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CCL5 promotes the proliferation and metastasis of bladder cancer
via the JAK2/STATS signaling pathway
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Background: Non-muscle invasive bladder cancer (NMIBC) is one of the most common malignant tumors
of the urinary system. There is an urgent need for further studies to elucidate the underlying mechanisms
of bladder cancer (BC) progression. It has been observed that C-C chemokine ligand 5 (CCL5) and its
receptor C-C chemokine receptor type 5 (CCRY) are expressed abnormally and activated in solid tumors and
hematological malignancies, which is gaining increasing attention. However, the underlying mechanism of
CCLS5 in BC remains unclear.

Methods: The expression levels of CCLS5 were analyzed by real-time polymerase chain reaction (RT-PCR)
and western blot. Proliferation analysis of cells was carried out using Cell Counting Kit-8 (CCK-8). The
assessment of the migration was conducted using a wound-healing assay. A Matrigel-coated transwell
chamber was used to test cell invasiveness. A subcutaneous transplantation tumor model and tail vein
injection pulmonary metastasis tumor model were used to evaluate the proliferation and metastasis of BC cell
in vivo.

Results: This study showed that CCLS5 promotes proliferative, migratory, and tumor-growing BC cells
in vitro and tumor metastasizing BC cells in vivo. Moreover, we found that the tumor-promotive role of
CCLS5 is dependent on activation of the JAK2/STAT3 signaling pathway.

Conclusions: CCL5 may play an oncogenic role in BC and may also serve as a potential diagnostic and

prognostic biomarker.
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Introduction

Urothelial carcinoma is one of the most common cancers of
the urinary system with an incidence of nearly 550,000 cases
annually and is attributable to around 200,000 deaths
annually (1-3). There are two types of bladder cancer (BC)
based on the depth of tumor invasion: non-muscle invasive
tumors, which account for approximately 70-80% of cases,
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and muscle-invasive tumors, which make up 20-30% of
cases. Non-muscle invasive bladder cancer (NMIBC) is a
type of BC that forms in the innermost lining of the bladder,
but does not invade the deeper layers of the bladder wall.
Although the primary tumor can be surgically resected,
rates of recurrence and metastasis remain high, especially in
advanced disease, leading to a poor prognosis and associated
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treatment challenges (4). In the past few decades, despite the
emergence of numerous novel treatments for advanced BC,
clinical benefits have remained limited (5-9). Therefore,
further clarification regarding specific mechanisms of BC
metastasis and recurrence and exploration of more effective
therapeutic targets remains an important objective.

The C-C chemokine ligand 5 (CCLS5) is a member
of the C-C-motif chemokine family, which also includes
macrophage inflammatory protein lo (MIP-1a) and
macrophage inflammatory protein 1p (MIP-1B) (10-12).
With high affinity, CCL5 mainly binds to its receptor C-C
chemokine receptor type 5 (CCRS), as well as CCR1, CCR3,
CCR4, CD44, and GPR75 (13-15). CCLS5 is also involved
in B cell proliferation via activation of the nuclear factor
k-light chain enhancer (NF-xB) (16). Expression of this
protein is found in T lymphocytes, macrophages, platelets,
synovial fibroblasts, tubule epithelial cells, and tumor
cells (17). According to recent studies, CCL5 promotes
tumor progression by enhancing tumor metastasis (18)
and remodeling the extracellular matrix, which results
in supporting tumor stem cell expansion (19), causing
tumor cells drug-resistant (20), reducing the cytotoxicity
of DNA damage factors, decompressing cellular metabolic
reprogramming (21), increasing angiogenesis, mobilizing
immune cells (22), and inducing macrophage polarization to
suppress immune response (23). However, the underlying
mechanism of CCL5 in BC remains unclear.

In this study, we explored the role of CCLS5 in BC. The
role of CCL5 in BC cell proliferation, migration, and tumor
growth and metastasis was demonstrated iz vitro and in vivo.

