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Abstract

CXCL2 (C-X-C Motif Chemokine Ligand 2), a constituent of the C-X-C chemokine subfamily, serves as a

powerful chemotactic factor for neutrophils, facilitating leukocyte recruitment and movement while initiating

an inflammatory response. Recent investigations have demonstrated the pivotal involvement of CXCL2 in
carcinogenesis. Within the tumor microenvironment, CXCL2 modulates cellular activity primarily via its interaction
with the CXCR2 receptor. The activation of signaling pathways, including ERK/MAPK, NF-kB/MAPK, PI3K/AKT, and
JAK/STAT3, highlights CXCL2's inclination to promote tumorigenesis. Furthermore, the role of CXCL2 encompasses
inflammatory conditions like lung inflammation, atherosclerosis, and obesity. This article examines the structural
characteristics, biological roles, and molecular foundation of CXCL2 in carcinogenesis and inflammatory disorders.
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Introduction

The tumor microenvironment (TME) is a complex eco-
system comprising cancer cells, immune cells, fibroblasts,
and the extracellular matrix (ECM). This intricate net-
work fosters chronic inflammation, immunosuppression,
and angiogenesis, thereby supporting cancer progression
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and metastasis [1]. Within this environment, cancer cells
interact with stromal components to evade immune sur-
veillance and promote their survival and proliferation [2].
Understanding the TME has become crucial for identify-
ing novel therapeutic targets, with the chemokine system
emerging as a key player in cancer immunotherapy [3].

Chemokines are small cytokines that regulate immune
cell migration and activation. They are classified into
four subfamilies: CXC, CC, C, and CX3C, based on
their structural motifs [4]. Among these, the CXC che-
mokines, particularly those containing the ELR motif
(e.g., CXCL1, CXCL2, and CXCL8), are known for their
roles in neutrophil recruitment, angiogenesis, and can-
cer progression [5]. CXCL2, also known as macrophage
inflammatory protein 2a (MIP2-a) or growth-regulated
oncogene B (GRO-B), is a prototypical ELR+ CXC che-
mokine that drives neutrophil migration and activation
[6]. It is predominantly produced by monocytes, macro-
phages, and endothelial cells in response to inflammatory
stimuli such as TNFaq, IL-1p, and LPS [7].
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Recent studies have highlighted the pivotal role of
CXCL2 in both cancer and inflammatory diseases.
Within the TME, CXCL2 interacts with its receptor
CXCR2 to modulate signaling pathways such as ERK/
MAPK, NF-kB, PI3K/AKT, and JAK/STATS3, thereby
promoting tumorigenesis, metastasis, and immune eva-
sion [8]. Additionally, CXCL2 is implicated in various
inflammatory conditions, including lung inflammation,
atherosclerosis, and obesity, where it drives neutro-
phil recruitment and exacerbates chronic inflammation
[9-11]. This review aims to provide a comprehensive
overview of the structural characteristics, biological
functions, and molecular mechanisms of CXCL2 in can-
cer and inflammatory diseases, highlighting its potential
as a therapeutic target.

CXCL2 and its receptor CXCR2

CXCL2 is a key member of the ELR+CXC chemokine
subfamily, characterized by its potent neutrophil che-
moattractant properties. First identified in 1988 alongside
CXCL1 and CXCL3, CXCL2 is encoded on chromosome
4q21 and shares significant sequence homology with
other ELR + chemokines [12, 13]. Structurally, CXCL2 is
synthesized as an inactive precursor protein (107 amino
acids) and is activated through proteolytic cleavage to its
mature form (amino acids 5-73) by membrane-type 6
matrix metalloproteinase [14, 15]. This active form binds
specifically to CXCR2, a G protein-coupled receptor, to
mediate its biological effects [8]. Figure 1 visualizes the
unique structure of CXCL2.

Regulation and function of CXCL2
CXCL2 expression is tightly regulated by various inflam-
matory stimuli, including TNFa, IL-1f, and LPS, which
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induce its production through NF-kB and MAPK sig-
naling pathways [7, 16]. As a critical mediator of neu-
trophil migration, CXCL2 facilitates the recruitment of
neutrophils across the endothelium, a process essential
for effective immune responses and tissue repair [17].
Beyond its role in immunity, CXCL2 is involved in mul-
tiple biological processes, including angiogenesis and
wound healing [8].

CXCR2: receptor dynamics

CXCR2, identified in 1991, is a key receptor for
ELR + CXC chemokines and is predominantly expressed
on neutrophils, endothelial cells, and monocytes [18, 19].
The CXCR2 gene, located on chromosome 2q34-q35,
contains 11 exons and encodes a receptor that mediates
chemotaxis and activation of immune cells [20]. Dysregu-
lation of CXCR2 signaling has been implicated in various
pathological conditions, including cancer progression
and chronic inflammation. In cancer, CXCR2 overexpres-
sion correlates with poor prognosis and enhanced metas-
tasis, highlighting its role in tumor biology, such as acute
myeloid leukemia [21], invasive ductal breast cancer [22],
colorectal cancer [23], esophageal cancer [24], gastric
cancer [25, 26], intrahepatic cholangiocarcinoma [27],
squamous cell carcinoma of the larynx [28], adenocar-
cinoma of the lungs [29], non-small-cell lung carcinoma
[30], and ovarian carcinoma [31, 32].

Pathophysiological roles

The CXCL2-CXCR? axis is central to neutrophil recruit-
ment and activation, processes that are critical for host
defense against infections and tissue repair. However,
this pathway can also drive pathological inflamma-
tion and cancer progression. For example, in cancer,
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Fig. 1 CXCL2 Structure. A rectangular rectangle illustrates the gene structure of CXCL2, with lengths denoted in base pairs. The CXCL2 gene comprises
exons, introns, untranslated regions (UTRs), and adenine-rich elements (AREs). B. Amino acid sequence of CXCL2. C. Spatial configuration of the CXCL2
monomers. The gene structure of CXCL2 was obtained from Ensembl113 [35]. The CXCL2 amino acid sequence was obtained from UniProt [36] and
examined using IBS 2.0 [37].The spatial configuration of CXCL2 was obtained from AlphaFold 3 [38]



Lv et al. Cancer Cell International (2025) 25:133

CXCL2-CXCR?2 signaling promotes tumor growth and
immune evasion by enhancing the infiltration of myeloid-
derived suppressor cells (MDSCs) and neutrophils into
the tumor microenvironment [33, 34]. In inflammatory
conditions such as atherosclerosis and obesity, CXCL2
drives neutrophil recruitment and exacerbates chronic
inflammation [9, 11].

Regulation of CXCL2

Figure 2 illustrates the molecular pathways regulating
CXCL2 expression. The expression of CXCL2 is meticu-
lously controlled by several variables, including inflam-
mation-inducing agents, oncogenes, and microRNAs
(miRNAs) [12, 39]. Research indicates that IL-1p mark-
edly elevates CXCL1 and CXCL2 gene expression in rat
pancreatic islets and -cell lines via the NF-kB pathway
in activated B cells. The upregulation of these genes
enhanced neutrophil recruitment, consequently exac-
erbating islet inflammation [40]. Lipopolysaccharide
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activates NF-kB and c-Jun transcription factors in macro-
phages through Toll-like receptor (TLR)-dependent sig-
naling pathways. The CXCL2 gene is swiftly activated to
provoke inflammation by the recruitment of neutrophils,
facilitated by the synergistic interaction of NF-xB and
c-Jun transcription factors [16]. Butcher et al. discovered
that the IL-17 A/IL-17RA axis exacerbates inflammation
in the aortic arch and facilitates the adhesion and migra-
tion of neutrophils and monocytes during atherosclero-
sis by upregulating aortic CXCL2 expression [10]. Innate
lymphoid cells (ILCs) are a diverse group within the
innate immune system, predominantly located at muco-
sal surfaces, and play a crucial role in regulating immu-
nological homeostasis. ILCs can transdifferentiate into
various subpopulations through interactions with the
tumor microenvironment, leading to either pro- or anti-
tumor immunity [41]. Xu et al. examined the function of
type II intrinsic lymphocytes (ILC2s) in hepatocellular
carcinoma (HCC). ILC2s were reported to facilitate HCC
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Fig. 2 Molecular processes underlying CXCL2 secretion. The illustration depicts multiple interacting molecular pathways involved in the secretion of
CXCL2. The processes encompass: LPS-induced CXCL2, IL-6, IL-1B3, and TNF-a via the NF-kB/MAPK signaling pathway; IL-6 facilitating CXCL2 induction
through the NF-kB/MAPK pathway; TNF-a promoting CXCL2 induction via both the NF-kB/MAPK and caspase-3 pathways; FasL inducing CXCL2 through
the caspase-3 pathway; Ca’* and ATP stimulating CXCL2 induction through the PI3K signaling pathway; IL-1B facilitating CXCL2 induction via the NF-kB/
MAPK pathway; and IFN-y and IL-10 inhibiting CXCL2, IL-6, IL-1(3, and TNF-a induction through the JAK/STAT3 signaling pathway, with SOCS3 mediating
JAK/STAT3 inhibition. TNF-a: tumor necrosis factor-alpha; IFN-y: interferon-gammea; IL: interleukin; LPS: lipopolysaccharide
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progression by enhancing the secretion of CXCL2 and
CXCLS8, thereby attracting neutrophils and establishing
an immunosuppressive milieu that contributes to HCC
development [42]. Recent findings indicate that KDM4C
enhances the proliferation and migration of HCC cells
while inhibiting their radiosensitization through the
upregulation of CXCL2 expression [43]. Conversely, miR-
532-5p acts as a tumor suppressor in human osteosar-
coma cells by inhibiting the production of CXCL2 [39].

The role of CXCL2 in cancer

CXCL2 exhibits significant pro-oncogenic effects in a
variety of cancers, including pancreatic cancer (PAAD)
[44], kidney clear cell carcinoma (KIRC) [45] and
stomach cancer (STAD) [46] and its up-regulation of
expression in the TME is closely associated with tumor
progression [47-49]. CXCL2 activates multiple signal-
ing pathways (e.g., ERK/MAPK, PI3K/AKT, JAK/STAT3,
etc [50]). through interactions with the CXCR2 receptor,
which promotes the proliferation, migration and immune
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escape of tumor cells. In addition, the role of CXCL2 in
immune infiltration is particularly critical, especially its
interaction with tumor-associated macrophages (TAMs)
and neutrophils, which play an important immunomod-
ulatory role in the tumor microenvironment. However,
recent studies also highlight the potential dual roles of
CXCL2 in cancer, with some evidence suggesting its
involvement in tumor suppression under certain condi-
tions [51]. Here, we summarize the functions and mecha-
nisms of CXCL2 in the progression of five of the deadliest
cancers, as detailed in Table 1, and discuss the dual roles
of CXCL2, summarizing its paradoxical functions in
tumor suppression and promotion.

