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Background: Vulvar squamous cell carcinoma (VSCC), although rare, poses substantial clinical challenges due to frequent late-stage 
diagnosis, quality-of-life-impairing surgical interventions, and the availability of limited therapeutic options following recurrence. 
Therefore, exploration of the pathogenesis of vulvar cancer, and identification of effective therapeutic targets based on the biological 
pathways of disease progression, offer great value in improving patients’ survival duration and quality of life.
Patients and Methods: Herein, we investigated the influence of C-X-C motif chemokine ligand 8 (CXCL8) on the proliferation of 
vulvar squamous cancer cells and the underlying mechanisms, as well as their influence on the prognosis of patients with VSCC.
Results: Using a combination of RNA sequencing and Gene Expression Omnibus (GEO) database analysis, CXCL8 was identified as 
a differentially expressed gene in vulvar cancer tissue in comparison with adjacent normal tissue. Immunohistochemical analysis of 
selected clinical specimens revealed that CXCL8 was statistically upregulated in vulvar squamous cancer tissues in comparison with 
adjacent normal tissue, and this upregulation was correlated with shorter progression-free survival and overall survival. Functional 
assays demonstrated that CXCL8- mediated proliferation enhancement in VSCC cell lines (SW962/A431) in a dose- and time- 
dependent manner. Cell cycle analysis showed that exogenous CXCL8 drove a G0/G1-to-G2/M phase transition in SW962 and A431 
cells. Transcriptomic profiling explored CXCL8-activated pathways, including cytokine-cytokine receptor interaction, transforming 
growth factor (TGF)-β signaling pathway, and tryptophan metabolism.
Conclusion: These findings highlight CXCL8 as a potential prognostic biomarker for VSCC and underscore its role in driving tumor 
proliferation, providing a rationale for targeting CXCL8 in vulvar cancer therapy.
Keywords: vulvar squamous cell carcinoma, CXCL8, proliferation, progression-free survival, overall survival

Introduction
Vulvar cancer is a rare gynecologic malignancy, accounting for approximately 5% of all female reproductive system 
tumors.1 The incidence and mortality rates associated with vulvar cancer have increased recently, and this increase has been 
accompanied by a noticeable trend toward younger age at diagnosis.2 Epidemiological data from the United States in 2025 
shows that vulvar cancer accounts for approximately 7480 new cases annually, with an associated mortality of 1,770 
deaths.3 A major concern is that many patients fail to receive timely treatment, exacerbating challenges in screening, 
diagnosis, and therapeutic interventions. This issue is particularly obvious in Yunnan province, where socioeconomic 
disparities, including a high concentration of ethnic minorities, economic underdevelopment, low education levels, and 
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deeply ingrained traditional beliefs, contribute to delays in seeking medical consultation. Due to the complex anatomical 
location of vulvar cancer, its surgical treatment frequently requires multidisciplinary collaboration, incorporating expertise 
from orthopedic, urologic, and colorectal surgical teams.4 However, this approach imposes substantial demands on medical 
resources and profoundly affects patients’ postoperative quality of life. Consequently, investigating and developing 
effective treatment strategies to reduce morbidity and enhance these patients’ quality of life are of great importance.

In contemporary clinical practice, therapeutic strategies for vulvar cancer are stratified according to tumor stage. 
Early-stage disease is conventionally treated with radical vulvectomy accompanied by regional lymph node dissection.5 

However, in cases involving advanced-stage disease, disease recurrence, or metastasis, clinicians frequently encounter 
extensive lesion involvement, and surgical intervention may cause substantial iatrogenic damage to adjacent tissues, 
including the anus and rectum.6 Postoperative vulvar reconstruction is also challenging, and often result in suboptimal 
functional restoration and diminished quality of life.7 Despite these limitations, surgical resection is the primary 
intervention for such cases, given the paucity of effective alternatives. Furthermore, vulvar cancer often demonstrates 
poor responsiveness to chemotherapy, whereas radiotherapy frequently causes localized vulvar skin ulceration due to the 
poor tolerance of vulvar skin and mucous membrane.8,9 Consequently, neither surgical nor conventional adjuvant 
modalities have substantially improved survival outcomes or restored functional status for this patient population.10 

These clinical limitations underscore the urgent need for translational research to elucidate the molecular pathogenesis of 
vulvar cancer and develop new therapeutic targets.