Highlight box

Key findings
* C-C chemokine ligand 5 (CCL5) promotes proliferation and
metastasis of bladder cancer (BC) cells in vitro and in vivo.

What is known and what is new?

* CCLS5 are expressed abnormally and activated in solid tumors and
hematological malignancies.

® This study showed that CCL5 promotes proliferative, migratory,
and tumor-growing BC cells iz vitro and tumor metastasizing BC
cells in vivo. Moreover, we found that the tumor-promotive role
of CCLS5 is dependent on activation of the JAK2/STAT?3 signaling
pathway.

What is the implication, and what should change now?
* CCLS5 may play an oncogenic role in BC and may also serve as a
potential diagnostic and prognostic biomarker.
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Moreover, the tumor-promotive role of CCLS5 appeared to
be dependent on activation of the JAK2/STAT?3 signaling
pathway. We conclude that BC progression and metastasis
may partially be driven by the CCLS5 pathway, which
offers a valuable potential therapeutic target or prognostic
biomarker for BC. We present this article in accordance
with the ARRIVE reporting checklist (available at https://
taw.amegroups.com/article/view/10.21037/tau-23-540/rc).

Methods
Reagents and antibodies

The anti-GAPDH antibody (G8795), TRIzol (19424) and
polyvinylidene difluoride (PVDF) membrane (3010040001)
were purchased from Sigma Aldrich (St. Louis, MO, USA).
The anti-CCL5 antibody (ab9679) was purchased from
Abcam (MA, USA). The anti-phospho-JAK1 (74129), anti-
JAK1 (3332), anti-phospho-JAK2 (3771), anti-JAK2 (3230),
anti-phospho-STAT3 (9145), and anti-STAT?3 (9139) were
purchased from CST (MA, USA). Transwell (3422) and
Matrigel Matrix (356231) were purchased from Corning
(NY, USA). ChamQ Universal SYBR qPCR Master Mix
was purchased from Vazyme (Nanjing, China).

Cell culture

We purchased the human BC cell lines [T24(SCSP-536),
5637 (T'CHu 1), and J82 (TCHu218)], and a normal human
bladder cell line (SV-HUC-1) from Chinese Academy
of Sciences, Shanghai Institutes for Biological Sciences
(Shanghai, China). The cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) (Hyclone, Logan,
UT, USA) supplemented with 10% fetal bovine serum
(FBS) (Gibco, Billings, MT, USA) in the presence of 1.0%
penicillin-streptomycin (Solarbio, Beijing, China), and were
incubated under standard culture conditions (5% CO,, 37 °C).

Stable CCLS knockdown and knockout cell line
establishment

To establish stable cell lines with CCLS5 knocked-down or
over-expression, short hairpin RNA (shRNA) or CCL5
Coding sequence (CDS) containing constructs, along
with psPAX and pMD2G plasmids, were co-transfected
into 293T cells for RNA interference. After a 48-hour
incubation period, the culture supernatant was collected and
filtered using a 0.22-pm membrane. Subsequently, the virus
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liquid was concentrated via filtration through a 100-kD
millipore filter and added to the cancer cell culture medium,
allowing for virus infection to occur for 24 hours. The cells
that expressed CCL5 CDS or shRNAs successfully were
identified using puromycin treatment at a concentration of

5 ug/mL (MCE, NJ, USA).

RNA extraction and real-time polymerase chain reaction
(RT-PCR) analysis

For the RT-PCR assay, a total of 1x10” cells were digested
and harvested. The total RNA was extracted by TRIzol
reagent (Thermo Fisher Scientific, Waltham, MA, USA).
The ABI vii7 system (Applied Biosystems, Waltham, MA,
USA) was used to conduct RT-PCR, and SYBR green
was used to identify DNA in the sample. Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was chosen as the
housekeeping gene in humans. Relative gene expression
was normalized to GAPDH messenger RNA (mRNA) and
analyzed using the comparative Ct method (AACt). Primers
were synthesized as follows:

% CCLS: forward, 5'-GCTTTGCCTACATTGCCC
GC-3'; reverse, 5'-GGCGGTTCTTTCGGGTGA
CA-3";

% GAPDH: forward, 5'-TGACTTCAACAGCGACA
CCCA-3'; reverse, 5'-CACCCTGTTGCTGTAGC
CAAA-3".