Colorectal cancer

CXCL2 is a potential predictive biomarker for colon
cancer, as its expression is heightened in colon cancer
patients and corresponds with prognosis [52]. Luo et
al. identified a correlation between CXCL2 and dimin-
ished overall survival (OS) in colorectal cancer through

Table 1 The function and mechanisms of CXCL2 in the advancement of tumors associated with the highest cancer-related death

rates
Type of cancer  Impact on cancer Study model Reference
Colorectal cancer Possible prognostic biomarker Bioinformatic analysis of ~ [101]
patient databases
Promote metastasis Mice model [54]
Induce cancer stem cell phenotype In vitro [102]
Induce EMT and activates PI3K-Akt-NF-kB signaling In vitro [103]
Promote cancer stem cell phenotype In vitro [104]
Lung cancer Predicts poorer DFS and OS Patient survival data [64]
Promotion of lung cancer metastasis In vitro [105]
Promoting migration of MDSCs into the tumor microenvironment In vitro [34]
Promotes angiogenesis, tumor development and metastasis In vitro [106]
Involved in the resistance of non-small cell lung cancer cells to anlotinib In vitro [69]
Breast cancer Negatively associated with staging, survival and prognosis of BC patients Bioinformatic analysis of 79, 107]
patient databases
Activation of ERK1/2/NF-kB/Stat3 signaling cascade In vitro [50]
Candidate markers associated with chemoresistance in breast cancer In vitro [108]
A basis for predicting the efficacy of 5 - FU in the treatment of breast cancer In vitro [51]
Schwann cell-derived CXCL2 contributes to cancer pain by modulating macrophage Mice model [109]
infiltration in a mouse breast cancer model
Liver cancer Involved in fasciculation stress-induced recruitment of myeloid cells in tumor tissues In vitro [33]
Promote the development and metastasis of HCC Patients with hepatocel-  [82]
lular carcinoma
Widely associated with the immune microenvironment of HCC In vitro [110]
Induction of lipid remodeling in hepatocellular carcinoma cell lines In vitro [99]
As a biomarker and potential target in hepatocellular carcinoma Bioinformatic analysis of 111
patient databases
Gastric cancer Involved in the common molecular mechanisms of obesity and GC Bioinformatic analysis [112]
May serve as a prognostic biomarker for gastric adenocarcinoma and correlates with im-  Bioinformatic analysis [90]
mune infiltration
Mediated the transformation of omental adipocytes triggering GC cells to an invasive In vitro [93]
phenotype, inducing angiogenesis, followed by cell growth and peritoneal metastasis
Plays an important role in the pathogenesis of GC and can be used as a marker for the Gastric cancer patients [92]

development of GC
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a retrospective study [53], indicating that CXCL2 may
serve as a valuable prognostic marker for tumor features
and survival in CRC patients. In vitro, CXCL2 activation
enhances the proliferation and migration of colon cancer
cells [54]. This may result from the interaction of CXCL2
with its receptor CXCR2, as the antagonism of CXCR2
diminishes metastasis in vivo.The positive link between
CXCL2 and metastatic potential may also be associated
with CXCL2’s ability to generate cancer stem cells [55].

Moreover, CXCL2 has been demonstrated to have
a substantial correlation with immune infiltration in
colorectal cancer [56]. SNAIL facilitates epithelial tumor
transformation, while converted mesenchymal stromal
cells release CXCL2, which enhances M2-type mac-
rophage infiltration and tumor cell metastasis. These
findings clarify the relationship between tumors and
tumor-associated macrophages in the metastatic micro-
environment, mediated by tumor-derived CXCL2, which
influences lung metastasis [57]. Tumor expansion has
recently garnered significant interest in the evolution
and invasion of several malignancies, including colorec-
tal cancer (CRC). Tumor outgrowth refers to the exis-
tence of solitary tumor cells or clusters of up to four cells
at the invasive front [58, 59]. High-grade tumor out-
growth has been recognized as an independent prognos-
tic factor, correlating with reduced disease-free survival
(DFS) and overall survival (OS) across various cancers
[59-61]. Guil-Luna et al. identified the up-regulation of
many chemokine receptors and ligands, notably CXCL2
and CXCR?2, in hyperdifferentiated tumor outgrowth in
colorectal cancer (CRC), indicating that CXCL2 and its
receptor CXCR2 facilitate high-grade tumor outgrowth
and enhance tumor invasion in CRC [62].

Lung cancer
The aberrant production of CXCL2 was markedly cor-
related with the clinical cancer stage in lung adenocar-
cinoma (LUAD) relative to normal tissues, and Wang et
al. additionally discovered that immune cell infiltration
was strongly linked to the CXC chemokine-mediated
LUAD microenvironment [63]. Gu et al. assessed CXCL2
expression using immunohistochemical techniques in
tumor tissue samples from 232 primary non-small cell
lung cancer (NSCLC) patients at TNM stages I-IIIA,
revealing its varied potential as a biomarker for tumor
characteristics and survival in NSCLC patients [64].
CXCL2 is believed to potentially stimulate PD-L1
expression in lung adenocarcinoma cells due to inter-
actions between cancer cells and cancer-associated
fibroblasts (CAFs) [65]. Notably, alterations in CXCL2
following anti-PD-1 therapy were sustained in patients
with improved clinical outcomes, including those experi-
encing tumor pseudoprogression. Due to the ease of mea-
suring CXCL2 through minimally invasive blood draws,
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it can be utilized to evaluate the clinical prognosis of
NSCLC patients undergoing treatment with PD-1 inhibi-
tors [66]. CXCL2 can function as a target gene for vari-
ous other genes that facilitate lung cancer progression.
CUL4B directly binds to the CXCL2 promoter and epi-
genetically inhibits its transcription. Deletion of CUL4B
elevates the expression of CXCL2, which interacts with
CXCR2 on MDSCs and facilitates their migration into
the tumor microenvironment. Targeting MDSCs mark-
edly postpones the proliferation of CUL4B knockdown
KRAS mutant tumors [34]. microRNA-27a-3p functions
as an oncogene that modulates lung macrophage prolif-
eration and chemotaxis via CXCL2 in non-small cell lung
cancer tissues [67]. A study demonstrated that NKX2-1
modulates pro-tumor neutrophil infiltration by suppress-
ing CXCLs/CXCR2-dependent pathways and proposed
that targeting CXCR2 in NKX2-1-deficient tumors could
serve as a viable anti-tumor therapy, potentially enhanc-
ing the prognosis for LUAD patients [68]. Additionally,
CXCL2 has a role in the resistance of lung cancer cells to
anlotinib [69].

Breast cancer

There is growing evidence that CAFs contribute to che-
moresistance in breast cancer therapy [70]. CAFs, as
the predominant stromal cell component of the tumor
microenvironment, are believed to significantly contrib-
ute to the progression of breast cancer [71, 72]. Research-
ers utilized cytokine arrays to identify a collection of
mechanically triggered cytokines, including CXCL2,
within the osteoblast secretome that may facilitate breast
cancer metastasis [73]. LAMB3 expression exhibited a
favorable correlation with CXCL2, and collectively they
facilitated CAF invasion [74].

In the initial phases of breast cancer, malignant cells
invade the adjacent adipose tissue, resulting in the acti-
vation and conversion of nearby adipocytes into cancer-
associated adipocytes (CAA) [75, 76]. This confers an
advantage for the survival, proliferation, and metastasis
of breast cancer cells [77]. CAAs exhibit inflammatory
alterations and secrete elevated levels of pro-inflamma-
tory cytokines compared to normal adipocytes, hence
facilitating breast cancer proliferation and metastasis
[75, 78]. A 2022 study shown that CAA and breast cancer
cells interact through the secretion of the cytokine leu-
kemia inhibitory factor (LIF) and C-X-C subfamily che-
mokines (CXCLs), respectively. LIF is a proinflammatory
cytokine released by CAA that facilitates the migration
and invasion of breast cancer cells via the Stat3 signal-
ing pathway. The activation of Stat3 leads tumor cells to
secrete ELR motif CXCLs, specifically CXCL1, CXCL2,
CXCL3, and CXCL8. Notably, CXCLs subsequently trig-
gered the ERK1/2/NF-kB/Stat3 signaling pathway and
enhanced LIF expression in CAA [50].
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Wang et al. identified CXCL2 as a potential therapeu-
tic target for breast cancer and a biomarker for breast
cancer patients, as assessed by bioinformatics methods.
Furthermore, it has been linked to immunological infil-
tration [79]. Pan et al. formulated a novel immunother-
apy for breast cancer utilizing N1-type neutrophils with
anticancer capabilities to augment the cytotoxic activity
of T lymphocytes against cancer cells. They amalgam-
ated CXCL2 plasmid DNA with inactivated Sendai virus
(hemagglutinating virus of Japan) envelope (HVJ-E).
The amalgamation of CXCL2 DNA and HVJ-E (C/H)
impeded the proliferation of murine breast cancer in a
syngeneic model by enhancing the expansion of cytotoxic
T-lymphocytes and mitigating lung metastasis from the
initial tumor location. The delivery of anti-PD-1 antibody
was shown to augment the anticancer efficacy of C/H
therapy via neutrophil-mediated activation of cytotoxic T
lymphocytes [80].

Liver cancer

Increased expression of the CXCL2 gene in tumor tissues
throughout the evolution of hepatocellular carcinoma
[81]. A study analyzed serum CXCL2 concentrations in
80 patients with hepatocellular carcinoma (HCC), 65
patients with benign liver conditions, and 60 healthy
volunteers with an enzyme-linked immunosorbent test
(ELISA). Serum CXCL2 concentrations in benign con-
ditions and healthy individuals were significantly lower
than in HCC and exhibited correlations with tumor-
node-metastasis (TNM) stage, tumor dimensions, vas-
cular embolism, cysts, and Edmondson classification in
HCC (P<0.05), but not with gender, age, cirrhosis, or
AFP levels (P>0.05) [82].

