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CXCL1 promotes colon cancer progression s

through activation of NF-kB/P300 signaling
pathway
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Abstract

Background: The upregulated expression of CXCL1 has been validated in colorectal cancer patients. As a potential
biotherapeutic target for colorectal cancer, the mechanism by which CXCL1 affects the development of colorectal
cancer is not clear.

Methods: Expression data of CXCL1 in colorectal cancer were obtained from the GEO database and verified using
the GEPIA database and the TIMER 2.0 database. Knockout and overexpression of CXCL1 in colorectal cancer cells

by CRISPR/Cas and "Sleeping Beauty" transposon-mediated gene editing techniques. Cell biological function was
demonstrated by CCK-8, transwell chamber and Colony formation assay. RT-qPCR and Western Blot assays measured
RNA and protein expression. Protein localization and expression were measured by immunohistochemistry and
immunofluorescence.

Results: Bioinformatics analysis showed significant overexpression of CXCL1 in the colorectal cancer tissues com-
pared to normal human tissues, and identified CXCL1 as a potential therapeutic target for colorectal cancer. We
demonstrate that CXCL1 promotes the proliferation and migration of colon cancer cells and has a facilitative effect on
tumor angiogenesis. Furthermore, CXCL1 elevation promoted the migration of M2-tumor associated macrophages
(TAMs) while disrupting the aggregation of CD44 and CD8+ T cells at tumor sites. Mechanistic studies suggested
that CXCL1 activates the NF-kB pathway. In the in vivo colon cancer transplantation tumor model, treatment with the
P300 inhibitor C646 significantly inhibited the growth of CXCL1-overexpressing colon cancer.

Conclusion: CXCL1 promotes colon cancer development through activation of NF-kB/P300, and that CXCL1-based
therapy is a potential novel strategy to prevent colon cancer development.

Keywords: CXCL1, Colon cancer, NF-kB, P300, C646

Introduction

Colorectal cancer is one of the most common malignan-

cies. Globally, there were approximately 1.15 million new

cases of colorectal cancer in 2020, accounting for 6.0% of
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[2]. The main cause of colon cancer-related mortality is
resistance to the current standard chemotherapy regi-
mens, leading to a high incidence of metastatic recur-
rence [3]. Therefore, identifying effective therapeutic
targets for colorectal cancer and improving the sensitiv-
ity of chemotherapy are key imperatives to increase the
survival rate of patients.

The Nuclear Factor “kappa-light-chain-enhancer”
of activated B-cells (NF-xB) is an important immune
defense transcription factor that mediates cytoplasmic/
nuclear signaling pathways [4] and regulates the gene
expression of various cytokines and cytokine receptors
and adhesion molecules in the inflammatory nuclear
immune response [5]. It is also associated with apop-
totic pathways, cell proliferation and differentiation, and
resistance to chemotherapy/radiotherapy in tumors [6,
7]. Therefore, targeting the NF-kB pathway may be an
effective means of preventing cancer progression and
improving chemotherapy sensitivity.

The chemokine C-X-C motif ligand 1 (CXCL1), also
known as GROaq, belongs to the CXC chemokine family
and is secreted by macrophages, neutrophils, and epithe-
lial cells. CXCL1 signaling is through binding to the G
protein-coupled chemokine receptor CXCR2 [8], which
is predominantly expressed on myeloid cell populations
(neutrophils, monocytes, and macrophages) [9]. This
receptor directs the efflux of myeloid cells from the bone
marrow and their migration to tumor sites with high
CXCL1 expression, where they promote tumor immune
escape by inhibiting the proliferation, activation, and
motility of effector T cells [10, 11] and stimulating the
expansion of Treg [12].

Studies have demonstrated high expression of CXCL1
in a variety of cancers and its association with cancer
progression and inflammation. For example, several
studies have found elevated levels of CXCL1 in plasma,
serum, ascitic fluid, and tumor tissue of patients with
ovarian cancer [13, 14]. High CXCL1 expression showed
a significant association with lymph node metastasis
and poor overall survival in patients with breast cancer
[15]. In our previous study, we found high expression
of CXCL1 in colorectal cancer and its close correlation
with the clinicopathological features; in addition, CXCL1
overexpression was closely associated with tumor diame-
ter, stage, degree of infiltration, and lymph node metasta-
sis [16]. Wang et al. suggested that CXCL1 may enhance
the metastasis of colorectal cancer by interacting with
CXCR2 [17]. However, the specific mechanism of action
of CXCL1 in colorectal cancer is not well characterized.

The current study was designed to study the molecu-
lar mechanism by which CXCL1 promotes the progres-
sion of colorectal cancer. We hypothesized that CXCL1
promotes the development of colon cancer through the
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NF-kB/P300 pathway. We first verified the differential
expression of CXCL1 in colorectal cancer, and found
significantly higher expression of CXCL1 in colorectal
cancer compared to that in normal tissues. Knockout of
CXCLI in colon cancer cells significantly inhibited the
growth of colon cancer, while overexpression of CXCL1
showed the opposite result. In the mouse model, treat-
ment with P300 inhibitor, C646, led to significant inhi-
bition of tumor growth after overexpression of CXCLI.
Bioinformatics analysis using the TCGA database high-
lighted the clinical relevance of our findings. These data
not only suggest that CXCL1 may be a potential thera-
peutic biomarker of colorectal cancer, but also reveal
the potential mechanism by which CXCL1 promotes the
progression of colorectal cancer. Our results may help
inform novel strategies for targeted therapy of colorectal
cancer.

Material and methods

Data sources and descriptions

GSE113513, GSE25070, GSE41328, and GSE156355 were
the five mRNA expression datasets (including colorectal
tumors and normal tissues) obtained from the GEO data-
base (https://www.ncbi.nlm.nih.gov/geo/).

The sequencing dataset and patient parameters for
colorectal cancer were obtained from TCGA, contain-
ing 698 samples of 51 normal and 647 tumor types. The
expression of CXCL1 in tumors and paracancerous tis-
sues of colorectal cancer patients were compared to
evaluate its diagnostic value. The staging correlation of
colorectal cancer phenotypes with high and low CXCL1
expression was analyzed according to the median expres-
sion level.