Western blotting analysis

For the western blotting assay, a total of 1x107 cells were
digested and harvested. The total protein was extracted
with RIPA lysis buffer (P0013C, Beyotime, Shanghai,
China). Using 12% sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE), 40 mg of protein extracts
were separated, transferred to a PVDF membrane, and
probed with anti-CCLS5 (1:1,000; ab9679; Abcam), the anti-
GAPDH antibody (1:5,000; Sigma Aldrich) overnight at
4 °C. Following extensive washing with tris-buffered saline
with Tween 20 (TBST), membranes were incubated with
goat anti-mouse secondary antibodies (1:8,000; Sigma
Aldrich) that were horseradish peroxidase (HRP)-labeled
for 1 hour at room temperature. Using the ECL Plus
detection system (GE Healthcare, Milwaukee, WI, USA),

the proteins were visualized.
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Immunofluorescence (IF) staining

Glass coverslips with cultured cells were subjected to three
washes with phosphate-buffered saline (PBS), followed
by fixation with 4% paraformaldehyde for a duration of
10 minutes. To enable permeabilization, the cells were treated
with PBS containing 0.5% Triton X-100 for 10 minutes.
Subsequently, the cells were blocked using 1% BSA for
1 hour, followed by overnight incubation with the specified
antibody at a temperature of 4 °C. Afterward, the cells
were incubated with DAPI and goat anti-rabbit or mouse
secondary antibodies (Alexa Flour 568 or 488, diluted at
a ratio of 1:200) for 1 hour at room temperature. Images
were captured using a Zeiss LSM 780 confocal microscope
equipped with ZEN 2010 software (Carl Zeiss GmbH,
Jena, Germany). For each group, a minimum of 50 cells
were randomly selected and quantified. The area displaying
positive signals for METTL3 intensity levels was measured
using Image J (version 1.52p) and normalized against the
area showing positive signals for DAPI intensity levels. The
same intensity threshold was applied across different cell
lines.

Cell proliferation assay

An examination of the proliferation of cells was carried
out using Cell Counting Kit-8 (CCK-8, Dojindo, Japan).
Each well of a 96-well plate was seeded with approximately
1,000 cells. At various intervals following cell seeding, the
wells were replenished with fresh medium containing 10%
CCK-8 substrate and incubated at 37 °C for 2 hours. The
microplate reader was then utilized to determine the light
absorbance value of the plate at 490 nm, and subsequently
compute the cell proliferation rate.

Migration assay

An assessment of the migration of cells was conducted
using a wound healing assay. After trypsinization and
cell counting, 5x10° cells were seeded into each well of a
6-well plate, which had previously been marked with an
evenly spaced horizontal line. Once the cells had reached
confluence, perpendicular scratches were made across
the marked line. Subsequently, PBS was used to remove
any cellular debris, and the cells were then cultured in
McCoy’s 5A medium with low serum at 37 °C and 5% CO.,.
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The widths of the scratches at 0, 24, and 48 hours post-
scratching were observed and documented using an inverted
biological microscope (CX53, Olympus, Japan), with three
fields of view captured at each time point.

Invasion assay

A transwell system with an 8-pm pore size (Corning)
was employed for the experiment. The upper chamber
of the transwell was seeded with 2x10* cells cultured in
500 pL of serum-free medium, while the bottom well was
supplemented with 1 mL of complete culture medium
containing 10% serum. Following a 48-hour incubation
period in a dedicated incubator, the cells were fixed with 4%
paraformaldehyde and subsequently stained using crystal
violet solution. To eliminate any remaining cells that had
not migrated, a cotton swab was used, and the remaining
cells were then observed and imaged under a microscope.