Moreover, the CXCL2-CXCR?2 axis may provide a novel
target for anti-angiogenic therapy in hepatocellular car-
cinoma [83]. Jiang et al. discovered that continuous con-
straint stress enhances the proliferation of hepatocellular
carcinoma via stimulating B-adrenergic signaling and
recruiting splenic myeloid cells into tumor tissues. Mech-
anistic investigations demonstrated that restraint stress
enhanced the expression of CXCL2/CXCL3 in tumor tis-
sues and modified CXCR2 expression in myeloid cells.
Furthermore, the CXCR2 inhibitor SB225002 impeded
the recruitment of myeloid cells in tumor tissues and
suppressed tumor growth in stressed mice [33]. Recom-
binant human CXCL2 markedly increased the migra-
tion and invasion of SMMC7721 cells while diminishing
adherence. Conversely, the neutralization of CXCL2 and
the blockage of CXCR2 markedly diminished the impact
of CXCL2 on SMMC7721 cells, indicating that CXCL2
may be pivotal in HCC metastasis [84].

Further mechanistic investigations have demon-
strated that CXCL2 serves as a target for many genes
that regulate the evolution of hepatocellular carcinoma.
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Knockdown of KDM4C enhances the association of
H3K36me3 with the CXCL2 promoter, hence elevating
CXCL2 expression and facilitating CXCL2 secretion in
HCC cells [43]. miR-532-5p functions as a tumor sup-
pressor in hepatocellular carcinoma by targeting and
inhibiting CXCL2 [85].

CXCL2 significantly influences the immunological
microenvironment in patients with hepatocellular can-
cer. Peng et al. discovered that monocyte-derived CXCL2
is a primary factor governing neutrophil recruitment to
the tumor microenvironment in hepatocellular cancer.
Besides tumor-derived soluble substances, these che-
mokines prevent neutrophil death and promote their
survival, resulting in neutrophil aggregation in tissues
[86]. Simultaneously, the degradation of CXCL2 dimin-
ishes neutrophil recruitment to tumors and the creation
of neutrophil extracellular traps, so ultimately impeding
HCC progression [87]. CXCL1 and CXCL2 were identi-
fied as possible paracrine proteins secreted by M2 tumor-
associated macrophages that enhance the resistance of
hepatocellular carcinoma cells to sorafenib (SOR). Phar-
macological inhibitors revealed that CXCR2/ERK signal-
ing is essential for SOR resistance mediated by CXCL1
and CXCL2 [88]. Moreover, the effectiveness of lenva-
tinib against tumor cells is diminished due to its capacity
to enhance neutrophil recruitment by prompting neu-
trophils to release CXCL2 and CXCL5 within the tumor
microenvironment. Upon entering the tumor microen-
vironment, neutrophils polarize towards the N2 pheno-
type. Concurrently, PD-L1 expression is increased [89].

Gastric cancer
In stomach adenocarcinoma (STAD) tissues, CXCL2
levels are markedly elevated. A robust association exists
between CXCL2 levels and immune cells as well as
immunological biomarkers. Elevated CXCL2 expression
in STAD is associated with a positive outcome.CXCL2
has been linked to resistance against multi-drug or small
molecule therapies in STAD patients [90].CXCR?2 signal-
ing significantly influences the gastric tumor microen-
vironment within the pathogenic framework of tumor
fibroblasts, indicating that gastric cancer (GC) cells may
modify adjacent stroma to establish a conducive envi-
ronment for tumor advancement [91].CXCL2 has a sig-
nificant part in the etiology of gastric cancer and may
function as a marker for its development [92]. Omental
adipocytes cause the development of an invasive pheno-
type in gastric cancer cells via the production of CXCL2,
which promotes angiogenesis and subsequently facili-
tates cell proliferation and peritoneal metastasis [93].
Furthermore, the role of CXCL2 extends beyond the
aforementioned diseases to encompass pancreatic cancer
[94], ovarian cancer [95], thyroid tumors [96], and glio-
blastoma [97].
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CXCL2 and immune infiltration

CXCL2 plays a key role in immune infiltration in the
TME, particularly in regulating the behavior of TAMs
and neutrophils. CXCL2, through the activation of its
receptor, CXCR?2, is capable of significantly affecting the
function of these immune cells, thereby promoting tumor
progression.

TAMs exhibit immunosuppressive properties in
the TME, and the extent of their infiltration is closely
related to the malignancy of the tumor. CXCL2 is able
to inhibit anti-tumor immune responses by activating
TAMs through the CXCR2 receptor and inducing their
polarization toward the M2 type. For example, in CRC,
CXCL2 expression is positively correlated with M2-type
macrophage infiltration, and this infiltration contributes
to tumor cell metastasis and immune escape [57]. In
addition, CXCL2 was able to further enhance the immu-
nosuppressive function of TAMs by activating the PI3K/
AKT and NF-«B signaling pathways in them [98].

Neutrophils play a complex dual role in the TME, pro-
moting tumor progression as well as participating in anti-
tumor immunity. CXCL2 is one of the major chemokines
for neutrophils and is able to mediate neutrophil recruit-
ment via the CXCR2 receptor [99]. In HCC, high expres-
sion of CXCL2 is closely associated with infiltration of
neutrophils, which further promote tumor progression
by releasing extracellular traps (NETs) and pro-inflam-
matory cytokines [87]. In addition, CXCL2 was able to
enhance neutrophil survival and function by activating
the JAK/STAT3 signaling pathway [86].

CXCL2 not only promotes tumor progression by
directly acting on immune cells, but is also able to form
an immunosuppressive microenvironment by regulating
the interactions between immune cells. For example, in
breast cancer, CXCL2 expression forms a positive feed-
back loop with interleukin-6 (IL-6) secreted by CAAs,
which further activates the Stat3 signaling pathway,
thereby enhancing neutrophil recruitment and immu-
nosuppression [50]. This immunosuppressive microenvi-
ronment contributes to the proliferation and metastasis
of tumor cells and also reduces the efficacy of immuno-
therapy [100].

CXCL2 plays a multifaceted role in immune infiltration
in the tumor microenvironment, and its interaction with
TAMs and neutrophils is a key mechanism for tumor
progression and immune escape. Future studies need to
further explore the specific mechanisms of CXCL2 action
in different tumor types and develop targeted therapeutic
strategies against the CXCL2/CXCR2 axis to improve the
prognosis of cancer patients.

Dual roles in tumor suppression and progression
While CXCL2 is predominantly associated with tumor
progression, recent studies have highlighted its potential
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dual roles in cancer. For example, in some contexts,
CXCL2 may contribute to tumor suppression by pro-
moting neutrophil-mediated killing of cancer cells [51].
This dual functionality underscores the complexity of
CXCL2’s role in cancer biology and highlights the need
for a nuanced understanding of its mechanisms. The con-
flicting evidence suggests that CXCL2’s effects may vary
depending on the tumor type, stage, and microenviron-
mental context, emphasizing the importance of further
research to elucidate its precise roles.

In conclusion, CXCL2 plays a significant role in various
cancers by promoting tumor cell proliferation, migra-
tion, and metastasis through its receptor CXCR2 and
downstream signaling pathways such as ERK/MAPK,
PI3K/AKT, and JAK2/STAT3. Its upregulation is associ-
ated with poor prognosis in colorectal, lung, breast, liver,
and gastric cancers. These findings highlight CXCL2 as
a potential prognostic biomarker and therapeutic target,
warranting further investigation into its molecular mech-
anisms and targeted interventions.

The role of CXCL2 in inflammatory diseases
Inflammation is the body’s initial response to infections,
irritants, or injury [113]. CXCL2 is crucial for recruit-
ing inflammatory cells, and its transcription is regulated
by heterodimeric chaperones, influencing neutrophil
recruitment [114]. CXCL2 contributes to inflammatory
diseases such as lung inflammation, atherosclerosis, and
obesity (Fig. 3).

Lung inflammation

Efficient host defense against pulmonary bacterial infec-
tions predominantly depends on the swift elimination of
the pathogen from the respiratory tract. Initial bacterial
clearance is facilitated by a dual phagocytic mechanism
involving neutrophils (PMNL) and macrophages [115].
The recruitment and activation of inflammatory cells at
the infection site necessitate the synchronized expression
of leukocytes and vascular adhesion molecules, alongside
the formation of a chemotactic gradient via chemotaxis
and cytokine production activation. CXCL2 can induce
several types of pneumonia by chemotaxis. Preliminary
research indicates that CXCL2 serves as a significant
mediator in the recruitment of pulmonary PMNLs and
the clearance of Klebsiella pneumoniae [116]. Fitch et al.
similarly discovered that following infection with Chla-
mydia pneumoniae, there was an increase in CXCL2
release, which attracted neutrophils and lymphocytes,
correlating with the creation of ectopic lymphoid tissue
[117].

Chronic obstructive pulmonary disease (COPD) exem-
plifies the lung inflammations linked to CXCL2. COPD is
defined as a “condition marked by airflow restriction that
is not completely reversible” [118]. Recent investigations
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Fig. 3 The expression and primary function of CXCL2 in the context of inflammation. In the course of inflammation, neutrophils release chemokines such
CXCL2, which also provides negative feedback to neutrophils. Neutrophils drive CXCL2 expression not just through autocrine mechanisms but also via
CXCL1, whereas mast cells similarly promote CXCL2 expression. Macrophages stimulate the production of the cytokine interleukin-13 (IL-13), which sub-
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indicate that medicines can suppress airway inflamma-
tory responses in mice models of COPD and in people by
diminishing CXCL2 secretion [119-121]. Given the sig-
nificant function of CXCL2 in lung inflammation, it may
serve as a potential therapeutic target.

Osteoarthritis

CXCL2 is intricately linked to many forms of arthritis as
a chemokine primarily produced by neutrophils, facilitat-
ing the recruitment and migration of immune cells. This
chemokine is crucial for the proper rupture of endothe-
lial junctions, enabling neutrophils to traverse the venous

wall [17]. In rheumatoid arthritis (RA), CXCL2 facili-
tates the migration of CD14" monocytes in patients and
induces osteoclast formation via the ERK, MAPK, and
NF«B pathways [122]. The significance of CXCL2 in pso-
riatic arthritis [123] and septic arthritis [124] has been
examined in numerous research.

