assay

Tumor tissue sections were deparaffinized and hydrated with
anhydrous alcohol solution for 3 min. Then, they were incu-
bated with proteinase K (20 pg/mL) and permeabilized with
0.1% Triton X-100 for 8 min. The kit (#11684817910, Roche)
was further used to perform the TUNEL assay.

Flow cytometry detection of PD-L1 expression

To detect the expression of cell surface PD-L1, HCT116 and
CT26 cells (3 x 10° cells/well) were seeded into 6 well plates
and treated with GW4064 for 24 h. Then the cells were col-
lected and stained with PE-conjugated anti-human-PD-L1
(Proteintech, 65073) and PE-conjugated anti-mouse-PD-L1
(BD Pharmingen, 561787) antibody for 30-40 min in the
dark before being analyzed by flow cytometry.

Detection of immune-related cells

Single-cell suspensions of CT26 xenograft tumor tissues were
prepared by tissue dissociation solution digestion, and then the
1 x 10° cells were resuspended with 100 uL flow-staining buf-
fer. Appropriate amounts of F4/80 (BD Pharmingen, 565411),
CDl11b (BD Pharmingen, 561691), CD86 (BD Pharmingen,
555665), CD45 (BD Pharmingen, 561586), CD3 (BD
Pharmingen, 553240), CD4 (BD Pharmingen, 1116730), CD8
(BioGems Internation, 10122-80-100), CD25 (BD Pharmingen,
557192), and Foxp3 (BD Pharmingen, 560408) antibodies were
added and incubated for 30 min at 4°C on ice in the dark before
analyzed by flow cytometry. Among them, Foxp3 needs to be
fixed and broken by 1% paraformaldehyde before staining.

Statistical analysis

All the data were analyzed using the GraphPad Prism 8.0.1
software, and the mean + standard deviation (SD) was calcu-
lated for at least three independent experiments. For
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comparison between two groups or among multiple groups, an
independent Student's t-test or two-way ANOVA followed by
Tukey’s test was used. *P < 0.05, **P < 0.01, **P < 0.001.

Results

GW4064 induced apoptosis and blocked cell cycle G2
transition of CRC cells

GW4064 is a FXR agonist with ECs, of 65 nM, and the chemi-
cal structure formula is shown in Figure 1A. Current studies
have found that as a tool drug, GW4064 exhibits anti-tumor
activities in vitro>>. Herein, GW4064 could inhibit CRC cells
(HCT116 and CT26) in a dose-dependent manner, and the
IC5y of HCT116 and CT26 cells were 6.9 uM and 6.4 uM,
respectively (Figure 1C). Using High Content Analysis
System, we detected that GW4064 could inhibit half CRC
cells at 6 uM, as observed with CCK-8 assay (Figure 1B).

To monitor cell growth status in real time after drug treat-
ment, quantitative cytotoxicity data were obtained using the
RTCA xCELLigence system, which collected the data every 15
min to record tumor cell dynamics curves. Figure 1D,E showed
that GW4064 could significantly inhibit the cell proliferation of
HCT116 and CT26 cells within 12h. And the results of flow
cytometry showed that GW4064 could induce apoptosis
(Figure 1F) and block the G2 phase of cell cycle (Figure 1G-
I). The above experimental results showed that GW4064 did
have anti-tumor effect in vitro.

GW4064 induced immunogenic cell death mediated by
endoplasmic reticulum stress

It has been reported that farnesol, the earliest natural agonist of
FXR, can increase endoplasmic reticulum (ER) stress-related
protein expression (such as ATF3, CHOP, and XBP1) by
MEK1/2 signaling pathway, which activated unfolded proteins
to induce apoptosis of human lung cancer cell H460°**°. In
Figure 2A-C, GW4064 upregulated the phosphorylation of
PERK/eIF2a and increased ATF6 protein expression in
HCT116 and CT26 cells, indicating that GW4064 could acti-
vate ER stress in CRC cells. Consistent with previous report,
activating ER stress can promote immunogenic cell death
(ICD)*. It could be clearly seen that the ICD makers (CRT,
HMGBI, and ATP) were significantly increased. The HMGB1
labeled green fluorescence in the cell nucleus was wakened
after treated with GW4064 via immunofluorescence confocal
experiment, while the expression of CRT labeled red fluores-
cence increased and was turned outward into the cell mem-
brane (Figure 2D,E), and the secretion of ATP were dose-
dependent increased (Fig. S1). These results indicated that
GW4064 could induce ICD of CRC cells, triggering HMGBI
excretion, CRT exposure, and ATP secretion.