Identification of the CXCL1 expression profile

The raw expression data from the above five GEO data-
sets were preprocessed into expression matrices using R
software and Microsoft Excel 2019. One of the R com-
mands, NormizeBetween Arrays, was executed to nor-
malize the raw expression data. Differentially expressed
genes were analyzed by running the LIMMA package,
which is a collection of R commands. By using ImageGP
(http://www.ehbio.com/ImageGP/index.php/Home/
Index/index.html), a web tool for visualizing clustering
of multivariate data, the common differentially expressed
genes (DEGs) of the above five datasets were identified
and displayed in a Venn diagram.

Expression of CXCL1 in colorectal cancer and normal
tissues

Human Protein Atlas (HPA: https://www.proteinatl
as.org/) was used to reveal the distribution of CXCL1
in normal human tissues. Gene Expression Profiling
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Interactive Analysis (GEPIA: http://gepia.cancer-pku.cn/
index.html) and Tumor Immune Estimation Resource
(TIMER 2.0: http://timer.cistrome.org/) were used to
explore the distribution of CXCL1 in colorectal cancer
and normal colon tissues.

Cell lines and culture conditions

Mouse colon cancer cell line MC38 was obtained from
the Shanghai Institute of Digestive Surgery (Shanghai,
China). The MC38“X“L1~/= cell line was generated using
the CRISPR/Cas 9 technique (see below for details); the
MC38“XCH+/* cell line was obtained by transducing
CXCL1 to MC38 using the “Sleeping Beauty” transposon
(see below for details). Cell lines were cultured in high-
sugar DMEM medium containing 1% penicillin/strepto-
mycin and 10% fetal bovine serum at 37 °C with 5% CO,
humidification.

RNA extraction and real-time fluorescence quantitative
PCR

Total RNA was extracted from colon cancer lines using
Trizol reagent (Magen, R4801-02, Shanghai, China) and
1 pg of total RNA was reverse transcribed using the Pri-
meScript RT reagent kit (Vazyme, Nanjing, China) to
detect relevant mRNAs. Real-time fluorescence quanti-
tative PCR was performed using SYBR Premix Ex Taq II
(Vazyme, Nanjing, China) at 95 °C for 30 s, followed by
40 cycles of 95 °C for 5 s, 55 °C for 30 s, and 72 °C for
30 s. The primer sequences used for PCR are shown in
Table 1. Changes in relative expression of different sam-
ples were calculated by the ABI Q6 Fast real-time PCR
system (Applied Biosystems, Foster City, CA, USA) using
the 2722T method. GAPDH was used as an internal ref-
erence gene.

Table 1 Primer sequences used for gRT-PCR analyses

Gene Primer Sequence
Mouse GAPDH m-GAPDH-F CCAGAGCTGAACGGGAAGCTCAC
m-GAPDH-R CCATGTAGGCCATGAGGTCCACC
Mouse CXCL1 m-CXCL1-F AGCTGCGCTGTCAGTGCC
mCXCL1-R CAAGCCTCGCGACCATTC
Mouse IL-6 m-IL6-F CTCCCAACAGACCTGTCTATAC
m-IL6-R CCATTGCACAACTCTTTTCTCA
Mouse IL-13 m-IL13-F AAATGCCACCTTTTGACAGTGA
m-IL13-R GGTTTGGAAGCAGCCCTTCA
Mouse TNF-a m-TNFa-F GATCGGTCCCCAAAGGGATG
m-TNFa-R CCACTTGGTGGTTTGTGAGTG
Mouse P300 m-P300-F GCCAACATTGGAGGCACTTT
m-P300-R GCCAACATTGGAGGCACTTT
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CRISPR/Cas9-mediated gene knockout

The designed gRNA oligonucleotides were annealed
and cloned into the vector pX459 (the primer
sequences: m-CXCL1-sg-F: GCTGCTGGCCACCAG
CCGCC; m-CXCL1-sg-R: GGCGGCTGGTGGCCA
GCAGC). To knock out the target gene, we intro-
duced the pX459 eukaryotic expression vector carrying
the corresponding gRNA into MC38 cells using Lipo-
fectamine 2000 (Thermo Fisher Scientific, Waltham,
MA, USA) and screened with 1 ug/mL of puromycin
for 3 days after 1 week. Subsequently, the surviving
cells were transferred to fresh culture medium without
puromycin for 2 days. Plates were spread at an ultra-
low density to ensure clone formation from individual
cells, and then clones were selected and expanded for
gene knockout validation by sequencing and Western
Blot assay of the target genomic region.

“Sleeping Beauty” transposon-mediated gene transfer
CXCL1 was constructed into vector PT2/SVNeo to
establish PT2/SVNeo-CXCL1 recombinant transpo-
son vector. To overexpress the target gene, we mixed
the recombinant transposon vector and SB100 in a
homogeneous ratio of 1:2, introduced into MC38 cells
using Lipofectamine 2000 (Thermo Fisher Scientific,
Waltham, MA, USA), and spread the plate at ultra-
low density after 48 h to ensure clone formation from
individual cells. Then the clones were selected and
expanded. The relative mRNA expression of the target
gene was verified by real-time fluorescence quantitative
PCR.

Western Blot analysis

Different cells were washed separately with ice-cold
PBS, gently scraped with a cell spatula, and lysed using
radioimmunoprecipitation assay (RIPA) cell lysis buffer
(Beyotime, P0013B, Shanghai, China). Quantification
was performed using the BCA protein concentration
assay kit (Beyotime, P0012S, Shanghai, China). 60 pg of
total protein was passed through 12.5% SDS polyacryla-
mide gels, and then transferred to PVDF membranes
(Bio-Rad, Hercules, CA). The membranes were closed
in 5% BSA for 2 h and then incubated overnight with
the corresponding primary antibodies at 4 °C, followed
by incubation with the corresponding IRDye 800CW or
680 LT secondary antibodies (1:10,000, Abcam, China)
in dark for 1 h at room temperature. The fluorescence
signals of membranes were detected using Odyssey
CLx Western blot detection system (Westburg, Leus-
den, the Netherlands). The images were analyzed using
Image] 1.43 software. The expression of B-actin was
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Table 2 Antibodies used for Western Blot,
Immunohistochemistry, and Immunofluorescence

Antibodies Source identifier
Anti-beta Actin antibody Abcam Cat#ab8227
GRO alpha Rabbit pAb ABclonal Cat#A5802
CXCR2 Rabbit pAb ABclonal Cat#A3301
Phospho-IkBa Rabbit mAb Cell Signaling Technology Cat#2859

IkBa Rabbit mAb Cell Signaling Technology Cat#4812
Phospho-NF-kB p65 Rabbit  Cell Signaling Technology Cat#3033
mAb

NF-kB p65 Rabbit mAb Cell Signaling Technology ~ Cat#8242
Anti-CD31 antibody Abcam Cat#ab9498
Anti-CD4 antibody Abcam Cat#ab183685
Anti-CD8 antibody Abcam Cat#ab217344
Anti-CD163 antibody Abcam Cat#ab182422
Donkey Anti-Rabbit IgG H&L ~ Abcam Cat#ab150075
DAPI ZSGB-BIO Cat#ZLI-9557

used as an endogenous control. Information about all
antibodies is listed in Table 2.