Atherosclerosis

Atherosclerosis is a prevalent cardiovascular condition
[125]. Research indicates that CXCL2 and CXCL3 are
crucial in the recruitment, chemotaxis, and prolifera-
tion of monocytes and neutrophils during atherosclerosis
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progression, mediated by NF-kB activation, hence facili-
tating atherosclerosis development [11]. CXCL2 has been
documented to expedite the progression of atherosclero-
sis as a chemokine among inflammatory mediators [126].
CXCL2 is a crucial mediator for neutrophil recruitment
and adhesion, which initiates chronic inflammation,
the preliminary phase of atherosclerosis. Furthermore,
CXCL2 facilitates the firm adhesion of neutrophils,
resulting in endothelial dysfunction and plaque devel-
opment. Literature indicates that neutrophil-released
extracellular traps (NETs) can induce the release of
interleukin-1p (IL-1p) from macrophages, which in turn
stimulates T cells to produce the cytokine IL-17, lead-
ing to the expression of CXCL1 and CXCL2, thereby
enhancing neutrophil recruitment during atherosclerosis
and worsening disease progression [127]. Furthermore,
a study by Butcher et al. demonstrated that the IL-17 A/
IL-17RA pathway exacerbated inflammation in the aortic
arch during the atherosclerotic phase by upregulating the
expression of aortic CXCL2, hence facilitating the adhe-
sion and migration of neutrophils and monocytes [10].
Figure 4 illustrates the pertinent information.

Obesity

Obesity is characterized by sustained low inflamma-
tory responses, including higher plasma cytokines,
increased adipose tissue expression during the acute
phase, and activation of pro-inflammatory signaling
pathways. Inflammatory chemokines significantly con-
tribute to the promotion of obesity-related adipose tissue
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inflammation, with CXCL2 being particularly linked to
the progression of obesity. A study demonstrated that
CXCL2 expression was markedly increased in mice with
obesity induced by a high-fat diet. It was specifically
observed that postprandial inflammation was induced
by NF-kB-mediated increases in IL-6 and TNF-q, as evi-
denced by the overexpression of pro-inflammatory genes
CXCL2 in adipocytes [9]. Furthermore, adipose tissue
and peripheral blood mononuclear cells (PBMC) in obese
persons demonstrate heightened expression of inflam-
mation-associated genes, notably with increased levels of
CXCL2 in both adipocytes and PBMC within the obese
demographic [128]. Obese mice subjected to a high-fat
diet exhibited an elevated risk of wound inflammation
[129, 130]. Adipocytes facilitate the secretion of pro-
inflammatory cytokines, including IL-6, CXCL2, mono-
cyte chemotactic protein-1 (MCP-1), and C-reactive
protein (CRP). Genetically obese (ob/ob) mice exhibit
upregulation of adipocyte differentiation-associated
transcription factors, including KLF-5 and peroxisome
proliferator-activated CXCL2, in isolated subcutaneous
adipose tissue. These data align with the heightened lev-
els of CXCL2 in in vitro-differentiated 3T3-L1 adipocytes
[131], indicating a strong association between inflamma-
tion in obese adipose tissues and CXCL2. Furthermore,
virgin olive oil (VOO) has been shown to downregulate
genes in the NF-kB pathway and specifically diminish
the expression of certain inflammatory genes, including
CXCL2 [128]. Nonetheless, obesity is associated with
the activation of inflammasomes and modified intestinal
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Vascular inflammatio \/
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/ /i Methotrexate
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Fig. 4 The function of CXCL2 in the modulation of atherosclerosis. In atherosclerosis, NETs enhance neutrophil recruitment through the up-regulation
of CXCL2 expression; the down-regulation of IL-17 A or IL-17RA expression diminishes CXCL2 expression; UDP exacerbates vascular inflammation by
inducing CXCL2 expression; GYY4137 and methotrexate decrease CXCL2 expression and mitigate vascular inflammation; myocardial can suppress CXCL2
expression and alleviate vascular endothelial inflammation; Mac-RapKO inhibits CXCL2 expression and impedes the progression of atherosclerosis
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Table 2 The key research about the correlation between CXCL2
and atherosclerosis, diabetes, obesity, myocardial infarction, and
ischemic stroke
Disease name

Reference
[132]

Role and mechanism

UDP binds to P2Y6 and propagates
atherosclerosis by inducing the ex-
pression of chemokines CXCL2
Macrophages and b-cells produce the
chemokines CXCL2, recruiting CXCR2
expressing neutrophils from the blood
to the pancreatic islets. Using CXCR2
antagonist dampens the diabetogenic
T-cell response and the later develop-
ment of autoimmune diabetes

Oral administration of rosiglitazone

to wounded obese mice significantly
changed subcutaneous adipocyte
morphology, reduced wound CXCL2
and Cox-2 expression and improved
tissue regeneration

Nampt inhibition dampen CXCL2-
induced neutrophil recruitment and
thereby reduce neutrophilic inflam-
mation- and oxidative stress-mediated
tissue damage in early phases of re-
perfusion after a myocardial infarction
Single administration of Evasin-3 dur-
ing myocardial ischemia significantly
reduced infract size by preventing
CXCL2-induced neutrophil recruit-
ment and reactive oxygen species
production in myocardial ischemia/
reperfusion

Atherosclerosis

Diabetes [133]

Obesity (131

Myocardial [134]

Infarction

Ischemic [135]

Stroke

permeability, so the possibility for managing obesity and
its comorbidities via CXCL2 requires comprehensive
investigation.

CXCL2’s role in inflammation has been documented
in numerous studies, with Table 2 enumerating the key
research on the association between CXCL2 and athero-
sclerosis, diabetes, obesity, myocardial infarction, and
ischemic stroke.

Challenges and opportunities in targeting CXCL2
therapeutically

While the existing literature provides a comprehensive
understanding of CXCL2’s roles in cancer and inflam-
matory diseases, several critical questions remain unan-
swered. The dual roles of CXCL2 in tumor progression
and suppression, as well as its diverse functions in differ-
ent inflammatory contexts, highlight the complexity of
targeting this chemokine therapeutically. In the following
section, we will discuss the challenges and opportunities
associated with targeting CXCL2, emphasizing the need
for novel strategies and future research directions.
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Current therapeutic strategies

The CXCL2/CXCR2 axis has emerged as a promising
target for both cancer and inflammatory diseases due
to its critical roles in promoting tumor progression and
chronic inflammation. Current therapeutic strategies
primarily focus on inhibiting CXCR2, as it is a common
receptor for multiple ELR + CXC chemokines, including
CXCL2 [21, 22]. Several CXCR?2 antagonists have shown
potential in preclinical models and early-phase clinical
trials, demonstrating reduced tumor growth, metastasis,
and immune suppression [79].

Several inhibitors targeting the CXCL2/CXCR2 axis
have shown promise in preclinical studies. For example,
SB225002, a small-molecule CXCR2 antagonist, has
demonstrated significant anti-tumor effects in mouse
models of hepatocellular carcinoma by inhibiting neu-
trophil recruitment and tumor growth [136]. Similarly,
AZD5069, another CXCR2 inhibitor, has shown efficacy
in reducing neutrophil infiltration and improving out-
comes in models of chronic obstructive pulmonary dis-
ease (COPD) [137]. These findings highlight the potential
of CXCR?2 inhibitors as effective therapeutic agents.

Several clinical trials are currently underway to evalu-
ate the efficacy of CXCL2/CXCR2 inhibitors in various
diseases. For instance, a Phase I clinical trial of AZD5069
in patients with advanced solid tumors has shown pre-
liminary evidence of safety and tolerability, with some
patients experiencing stable disease or partial responses
[138]. Another ongoing trial is investigating the combina-
tion of SB225002 with standard chemotherapy in patients
with metastatic colorectal cancer, aiming to enhance
treatment efficacy by targeting the tumor microenvi-
ronment [139]. However, the therapeutic landscape for
CXCL2 remains underexplored, with limited direct tar-
geting of CXCL2 itself.

Challenges in targeting CXCL2

Compensatory mechanisms

One major challenge in targeting CXCL2 is the potential
for compensatory activation of other chemokines that
also bind to CXCR2. For instance, inhibiting CXCL2 may
lead to increased expression of CXCL1 or CXCLS8, which
can still activate CXCR2 signaling [4]. This redundancy
in the chemokine system complicates the development of
effective CXCL2-targeted therapies.

Dual roles in tumor biology

The dual roles of CXCL2 in tumor progression and sup-
pression pose another challenge. While CXCL2 gener-
ally promotes tumor growth and immune evasion, it may
also contribute to tumor suppression in specific contexts
[51]. This complexity requires a nuanced understanding
of the tumor microenvironment and the specific roles of
CXCL2 in different cancer types and stages.
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Heterogeneity in inflammatory diseases

In inflammatory conditions such as atherosclerosis, obe-
sity, and arthritis, CXCL2 drives neutrophil recruitment
and exacerbates chronic inflammation [9, 11, 122]. How-
ever, the diverse roles of CXCL2 in different inflamma-
tory settings highlight the need for targeted therapies
that can selectively modulate CXCL2 signaling without
disrupting essential immune functions.

Limited clinical data

Despite preclinical evidence supporting the therapeu-
tic potential of CXCL2/CXCR2 inhibition, clinical trials
have been limited, and results have been mixed. Chal-
lenges in translating preclinical findings to clinical suc-
cess highlight the need for better biomarkers and patient
stratification strategies to identify those most likely to
benefit from CXCL2-targeted therapies [140].

Opportunities for future research

Future research should focus on developing selective
inhibitors that can specifically target CXCL2 without
affecting other chemokines. This approach may mini-
mize compensatory mechanisms and improve thera-
peutic efficacy [12]. Then, given the complex roles of
CXCL2 in cancer and inflammation, combination thera-
pies targeting CXCL2/CXCR2 alongside other pathways
(e.g., immune checkpoint inhibitors or anti-angiogenic
agents) may offer synergistic benefits. Preclinical stud-
ies have shown promising results in this direction [141].
Identifying biomarkers that predict response to CXCL2-
targeted therapies is crucial. These biomarkers could
help in patient stratification and personalized treatment
strategies, improving the success rate of clinical trials
[142]. Exploring CXCL2 in immune modulation may be
good research. The dual roles of CXCL2 in tumor biol-
ogy suggest that it may be possible to harness its tumor-
suppressive functions. Future research should explore the
mechanisms underlying CXCL2-mediated tumor sup-
pression and identify ways to enhance these effects thera-
peutically [51]. In inflammatory conditions, targeting
CXCL2 may offer a novel approach to modulating neu-
trophil recruitment and reducing chronic inflammation.
Future studies should focus on understanding the specific
roles of CXCL2 in different inflammatory diseases and
developing targeted therapies to mitigate its pro-inflam-
matory effects [9, 11].