GW4064 did not suppress the growth of CT26 xenograft
tumors in vivo

Since GW4064 could inhibit the proliferation of CRC cells
effectively in vitro, the CT26 tumor-bearing BALB/c mice
model was used to evaluate its efficacy (Figure 3A). When the

average tumor volume reached 50 mm>, a daily dose of
GW4064 (30 mg/kg) was administered intraperitoneally, and
there was no significant weight loss or abnormal behavior in
each group of mice during administration (Figure 3C). The
disappointing results showed that GW4064 could not suppress
the growth of CT26 xenograft tumors in vivo (Figures 3B, 3D-
E). And the poor therapeutic effect of GW4064 in vivo is
further confirmed by H&E staining (Figure 3F,G).
Surprisingly, the immunohistochemical assay showed that the
PD-L1 was upregulated in the groups treating with GW4064
(Figure 3F,G), which might be the reason of the poor anti-
tumor activity of GW4064. In addition, the protein expression
and mRNA level of PD-L1 in tumor tissues were also increased
(Fig. S2).

GW4064 upregulated PD-L1 expression in CRC cells by
activating MAPK signaling pathway

Consistent with the previous results in Figure 3F,G, protein
expression of PD-L1 was upregulated after treating with
GW4064 in HCT116 and CT-26 cells, respectively (Figure
4A-C). Flow cytometry and qRT-PCR methods were further
used to detect the cell surface and mRNA expression of PD-L1.
The results showed that GW4064 induced the upregulation of
cell surface and mRNA expression of PD-L1 (Fig. S3-S4).
Then, a proteomic analysis of HCT116 cell treated with
GW4064 was performed to explore the mechanisms involved
in the upregulation of PD-L1. The results showed that multiple
proteins involved in the MAPK signaling pathway were upre-
gulated after being treated with GW4064 (Figure 4D, S5), and
the raw data of proteomic analysis were displayed in Table S1.
The expression of FGF-19/15 in HCT116 and CT26 cells was
increased after GW4064 treatment via western blot assay, and
the phosphorylation of JNK and ERK1/2 could be upregulated
(Figure 4A-C). In HCT116 cells, when FXR was knocked
down, the expression of PD-L1 also decreased (Figure 4E,F).
And repression of FXR by siRNA and the inhibitor of MAPK
signal pathway (VX-702) significantly reversed the upregula-
tion effect of GW4064 on PD-L1 expression in HCT116 cells
(Figures 4G-I, S6). These results suggested that GW4064 acted
as a FXR agonist that activated the MAPK signaling pathway to
modulate PD-L1 of CRC cells.

GWA4064 enhanced the anti-PD-L1 immunotherapy in
CT26 tumor-bearing mice

Considering that GW4064 could increase PD-L1 expression in
tumor cells, we conducted combination therapy of anti-PD-L1
and GW4064 for CT26 tumor-bearing mice, which might
improve the anti-tumor efficacy of GW4064 on immune-sound
tumor-bearing mice. CT26 tumor-bearing mice treated with
GW4064 were injected intraperitoneally with PD-L1 antibody
on day 3, day 6, and day 9 during administration (Figure 5A).
The results showed that although PD-L1 antibody had a certain
inhibiting effect, tumor growth was significantly inhibited in the
combination therapy (GW4064 + anti-PD-L1) group compared
with control, and two of the six mice showed complete eradication
of tumors (Figures 5B, 5D-F). Besides, no significant mouse body
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Figure 1. GW4064 inhibited CRC cells proliferation and induced apoptosis in vitro. (a) Chemical structure of GW4064. (b) HCT116 and CT26 cells proliferation was
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Figure 6. Tumor tissue sections with staining analysis. (a) Representative staining images of HE, Ki-67, and TUNEL in different groups and quantified results (b). (c-d)
Percentage of CD4" and CD8" positive cells of tumor tissues in different groups. (e) the proportion of M1 macrophages in tumor tissues in different groups. (f) the

proportion of Treg cells in different groups of tumors. Data are shown as mean + S.D.
groups. Data are shown as mean + S.D. (n= 4), *p < 0.05, **p < 0.01, ***p < 0.001.

weight change and toxic damage in the main organs were
observed in these mice (Figure 5C and Fig. S7).