Cell proliferation assay

MC38 WT, MC38“CH~/~ and MC38“XCM+/* cells
were inoculated onto 96-well plates at a density of
5x10% cells/well, respectively. After apposition of
cell, cell viability was assayed using a cell counting kit
(CKK8, Beyotime, China) according to the manufac-
turer’s instructions to ensure consistent numbers of
various cell inoculations. Cell proliferation was subse-
quently assayed every 24 h for a total of 4 times.

Transwell migration assay

Transwell chambers were used to assess cell migration.
A culture medium containing 10% fetal bovine serum
was added to the lower chamber. 1 x 10° colon cancer
cells (MC38 WT, MC38XCH~/= " and MC38CXCL1+/+)
were suspended in serum-free culture medium and
inoculated in the upper chamber, respectively. After
24 h incubation, the colon cancer cells were removed
from the upper chamber with a cotton swab. The cancer
cells that penetrated and adhered to the bottom of the
filter membrane were fixed with 4% paraformaldehyde
in PBS for 15 min, then stained with 0.5% crystal violet
for 20 min, and then imaged under 20 x magnification.
For statistical analysis, the number of invading cells was
calculated from three independent experiments, with
an average from four image fields per experiment. The
colonies were observed under the microscope.
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Colony formation assay

The groups of cells (MC38 WT, MC38CXCLI=/=
MC38CXCLIT/+) were inoculated at a density of 6 x 10
cells/well in six-well plates. After 10 days, cells were
washed 3 times with PBS and fixed with 4% paraformal-
dehyde for 30 min, followed by staining with 0.5% crys-
talline violet staining solution.

ELISA analysis

The culture supernatant derived from cell medium was
collected and the concentration of the CXCL1 secre-
tory protein levels was determined using mouse CXCL1
ELISA kit (Solarbio, Beijing, China) according to the
manufacturer’s method. Absorbance was measured at
450 nm.

Animal experiments

All animal experiments were conducted according to
the Guide for the Care and Use of Laboratory Animals
approved by the Fujian Provincial Office for Manag-
ing Laboratory Animals and were guided by the Animal
Care and Use Committee of Fujian Medical University.
Six-week-old C57BL/6 male mice were purchased from
the Shanghai SLAC Laboratory Animal Co. (Shang-
hai, China), and housed at a density of five to six mice
per cage in a controlled environment (12 h daylight/
dark schedule) and provided ad libitum access to food
and water. MC38, MC38“X“"1~/~, and MC38“XCH+/+
cells were suspended in PBS (1 x 10° cells, 100 pL) and
injected subcutaneously into the right flank of mice to
establish mouse colon cancer tumor models.

Mice (MC38, MC38%XCl1=/= and MC38“XCH+/*) were
divided into NC group (n=5) and C646 group (n=»5).
Mice in the c646 groups were administered intraperito-
neal injection of ¢646 every 3 days (MCE, 30 nmol/g) for
2 weeks. Mice in the NC groups were administered the
same volume of PBS placebo. The tumors of mice were
measured every 3 days with vernier calipers and the
tumor volume was calculated using the following for-
mula: V = (length) x (width)?/2.

Immunohistochemistry

Tumor specimens were fixed in 10% neutral buffered
formalin for 24 h, followed by standard tissue process-
ing and embedding. Sections of paraffin-embedded
tumor specimens were cut at 4 pm and dried over-
night at 37 °C. Sections were then dewaxed twice
in xylene for 10 min each and rehydrated by passage
through a graded ethanol series. Endogenous peroxi-
dase was inactivated using 3% hydrogen peroxide for
30 min at room temperature. The slides were heated
in citrate buffer for antigen repair. The slides were
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then incubated overnight with primary antibodies
in a humid chamber at 4 °C. DAB detection system
(ZSGB-BIO, Beijing, China) was used as a chromog-
enic agent according to the manufacturer’s instruc-
tions. Finally, sections were re-stained with Mayer’s
hematoxylin, dehydrated, and sealed. Digital images
of the stained sections were acquired with Axiolmage2
ortho-fluorescence phase contrast microscope (Zeiss,
Oberkochen, Germany). Information about all anti-
bodies is listed in Table 2.

Immunofluorescence
The first half of the immunofluorescence step for
tumor tissues was similar to immunohistochemistry.
Primary antibodies were removed and washed three
times with PBS for 10 min each, and incubated with
secondary fluorescent labeling antibodies at room
temperature for 2 h. Finally samples were incubated
with 4,6-diamidino-2-phenylindole for nuclear stain-
ing. Tumor tissues were imaged using an Axiolmage2
ortho-fluorescence phase contrast microscope (Zeiss,
Oberkochen, Germany) for section acquisition.
Primary antibodies were diluted at 1:1000 using
immunostaining primary antibody dilution (Beyotime,
P0103, Shanghai, China) and fluorescent secondary
antibody was diluted at 1:1000 using immunostaining
secondary antibody dilution (Beyotime, P0108, Shang-
hai, China).
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Statistical analysis

Data were expressed as mean=+standard error of the
mean (SEM). Statistical analysis was performed using
GraphPad Prism 8.0 software. Between-group differences
were assessed using Student’s £ test or one-way analysis of
variance (ANOVA). For all analyses, P values <0.05 were
considered indicative of statistical significance. *P<0.05,
**P<0.01, ***P<0.001, ***P<0.0001.