Novel hypotheses

We hypothesize that CXCL2 may act as a context-depen-
dent tumor suppressor in certain genetic backgrounds or
microenvironments. Future studies should investigate the
specific conditions under which CXCL2 exerts tumor-
suppressive effects and identify potential therapeutic
strategies to exploit this duality [51]. Another hypothesis
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is that CXCL2 may play a critical role in immune-evasion
mechanisms in certain tumors. Targeting CXCL2 in com-
bination with immunotherapies may enhance immune
surveillance and improve patient outcomes [141]. Given
the role of CXCL2 in obesity-related inflammation, we
propose that targeting CXCL2 may offer therapeutic
benefits in metabolic diseases. Future research should
explore the potential of CXCL2 inhibitors in modulating
metabolic inflammation and improving insulin sensitivity
[9].

In summary, the CXCL2/CXCR2 axis represents a
promising therapeutic target with potential applications
in cancer and inflammatory diseases. Ongoing clinical
trials and preclinical studies continue to explore the full
potential of this pathway, paving the way for novel and
effective treatment strategies.

Discussion

CXCL2, a pivotal chemokine within the tumor microen-
vironment, is produced by both tumor parenchymal and
mesenchymal cells. It plays a crucial role in modulating
the interactions between these cells, thereby influencing
tumor progression. CXCL2 activates key intracellular sig-
naling pathways, including ERK/MAPK, PI3K/AKT, and
JAK2/STAT3, which collectively drive cell survival, motil-
ity, and metastasis. Given its multifaceted role in tumor
biology, the CXCL2/CXCR?2 signaling axis is emerging
as a promising therapeutic target for both cancer and
inflammatory diseases.

In the context of cancer pathogenesis, inflammation
is increasingly recognized as a driving force that sig-
nificantly impacts tumor development and disease pro-
gression [143]. Local immune responses and systemic
inflammatory processes can profoundly influence the
clinical presentation and prognosis of cancer patients. In
this regard, CXCL2-mediated inflammatory signaling is
particularly noteworthy. By orchestrating the recruitment
of immune cells and promoting an immunosuppressive
microenvironment, CXCL2 contributes to tumor growth
and malignant transformation [122, 144]. This highlights
the potential of CXCL2 as a therapeutic target for dis-
rupting the tumor-promoting inflammatory milieu.

Current therapeutic strategies targeting the CXCL2/
CXCR2 pathway predominantly focus on inhibiting
CXCR2, rather than directly suppressing CXCL2 synthe-
sis or secretion. This approach is informed by the com-
pensatory activation of alternative chemokine ligands
within CXCR2 signaling, which suggests that target-
ing the receptor may offer broader therapeutic benefits.
However, despite growing interest in the CXCL family
of chemokines, research specifically targeting CXCL2
remains limited. This gap in knowledge underscores the
need for further investigation into the precise role of
CXCL2 in tumorigenesis and its underlying molecular
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mechanisms. While it is established that CXCL2 levels
are elevated in various cancers, including breast, colon,
and stomach cancers, and correlate with poor prognosis,
the detailed mechanisms through which CXCL2 exerts
its effects remain unclear. Additionally, the biological ori-
gin of CXCL2, its functions within the tumor microenvi-
ronment, and its interactions with immune cells require
further elucidation. Understanding the upstream regula-
tory mechanisms, particularly the transcription factors
that control CXCL2 expression, will be crucial for devel-
oping targeted therapies.

Beyond cancer, CXCL2 is a multifunctional chemo-
kine that plays a significant role in the body’s inflamma-
tory response. Its involvement in various inflammatory
diseases highlights its potential as a therapeutic target
in these contexts as well. Future research should focus
on unraveling the diverse mechanisms of CXCL2 action
and developing intervention strategies that target CXCL2
or its associated signaling pathways. This will not only
enhance therapeutic outcomes but also improve the qual-
ity of life for patients suffering from inflammatory dis-
orders. Moreover, considering the connections between
CXCL2 and other signaling pathways will be essential for
formulating comprehensive therapeutic strategies.

In summary, the CXCL2/CXCR2 pathway holds sig-
nificant promise for targeted cancer treatments and the
management of inflammatory diseases. By disrupting
the CXCL2-mediated inflammatory and tumorigenic
processes, we may be able to halt early tumor growth,
mitigate chronic inflammation, and ultimately improve
patient outcomes. Further exploration of the CXCL2 sig-
naling axis will undoubtedly contribute to both the theo-
retical understanding and clinical application of these
diseases.

Author contributions

YHL: Writing - original draft, Writing - review & editing. CZC: Writing - original
draft. MMH: Writing - original draft. CFT: Writing - original draft. FYS: Writing
- original draft. SJF: Writing - original draft. MMX: Writing - original draft. ZYZ:
Writing - original draft. HYZ: Writing - original draft. WS: Conceptualization,
Visualization, Writing - review & editing. JTZ: Supervision, Visualization,
Writing- original draft, Writing - review & editing. All authors read and
approved the final manuscript.

Funding

This work was supported by Henan Province Young and Middle-aged Health
Science and Technology Innovation Talent Project (No. YXKC2021044),
Henan Province University Science and Technology Innovation Team (No.
25IRTSTHNO35), Xinxiang Medical University Graduate Student Research and
Innovation Support Program (No. YJSCX202422Y), and Joint Construction
Project of Henan Medical Science and Technology Research Plan (No.
LHGJ20240509).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics and Consent to participate
Not applicable.

Page 12 of 15

Informed consent
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 1 January 2025 / Accepted: 26 March 2025
Published online: 07 April 2025

References

1. Hanahan D, Coussens LM. Accessories to the crime: functions of cells
recruited to the tumor microenvironment. Cancer Cell. 2012;21:309-22.

2. Pitt JM, Marabelle A, Eggermont A, Soria J-C, Kroemer G, Zitvogel L. Targeting
the tumor microenvironment: removing obstruction to anticancer immune
responses and immunotherapy. Ann Oncol. 2016;27:1482-92.

3. Mollica Poeta V, Massara M, Capucetti A, Bonecchi R. Chemokines and che-
mokine receptors: new targets for cancer immunotherapy. Front Immunol.
2019;10:379.

4. BaoY,Tong C, Xiong X. CXCL3: A key player in tumor microenvironment and
inflammatory diseases. Life Sci. 2024;348:122691.

5. Nagarsheth N, Wicha MS, Zou W. Chemokines in the cancer microenviron-
ment and their relevance in cancer immunotherapy. Nat Rev Immunol.
2017,17:559-72.

6. Jia S-N,Han Y-B, Yang R, Yang Z-C. Chemokines in colon cancer progression.
Sem Cancer Biol. 2022,86:400-7.

7. Lou N, Lennard Richard ML, Yu J, Kindy M, Zhang XK. The Fli-1 transcription
factor is a critical regulator for controlling the expression of chemokine C-X-C
motif ligand 2 (CXCL2). Mol Immunol. 2017;81:59-66.

8. Goodla L, Xue X. The role of inflammatory mediators in colorectal cancer
hepatic metastasis. Cells. 2022;11:2313.

9. Murioz A, Costa M. Nutritionally mediated oxidative stress and inflammation.
Oxidative Med Cell Longev. 2013;2013:1-11.

10.  Butcher MJ, Gjurich BN, Phillips T, Galkina EV. The IL-17A/IL-17RA axis plays
a proatherogenic role via the regulation of aortic myeloid cell recruitment.
Circul Res. 2012;110:675-87.

11. Anzai A, Shimoda M, Endo J, Kohno T, Katsumata Y, Matsuhashi T, et al. Adven-
titial CXCL1/G-CSF expression in response to acute aortic dissection triggers
local neutrophil recruitment and activation leading to aortic rupture. Circul
Res. 2015;116:612-23.

12. Zhou C, GaoY, Ding P Wu T, Ji G. The role of CXCL family members in different
diseases. Cell Death Discov. 2023;9:212.

13. Williams SA, Schwarzbauer JE. A Shared Mechanism of Adhesion Modulation
for Tenascin-C and Fibulin-1. Ginsberg MH, editor. MBoC. 2009;20:1141-9.

14.  Wolpe SD, Sherry B, Juers D, Davatelis G, Yurt RW, Cerami A. Identification and
characterization of macrophage inflammatory protein 2. Proc Natl Acad Sci
USA. 1989,86:612-6.

15.  lida N, Grotendorst GR. Cloning and sequencing of a new Gro transcript from
activated human monocytes: expression in leukocytes and wound tissue.
Mol Cell Biol. 1990;10:5596-9.

16.  Kim D-S, Ho Han J, Kwon H-J. NF-kB and c-Jun-dependent regulation of mac-
rophage inflammatory protein-2 gene expression in response to lipopolysac-
charide in RAW 264.7 cells. Mol Immunol. 2003;40:633-43.

17. GirblT, LennT, Perez L, Rolas L, Barkaway A, Thiriot A, et al. Distinct compart-
mentalization of the chemokines CXCL1 and CXCL2 and the atypical receptor
ACKR1 determine discrete stages of neutrophil diapedesis. Immunity.
2018;49:1062-e10766.

18. VinaderV, Afarinkia K. The emerging role of CXC chemokines and their recep-
tors in cancer. Future Med Chem. 2012;4:853-67.

19. Murphy PM, McDermott D. Functional expression of the human formyl pep-
tide receptor in xenopus oocytes requires a complementary human factor. J
Biol Chem. 1991,266:12560-7.

20. Ahuja SK, Shetty A, Tiffany HL, Murphy PM. Comparison of the genomic
organization and promoter function for human interleukin-8 receptors A and
B. J Biol Chem. 1994,269:26381-9.

21. TangW, Li Z, Li X, Huo Z. High CXCR2 expression predicts poor prognosis
in adult patients with acute myeloid leukemia. Therapeutic Adv Hematol.
2020;11:204062072095858.

22. XuH, Lin F,Wang Z,Yang L, Meng J, Ou Z, et al. CXCR2 promotes breast can-
cer metastasis and chemoresistance via suppression of AKT1 and activation
of COX2. Cancer Lett. 2018;412:69-80.



Lv et al. Cancer Cell International

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

(2025) 25:133

Zhao J, Ou B, Feng H, Wang P.Yin S, Zhu C, et al. Overexpression of CXCR2
predicts poor prognosis in patients with colorectal cancer. Oncotarget.
2017;8:28442-54.

Sui P Hu P, Zhang T, Zhang X, Liu Q, Du J. High expression of CXCR-2 cor-
relates with lymph node metastasis and predicts unfavorable prognosis in
resected esophageal carcinoma. Med Oncol. 2014;31:809.

Kasashima H, Yashiro M, Nakamae H, Masuda G, Kinoshita H, Morisaki T et al.
A Ahmad editor 2017 Clinicopathologic significance of the CXCL1-CXCR2
axis in the tumor microenvironment of gastric carcinoma. PLoS ONE 12
e0178635.