Subcutaneous transplantation model study

A total of 20 female Balb/c nude mice [4-6 weeks old,
purchased from Cavens Biogle (Suzhou) Model Animal
Research Co., Ltd., Suzhou, China] were bred in aseptic
conditions and maintained at a constant humidity and
temperature (25-28 °C) for later allocation to four groups.
In 0.2-mL PBS, J82 BC cells (1x10” per mouse) from the
indicated groups were injected subcutaneously into the right
inguinal region of mice that were naked. A caliper was used
to measure the size of tumors every 5 days, and to calculate
the tumor volume using the formula: length x width® x0.5.
A growth curve was constructed. A protocol was prepared
before the study without registration. Animal experiments
were performed under a project license granted by ethics
committee of the Third Affiliated Hospital of Soochow
University, in compliance with the institutional guidelines
for the care and use of animals.

Statistical analysis

GraphPad Prism 9.0 (GraphPad Software Inc., San Diego,
CA, USA) was used for all statistical analyses, and all
experiments were repeated three times. The data in all
figures were represented as a mean = standard deviation.
Comparisons between and among groups were performed
using the Student’s #-test, one-way analysis of variance
(ANOVA), and two-way ANOVA. Statistical significance
was considered at P<0.05 (bilateral).
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Results

CCLS knockdown inbibited the proliferation, migration,
and invasion in vitro

To explore the role of CCLS5 in BC, we knocked down the
level of CCLS5 in BC cells. First, we analyzed the expression
level of CCL5 in BC patients from the Gene Expression
Omnibus (GEO) database (GSE13507). We found that the
level of CCLS expression was significantly lower in primary
BC tissues and recurrent non-muscle invasive tumor
tissues than that in normal bladder tissues (Figure 1A).
We then evaluated the expression pattern of CCL5 in BC
cell lines and found that the level of CCL5 mRNA was
lower in J82 cells as compared to 124 cells (Figure 1B),
which was further confirmed by western blot (Figure 1C).
We then selected the T24 cell line and knocked down the
level of CCLS5 by small interfering RNA (siRNA). The
knockdown efficiency of CLLS5 were analyzed by RT-PCR
(Figure 24, P<0.01) and verified by western blot (Figure 2B,
P<0.01). Interestingly, as shown in Figure 2C, the CCLS5
knockdown significantly inhibited the cell proliferation
ability, which was evaluated by CCK-8 assay (Figure 2C,
P<0.05). Consistently, the migration and invasion abilities
of BC cells were also impaired by CCLS5 knockdown, as
indicated by wound healing assay (Figure 2D, P<0.05) and
transwell invasion assay (Figure 2E, P<0.05), respectively.
Moreover, the results of IF also confirmed that CCL5
knockdown significantly decreased the intensity of Ki67,
which indicated an impaired proliferation ability (Figure 2F).
In vitro, these results suggest that CCL5 knockdown
inhibits proliferation, migration, and invasion.

CCLS over-expression improved the proliferation,
migration, and invasion in vitro