Results
CXCL1 identified as an upregulated gene in GEO datasets
To explore the key genes in colorectal cancer, we simul-
taneously performed differential gene expression analy-
sis in the five selected GEO datasets. The results showed
30 differentially expressed genes that were common to
these five datasets (Fig. 1a, b). Among these 30 overlap-
ping genes, 18 genes were down-regulated genes and
12 genes were up-regulated genes, and CXCLI was one
of the 12 up-regulated genes. The other 11 up-regulated
genes, such as FOXQI, MMP7, MMP11, andCDH3, have
been reported in previous cancer-related studies [18—22].
The function and mechanism of action of CXCLI have
seldom been researched in the context of colorectal can-
cer. Therefore, we selected CXCL1 as the main object of
interest. As shown in Fig. 1c, CXCLI expression was sig-
nificantly higher in colorectal cancer tissues than in the
paratumoral normal tissues.

To further validate CXCL1 expression, we first analyzed
CXCL1 expression in human normal tissues. CXCL1
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CXCL1 expression profiles in the GEPIA database and
TIMER 2.0 database (Fig. 3a, d), and based on expres-
sion data in the databases, we determined that CXCL1
expression was significantly higher in human colorectal
cancer tissues than in paratumoral normal tissues. These
findings indicated the potential involvement of over-
expression of CXCL1 in the genesis and progression of
colorectal cancer.

Colorectal cancer data analysis in TCGA database

To further investigate the effect of CXCL1 on colorectal
cancer, we compared the expression of CXCL1 in colo-
rectal cancer tissues and paratumoral normal tissues of
patients with colorectal cancer using the TCGA database.
In addition, we evaluated its diagnostic value, and staged
colorectal cancer phenotypes with high and low CXCL1
expression according to the median expression level. A
total of 644 colorectal cancer patients were included in
this analysis, and RNA sequencing was performed on

647 tumor tissues and 51 paratumoral normal colo-
rectal tissue specimens from these 644 patients. The
analysis showed a decrease in CXCL1 expression with
the progression of tumor stage (Fig. 3b). Receiver oper-
ating characteristic (ROC) curve (Fig. 3c) showed that
CXCL1 had a high accuracy for the diagnosis of colorec-
tal cancer [area under the curve (AUC) (95% CI): 0.928
(0.893-0.963)]. The above analysis suggests that CXCL1
is pathologically and clinically associated with the devel-
opment and progression of colorectal cancer.

CXCL1 promotes the proliferation and migration of colon
cancer cells

In order to test the hypothesis that CXCL1 promotes
colorectal cancer progression, we used CRISPR/Cas9
technology to knockout CXCL1 in MC38 colon cancer
cells to construct MC38“X“L1=/= cell line; in addition,
we also used “Sleeping Beauty” transposon to transduce
CXCL1 into MC38 cells to construct MC38-XCLI+/+
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MC38CXCLI-/- MC38CXCLI++
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cell line. The knockout and overexpression efficiencies
were assessed by Western Blotting and qPCR (Fig. 4a,
b). The results showed successful construction of the
MC38CXCLI=/= and MC38XCLIH/*+ cell lines. The cell
biological behavior was then examined by in vitro
assays. In this part, we studied the effect of CXCL1 on
the proliferation of colon cancer cells by CCK-8 and
clone formation assays. CCK-8 results showed that
MC38CXCL1 +/ 4+ cells had the fastest proliferation rate,
followed by MC38 WT cells, while MC38“X~/~ cells
had the slowest proliferation rate (Fig. 4c). Similar results
were obtained in cell clonal formation experiments
(Fig. 4e). In other words, the number of MC38 cells
overexpressing CXCL1 was significantly higher than
that of wild-type cells, while the number of MC38 cells
with CXCL1 knockout was significantly lower than that
of wild-type cells. This result suggested that CXCL1
can promote the proliferation of colon cancer cells. We
examined the effect of CXCL1 on migration of colon
cancer cells using Transwell assay. The results showed

that CXCL1 overexpression significantly promoted the
migration of colon cancer cells, while CXCL1 knock-
out significantly inhibited the migration of colon cancer
cells (Fig. 4d). These findings suggest that CXCL1 exerts
its role as an oncogene to regulate cell proliferation and
migration in colon cancer.

CXCL1 promotes colon cancer growth and angiogenesis
To further validate the promoting effect of CXCL1 on
colon cancer growth in vivo, we transplanted three cell
lines (MC38 WT, MC38“XCL1=/= M(C38“XCLIH/+) percu-
taneously at the right flank of C57BL/6] male mice and
started assessing the tumor volume 1 week later (Fig. 5a).
The result showed that overexpression of CXCL1 in colon
cancer cells significantly promoted colon cancer growth,
while knockout of CXCLI in colon cancer cells inhibited
colon cancer growth (Fig. 5b—d).

In addition, dissection of tumor tissues revealed sig-
nificant vascular infiltration in tumors of mice overex-
pressing CXCL1 (Fig. 6b). Therefore, we hypothesized
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that CXCL1 promotes angiogenesis and colon cancer. To
verify the relationship between CXCL1 and angiogen-
esis, we examined CD31 in the tumors of each group of
mice using immunofluorescence, and the results showed
a significant increase in CD31 expression after CXCL1
overexpression, while the opposite result was observed
after CXCL1 knockout (Fig. 6a, c). These data suggest a
positive correlation between CXCL1 and CD31 expres-
sion. However, further studies are required to identify the
pathway by which CXCL1 leads to increased vascularity
in colon cancer.

To determine whether the autocrine mechanism
is involved in the CXCL1-mediated malignant pro-
cess in colon cancer, we measured the CXCL1 secre-
tion of each group of cells (MC38 WT, MC38XCL1-/—
MC38“XCLIH/+) by ELISA, and the results showed
that the CXCL1 protein secreted in CXCL1 knockout
cells decreased significantly, while the CXCL1 protein
secreted in overexpressing CXCL1 cells was significantly
increased (Fig. 7b). The function of CXCL1 is mainly
mediated by G protein-coupled receptor CXCR2 bind-
ing, and TCGA database analysis shows that there is a
high positive correlation between CXCL1 and CXCR2
RNA expression in colorectal cancer (Fig. 7a). Later, we
analyzed the expression of CXCR2 in various groups of
mouse tumors by immunohistochemistry, and the results
showed that CXCR2 was localized on the colon cancer
cell membrane and cytoplasm (Fig. 7d), which provided
the possibility of binding to CXCL1, but the protein
expression level of CXCR2 was negligible compared to
the high level of CXCL1 expression in colon cancer cell
lines. The results in the HPA database also showed that
CXCR2 was almost not expressed in normal colon tis-
sue and colon cancer tumor tissue (Fig. 7c). Based on the
above results, we believe that CXCL1 cannot mediate
the development of colorectal cancer through autocrine
mechanisms.