C-X-C motif chemokine ligand 8 (CXCL8), also known as interleukin (IL)-8, is a core member of the C-X-C chemokine 
family and play a critical role in the development, metastasis, and angiogenesis of multiple types of solid tumors.11,12 

Mechanistically, CXCL8 promotes tumor proliferation and survival by activating key intracellular signaling pathways, 
including the phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT) and mitogen-activated protein kinase (MAPK) 
pathways.13,14 Furthermore, it is a potent inducer of epithelial-mesenchymal transition (EMT), which enhances the migration 
and invasiveness abilities of vulvar cancer cells.15 Clinicopathological analyses have shown that the expression level of 
CXCL8 is positively correlated with tumor blood vessel density in diverse solid tumors, positioning CXCL8 inhibition as 
a promising anti-angiogenic strategy for impeding tumor progression.16 Beyond its pathophysiological roles, CXCL8 has 
emerged as both a valuable diagnostic biomarker and a compelling therapeutic target. Previous studies have documented 
marked elevations of CXCL8 levels in both serum and tissue samples from cancer patients, implicating its diagnostic utility.17 

Importantly, high CXCL8 expression has been shown to be robustly associated with poor prognostic indicators, including 
advanced tumor stage, high recurrence rates, and diminished survival, establishing its prognostic significance.18,19 However, 
the functional roles and therapeutic potential of CXCL8 in vulvar cancer remain largely unexplored.

The present study systematically investigated the functional role of CXCL8 in promoting vulvar cancer cell 
proliferation in vitro and tumor growth in an established xenograft vulval cancer model in vivo. Clinical databases 
were integrated to evaluate the utility of CXCL8 as a diagnostic and prognostic biomarker, with the aim of identifying 
novel molecular targets and providing theoretical support for precision medicine in vulvar cancer. These findings may 
provide new approaches for the treatment of vulvar cancer.

Materials and Methods
Patient Enrollment and Clinical Sample Collection
In this retrospective study, we enrolled 60 consecutive patients with histologically confirmed vulvar squamous cell 
carcinoma (VSCC) who underwent primary surgical resection at Yunnan Cancer Hospital (the Third Affiliated Hospital 
of Kunming Medical University) between January 2015 and January 2019. The inclusion criteria were defined as follows: 
(1) primary curative-intent surgical treatment; (2) postoperative histopathological confirmation of VSCC; (3) complete 
available preoperative-tumor marker, and imaging data, and postoperative pathological data; and (4) complete available 
follow-up documentation. Exclusion criteria were as follows: (1) incomplete clinical documentation or unavailable 
postoperative tissue specimens; (2) history of or concurrent other malignancies; (3) non-standardized treatment at our 
institution; and (4) presence of acute infectious diseases, contagious illnesses, severe liver/kidney dysfunction, or severe 
uncontrollable systemic diseases.
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Clinical specimens were collected within 30 min after surgical resection. All tumor tissues underwent pathological 
verification through hematoxylin-eosin (HE) staining and immunohistochemical analysis at the Pathology Department at 
the Third Affiliated Hospital of Kunming Medical University. This use of paraffin-embedded tissue samples received 
ethical approval from the Committee of the Third Affiliated Hospital of Kunming Medical University (Approval No.: 
KYCS2025-322). Informed consent was obtained from all enrolled patients.