Wang Z, Liu H, Shen Z, Wang X, Zhang H, Qin J, et al. The prognostic value of
CXC-chemokine receptor 2 (CXCR2) in gastric cancer patients. BMC Cancer.
2015;15:766.

Sueoka H, Hirano T, Uda Y, limuro Y, Yamanaka J, Fujimoto J. Blockage of
CXCR2 suppresses tumor growth of intrahepatic cholangiocellular carcinoma.
Surgery. 2014;155:640-9.

Han L, Jiang B, Wu H, Wang X, Tang X, Huang J, et al. High expression of
CXCR2 is associated with tumorigenesis, progression, and prognosis of laryn-
geal squamous cell carcinoma. Med Oncol. 2012;29:2466-72.

Saintigny P, Massarelli E, Lin S, Ahn Y-H, ChenY, Goswami S, et al. CXCR2
expression in tumor cells is a poor prognostic factor and promotes invasion
and metastasis in lung adenocarcinoma. Cancer Res. 2013;73:571-82.

Weil, LiuY,MaY, Ding C, Zhang H, Lu Z, et al. C-X-C chemokine receptor 2
correlates with unfavorable prognosis and facilitates malignant cell activities
via activating JAK2/STAT3 pathway in non-small cell lung cancer. Cell Cycle.
2019;18:3456-71.

Yang G, Rosen DG, Liu G, Yang F, Guo X, Xiao X, et al. CXCR2 promotes ovarian
cancer growth through dysregulated cell cycle, diminished apoptosis, and
enhanced angiogenesis. Clin Cancer Res. 2010;16:3875-86.

Henriques TB, Dos Santos DZ, Dos Santos Guimaraes |, Tessarollo NG, Lyra-
Junior PCM, Mesquita P, et al. Inhibition of CXCR2 plays a pivotal role in
re-sensitizing ovarian cancer to cisplatin treatment. Aging. 2021;13:13405-20.
Jiang W, Li'Y, Li Z-Z, Sun J, Li J-W, Wei W, et al. Chronic restraint stress
promotes hepatocellular carcinoma growth by mobilizing Splenic myeloid
cells through activating B-adrenergic signaling. Brain Behav Immun.
2019;80:825-38.

Liu X, Tian F, Cui J, Gong L, Xiang L, Fan B, et al. CUL4B functions as a tumor
suppressor in KRAS-driven lung tumors by inhibiting the recruitment of
myeloid-derived suppressor cells. Oncogene. 2023;42:3113-26.

Harrison PW, Amode MR, Austine-Orimoloye O, Azov AG, Barba M, Barnes |, et
al. Ensembl 2024. Nucleic Acids Res. 2024;52:D0891-9.

The UniProt Consortium, Bateman A, Martin M-J, Orchard S, Magrane M,
Ahmad S, et al. UniProt: the universal protein knowledgebase in 2023. Nucleic
Acids Res. 2023;51:0523-31.

Xie Y, Li H, Luo X, Li H, Gao Q, Zhang L, et al. IBS 2.0: an upgraded illustrator for
the visualization of biological sequences. Nucleic Acids Res. 2022;50:W420-6.
Abramson J, Adler J, Dunger J, Evans R, Green T, Pritzel A, et al. Accurate
structure prediction of biomolecular interactions with alphafold 3. Nature.
2024,630:493-500.

Ma, Zhao H, ShiY, Cheng M. MicroRNA -532-5p is a prognostic marker and
inhibits the aggressive phenotypes of osteosarcoma through targeting
CXCL2. Kaohsiung J Med Scie. 2020;36:885-94.

Burke SJ, Lu D, Sparer TE, Masi T, Goff MR, Karlstad MD, et al. NF-kB and STAT1
control CXCL1 and CXCL2 gene transcription. Am J Physiology-Endocrinol-
ogy Metabolism. 2014;306:E131-49.

Heinrich B, Korangy F. Plasticity of innate lymphoid cells in cancer. Front
Immunol. 2022;13:886520.

Xu X, Yel, Zhang Q Shen H, Li S, Zhang X, et al. Group-2 innate lymphoid
cells promote HCC progression through CXCL2-Neutrophil-Induced immu-
nosuppression. Hepatology. 2021;74:2526-43.

Zeng Z, Li Z, Xue J, Xue H, Liu Z, Zhang W, et al. KDM4C Silencing inhibits cell
migration and enhances radiosensitivity by inducing CXCL2 transcription in
hepatocellular carcinoma. Cell Death Discov. 2023,9:137.

ChanY,Tan H, LuY, Zhang C, Cheng C, Wu J, et al. Pancreatic melatonin
enhances anti-tumor immunity in pancreatic adenocarcinoma through
regulating tumor-associated neutrophils infiltration and NETosis. Acta Pharm
Sinica B. 2023;13:1554-67.

Shen J,Wang R, ChenY, Fang Z, Tang J, Yao J, et al. Prognostic significance
and mechanisms of CXCL genes in clear cell renal cell carcinoma. Aging.
2023;15:7974-96.

46.

47.

48.

49.

50.

5T

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

67.

Page 13 of 15

Zhang J, Hou W, Zuo J, Huang Z, Ding X, Bu X. CXCL2 acts as a prognostic bio-
marker and associated with immune infiltrates in stomach adenocarcinoma.
Medicine. 2022;101:€31096.

Kogan-Sakin I, Cohen M, Paland N, Madar S, Solomon H, Molchadsky A, et al.
Prostate stromal cells produce CXCL-1, CXCL-2, CXCL-3 and IL-8 in response to
epithelia-secreted IL-1. Carcinogenesis. 2009;30:698-705.

JinZ,Yao J, Xie N, Cai L, Qi S, Zhang Z, et al. Melittin constrains the expres-
sion of identified key genes associated with bladder cancer. J Immunol Res.
2018;2018:5038172.

JiH-Z, Liu B, Ren M, Li S, Zheng J-F, Liu T-Y, et al. The CXCLs-CXCR2 axis modu-
lates the cross-communication between tumor-associated neutrophils and
tumor cells in cervical cancer. Expert Rev Clin Immunol. 2024;20:559-69.
Zhou C, He X, Tong C, Li H, Xie C, Wu Y, et al. Cancer-associated adipocytes
promote the invasion and metastasis in breast cancer through LIF/CXCLs
positive feedback loop. Int J Biol Sci. 2022;18:1363-80.

Tsao D-A, Chang H-J, Lin C-Y, Hsiung S-K, Huang S-E, Ho S-Y, et al. Gene
expression profiles for predicting the efficacy of the anticancer drug 5-fluoro-
uracil in breast cancer. DNA Cell Biol. 2010;29:285-93.

Liu K, Lai M, Wang S, Zheng K, Xie S, Wang X. Construction of a CXC Chemo-
kine-Based prediction model for the prognosis of colon cancer. Biomed Res
Int. 2020,2020:1-12.

Luo X, Tai J, ZhaoY, Zhao P, Sun D, Wang L. Associations of C-X-C motif che-
mokine ligands 1/2/8/13/14 with clinicopathological features and survival
profile in patients with colorectal cancer. Oncol Lett. 2022,24:348.

Lepsenyi M, Algethami N, Al-Haidari AA, Algaber A, Syk |, Rahman M, et al.
CXCL2-CXCR2 axis mediates AV integrin-dependent peritoneal metastasis of
colon cancer cells. Clin Exp Metastasis. 2021;38:401-10.

Chen M, Baskaran R, Lee N, Hsu H, Ho T, Tu C, et al. CXCL2/CXCR2 axis induces
cancer stem cell characteristics in CPT-11-resistant LoVo colon cancer cells via
Gai-2 and Gag/11. J Cell Physiol. 2019;234:11822-34.

Omran TA, Tunsje HS, Jahanlu D, Brackmann SA, Bemanian V, Seether PC.
Decoding immune-related gene-signatures in colorectal neoplasia. Front
Immunol. 2024;15:1407995.

Bao Z,Zeng W, Zhang D, Wang L, Deng X, Lai J, et al. SNAIL induces EMT and
lung metastasis of tumours secreting CXCL2 to promote the invasion of
M2-Type immunosuppressed macrophages in colorectal cancer. Int J Biol Sci.
2022;18:2867-81.

Lugli A, Kirsch R, Ajioka Y, Bosman F, Cathomas G, Dawson H et al. Recom-
mendations for reporting tumor budding in colorectal cancer based on the
International Tumor Budding Consensus Conference (ITBCC) 2016. Modern
Pathology. 2017;30:1299-311.

Dawson H, Galuppini F, Trager P, Berger MD, Studer P, Briigger L et al.
Validation of the International Tumor Budding Consensus Conference 2016
recommendations on tumor budding in stage I-IV colorectal cancer. Human
Pathology. 2019;85:145-51.

Graham RP, Vierkant RA, Tillmans LS, Wang AH, Laird PW, Weisenberger DJ,

et al. Tumor budding in colorectal carcinoma: confirmation of prognostic
significance and histologic cutoff in a Population-based cohort. Am J Surg
Pathol. 2015;39:1340-6.

Mitrovic B, Schaeffer DF, Riddell RH, Kirsch R. Tumor budding in colorectal
carcinoma: time to take notice. Mod Pathol. 2012;25:1315-25.

Guil-Luna S, Mena R, Navarrete-Sirvent C, Lopez-Sanchez LM, Khouadri K,
Toledano-Fonseca M, et al. Association of tumor budding with immune eva-
sion pathways in primary colorectal cancer and Patient-Derived xenografts.
Front Med (Lausanne). 2020;7:264.

Wang K, Li R, Zhang Y, Qi W, Fang T, Yue W, et al. Prognostic significance and
therapeutic target of CXC chemokines in the microenvironment of lung
adenocarcinoma. Int J Gen Med. 2022;15:2283-300.

Gu L, YaoY, Chen Z. An inter-correlation among chemokine (C-X-C motif)
ligand (CXCL) 1, CXCL2 and CXCL8, and their diversified potential as biomark-
ers for tumor features and survival profiles in non-small cell lung cancer
patients. Transl Cancer Res. 2021;10:748-58.

Inoue C, Miki Y, Saito R, Hata S, Abe J, Sato | et al. PD-L1 induction by Cancer-
Associated Fibroblast-Derived factors in lung adenocarcinoma cells. Cancers
(Basel). 2019;11.

