
Cancer-associated fibroblasts promote PD-L1 expression in mice
cancer cells via secreting CXCL5

Ziqian Li 1, Jiawang Zhou1, Junjie Zhang1, Shiying Li2, Hongsheng Wang1 and Jun Du1

1Department of Microbial and Biochemical Pharmacy, School of Pharmaceutical Sciences, Sun Yat-sen University, Guangzhou, China
2Department of Pharmacology, School of Pharmaceutical Sciences, Jinan University, Guangzhou, China

Cancer-associated fibroblasts (CAFs) play a key role in orchestrating the tumor malignant biological properties within tumor

microenvironment and evidences demonstrate that CAFs are a critical regulator of tumoral immunosuppression of the T cell

response. However, the functions and regulation of CAFs in the expression of programmed death-ligand 1 (PD-L1) in melanoma

and colorectal carcinoma (CRC) are not completely understood. Herein, by scrutinizing the expression of α-SMA and PD-L1 in

melanoma and CRC tissues, we found that CAFs was positive correlated with PD-L1 expression. Further analyses showed that

CAFs promoted PD-L1 expression in mice tumor cells. By detecting a majority of cytokines expression in normal mice

fibroblasts and CAFs, we determined that CXCL5 was abnormal high expression in CAFs and the immunohistochemistry and in

situ hybridization confirmed that were CAFs which were expressing CXCL5. In addition, CXCL5 promoted PD-L1 expression in

B16, CT26, A375 and HCT116. The silencing of CXCR2, the receptor of CXCL5, inhibited the PD-L1 expression induced by CAFs

in turn. Functionally, CXCL5 derived by CAFs promoted PD-L1 expression in mice tumor cells through activating PI3K/AKT

signaling. LY294002, the inhibitor of PI3K, confirmed that CXCL5 forested an immunosuppression microenvironment by

promoting PD-L1 expression via PI3K/AKT signaling. Meanwhile, the B16/CT26 xenograft tumor models were used and both

CXCR2 and p-AKT were found to be positively correlated with PD-L1 in the xenograft tumor tissues. The immunosuppressive

action of CAFs on tumor cells is probably reflective of them being a potential therapeutic biomarker for melanoma and CRC.

Introduction
Melanoma and colorectal cancer (CRC) are common cancers
associated with high mortality worldwide.1 The management
of melanoma and CRC have improved overall survival rates
during the last decades, yet the majority of patients do not
respond to treatment and succumb to disease progression,
mainly due to upregulating the surface program death-ligand
1 (PD-L1) expression.2–4 Therefore, deep understanding of
the PD-L1 upregulating mechanism is urgently needed for
melanoma and CRC.

The tumor microenvironment is shown to be composed of
extracellular matrix and stromal cells, such as cancer-associated
fibroblasts (CAFs), the main cell types constituting the tumor
stroma.5,6 Emerging evidence has shown that CAFs are critical for
remodeling the tumor microenvironment and ultimately affect
tumor initiation and progression.7,8 Aberrant secretion of cytokines
to tumor site is one of the features of CAFs. It is acknowledged that
cytokines serve as mediators in shaping tumor microenvironment
and facilitating tumor progression.9,10 Previous studies have
reported that C-X-C motif chemokine ligand 12 (CXCL12),
interferon-γ (IFN-γ), CXCL9/10/11 and IL6 promoted PD-L1
expression in cancer cells.11–14 In this regard, we postulated that
CAFs-derived cytokines might promote PD-L1 expression.
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After discovering the positive correlation between CAFs
and PD-L1 expression, we isolated and enriched the CAFs in
mice tumor models and then scrutinized the expression of
most cytokines in CAFs, identifying CXCL5 as the abundant
expression of cytokines. Notably, CXCL5 promoted PD-L1
expression in melanoma and CRC cells via PI3K/AKT signal-
ing pathway. Blockade of CXCL5–C-X-C motif chemokine
receptor 2 (CXCR2) axis reduced PD-L1 expression in vitro,
representing a promising therapeutic method.

Materials and Methods
Tissue samples and histological study
The human melanoma and CRC cancer tissues were obtained
from the First Affiliated Hospital of Clinical Medicine of
Guangdong Pharmaceutical University in Huizhou, China.
The studies were got the approval by the Ethical Committee
of Pharmaceutical Sciences, Sun Yat-sen University under the
Chinese Ethical Regulations.