To further evaluate the oncogenic role of CCL5 in BC,
we over-expressed CCLS in a low expressed BC cell line
J82. In the overexpressed (OE)-CCL5 J82 cells, the level
of CCL5 mRNA and protein had a 3.31+0.45- (Figure 34,
P<0.01) and 2.64+0.33-fold change (Figure 3B, P<0.01),
respectively. In Figure 3C, we found that CCLS5 over-
expression improved the proliferation ability of BC cells,
which was evaluated by CCK-8 assay (Figure 3C, P<0.05).
Furthermore, CCLS5 over-expression dramatically enhanced
the migration and invasion abilities, as indicated by wound
healing assay (Figure 3D, P<0.01) and transwell invasion
assay (Figure 3E, P<0.01), respectively. Moreover, the results
of IF confirmed that CCL5 over-expression significantly
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Figure 1 The expression pattern of CCLS5 in BC patients and cell lines. (A) The expression level of CCL5 in BC patients from GEO
database (GSE13507). The expression pattern of CCL5 mRNA (B) and protein (C) in BC cell lines (5637, J82 and T24) were analyzed
by RT-PCR and western blot, respectively. ****, P<0.0001; ns, not significant. G1, normal bladder tissue; G2, bladder cancer tissue; G3,

recurrent non-muscle invasive tumor tissue. CCLS5, C-C chemokine ligand 5; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; BC,

bladder cancer; GEO, Gene Expression Omnibus; mRNA, messenger RNA; RT-PCR, real-time polymerase chain reaction.

increased the intensity of Ki67, which suggested an
improved proliferation ability (Figure 3F). These results
suggested that CCLS5 over-expression improves the
proliferation, migration, and invasion of BC i vitro.

CCLS5 significantly activated the JAK2-STAT3 signaling
pathway

To explore whether CCLS5 affects the activity of the
JAK2-STAT3 signaling pathway, we analyzed the total
and phosphorylated protein levels of JAK1, JAK2, and
STATS3. In the CCLS5 knockdown T24 BC cell line, total
and phosphorylated protein levels for JAK1 remained
unchanged, and although those for JAK2 and STAT3
remained unchanged, their phosphorylated levels were
significantly lower (Figure 44, P<0.05). Meanwhile, CCL5
over-expression significantly elevated the phosphorylated
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protein level of JAK2 and STAT3 (Figure 4B, P<0.05),
which indicated an activation of the JAK2-STAT3
signaling pathway. These results demonstrated that CCLS5
significantly activates the JAK2-STAT?3 signaling pathway.

CCLS5 over-expression improved the proliferation,
migration, and invasion via activation of the JAK2-
STAT3 signaling pathway

To further identify whether the JAK2-STATS3 signaling
pathway is critical to the oncogenic role of CCLS5 in BC,
we used a specific JAK2 inhibitor, AG490, to block the
activation of the JAK2-STAT3 signaling pathway. As shown
in Figure 5A, AG490 treatment not only significantly
impaired the cell proliferation ability in normal J82 BC
cells, but also reversed the promotive effect of CCLS5 over-
expression on the cell proliferation ability (Figure 54,
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P<0.05). Consistently, AG490 treatment significantly

impaired the migration (Figure 5B, P<0.05) and invasion
(Figure 5C, P<0.05) abilities of normal or CCL5 over-
expressed J82 BC cells. These results demonstrated

that over-expression of CCLS5 enhanced proliferation,

migration, and invasion through activation of the JAK2-

STAT3 pathway.
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CCLS over-expression improved the tumor growth and
metastasis via activation of the JAK2-STAT3 signaling
pathway

To verify whether the JAK2-STAT3 signaling pathway is
critical to the oncogenic role of CCLS5 in BC in vivo, we
injected AG490 to block activation of the JAK2-STAT3
signaling pathway in the subcutaneous transplantation
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tumor model and tail vein injection pulmonary metastasis
tumor model. As shown in Figure 64,68, CCL5 over-
expression was found to significantly increase the ]82
tumor growth (P<0.05), whereas AG490 treatment not only
significantly impaired the tumor growth in normal J82 BC
cells, but also reversed the promotive effect of CCLS5 over-
expression on the tumor growth. Similar changes were also
shown in the tumor weight of generated tumors (Figure 6C,
P<0.05). In the tail vein injection pulmonary metastasis
tumor model, CCL5 over-expression significantly increased
the lung metastasis number of J82 BC cells (Figure 6D,6E,
P<0.05), which was obviously reversed by JAK2 inhibition.
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These results demonstrated that CCL5 over-expression
improved the tumor growth and metastasis via activation of
the JAK2-STAT?3 signaling pathway.