Matsuo N, Azuma K, Hattori S, Ohtake J, Kawahara A, Ishii H, et al. Associa-
tion between soluble immune mediators and tumor responses in patients
with nonsmall cell lung cancer treated with anti-PD-1 inhibitor. Int J Cancer.
2019;144:1170-9.

Zhai C, Liu B, Kan F, Zhai S, Zhang R. MicroRNA-27a-3p regulates the prolif-
eration and chemotaxis of pulmonary macrophages in non-small cell lung
carcinoma tissues through CXCL2. Oncol Lett. 2023;26:492.



Lv et al. Cancer Cell International

68.

69.

70.

72.

73.

74.

75.

76.

77.

78.

79.

80.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

(2025) 25:133

La'ah AS, Tsai P-H, Yarmishyn AA, Ching L-J, Chen C-Y, Chien Y et al.
Neutrophils Recruited by NKX2-1 Suppression via Activation of CXCLs/
CXCR2 Axis Promote Lung Adenocarcinoma Progression. Adv Sci (Weinh).
2024;22400370.

Lu J, XuW, Qian J,Wang S, Zhang B, Zhang L, et al. Transcriptome profiling
analysis reveals that CXCL2 is involved in anlotinib resistance in human lung
cancer cells. BMC Med Genomics. 2019;12:38.

Andre F, Berrada N, Desmedt C. Implication of tumor microenvironment in
the resistance to chemotherapy in breast cancer patients. Curr Opin Oncol.
2010;22:547-51.

Orimo A, Gupta PB, Sgroi DC, Arenzana-Seisdedos F, Delaunay T, Naeem R, et
al. Stromal fibroblasts present in invasive human breast carcinomas promote
tumor growth and angiogenesis through elevated SDF-1/CXCL12 secretion.
Cell. 2005;121:335-48.

Polyak K, Hahn WC. Roots and stems: stem cells in cancer. Nat Med.
2006;12:296-300.

Dwivedi A, Kiely PA, Hoey DA. Mechanically stimulated osteocytes promote
the proliferation and migration of breast cancer cells via a potential CXCL1/2
mechanism. Biochem Biophys Res Commun. 2021;534:14-20.

Lai Y-W, Liu Z-W, Lin M-H, Yang C-C, Chu C-Y, Chung C-H et al. Melatonin
increases Olaparib sensitivity and suppresses cancer-associated fibroblast
activation via suppressing the LAMB3-CXCL2 axis in TNBC. Pharmacol Res.
2024;107429.

Dirat B, Bochet L, Dabek M, Daviaud D, Dauvillier S, Majed B, et al. Cancer-
Associated adipocytes exhibit an activated phenotype and contribute to
breast cancer invasion. Cancer Res. 2011;71:2455-65.

Wang Y-Y, Lehuédé C, Laurent V, Dirat B, Dauvillier S, Bochet L, et al. Adipose
tissue and breast epithelial cells: A dangerous dynamic duo in breast cancer.
Cancer Lett. 2012;324:142-51.

Yamaguchi J, Ohtani H, Nakamura K, Shimokawa |, Kanematsu T. Prognostic
impact of marginal adipose tissue invasion in ductal carcinoma of the breast.
Am J Clin Pathol. 2008;130:382-8.

Rybinska I, Agresti R, Trapani A, Tagliabue E, Triulzi T. Adipocytes in breast
cancer, the Thick and the thin. Cells. 2020;9:560.

Wang F, Yuan C, Wu H-Z, Liu B, Yang Y-F, Bioinformatics. Molecular Docking
and experiments in vitro analyze the prognostic value of CXC chemokines in
breast cancer. Front Oncol. 2021;11:665080.

Pan YC, Nishikawa T, Chang CY, Tai JA, Kaneda Y. CXCL2 combined with HVJ-E
suppresses tumor growth and lung metastasis in breast cancer and enhances
anti-PD-1 antibody therapy. Mol Ther Oncolytics. 2021;20:175-86.

Han K-Q, Han H, He X-Q, Wang L, Guo X-D, Zhang X-M, et al. Chemokine
CXCL1 May serve as a potential molecular target for hepatocellular carci-
noma. Cancer Med. 2016;5:2861-71.

Li'Y,Wang Y, Zhang P. Clinical significance of serum expression of GROB in
hepatocellular carcinoma. Tumour Biol. 2015;36:6445-9.

Liu L, Sun H,Wu S, Tan H, Sun Y, Liu X, et al. IL-17A promotes CXCR2-
dependent angiogenesis in a mouse model of liver cancer. Mol Med Rep.
2019;20:1065-74.

LuY,Li'S,Ma L, LiY, Zhang X, Peng Q, et al. Type conversion of secretomes

in a 3D TAM2 and HCC cell co-culture system and functional importance of
CXCL2 in HCC. Sci Rep. 2016;6:24558.

Song X, Wang Z, Jin Y, Wang Y, Duan W. Loss of miR-532-5p in vitro promotes
cell proliferation and metastasis by influencing CXCL2 expression in HCC. Am
JTransl Res. 2015;7:2254-61.

Peng Z-P, Jiang Z-Z, Guo H-F, Zhou M-M, Huang Y-F, Ning W-R, et al. Glycolytic
activation of monocytes regulates the accumulation and function of neutro-
phils in human hepatocellular carcinoma. J Hepatol. 2020;73:906-17.

Wang T, ZhouY, Zhou Z, Zhang P, Yan R, Sun L, et al. Secreted protease
PRSS35 suppresses hepatocellular carcinoma by disabling CXCL2-mediated
neutrophil extracellular traps. Nat Commun. 2023;14:1513.

Wang H-C, Haung L-Y, Wang C-J, Chao Y-J, Hou Y-C, Yen C-J, et al. Tumor-asso-
ciated macrophages promote resistance of hepatocellular carcinoma cells
against Sorafenib by activating CXCR2 signaling. J Biomed Sci. 2022,29:99.
Deng H, Kan A, Lyu N, He M, Huang X, Qiao S et al. Tumor-derived lactate
inhibit the efficacy of lenvatinib through regulating PD-L1 expression on
neutrophil in hepatocellular carcinoma. J Immunother Cancer. 2021;9.
Zhang J, Hou W, Zuo J, Huang Z, Ding X, Bu X. CXCL2 acts as a prognostic bio-
marker and associated with immune infiltrates in stomach adenocarcinoma.
Med (Baltim). 2022;101:231096.

Kasashima H, Yashiro M, Nakamae H, Kitayama K, Masuda G, Kinoshita H,

et al. CXCL1-Chemokine (C-X-C Motif) receptor 2 signaling stimulates the

92.

93.

94.

95.

96.

97.

98.

99.

100.

102.

104.

106.

108.

109.

111

113.
114.

Page 14 of 15

recruitment of bone Marrow-Derived mesenchymal cells into Diffuse-Type
gastric cancer stroma. Am J Pathol. 2016;186:3028-39.

Chen X, Chen R, Jin R, Huang Z. The role of CXCL chemokine family in

the development and progression of gastric cancer. Int J Clin Exp Pathol.
2020;13:484-92.

Natsume M, Shimura T, Iwasaki H, Okuda Y, Hayashi K, Takahashi S, et al.
Omental adipocytes promote peritoneal metastasis of gastric cancer through
the CXCL2-VEGFA axis. Br J Cancer. 2020;123:459-70.

Saxena S, Molczyk C, Purohit A, Ehrhorn E, Goel P, Prajapati DR, et al. Differen-
tial expression profile of CXC-receptor-2 ligands as potential biomarkers in
pancreatic ductal adenocarcinoma. Am J Cancer Res. 2022;12:68-90.

Zhang F, Jiang J, Xu B, Xu Y, Wu C. Over-expression of CXCL2 is associ-

ated with poor prognosis in patients with ovarian cancer. Med (Baltim).
2021;100:224125.

Zhou D, Li Z, Bai X. BRAF V600E and RET/PTC promote the activity of nuclear
Factor-kB, inflammatory mediators, and lymph node metastasis in papillary
thyroid carcinoma: A study of 50 patients in inner Mongolia. Med Sci Monit.
2018;24:6795-808.

Urbantat RM, Blank A, Kremenetskaia |, Vajkoczy P, Acker G, Brandenburg S.
The CXCL2/IL8/CXCR2 pathway is relevant for brain tumor malignancy and
endothelial cell function. Int J Mol Sci. 2021;22.

LinT, Zhang E, Mai P, Zhang Y, Chen X, Peng L. CXCL2/10/12/14 are prog-
nostic biomarkers and correlated with immune infiltration in hepatocellular
carcinoma. Biosci Rep. 2021;41:BSR20204312.

ChenY, Zhong Z, Deng Y, Lu Y, Qin X. M2 tumor-associated macrophages
and CXCL2 induce lipid remodeling in hepatocellular carcinoma cell lines.
Biomed Chromatogr. 2024;38:€5837.

Pan YC, Nishikawa T, Chang CY, Tai JA, Kaneda Y. CXCL2 combined with HVJ-E
suppresses tumor growth and lung metastasis in breast cancer and enhances
anti-PD-1 antibody therapy. Mol Therapy - Oncolytics. 2021;20:175-86.

. LiuK, Lai M, Wang S, Zheng K, Xie S, Wang X. Construction of a CXC Chemo-

kine-Based prediction model for the prognosis of colon cancer. Biomed Res
Int. 2020,2020:6107865.

Chen M-C, Baskaran R, Lee N-H, Hsu H-H, Ho T-J, Tu C-C, et al. CXCL2/CXCR2
axis induces cancer stem cell characteristics in CPT-11-resistant LoVo colon
cancer cells via Gai-2 and Gag/11. J Cell Physiol. 2019;234:11822-34.

. ShenT,Yang Z Cheng X, Xiao Y, Yu K, Cai X, et al. CXCL8 induces epithelial-

mesenchymal transition in colon cancer cells via the PI3K/Akt/NF-kB signal-
ing pathway. Oncol Rep. 2017;37:2095-100.

Shimizu M, Tanaka N. IL-8-induced O-GlcNAc modification via GLUT3 and
GFAT regulates cancer stem cell-like properties in colon and lung cancer cells.
Oncogene. 2019;38:1520-33.

. Xu Z,Wu R. Alteration in metastasis potential and gene expression in

human lung cancer cell lines by ITGB8 Silencing. Anat Rec (Hoboken).
2012;295:1446-54.

Raghuwanshi SK, Nasser MW, Chen X, Strieter RM, Richardson RM. Depletion
of beta-arrestin-2 promotes tumor growth and angiogenesis in a murine
model of lung cancer. J Immunol. 2008;180:5699-706.