Immunohistochemistry (IHC) was used to measure the
expression of PD-L1 and α-SMA as reported previously.15 In
short, we deparaffinized, hydrated and blocked the sections
with 3% H2O2 for 20 min. Slides were then blocked with nor-
mal goat serum for 1 hr after high pressure antigen retrieval in
citric acid buffer (pH = 6.0) for 10 min and incubated over-
night at 4�C with antibodies. After incubation with the appro-
priate horseradish peroxidase (HRP)-conjugated antibodies
(1:200, Bioworld Technology, St. Louis Park, MN) for 2 hr, the
signals were observed with a Diaminobenzidine kit, stained
with hematoxylin. The specimens were observed with micro-
scope. The following antibodies were used for IHC, flow cyto-
metry and western blotting: rabbit monoclonal anti-PD-L1
(1:200, ab205921, Abcam, Cambridge, MA), mouse monoclonal
anti-α-smooth muscle actin (α-SMA; 1:200, BM0002, BOSTER
Biological Technology, Pleasanton, CA), rabbit polyclonal anti-
CXCR2 (1:200, BA0732-2, BOSTER).

Masson trichrome staining was executed using Masson
Staining Kit (Wanleibio, Shenyang, China) for tumor tissue
samples according to their manufacturer’s protocol.

The localization of CXCL5 in human CRC tissue was
observed by in situ hybridization (ISH), respectively. 4-μm
sections of samples with a digoxigenin-labeled oligonucleotide
CXCL5 detection probe were analyzed in BersinBio, Guang-
zhou, China. CXCL5 probe was 50-CCA GTG ATT CCT GGC
TCA CAC TAT AGT CAA TTG CCA AAA CTT CAA TAG
CAT AGC AGA TAA AAT AAC AGC AAA TAG CAG

AGG TAC TAT GCT AAA CAC TTC ATT AGC TGA GCT
GAA AGC TTA AGC GGC AAA CAT AGG TTT TCC TCA
CAC TCT TCA AAG TGA GGA ATC CAG GAA GAA AGC
TAA CTA CTG GAA AAA CAA ATA AAC AAA CAA CAA
CAA AAT CTT TCC TTC TTG TCT TCC CTG GGT TCA
GAG ACC TCC AGA-30.

Evaluation of IHC staining
Three independent scorers (JZ, JZ and SL) observed the stained
specimens and recorded the scores by assessing (a) the propor-
tion of positively cells per the whole cells (0, <5%; 1, 6–25%;
2, 26–50%; 3, 51–75%; 4, 76–100%) and (b) the intensity of
staining (0, negative; 1, weak staining; 2, medium staining;
3, strong staining). The score was calculated by a × b.

Cell cultures
Mouse fibroblast (3T3), mouse melanoma (B16), mouse CRC
(CT26), human melanoma (A375) and human CRC (HCT116)
cell lines were bought from the Institute of Biochemistry and
Cell Biology, Chinese Academy of Sciences (Shanghai, China).
3T3, B16 and CT26 were maintained in Dulbecco’s modified
Eagle medium (DMEM; GIBCO-BRL, Gaithersburg, MA) sup-
plemented with 10% FBS at 37�C incubator under a humidified
5% CO2 atmosphere. A735 and HCT116 were cultured in
RPMI-1640 medium supplemented with 10% FBS.

Primary murine CAFs were isolated from the subcutaneous
xenograft tissues, constructed by 5 × 106 B16 in C57BL/6 for
7 days, with ethical approval. Two 4- to 5-week-old female
C57BL/6 mice were provided by the Animal Experimental
Center of Sun Yat-sen University (Guangzhou, China) and
housed in the Laboratory Animal Center under specific
pathogen-free conditions. The experimental handling and care
procedures for the mice were got the approval from the Ani-
mal Experimentation Ethics Committee of Sun Yat-sen Uni-
versity (Guangzhou). Primary murine CAFs were detached
and cultured in DMEM supplemented with 10% FBS. The dif-
ferent monoclones of CAFs were named as CAF1, CAF2,
CAF3, CAF4, CAF5 and CAF6, respectively. All cell cultures
were routinely tested for mycoplasma contamination.