CXCL1 expression is correlated with immune cell
infiltration in colon cancer

The tumor microenvironment plays an indispensable role
in tumorigenesis and tumor progression. The interac-
tion between tumor microenvironment and colon cancer
is mainly mediated by multiple immune cells and their
secreted cytokines, which affect tumor proliferation and
metastasis. To detect the effect of CXCL1 on the tumor
microenvironment, we examined CD4, CD8, and CD163
expression in tumor tissues of each group of mice (Fig. 8).
The results showed that CXCL1 overexpression in colon
cancer cells increased the infiltration of tumor-associ-
ated macrophages (TAMs), while decreasing the CD4
and CD8 cells around the tumor. The infiltration of CD4,
CD8, and CD163 in tumor tissues after CXCL1 knockout
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was not significantly different from that in wild-type
colon cancer tissues. These data suggest that CXCL1
overexpression reduces T-cell aggregation and increases
infiltration of M2-TAMs in colon cancer tissues.

CXCL1-mediated colorectal cancer development is NF-kB/
P300-dependent

CXCL1, one of the most important chemokines, is
involved in the development of several inflammatory
diseases and shows elevated expression in the inflamma-
tory response [23]. After carcinogen-induced expression,
CXCL1 can lead to chronic inflammation by recruit-
ing neutrophils, resulting in tumor formation [23-25].
CXCL1 has been reported to activate NF-kB in other
cancer types; however, whether CXCL1 can activate
NEF-«B in colon cancer has rarely been reported. There-
fore, we examined the activity of the NF-«B pathway.
Firstly, we analyzed the correlation between CXCL1 and
several key genes related to the NF-kB pathway by bio-
informatics analyses, and the results showed a signifi-
cant moderate to strong positive correlation of CXCL1
with IL-6, IL-1B, TNF-a, and IFNy (Fig. 9a—d). To fur-
ther verify the results, we examined the expression of
these genes in MC38, MC38“X¢M~/~ and MC38CXCL+/+
cells by real-time fluorescence quantitative PCR. The
results showed that the mRNA expression levels of IL-6
remained consistent with CXCL1 expression levels; IL-1p
expression was reduced after CXCL1 knockdown and no
significant changes were observed after CXCL1 overex-
pression; while TNF-«a expression was reduced in both
(Fig. 9e—g). This result suggested a significant association
between CXCL1 and NF-kB pathway.

Further, we detected the activation of NF-kB pathway
by Western Blotting (Fig. 10a—d). The result showed
that the phosphorylation level of IkBa was significantly
decreased after CXCL1 deletion, while there was no
significant change in the phosphorylation level of IkBa
after CXCL1 overexpression. However, CXCL1 deletion
and overexpression did not significantly affect the phos-
phorylation of total p65. Since NF-kB needs to enter the
nucleus to regulate transcription, we also examined the
expression of p65 protein level in the nucleus to assess
whether NF-kB was activated. The results showed that
CXCL1 overexpression led to a significant increase in the
expression of p65 protein level in the nucleus. The above
results suggested that CXCL1 is an upstream factor of the
NEF-kB pathway and its activation of NF-kB pathway may
not depend on phosphorylation of p65, whereas NF-xB
activation can be achieved by acetylation in addition to
phosphorylation.

P300, an important histone acetylase, has been
reported to directly acetylate the non-histone tran-
scription factor p65, thereby affecting cell growth and
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differentiation. To verify the role of P300 in mediat- cells overexpressing CXCL1 (Fig. 10e). Then, we added
ing CXCL1 activation of the NF-kB pathway, first, we  the P300 inhibitor C646 to the cell culture system. After
examined the mRNA expression of P300 in MC38, adding different doses of C646 to MC38XCLI+/+ cells,
MC38CXCLI=/= " and MC38XCLI*/+ cells by real-time C646 inhibited the expression of CXCL1 and IL-6 to
fluorescence quantitative PCR. The results showed sig-  different degrees, and the expression trends of CXCL1
nificantly increased expression level of P300 in the MC38  and IL-6 remained consistent (Fig. 10h, i). Subsequent
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In the MC38XCL+/* group, the tumor volume signifi-
cantly decreased after C646 treatment, and was restored
to MC38 WT level after treatment, while the tumors of
mice in the MC38XL1~/~ group showed no significant
changes (Figs. 11, 12). These results suggest a critical role
of P300 in mediating CXCL1-induced activation of the
NF-kB pathway.

Discussion

In the present study, we applied bioinformatics analysis
and identified increased expression of CXCL1 in colorec-
tal cancer. Previous analyses of clinical colorectal cancer

tissue samples have also shown consistent results [16].
Subsequently, we explored the role of CXCL1 in colorec-
tal cancer from the perspective of cell biological behavior.
We found that CXCL1 promotes the proliferation, migra-
tion, and invasion of colorectal cancer cells. In the sub-
sequent mouse model experiments, CXCL1 was found to
promote the progression of colon cancer. These results
provide the rationale for further studies on the role of
CXCL1 in colorectal cancer.

Angiogenesis is a key factor in carcinogenesis and is
regulated by multiple molecular pathways. We observed
a positive correlation between CXCL1 and the number
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of tumor vessels in colon cancer. In colorectal cancer
patients, CXCL1 also showed a positive correlation with
VEGF expression [26]. It has been shown that primary
colorectal cancer cells secrete VEGF-A and stimulate
TAMs to produce CXCL1 in primary tumors [17], while
in tumors of mice treated with chemotherapy, TAMs
accumulate around the blood vessels and promote
tumor revascularization and recurrence by releasing
VEGE-A [27]. In contrast, our data suggest that CXCL1
overexpression increases the expression of CD31 and
the infiltration of TAMs. These findings suggest a close
association of CXCL1 with TAMs and tumor angiogen-
esis. However, further studies are required for in-depth
characterization of the underlying mechanism of this
association.