. Deng C, XuY, Chen H, Zhu X, Huang L, Chen Z, et al. Expression pattern and

prognostic significance of chemokines in breast cancer: an integrated bioin-
formatics analysis. Cell Rep. 2024;43:113751.

Rong G, Kang H, Wang Y, Hai T, Sun H. Candidate markers that associate with
chemotherapy resistance in breast cancer through the study on Taxotere-
induced damage to tumor microenvironment and gene expression profiling
of carcinoma-associated fibroblasts (CAFs). PLoS ONE. 2013;8:e70960.
Zhang, Sang R, Bao J, Jiang Z, Qian D, Zhou Y, et al. Schwann cell-derived
CXCL2 contributes to cancer pain by modulating macrophage infiltration in a
mouse breast cancer model. Brain Behav Immun. 2023;109:308-20.

. LinT, Zhang E, Mai P-P, Zhang Y-Z, Chen X, Peng L-S. CXCL2/10/12/14 are

prognostic biomarkers and correlated with immune infiltration in hepatocel-
lular carcinoma. Biosci Rep. 2021;41.

Wang YH, Huang JH, Tian ZF, Zhou YF, Yang J. The role of CXC cytokines as
biomarkers and potential targets in hepatocellular carcinoma. Math Biosci
Eng.2019;17:1381-95.

. Ma X, Cui M, Guo Y. Bioinformatics analysis of the association between obe-

sity and gastric cancer. Front Genet. 2024;15:1385559.

Weiss U. Inflamm Nat. 2008;454:427.

Noh J-R, Kim Y-H, Kim D-K, Hwang JH, Kim K-S, Choi D-H, et al. Small het-
erodimer partner negatively regulates C-X-C motif chemokine ligand 2 in
hepatocytes during liver inflammation. Sci Rep. 2018;8:15222.

. Neupane AS, Willson M, Chojnacki AK, Vargas E, Silva Castanheira

F, Morehouse C, Carestia A, et al. Patrolling alveolar macrophages



Lv et al. Cancer Cell International

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

(2025) 25:133

conceal bacteria from the immune system to maintain homeostasis. Cell.
2020;183:110-e12511.

. Greenberger MJ, Strieter RM, Kunkel SL, Danforth JM, Laichalk LL, McGil-

licuddy DC, et al. Neutralization of macrophage inflammatory Protein-2
attenuates neutrophil recruitment and bacterial clearance in murine Klebsi-
ella pneumonia. J Infect Dis. 1996;173:159-65.

. Fitch PM, Wheelhouse NM, Bowles P, Paterson M, Longbottom D, Entrican G,

et al. Ectopic lymphoid tissue formation in the lungs of mice infected with
Chlamydia pneumoniae is associated with epithelial macrophage inflamma-
tory protein-2/CXCL2 expression. Clin Exp Immunol. 2010;162:372-8.

. Hiramatsu K, Cui L, Kuwahara-Arai K. Has vancomycin-resistant Staphylococ-

cus aureus started going it alone? Lancet. 2004,364:565-6.

. Kim S-H, Hong J-H, Yang W-K, Geum J-H, Kim H-R, Choi S-Y, et al. Herbal com-

binational medication of glycyrrhiza glabra, agastache rugosa containing
glycyrrhizic acid, Tilianin inhibits neutrophilic lung inflammation by affecting
CXCL2, Interleukin-17/STAT3 signal pathways in a murine model of COPD.
Nutrients. 2020;12:926.

Kojima K, Asai K, Kubo H, Sugitani A, Kyomoto Y, Okamoto A, et al. Isoflavone
aglycones attenuate cigarette Smoke-Induced emphysema via suppres-

sion of neutrophilic inflammation in a COPD murine model. Nutrients.
2019;11:2023.

Ouyang S, Liu C, Xiao J, Chen X, Lui AC, Li X. Targeting IL-17A/glucocorticoid
synergy to CSF3 expression in neutrophilic airway diseases. JCl Insight.
2020;5:2132836.

Wang X, Sun L, He N, An Z, Yu R, Li C, et al. Increased expression of CXCL2 in
ACPA-positive rheumatoid arthritis and its role in osteoclastogenesis. Clin Exp
Immunol. 2021;203:194-208.

Nguyen CT, Furuya H, Das D, Marusina Al, Merleev AA, Ravindran R, et al.
Peripheral IO T cells regulate neutrophil expansion and recruitment in experi-
mental psoriatic arthritis. Arthritis Rheumatol. 2022;74:1524-34.

Volzke J, Schultz D, Kordt M, Miller M, Bergmann W, Methling K, et al. Inflam-
matory joint disease is a risk factor for Streptococcal sepsis and septic arthritis
in mice. Front Immunol. 2020;11:579475.

Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et
al. Global burden of cardiovascular diseases and risk factors, 1990-2019.J Am
Coll Cardiol. 2020;76:2982-3021.

Dorhoi A, lannaccone M, Farinacci M, Faé KC, Schreiber J, Moura-Alves P, et

al. MicroRNA-223 controls susceptibility to tuberculosis by requlating lung
neutrophil recruitment. J Clin Invest. 2013;123:4836-48.

Warnatsch A, loannou M, Wang Q, Papayannopoulos V. Neutrophil extracel-
lular traps license macrophages for cytokine production in atherosclerosis.
Science. 2015;349:316-20.

Rainone V, Schneider L, Saulle I, Ricci C, Biasin M, Al-Daghri NM, et al. Upregu-
lation of inflammasome activity and increased gut permeability are associ-
ated with obesity in children and adolescents. Int J Obes. 2016;40:1026-33.
Goren |, Kampfer H, Podda M, Pfeilschifter J, Frank S. Leptin and wound
inflammation in diabetic Ob/ob mice. Diabetes. 2003;52:2821-32.

Wetzler C, Kémpfer H, Stallmeyer B, Pfeilschifter J, Frank S. Large and
sustained induction of chemokines during impaired wound healing in

the genetically diabetic mouse: prolonged persistence of neutrophils

132.

136.

137.

139.

142.

143.

144,

Page 15 of 15

and macrophages during the late phase of repair. J Invest Dermatology.
2000;115:245-53.

. Siebert A, Goren |, Pfeilschifter J, Frank S. Anti-Inflammatory Effects of

Rosiglitazone in Obesity-Impaired Wound Healing Depend on Adipocyte
Differentiation. Sethi JK, editor. PLoS ONE. 2016;11:e0168562.

Stachon P, Peikert A, Michel NA, Hergeth S, Marchini T, Wolf D, et al. P2Y 4
deficiency limits vascular inflammation and atherosclerosis in mice. ATVB.
2014;34:2237-45.

. Goren |, Mller E, Schiefelbein D, Christen U, Pfeilschifter J, Muhl H, et

al. Systemic anti-TNFalpha treatment restores diabetes-impaired skin
repair in Ob/ob mice by inactivation of macrophages. J Invest Dermatol.
2007;127:2259-67.

. Montecucco F, Bauer |, Braunersreuther V, Bruzzone S, Akhmedov A, Lischer

TF, et al. Inhibition of nicotinamide phosphoribosyltransferase reduces
Neutrophil-Mediated injury in myocardial infarction. Antioxid Redox Signal.
2013;18:630-41.

. Nabah YNA, Mateo T, Estellés R, Mata M, Zagorski J, Sarau H, et al. Angiotensin

Il induces neutrophil accumulation in vivo through generation and release of
CXC chemokines. Circulation. 2004;110:3581-6.

Conche C, Finkelmeier F, Pesi¢ M, Nicolas AM, Bottger TW, Kennel KB, et

al. Combining ferroptosis induction with MDSC Blockade renders primary
tumours and metastases in liver sensitive to immune checkpoint Blockade.
Gut. 2023;72:1774-82.

Kirsten AM, Forster K, Radeczky E, Linnhoff A, Balint B, Watz H, et al. The safety
and tolerability of oral AZD5069, a selective CXCR2 antagonist, in patients
with moderate-to-severe COPD. Pulm Pharmacol Ther. 2015;31:36-41.

. De Soyza A, Pavord |, Elborn JS, Smith D, Wray H, Puu M, et al. A randomised,

placebo-controlled study of the CXCR2 antagonist AZD5069 in bronchiecta-
sis. Eur Respir J. 2015;46:1021-32.

ChengY, Mo F, Li Q Han X, Shi H, Chen S, et al. Targeting CXCR2 inhibits the
progression of lung cancer and promotes therapeutic effect of cisplatin. Mol
Cancer. 2021;20:62.

. Zou W, Restifo NP.T(H)17 cells in tumour immunity and immunotherapy. Nat

Rev Immunol. 2010;10:248-56.

. La'ah AS, Tsai P, Yarmishyn AA, Ching L, Chen C, Chien', et al. Neutrophils

recruited by NKX2-1 suppression via activation of CXCLs/CXCR2 axis promote
lung adenocarcinoma progression. Adv Sci. 2024;11:2400370.

Zhao H,Wu L, Yan G, ChenY, Zhou M, Wu Y, et al. Inflammation and tumor
progression: signaling pathways and targeted intervention. Sig Transduct
Target Ther. 2021,6:263.

Maru GB, Gandhi K, Ramchandani A, Kumar G. The role of inflammation in
skin cancer. Adv Exp Med Biol. 2014;816:437-69.

Coussens LM, Werb Z. Inflammation and cancer. Nature. 2002;420:860-7.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿CXCL2: a key player in the tumor microenvironment and inflammatory diseases
	﻿Abstract
	﻿Introduction
	﻿CXCL2 and its receptor CXCR2
	﻿Regulation and function of CXCL2
	﻿CXCR2: receptor dynamics
	﻿Pathophysiological roles

	﻿Regulation of CXCL2
	﻿The role of CXCL2 in cancer
	﻿Colorectal cancer
	﻿Lung cancer
	﻿Breast cancer
	﻿Liver cancer
	﻿Gastric cancer
	﻿CXCL2 and immune infiltration
	﻿Dual roles in tumor suppression and progression

	﻿The role of CXCL2 in inflammatory diseases
	﻿Lung inflammation
	﻿Osteoarthritis
	﻿Atherosclerosis
	﻿Obesity

	﻿Challenges and opportunities in targeting CXCL2 therapeutically
	﻿Current therapeutic strategies
	﻿Challenges in targeting CXCL2
	﻿Compensatory mechanisms
	﻿Dual roles in tumor biology
	﻿Heterogeneity in inflammatory diseases
	﻿Limited clinical data


	﻿Opportunities for future research
	﻿Novel hypotheses
	﻿Discussion
	﻿References