Cell transfection and the generation of B16-GFP and
CT26-GFP cells
Cells were plated in six-well plates at a density of 105 cells per
plate with 2 ml culture medium and incubated for 12 hr before
transfected. The pGFP-V-RS plasmid with GFP was purchased

What’s new?
Cancer-associated fibroblasts (CAFs) play a key role in orchestrating tumor malignant properties within the tumor

microenvironment. However, the role of CAFs in tumor PD-L1 expression and immune evasion in melanoma and colorectal

carcinoma (CRC) is not completely understood. Here, the authors observe a positive correlation between CAFs and PD-L1

expression in patients. CAFs promote PD-L1 expression in tumor cells by secreting CXCL5 and in turn activating the PI3K/AKT

signaling pathway. The findings reveal a complex tumor-promoting microenvironment shaped by the CXCL5-CXCR2 axis and

highlight CAFs as a promising target to curb immune evasion.

Li et al. 1947

Int. J. Cancer: 145, 1946–1957 (2019) © 2019 The Authors. International Journal of Cancer published by John Wiley & Sons Ltd on behalf

of UICC

T
um

or
Im

m
un

ol
og

y
an

d
M
ic
ro
en
vi
ro
n
m
en
t



from Origene (TR TG501492, Origene Technologies, Rockville,
MD) and transfected into B16 and CT26 cells with Lipo-
fectamine 3000 (Invitrogen, Carlsbad, CA) according to their
manufacturer’s protocols. Stable transfectants were selected
with puromycin (2 μg/ml) and the survived cells were passaged
for cell clones formation and further expansion.

The pGFP-CXCL5 plasmid and the corresponding mock
plasmid, purchased from Addgene (Cambridge, MA), were
transfected into 3T3 cells respectively with Lipofectamine 3000
according to the supplier’s protocol. The cells transfected with
mock plasmid were called 3T3-mock and the other was
3T3-CXCL5. The siRNA specific for the mouse CXCR2 mRNA
(50-GCTATGAGGATGTAGGTAA-30) and human CXCR2
mRNA (50-CGCTACTTGGTCAAATTCA-30) were designed
and synthesized by RiboBio Co., Ltd (Guangzhou, China).

Flow cytometric analyses
Cells (1 × 106) were collected in eppendorf and incubated with
the appropriate antibodies in room temperature for 30 min.
After washing by PBS, the appropriate FITC or DyLight
649-conjugated antibodies were used to combine with the
first antibodies and the fluorescence was analyzed by flow
cytometric analysis following the protocol.

Gene expression heatmap
Cells were subjected to Trizol (Invitrogen), qRT-PCR was
studied by Prime Script TM RT reagent Kit (R036A; Takara,
Japan) and SYBR Premix Ex TaqTMII (R820A; Takara,
Japan). General principles of primers used in our researches
were designed in the Genbank database. The utilized
primers are listed in Supporting Information Table S1. The
threshold cycle values in every sample were normalized as
the values of GAPDH. The relative fold changes were fig-
ured up with the comparative threshold cycle method. The
fold-changes differences in mRNA expression level were
constructed in the heatmap using OmicShare Platform with
sample clustering.

The slides of cells and immunofluorescence
A total of 3 × 105 CAFs or 3T3 cells were passaged on the cov-
erslips in six-well plates for 12 hr. The coverslips were collected
and cells were fixed by 4% paraformaldehyde. After blocked
with 3% H2O2 for 20 min, slides were blocked by normal goat
serum for 1 hr and incubated with CXCL5 antibody at 4�C
overnight. Coverslips were incubated with FITC-conjugated
antibody and stained by 40, 6-diamidino-2-phenylindole (DAPI;
Invitrogen). The slips were observed with an Olympus FV3000
microscope (Japan).

Briefly, the 4-μm section of human CRC tissue samples
were deparaffinized, hydrated and blocked with 3% H2O2.
Sections were then blocked with normal goat serum after
high-pressure antigen retrieval in citric acid buffer and incu-
bated at 4�C overnight with CXCL5 antibody and α-SMA
antibody. After incubation with the appropriate FITC/DyLight

649-conjugated antibodies at room temperature in dark, the
sections were stained by DAPI. Specimens were observed by
an Olympus FV3000 microscope after added antifade reagent
and covered with slides.

Western blotting
Western blotting assay was performed as previously described15

with antibodies against CXCL5, AKT, p-AKT, PI3K, p-PI3K
(Cell Signaling Technology, Danvers, MA), α-tubulin (Bioworld
Technology, St. Louis Park, MN).