Discussion

NMIBC is a type of BC that affects the innermost lining of
the bladder without invading deeper layers of the bladder
wall. NMIBC accounts for the majority of all BC cases
diagnosed annually. While NMIBC often responds well
to treatment, recurrence is common and presents a major
challenge in patient management. The main treatment for
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NMIBC is transurethral resection of the bladder tumor
(TURBT), which involves removing the tumor through the
urinary channel using a cystoscope. After TURBT, patients
may undergo intravesical therapy, which involves placing
medication directly into the bladder to prevent recurrence
of the cancer. However, even with these interventions,
NMIBC recurrence rates are high, with up to 50% of
patients experiencing recurrence within 5 years of initial
diagnosis (1,6). Given the high rates of recurrence, there
is a pressing need to identify new therapeutic strategies
for NMIBC. Recent studies have explored the use of
immunotherapy and targeted therapies as potential options.
Immunotherapy agents like Bacillus Calmette-Guerin
(BCG) and checkpoint inhibitors have shown promise in
treating NMIBC, but response rates vary widely among
patients. Targeted therapies, which aim to block specific
molecular pathways involved in tumor growth, have also
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emerged as a potential treatment option. For example, a
study has shown that targeting the JAK/STAT pathway,
which regulates cell proliferation and survival, may be an
effective therapeutic approach for NMIBC. However, the
underlying mechanism largely remains unclear. Emerging
evidence indicates that CCL5/CCRS signaling promotes
cancer cell proliferation, survival, tumor initiation, and
progression (16). One of the notable functions of CCL5/
CCRS signaling in BC is its involvement in tumor cell
migration and invasion. CCLS, also known as RANTES
(regulated on activation, normal T cell expressed and
secreted), acts as a chemoattractant for immune cells
expressing CCR5 (24). However, CCRS is also expressed
on BC cells, enabling autocrine signaling and promoting
their motility and invasiveness. A study has shown that
blocking CCRS5 or silencing CCL5 expression can
significantly reduce the migratory and invasive capabilities
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of BC cells, highlighting the importance of this signaling
pathway in tumor progression (17). Furthermore, CCL5/
CCRS signaling has been implicated in angiogenesis, the
process by which new blood vessels are formed to support
tumor growth (25). CCLS5 secreted by BC cells can recruit
endothelial progenitor cells expressing CCRS, leading to
increased angiogenesis within the tumor microenvironment.
This enhanced blood vessel formation provides essential
nutrients and oxygen to fuel tumor growth and facilitates
the dissemination of cancer cells. Another function of
CCLS5/CCRS signaling in BC is its involvement in immune
evasion. CCLS5 can attract immune cells, such as cytotoxic
T cells and natural killer cells, to the tumor site (26).
However, BC cells can hijack this signaling pathway to
promote immune escape (27). By secreting high levels
of CCLS5, tumors create a chemotactic gradient that
attracts immunosuppressive regulatory T cells expressing
CCRS (28). These regulatory T cells suppress the anti-
tumor immune response, creating an immunosuppressive
tumor microenvironment that facilitates tumor growth
and progression. Additionally, CCL5/CCRS5 signaling has
been associated with drug resistance in BC. A study has
shown that elevated CCRS expression is correlated with
resistance to chemotherapy drugs, such as cisplatin (18).
The activation of CCRS signaling pathways promotes cell
survival and inhibits apoptosis, thus conferring resistance
to cytotoxic agents. Targeting CCL5/CCRS signaling
may, therefore, hold promise as a strategy to overcome
drug resistance and improve treatment outcomes in BC
patients. According to our study, CCL5 promotes BC cell
proliferation, migration, and invasive growth in vitro, as well
as cancer cell growth and metastasis iz vivo.