Then, the results of HE, Ki-67, and TUNEL staining con-
firmed the anti-tumor efficiency of the combination therapy
(Figure 6A,B). Furthermore, the recruitment of CD4" and
CD8" T cells into tumor sites was evaluated. Moreover, the
proportion of M1 macrophages in tumor tissues was signifi-
cantly increased in the group of GW4064 plus PD-L1 antibody
(Figure 6E and Fig. S9A-B). As shown in Figure S6C,D and Fig.
S8, the results of flow cytometry showed that the combination
therapy of GW4064 and PD-L1 antibody improved CD4" and
CD8" T cells infiltration in tumors and decreased Treg cells in
tumors (Figure 6F and Fig. S9C-D). The results of Elisa assay
showed the increase of IL-2, IFN-y, and TNF-a in the tumors

(n=3), ***P < 0.001. (g) the level of IL-2, IFN-y, and TNF-a in the tumors of different

after combination therapy (Figure S6G). All these results indi-
cate that GW4064 could enhance the anti-tumor effect of PD-
L1 antibody.

Discussion

FXR, known as bile acid receptor, regulates bile acid metabo-
lism mainly in the liver and intestine'’, but also participates in
the metabolic balance of glucose, lipids, and amino acids'"'*.
Emergence evidence suggests that the abnormal expression of
FXR is associated with tumorigenesis'® ', Tt is reported that
the deficiency of FXR in mice increases colon cell proliferation
and spontaneous liver tumors®®*. And the expression of FXR
in CRC is lower than that in normal intestinal tissue and is



associated with poor prognosis in CRC patients®**, Restoring
or reactivating the expression of FXR could inhibit the exacer-
bation and adverse invasion of CRC*"*%,

On the contrary, FXR is recognized as a proto-oncogene in
NSCLC, and its overexpression is associated with a poor
prognosis'®. Interestingly, You et al. found that the immunosup-
pressive microenvironment caused by overexpression of FXR
sensitized NSCLC of FXR"8"PD-L1"°" phenotype to anti-PD-1
immunotherapy, thereby enhancing the immunotherapy effect
of NSCLC?. In a subsequent retrospective study, the researchers
found that high FXR expression was associated with a higher
objective response rate, as well as longer progression-free survi-
val, and overall survival in patients with PD-L1 low expression™.
And the CD8" T cells infiltration of tumor tissue had reduced in
the NSCLC tumor microenvironment with high expression of
FXR*?. These suggest that FXR is not only involved in the
regulation of tumorigenesis and development, but also in the
regulation of immune responses.

With the continuous development of the field of tumor
immunotherapy, improving the tumor immune microenviron-
ment, transforming “cold” tumors to “hot” tumors, and com-
bining immune checkpoint inhibitors with chemotherapy and
radiotherapy provide novel strategies for cancer treatment***'.
At the same time, ICD has attracted attention due to the
activation of anti-tumor-specific immune effects**. The mainly
specific chemotherapy drugs (such as doxorubicin, oxalipla-
tin), or the intervention of oncolytic virus, photodynamic
therapy, radiation therapy, and other treatments could lead to
the release of damage-related molecular patterns, such as
HMGBI1, CRT, ATP, and other immune signals to initiate
systemic anti-tumor immune responses™”.

GW4064 is a synthetic nonsteroidal FXR agonist, which has
displayed certain anti-tumor effects, and could increase the sensi-
tivity of CRC to chemotherapy drug oxaliplatin®®****, In this
study, we found that GW4064 could induce cell apoptosis, block
cell cycle, and mediate ICD of CRC cells in vitro. Disappointingly,
GW4064 could not suppress the growth of CT26 xenograft
tumors in vivo. Considering the important role of PD-L1 in
immune response, the expression of PD-L1 after treatment with
GW4064 was detected by immunohistochemical assay. We found
that the PD-L1 was upregulated significantly after treating with
GW4064, which might be the reason of the poor therapeutic
efficacy of GW4064 in CT26 tumor-bearing mice.

Then, a proteomic analysis of HCT116 cell treated with
GW4064 was performed to explore the mechanisms involved
in the upregulation of PD-L1. The results exhibited that
GW4064 could upregulate PD-L1 expression in CRC cells via
activating FXR and MAPK signaling pathways. Furthermore,
we focused on the combination therapy of GW4064 with the
immune checkpoint inhibitor PD-L1 antibody for CRC. As
expected, the combination of PD-L1 antibody with GW4064
exhibited excellent anti-tumor effects in CT26 xenograft mod-
els and increased CD8" T cells infiltration, with 33% tumor
bearing mice cured.

Overall, our data illustrate the potential mechanisms of
GW4064 to upregulated PD-L1 expression in CRC cells and
provide important data to support the combination therapy of
PD-L1 immune checkpoint blockade with FXR agonist for
CRC patients.
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