Xenograft tumor models
In total, 5 × 106/ml B16 cells injected into C57BL/6 mice
subcutaneously under the right shoulder. The BALB/c mice
were inoculated with CT26 cells subcutaneously, with ethical
approval. Mice were bought from the Animal Experimental
Center of Sun Yat-sen University and divided into five for
each group. When the tumor grew to approximately 200 mm3

for about 10 days, the subcutaneous tumors were collected
and embedded in paraffin after fixation in formalin. Then,
4 μm sections of each mouse were cut for IHC analysis and
evaluated as the method described above.

Statistical analysis
The statistical analysis of our experiments was carried out on a
minimum of three independent experiments. All statistical ana-
lyses were performed with IBM SPSS Statistics version 20 (IBM
Corp., Armonk, NY) for Windows. Values of p < 0.05 were
considered as statistically significant. The unpaired two-tailed
Student’s t-test was used to analyze two groups and one-way
ANOVA was used for multiple comparisons.

Results
Patient tumors express PD-L1, considerably corrected with
expression of α-SMA
CAFs have been confirmed the complex interaction with tumor
cells, including tumor immunosuppression.7 We evaluated the
association of PD-L1 and α-SMA expression in tumors. First,
IHC was carried out to verify PD-L1 and α-SMA expression
from 94 melanoma patients and 112 CRC patients’ tumor tis-
sues. We studied the relationship between α-SMA and PD-L1
expression. Among the patients, the expression of PD-L1 was
notably correlated with the expression of α-SMA (Fig. 1). These
findings from patient tumors indicated that CAFs possibly
played an important role in moderate PD-L1 expression in
tumor cells.

CAFs promote PD-L1 expression in mice tumor cells
In order to identify the role of CAFs on PD-L1 expression,
we isolated and enriched the CAFs in the mice subcutaneous
xenograft tissues, as the protocol described in the methods
section (Supporting Information Fig. S1A). Comparing 3 T3
cell lines, CAFs significantly expressed α-SMA (Fig. 2a and 2b),
identified that CAFs were basically purified. We firstly tested

1948 CAFs promote PD-L1 expression in mice cancer cells
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cocultures of melanoma cell line B16 or CRC cell line CT26
with CAFs by transwell insert and found a significant increase
of PD-L1 expression in mice tumor cells (Fig. 2c). To further
investigate the effect of CAFs, we generated the B16 and CT26
with GFP expression by plasmid editing (Supporting Informa-
tion Fig. S1B) and tested their PD-L1 expression after
cocultured with CAFs directly. Consistent with previous find-
ing, PD-L1 expression showed a significant upregulated in the
CAFs cocultured group (Fig. 2d). Altogether the data suggest
that the CAFs cells in the tumor microenvironment stimulate
PD-L1 expression in mice cancer cell lines.

CXCL5 is high expression in CAFs
Above finding prompted us to explore the potential mechanism(s)
of PD-L1 upregulation by CAFs. Prior literature suggests that
PD-L1 upregulated by some cytokines in tumor microenviron-
ment, such as CCL15, IFN-γ.12,16 To determined which cyto-
kines expressed in CAFs were different from normal fibroblasts,
qRT-PCR was performed to scrutinize an amount of six CAFs
cells. CXCL5, CXCL2, MMP3, and so on, were overexpressed
cytokines in CAFs with the reference to normal fibroblasts cell
lines 3T3 (Fig. 3a). Then, western blotting assay and immuno-
fluorescence proved that the expression of CXCL5 was high

Figure 1. The expression of α-SMA correlates with PD-L1 in human melanoma and CRC tissues. (a) The expression level of α-SMA and PD-L1
in human melanoma and CRC tissues were detected by IHC and evaluated. (b) Representative immunostaining images of α-SMA and PD-L1 in
melanoma and CRC tissues. Scale bar, 200 μm.
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Figure 2. The CAFs isolated and enriched from the transplantation tumor promote PD-L1 expression in cancer cells. (a) The protein levels of
α-SMA in 3T3 and CAFs were detected by western blot. (b) The expression of α-SMA in 3T3 and CAFs was detected by flow cytometry. (c) The
diagram was showed the cocultured model and the expression of PD-L1 in tumor cells was detected by flow cytometry. (d) The expression of
PD-L1 in tumor cells cocultured with fibroblasts directly was detected by flow cytometry.