In colorectal cancer, there are multiple tumor micro-
environments, and the complex interactions between
tumors and their microenvironments influence the devel-
opment of tumors and the metastatic spread of cancer
cells [28]. T cell infiltration in tumor tissue is required
for tumor regression [29, 30]. Studies have shown that
CXCL1 tends to be highly expressed in tumor cells with
low T cell clones, that CXCL1 production promotes the

recruitment of MDSCs into the tumor, thereby inhibiting
CD8+T cell infiltration, and that CXCL1 production by
tumor cells is required for an immunosuppressive phe-
notype [31]. Studies have also shown that RIP3 increases
CXCL1 expression thereby promoting myeloid cell-
induced adaptive immunosuppression in tumors [32,
33]. In addition, CXCL1 produced in primary colorectal
cancer cells was shown to form a pre-migratory ecol-
ogy by recruiting MDSCs to eventually promote liver
metastasis [17]. In contrast, the CXCL1 receptor CXCR2
antagonist, SB225002, was found to reduce the accu-
mulation of PMN-MDSCs and increase CD8+ T cell
infiltration in tumors [34]. Our bioinformatics results
suggested an association between CXCL1 and multiple
immune cells, while overexpression of CXCL1 in a sub-
sequent mouse model showed increased infiltration of
CD4+ and CD8+ T cells. These findings suggested that
CXCL1 increases infiltration of T cells, causes myeloid
cell-mediated immunosuppression, and thus promotes
tumor progression.

A variety of inducible transcription factors, including
NEF-«B, can be activated by interaction with cellular coac-
tivators [35]. The transcriptional activity of NF-kB can
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be optimized by interaction with P300/cyclic adenosine
monophosphate response element binding protein (CBP)
[36]. P300/CBP, a transcriptional co-activator, is believed
to regulate transcription through its histone acetyltrans-
ferase (HAT) activity [37, 38]. Through enzymatic activ-
ity localized to the HAT structural domain, P300/CBP
activates transcription by transferring acetyl groups
to the e-amino groups of histone lysine residues, lead-
ing to elevated levels of histone 3 lysine 27 acetylation
(H3K27ac), P53 [39, 40], and NF-kB acetylation, thereby
promoting expression of a variety of genes. In the present
study, CXCL1 was found to activate the NF-xB pathway
in colon cancer cells, which is consistent with previous
reports. In the study by Kou et al., CXCL1 increased
nuclear translocation of NF-«xB and activated the NF-«B/
HDAC1 pathway to promote progression of prostate can-
cer [41]. In contrast, NF-kB-mediated CXCL1 produc-
tion was found to contribute to the maintenance of bone
cancer pain, suggesting some regulatory relationship
between NF-kB and CXCL1. In the present study, treat-
ment of CXCL1-overexpressing colon cancer cells with
C646 (an inhibitor of P300) led to inhibition of CXCL1
expression along with decrease in the protein level of

p65 in the nucleus. Knockout of CXCLI in colon can-
cer cells significantly inhibited the growth of tumors in
mice compared to that in the other groups. Upon subse-
quent treatment of mice with C646, the tumors could not
be further reduced. In contrast, C646 treatment of mice
with CXCL1-overexpressing colon cancer significantly
inhibited tumor growth, suggesting the involvement of
P300 in CXCL1-mediated bioactivity.

In conclusion, we demonstrated overexpression of
CXCL1 in colon cancer tumors. CXCL1, an impor-
tant cytokine that promotes colon cancer development,
induces myeloid cell-mediated immunosuppression.
Inhibition of P300 activity blocked NF-«B activation and
CXCL1-induced pro-tumor growth effects. Our findings
suggest the involvement of NF-xB/P300 in CXCL1 down-
stream signaling. Therefore, CXCLL1 is a potential prog-
nostic biomarker and therapeutic target in the context of
colorectal cancer.

Acknowledgements

Medjaden Bioscience Limited provided language help. This study was
accepted and presented as a poster presentation at the 2023 American Soci-
ety of Clinical Oncology Gastrointestinal Cancers Symposium in San Francisco,
California, USA, Jan 19-21, 2023 (Abstract ID: 236).



Zhuo et al. Biology Direct (2022) 17:34

Author contributions

CHZ and YKS designed the study. CHZ, QR and XQZ carried out the experi-
ments. CHZ and QR. wrote the main manuscript text. All authors discussed the
results and reviewed the manuscript. All authors read and approved the final
manuscript.

Funding

This study was supported by the Joint Funds for the innovation of science
and Technology of Fujian province (Grant No. 2018Y9106), the Natural Science
Funds of Fujian Province (Grant No. 2019J01198), and Medical Innovation
Project of Fujian Province (Grant No. 2022CXA060).

Availability of data and materials

TCGA-COAD dataset containing RNA-seq (FPKM) and clinical information was
downloaded from The Cancer Genome Atlas (TCGA) database in March 22,
2022. GSE113513, GSE25070, GSE41328, and GSE156355 dataset was obtained
from Gene Expression Omnibus (GEO) database in March 22, 2022.

Declarations

Ethics approval and consent to participate

The research protocol was approved by the institutional review board the
Clinical Oncology School of Fujian Medical University, Fujian Cancer Hospital,
China (Approval Nos. SQ2019-034-01 and SQ2022-237). For analyses of de-
identifed data from TCGA and GEO databases, informed consent and human
ethics review committee of approval were not required. Animal procedures
were approved by the Animal Care and Use Committee of Fujian Medical
University (Approval No. SYXK(Min)2016-0006 and SYXK(Min)2022-0003).

Consent for publication
All authors reviewed the manuscript and approved for the publication.

Competing interests
The authors have no conflicts of interest to declare.

Author details

'Department of Gastrointestinal Surgical Oncology, Clinical Oncology

School of Fujian Medical University, Fujian Cancer Hospital, Fuzhou, Fujian
350014, People’s Republic of China. 2Fuzhou University, College of Chemistry,
Fuzhou 350108, People’s Republic of China. >Fujian Key Laboratory of Trans-
lational Cancer Medicine and Fujian Provincial Key Laboratory of Tumor
Biotherapy, Fuzhou, Fujian 350014, People’s Republic of China. *Fujian Normal
University Qishan Campus, College of Life Science, Biomedical Research
Center of South China, Fuzhou 350117, People’s Republic of China.

Received: 31 August 2022 Accepted: 17 November 2022
Published online: 25 November 2022

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-49.

2. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer
JClin. 2021;71(1):7-33.