The chemokines are a large group of small cytokines
whose molecular weights range from 7 to 15 kDa. About 50
chemokines have been identified so far (29). The chemokine
CCLS5, also classified as C-C-motility chemokine 5, is a
potent chemokine that attracts white blood cells (30,31). It
has been discovered that CCLS5, along with CCL2, serves
as a versatile inflammatory mediator in breast cancer cells
through attraction of macrophages, T cells, granulocytes,
mesenchymal stem cells, and promotion of angiogenesis (32).
CCLS is a protein that is mainly expressed on CD8" T cells
that has been associated with human immunodeficiency
virus (HIV) (33). It most often binds to the homologous
receptor CCRS, a receptor shared by HIV entry into CD4"
T cells (29), but also binds G-protein-coupled, such as
CCRI and CCR3 (34). Additionally, CD44 and GPR75
are non-traditional or co-receptors for CCL5. CCL5’s
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ability to bind multiple ligands highly efficiently allows for
interaction with multiple signaling pathways resulting in a
diverse range of physiological and pathological functions,
including tumorigenesis (35).

A number of cancer subtypes, including colorectal, lung,
prostate, breast, and cervical, have demonstrated high levels
of CCLS (24). Additionally, elevated tissue or plasma CCLS5
has been associated with poor prognosis in cervical cancer,
prostate cancer (18), stomach cancer (17), breast cancer (36),
pancreatic cancer (37), and glioblastoma (22) where either
cancer cells themselves or stromal cells express and secrete
CCLS5 (38). However, prior to the present study, the role
of CCL5/CCRS signaling in BC progression has been
relatively unexplored. One possible explanation for CCL5%
ability to promote tumor growth and progression is its
promotion of JAK2, an important intracellular mediator
of hormone signal transduction and cytokines (39). JAK2
activates a series of signaling pathways is activated, including
the STAT pathway (40). The JAK2/STAT?3 pathway plays
an important role in lung cancer cell growth, migration,
and metastasis (41). When JAK2/STAT3 phosphorylation
is inhibited in cancer cells, it may reduce their proliferation
and metastasis both in vitro (42) and in vivo (43).

In this study, we generated a CCL5 knocked-down T24
BC cell line and CCLS5 over-expressed J82 BC cell line,
demonstrating that CCL5 promotes BC cell proliferation
and migration in vitro, as well as tumor growth and
metastasis in vivo. Moreover, we found CCLS5 activation
of tumor progression may be related to the JAK2/
STAT3 pathways. This association between CCLS5 and
the JAK2/STAT3 pathway with malignancies, including
BC as indicated by our results, offers intriguing options
for diagnostic indicators and prognostic biomarkers, as
well as potential therapeutic targets for BC and other
diseases (44,45). For example, an entry inhibitor based
on CCRS approved by the United States Food and Drug
Administration in 2007 known as maraviroc (MRV) appears
to promote the internalization of CCR5, does not rely
on cellular signaling, and is clinically beneficial for HIV
patients with mild side effects. Furthermore, in our study,
AG490 (a JAK2 inhibitor) inhibited tumor proliferation,
migration, invasion, and metastasis both iz vitro and in vive,
even when CCLS5 was over-expressed.

Though these results are encouraging and provide
evidence of the role of CCLS5 in BC, this study has some
limitations that need to be acknowledged. One limitation
is that the study was conducted using only two BC cell
lines, which may not fully represent the complexity and
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heterogeneity of human BC. Additionally, the study did
not investigate the effect of inhibiting other components
of the JAK/STAT pathway, which may play a role in BC

progression.

Conclusions

CCLS5 contributes to the development of BC, likely related
to activation of the JAK2/STAT3 pathway. CCL5 may
be used as a marker for BC diagnosis or prognosis and
inhibition of its interactions and associated pathways offer
potential therapeutic targets.
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