1950 CAFs promote PD-L1 expression in mice cancer cells
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in CAFs cell lines (Fig. 3b and 3c). Furthermore, the immu-
nostaining and Masson’s staining in the human CRC tissue
showed that CAFs in tumor microenvironment expressed
CXCL5 (Fig. 3d). In addition, the immunofluorescence and
ISH in the human CRC tissue confirmed that were CAFs

which were expressing CXCL5 (Fig. 3e and 3f ). Hence, we
speculated that CXCL5 may play a significant role in PD-L1
expression in melanoma and CRC cells. Notably, other
researches showed that serum CXCL5 concentration was sig-
nificantly higher in nonsmall cell lung cancer patients than

Figure 3. CXCL5 is significantly increased in CAFs compared to normal fibroblasts. (a) The differentially expressed genes between 3T3 and
CAFs were showed in the heatmap by OmicShare Tool. (b) The protein level of CXCL5 in 3T3 and CAFs was showed by western blot analysis.
(c) Immunofluorescence images showed CXCL5 expression in 3T3 and CAFs. (d) Representative immunostaining of CXCL5 and Masson’s
staining in human CRC tissues. (e) Representative images of immunofluorescence staining for α-SMA and CXCL5 in human CRC tissues.
(f ) Representative images of ISH staining for CXCL5 in human CRC tissues (Scale bar, 200 μm). The figure in the top right corner was the
enlargement of the red rectangle square (Scale bar, 50 μm).
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those in healthy controls.12,16 Those analyses have demon-
strated that CXCL5 as a potential biomarker for cancers.

CAFs-derived CXCL5 promotes the expression of PD-L1 in
cancer cells
Our next study was to explore the biological role of CXCL5 in
increasing PD-L1 expression. Flow cytometry and qRT-PCR

analysis indicated that PD-L1 expression in B16, CT26, A375
and HCT116 was progressive increased after the treatment of
CXCL5 at a gradient concentration (Fig. 4a and 4b). Consid-
ering that CXCL5 mainly and specifically bound to CXCR2,
we silenced the expression of CXCR2 in B16 and CT26
(Fig. 4c). The expression of PD-L1 upregulated by CAFs was
reversed by the silencing CXCR2 in tumor cells (Fig. 4d).

Figure 4. CAFs-derived CXCL5 promotes PD-L1 expression in cancer cells. (a) The expression of PD-L1 in B16, CT26, A375 and HCT116 was
determined by flow cytometry after treated with different concentrations of recombined CXCL5. (b) The mRNA expression of PD-L1 in B16, CT26,
A375 and HCT116 was detected by RT-PCR. *p < 0.05. (c) Western blot showed the protein levels of CXCR2 in B16 and CT26 after transfected
with siCXCR2. (d) Flow cytometry showed the expression of PD-L1 in B16 and CT26 cocultured with CAFs after transfected with siCXCR2. (e) The
protein levels of CXCR2 in A375 and HCT116 after transfected with siCXCR2 were analyzed by western blotting. (f ) The expression of PD-L1 in
A375 and HCT116 treated with CXCL5 after transfected with siCXCR2 was determined by flow cytometry. (g) CXCL5 and α-SMA expression in 3T3
cells were detected by western after transfected with CXCL5-overexpression plasmid. (h) PD-L1 protein expression in B16 and CT26 cocultured
with/without 3T3-CXCL5 cells was analyzed by western blot and the normalized protein expression was analyzed by Image J. *p < 0.05.

1952 CAFs promote PD-L1 expression in mice cancer cells
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Figure 5. Legend on next page.
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Similarly, for A375 and HCT116, the silencing expression of
CXCR2 significantly reversed PD-L1 upregulated by CXCL5
(Fig. 4e and 4f ). To confirm the effect of CXCL5 in PD-L1,
3T3 cells were transfected CXCL5-overexpressed plasmid and
cocultured with B16 and CT26. The results showed that the
CXCL5-overexpressed fibroblasts did not display CAFs prop-
erties (Fig. 4g). Identically, under the fibroblasts’ activation
with TGF-β, a significant increase of α-SMA in 3T3 was
observed while the expression of CXCL5 did not change
(Supporting Information Fig. S2). However, the expression of
PD-L1 in B16 and CT16 was upregulated after cocultured
with 3T3-CXCL5 (Fig. 4h). Those preliminary findings indi-
cated that CXCL5 derived by CAFs was an effective cytokines
to mediate PD-L1 upregulation.