3. Buhrmann C, Yazdi M, Popper B, Kunnumakkara AB, Aggarwal BB, Shak-
ibaei M. Induction of the epithelial-to-mesenchymal transition of human
colorectal cancer by human TNF-beta (lymphotoxin) and its reversal by
resveratrol. Nutrients. 2019;11(3):19.

4. Baeuerle PA, Henkel T. Function and activation of NF-kappa B in the
immune system. Annu Rev Immunol. 1994;12(1):141-79.

5. Baldwin AS Jr. The NF-kappa B and | kappa B proteins: new discoveries
and insights. Annu Rev Immunol. 1996;14:649-83.

6. Guttridge DC, Albanese C, Reuther JY, Pestell RG, Baldwin AS. NF-kappa
B controls cell growth and differentiation through transcriptional regula-
tion of cyclin D1. Mol Cell Biol. 1999;19(8):5785-99.

7. Perkins ND. Achieving transcriptional specificity with NF-kappa B. Int J
Biochem Cell Biol. 1997;29(12):1433-48.

20.

21

22.

23.

24.

25.

26.

27.

28.

Page 16 of 17

Becker S, Quay J, Koren HS, Haskill JS. Constitutive and stimulated MCP-1,
GRO alpha, beta, and gamma expression in human airway epithe-

lium and bronchoalveolar macrophages. Am J Physiol. 1994;266(3 Pt
1):L278-86.

Hu J, Zhao Q, Kong LY, Wang J, Yan J, Xia X, Jia Z, Heimberger AB, Li

S. Regulation of tumor immune suppression and cancer cell sur-

vival by CXCL1/2 elevation in glioblastoma multiforme. Sci Adv.
2021;7(5):eabc2511.

. Oppenheim JJ, Zachariae COC, Mukaida N, Matsushima K. Properties of

the novel proinflammatory supergene “intercrine” cytokine family. Annu
Rev Immunol. 1991;9:617-48.

. Talmadge JE. Pathways mediating the expansion and immunosuppres-

sive activity of myeloid-derived suppressor cells and their relevance to
cancer therapy. Clin Cancer Res. 2007;13(18):5243-8.

. Gabrilovich DI, Ostrand-Rosenberg S, Bronte V. Coordinated regulation of

myeloid cells by tumours. Nat Rev Immunol. 2012;12(4):253-68.

. Lee Z, Swaby RF, Liang YW, Yu SX, Liu SY, Lu KH, Bast RC, Mills GB, Fang XJ.

Lysophosphatidic acid is a major regulator of growth-regulated onco-
gene alpha in ovarian cancer. Cancer Res. 2006;66(5):2740-8.

. Yang G, Rosen DG, Zhang Z, Bast RC Jr, Mills GB, Colacino JA, Mercado-

Uribe |, Liu J. The chemokine growth-regulated oncogene 1 (Gro-1)
links RAS signaling to the senescence of stromal fibroblasts and ovarian
tumorigenesis. Proc Natl Acad Sci USA. 2006;103(44):16472-7.

. Wang N, LiuW, Zheng Y, Wang S, Yang B, Li M, Song J, Zhang F, Zhang X,

Wang Q, Wang Z. CXCL1 derived from tumor-associated macrophages
promotes breast cancer metastasis via activating NF-kappaB/SOX4 sign-
aling. Cell Death Dis. 2018;9(9):880.

. Zhuo C,Wu X, Li J, Hu D, Jian J, Chen C, Zheng X, Yang C. Chemokine

(C-X-C motif) ligand 1 is associated with tumor progression and poor
prognosis in patients with colorectal cancer. Biosci Rep. 38(4) (2018).

. Wang D, Sun H, Wei J, Cen B, DuBois RN. CXCL1 is critical for premeta-

static niche formation and metastasis in colorectal cancer. Cancer Res.
2017;77(13):3655-65.

. Yang M, Liu Q, Dai ML, Peng RN, Li XH, Zuo W, Gou JH, Zhou FX, Yu SJ, Liu

H, Huang M. FOXQ1-mediated SIRT1 upregulation enhances stemness
and radio-resistance of colorectal cancer cells and restores intestinal
microbiota function by promoting beta-catenin nuclear translocation. J
Exp Clin Cancer Res. 2022;41(1):20.

Peng ZS, Chen JY, Drachenberg CB, Raufman JP, Xie GF. Farnesoid X
receptor represses matrix metalloproteinase 7 expression, revealing this
regulatory axis as a promising therapeutic target in colon cancer. J Biol
Chem. 2019;294(21):8529-42.

Yu J, He Z, He XW, Luo ZH, Lian L, Wu BX, Lan P, Chen HT. Comprehensive
analysis of the expression and prognosis for MMPs in human colorectal
cancer. Front Oncol. 2021;11:13.

Han HB, Gu J, Zuo HJ, Chen ZG, Zhao W, Li M, Ji DB, Lu YY, Zhang ZQ. Let-
7c functions as a metastasis suppressor by targeting MMP11 and PBX3 in
colorectal cancer. J Pathol. 2012;226(3):544-55.

Imai K, Hirata S, Irie A, Senju S, lkuta Y, Yokomine K, Harao M, Inoue M,
Tsunoda T, Nakatsuru S, Nakagawa H, Nakamura Y, Baba H, Nishimura Y.
Identification of a novel tumor-associated antigen, cadherin 3/P-cad-
herin, as a possible target for immunotherapy of pancreatic, gastric, and
colorectal cancers. Clin Cancer Res. 2008;14(20):6487-95.

Korbecki J, Barczak K, Gutowska |, Chlubek D, Baranowska-Bosiacka I.
CXCL1: gene, promoter, regulation of expression, mRNA stability, regula-
tion of activity in the intercellular space. Int J Mol Sci. 2022;23(2):25.
Finegan KG, Perez-Madrigal D, Hitchin JR, Davies CC, Jordan AM, Tournier
C. ERK5 is a critical mediator of inflammation-driven cancer. Cancer Res.
2015;75(4):742-53.

Kunisada M, Hosaka C, Takemori C, Nakano E, Nishigori C. CXCL1 inhibi-
tion regulates UVB-induced skin inflammation and tumorigenesis in
Xpa-deficient mice. J Investig Dermatol. 2017;137(9):1975-83.