CXCL5 induces activation of PI3K and AKT to increase PD-L1
expression in melanoma and CRC cell lines
In subsequent researches, we wanted to find the underlying
mechanism by which CAFs influenced CXCL5 mediated the
expression of PD-L1. Previous researches have been reported
that the oncogenic activation of RAS, AKT or TGF-β signaling
pathways control PD-L1 expression in numerous cancers.12,18,19

We examined the total and phosphorylation levels of PI3K and
AKT. PI3K and AKT were significantly phosphorylated in
response to CXCL5 (Fig. 5a), implying CXCL5 activated the
PI3K/AKT signal pathway. To confirm whether CXCL5-induced
the expression of PD-L1 relied on activation of PI3K/AKT sig-
naling, the PI3K/AKT small molecular inhibitor LY294002 was
used to treat cancer cells. Addition of LY294002 in the cell
culture significantly suppressed CXCL5-induced PI3K/AKT sig-
naling activation (Fig. 5b). CXCL5-mediated the expression of
PD-L1 was decreased after treatment with LY294002 for 48 hr
(Fig. 5c and 5d).

To further verify the correlation between the characteristic of
CAFs, p-AKT, CXCR2 and PD-L1 in vivo, the protein expres-
sion of α-SMA, p-AKT, CXCR2 and PD-L1 in human cancer
tissues and xenograft tumor models were examined. CXCR2 was
found to be positively correlated with PD-L1 in human mela-
noma and CRC tissues (Fig. 6a). Even though α-SMA had no
correlation with PD-L1 in xenograft tumor tissues (Supporting
Information Fig. S3), both CXCR2 and p-AKT were found to be
positively correlated with PD-L1 in xenograft tumor tissues
(Fig. 6b–6d). As the illustration in Figure 7, the exposure of mel-
anoma and CRC cancer cell lines to CXCL5, derived by CAFs,
activated the PI3K/AKT pathways and in turn, the PI3K/AKT
signaling pathways regulated the expression of PD-L1 thereby
influencing CXCL5-mediated biological functions.

Discussion
Accumulating researches have highlighted the crucial role of
cancer microenvironment in melanoma and CRC progression,
metastasis and evasion of the immune surveillance.20,21 In this
study, we found that the quantity of CAFs in melanoma and
CRC were positively correlated with PD-L1 expression. CAFs
and the derivation, CXCL5, promoted the expression of PD-
L1 in mice melanoma and CRC cancer cells via PI3K/AKT
signaling pathways. LY294002 inhibited PI3K/AKT signaling
pathways and reversed the PD-L1 expression increased by
CXCL5 in turn. These findings revealed a complex tumor-
promoting microenvironment shaped by CXCL5–CXCR2 axis
in melanoma and CRC.

Evidences have shown the vital role of CAFs in cancer eva-
sion of the immune surveillance, including hepatocellular car-
cinoma (HCC), esophageal cancer, CRC and melanoma.14,22,23

It was reported that CAFs secreted cytokines, such as, IL-6,
IL-4, IL-8, IL-10, tumor necrosis factor (TNF), TGF-β, C-C
motif chemokine ligand 2 (CCL2), CCL5, C-X-C motif che-
mokine ligand CXCL9, CXCL10, CXCL12, have direct and/or
indirect implications for tumor immunity.7,24 Our present study
indicated that CAFs were positively correlated with the expres-
sion of PD-L1 in human tumor tissues and governed the
upregulated PD-L1 expression in mice melanoma and CRC cell
lines. Chemokines have been served as the master controllers
by modulating nonimmunogenic functions. Interestingly, we
identified that the RNA and protein expression of CXCL5
in mice CAFs were significantly increased, while normal mice
fibroblasts 3T3 almost did not express. As a confirmation,
immunofluorescent staining and IHC showed increased CXCL5
expression in CAFs. In addition, it was demonstrated that non-
small cell lung cancer, melanoma and CRC tumor cell lines also
highly expressed CXCL5 which mold tumor microenviron-
ment.17,25,26 Therefore, it seemed that CXCL5 was with diverse
origins. Taken together, these data indicated an intriguing effect
of CXCL5 in melanoma and CRC tumor microenvironment.

CXCL5 binds CXCR2 to mediate neutrophil recruitment,
tumor cell migration and invasion.25,27 We here showed that
CAFs secreted CXCL5 to combine the CXCR2 in the surface of
cancer cells. Notably, CXCL5 promoted PD-L1 expression in
B16, CT26, A375 and HCT116 in a concentration-dependent
manner. Furthermore, the upregulating expression of PD-L1
induced by CAFs reversed after the CXCR2 in tumor cells were
silenced. Moreover, the PD-L1 expression in B16 and CT26
were upregulated after cocultured with CXCL5-overexpression
fibroblasts, which did not display CAFs properties. CXCL5 also
did not increase together with classical CAF markers under

Figure 5. CXCL5 promotes PD-L1 expression through PI3K/AKT signaling pathway. (a) B16 and CT26 were treated with CXCL5 for different
times in 2 hr and the key proteins of PI3K/AKT signaling pathway were detected via western blot. The normalized protein expression was
analyzed by Image J. (b) B16, CT26, A375 and HCT116 were pretreated with or without LY294002 (10 μM) for 2 hr and treated with CXCL5 for
1 hr. The protein expression of p-AKT, AKT, p-PI3K and PI3K were detected by western and the corresponding graph was showed. Cells were
pretreated with or without LY294002 for 2 hr and treated with CXCL5 for 48 hr. (c) The protein expressions and the corresponding graphs of
PD-L1 were detected by western. (d) The PD-L1 expressions were determined by flow cytometry. *p < 0.05.
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Figure 6. The correlation of CXCR2, PD-L1 and p-AKT in tumor tissues in vivo. (a) The expression level of CXCR2 and PD-L1 in human
melanoma and CRC tissues were detected by IHC and evaluated. (b) The correlation of CXCR2 and PD-L1 in xenograft tumor tissues was
analyzed by IHC and evaluated. (c) The correlation of p-AKT and PD-L1 in xenograft tumor tissues was detected by IHC and quantized.
(d) Representative immunostaining images of PD-L1, CXCR2 and p-AKT in B16 and CT26 xenograft tumor tissues. Scale bar, 200 μm.
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TGF-β treatment, which may be due in large due to the differ-
ent compositions between CAFs and those fibroblasts activated
by cytokines. Because CAFs were reported to be a heterogeneous
population of fibroblasts.28 Nonetheless, since our analyses
focused on CAFs derived from tumor tissues, which were
observed to express CXCL5 significantly, we suggest that the
expression of CXCL5 may be the character rather than the
symbol of CAFs in melanoma and CRC. In liver cancer,
CXCL5 was reported to be a candidate of diagnostic and thera-
peutic biomarkers with potential clinical values.29 Meanwhile,
CXCL5 could also attract neutrophil toward melanoma and
HCC.25,30 Therefore, CXCL5 affects the complex tumor micro-
environment at multiple ways. In our research, CXCL5 inhibited

antitumor immunity via PD-L1 through activating PI3K and
AKT signaling in melanoma and CRC cells. Previous studies
have reported that effects of PI3K pathway on PD-L1 expression
are complex and variable among cell lines.31,32 Blocking PI3K/
AKT signaling significantly inhibited the upregulating expres-
sion of PD-L1 in B16, CT26, A375 and HCT116 induced by
CXCL5. Furthermore, the western assay showed that LY294002
also inhibited PD-L1 expression in the normal cancer cells
mainly due to other cytokines and factors derived by CAFs
and/or tumor cells.

Tumor cells and other mesenchymal cells such as fibro-
blasts, smooth muscle cells and epithelial cells may secrete
CXCL5 under certain conditions.25 Given CXCL5 signal only
through CXCR2, we analyzed correlation between CXCR2 and
PD-L1 to illustrate the role of CXCL5/CXCR2 interaction on
the expression of PD-L1. In human tumor sections and our
mouse model, the expression of PD-L1 was positively correlated
with CXCR2 and p-AKT. In our study, evidence showed that
α-SMA had no correlation with PD-L1 in xenograft tumor tis-
sues which was mainly due to the deficiency of cases. The find-
ings illustrated the CXCL5–CXCR2 axis may become a
promising therapeutic target to melanoma and CRC patients.

In conclusion, our results described CAFs secreted CXCL5
in tumor environment that promoted PD-L1 expression in
mice melanoma and CRC cells. CXCL5 combined with CXCR2
and then activated PI3K/AKT pathway to burst immune inhibi-
tory factor PD-L1. The crosstalks between cancer cells and
stromal cells are essential for tumor progression. Thus, the
characteristics of CXCL5 in tumor microenvironment strongly
support its possibility as a novel therapeutic target. However,
extensive research is required for its application.
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