Divella R, Daniele A, Simone DELRM, Naglieri E, Savino E, Abbate |,
Gadaleta CD, Ranieri G. Circulating levels of VEGF and CXCL1 are predic-
tive of metastatic organotropismin in patients with colorectal cancer.
Anticancer Res. 2017;37(9):4867-71.

De Palma M, Lewis CE. Cancer: macrophages limit chemotherapy. Nature.
2011,472(7343):303-4.

Dmello RS, To SQ, Chand AL. Therapeutic targeting of the tumour
microenvironment in metastatic colorectal cancer. Int J Mol Sci.
2021,22(4):2067.



Zhuo et al. Biology Direct

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

41.

(2022) 17:34

Overwijk WW, Theoret MR, Finkelstein SE, Surman DR, de Jong LA, Vyth-
Dreese FA, Dellemijn TA, Antony PA, Spiess PJ, Palmer DC, Heimann DM,
Klebanoff CA, Yu ZY, Hwang LN, Feigenbaum L, Kruisbeek AM, Rosenberg
SA, Restifo NP. Tumor regression and autoimmunity after reversal of

a functionally tolerant state of self-reactive CD®* T cells. J Exp Med.
2003;198(4):569-80.

Lou YY,Wang G, Lizee G, Kim GJ, Finkelstein SE, Feng CG, Restifo NP, Hwu
P. Dendritic cells strongly boost the antitumor activity of adoptively
transferred T cells in vivo. Can Res. 2004,64(18):6783-90.

LiJ, Byme KT, Yan F, Yamazoe T, Chen Z, Baslan T, Richman LP, Lin JH, Sun
YH, Rech AJ, Balli D, Hay CA, Sela Y, Merrell AJ, Liudahl SM, Gordon N,
Norgard RJ, Yuan S, Yu S, Chao T, Ye S, Eisinger-Mathason TSK, Faryabi RB,
Tobias JW, Lowe SW, Coussens LM, Wherry EJ, Vonderheide RH, Stangert
BZ.Tumor cell-intrinsic factors underlie heterogeneity of immune cell
infiltration and response to immunotherapy. Immunity. 2018;49(1):178-+.
Seifert L, Werba G, Tiwari S, Nancy Ngoc Giao L, Alothman S, Alqunaibit
D, Avanzi A, Barilla R, Daley D, Greco SH, Torres-Hernandez A, Pergamo M,
Ochi A, Zambirinis CP, Pansari M, Rendon M, Tippens D, Hundeyin M, Mani
VR, Hajdu C, Engle D, Miller G. The necrosome promotes pancreatic onco-
genesis via CXCL1 and Mincle-induced immune suppression. Nature.
2016;532(7598):245.

Liu Z-Y, Zheng M, Li Y-M, Fan X-Y, Wang J-C, Li Z-C, Yang H-J, Yu J-M, Cui

J, Jiang J-L, Tang J, Chen Z-N. RIP3 promotes colitis-associated colorec-
tal cancer by controlling tumor cell proliferation and CXCL1-induced
immune suppression. Theranostics. 2019;9(12):3659-73.

Zhou X, Fang D, Liu H, Ou X, Zhang C, Zhao Z, Zhao S, Peng J, Cai S, He

Y, Xu J. PMN-MDSCs accumulation induced by CXCL1 promotes CD8+ T
cells exhaustion in gastric cancer. Cancer Lett. 2022;532:215598-215598.
Gerritsen ME, Williams AJ, Neish AS, Moore S, ShiY, Collins T. CREB-binding
protein/p300 are transcriptional coactivators of p65. Proc Natl Acad Sci U
S A.1997,94(7):2927-32.

Sakai H, Kai'Y, Oguchi A, Kimura M, Tabata S, Yaegashi M, Saito T, Sato

K, Sato F, Yumoto T, Narita M. Curcumin inhibits 5-fluorouracil-induced
up-regulation of CXCL1 and CXCL2 of the colon associated with
attenuation of diarrhoea development. Basic Clin Pharmacol Toxicol.
2016;119(6):540-7.

Michael LF, Asahara H, Shulman Al, Kraus WL, Montminy M. The phospho-
rylation status of a cyclic AMP-responsive activator is modulated via a
chromatin-dependent mechanism. Mol Cell Biol. 2000;20(5):1596-603.
Yuan LW, Gambee JE. Histone acetylation by p300 is involved in CREB-
mediated transcription on chromatin. Biochim Biophys Acta BBA Mol Cell
Res. 2001;1541(3):161-9.

Barlev NA, Liu L, Chehab NH, Mansfield K, Harris KG, Halazonetis TD,
Berger SL. Acetylation of p53 activates transcription through recruitment
of coactivators/histone acetyltransferases. Mol Cell. 2001;8(6):1243-54.
Wang F, Marshall CB, Ikura M. Transcriptional/epigenetic regulator CBP/
p300 in tumorigenesis: structural and functional versatility in target
recognition. Cell Mol Life Sci. 2013;70(21):3989-4008.

Kuo PL, Shen KH, Hung SH, Hsu YL. CXCL1/GRO alpha increases cell
migration and invasion of prostate cancer by decreasing fibulin-1 expres-
sion through NF-kappa B/HDACT epigenetic regulation. Carcinogenesis.
2012,33(12):2477-87.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 17 of 17

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	CXCL1 promotes colon cancer progression through activation of NF-κBP300 signaling pathway
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Material and methods
	Data sources and descriptions
	Identification of the CXCL1 expression profile
	Expression of CXCL1 in colorectal cancer and normal tissues
	Cell lines and culture conditions
	RNA extraction and real-time fluorescence quantitative PCR
	CRISPRCas9-mediated gene knockout
	“Sleeping Beauty” transposon-mediated gene transfer
	Western Blot analysis
	Cell proliferation assay
	Transwell migration assay
	Colony formation assay
	ELISA analysis
	Animal experiments
	Immunohistochemistry
	Immunofluorescence
	Statistical analysis

	Results
	CXCL1 identified as an upregulated gene in GEO datasets
	Colorectal cancer data analysis in TCGA database
	CXCL1 promotes the proliferation and migration of colon cancer cells
	CXCL1 promotes colon cancer growth and angiogenesis
	CXCL1 expression is correlated with immune cell infiltration in colon cancer
	CXCL1-mediated colorectal cancer development is NF-κBP300-dependent

	Discussion
	Acknowledgements
	References