Case acquisition and follow-up procedures involved comprehensive collection of clinical data, including patients’ 
height, weight, parity, menopausal status, human papillomavirus (HPV) status, pathological type of tumor, tumor size, 
tissue differentiation of tumors, FIGO stage, lymph node metastasis status, surgical procedure, tumor markers (SCC, 
CA125, CA199, CA153, HE4, and CEA), imaging findings, and phone number. Postoperative follow-up assessments 
were performed through medical record review and telephone calls from the cancer office until the predetermined study 
endpoint (December 31, 2024), and progression-free survival (PFS) and overall survival (OS) served as the primary 
outcome measures. PFS refers to the time from the start of treatment to tumor progression or patient death, whereas OS 
refers to the time from the start of treatment to patient death due to any cause.

Immunohistochemical Analysis
The immunohistochemical analysis was performed as follows: (1) the tissue sections were deparaffinized in xylene, 
followed by rehydration in a graded alcohol series; (2) antigen retrieval was performed in citrate buffer in a water bath at 
100°C, and the sections were incubated in 3% hydrogen peroxide to block endogenous peroxidase activity; (3) the 
sections were incubated with the primary antibody (anti-CXCL8, Cat No.: 94407, Cell Signaling Technology) at 
20–25°C for 60 min in a dark, humid chamber; (4) a biotinylated secondary antibody and streptavidin–horseradish 
peroxidase (HRP) conjugate were applied sequentially; (5) and chromogenic development was assessed using DAB 
substrate and counterstaining with hematoxylin, followed by ethanol dehydration and xylene clearing before mounting 
with neutral balsam.

The immunohistochemical scores were assessed by two independent pathologists. Staining intensity score was 
defined as follows: 0, negative; 1, light yellow; 2, tan; and 3, brown. The percentage of positive cells was scored as 
follows: 0, negative; 1, <10%; 2, 10% −50%; 3, 51%-75%; and 4, >75%. The final immunohistochemical score was 
calculated as follows: staining intensity score × positive percentage score. Quantitative analysis and immunohistochem
ical scoring were performed using microscopic examination and ImageJ software.

Enzyme-Linked Immunosorbent Assay
Fresh paired tissue samples (vulvar carcinoma tissue and adjacent normal tissue) were collected, mechanically homo
genized, and centrifuged (4°C, 12000 rpm, 15 min). Protein concentrations in the supernatants were quantified using 
a commercial human IL-8 enzyme-linked immunosorbent assay (ELISA) kit (Cat No.: ECH008, Invitrogen) in accor
dance with the manufacturer’s instructions.

Assessment of Cellular Proliferation
Log-phase cells were harvested, adjusted to a density of 1×103 cells/mL in complete medium, and seeded at 1 mL/well in 
6-well plates. After overnight incubation in a humidified incubator (37°C, 5% CO2), cells were treated with recombinant 
human CXCL8 (0, 80 ng/mL) for 48 h post-treatment, and cell proliferation was evaluated using the EdU Cell Proliferation 
Kit in SW962 (Cat No.: C0085S, Beyotime) and A431 cells (Cat No.: C0075S, Beyotime) according to the manufacturer’s 
instructions. Images were acquired using a fluorescence microscope (Leica Microsystems, Wetzlar, Germany).

Cell Culture
The human vulvar cancer cell line SW962 was purchased from Zhejiang Meisen Biotechnology Co., Ltd (Hangzhou, 
China). The human epidermal squamous carcinoma cell line A431 was purchased from Shenzhen Hao Biotechnology 
Co., Ltd (Guangdong, China). All cell lines were authenticated by short tandem repeat (STR) profiling before experi
mental use. SW962 cells were cultured in RPMI-1640 medium (Gibco, Grand Island, NY, USA) supplemented with 10% 
fetal bovine serum (FBS, Vivacell, Shanghai, China), whereas A431 cells were cultured in Dulbecco’s modified Eagle 
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medium (DMEM; Gibco, Grand Island, NY, USA) supplemented with 10% FBS (Vivacell, Shanghai, China). Both cell 
lines were maintained at 37°C in a 5% CO2 humidified atmosphere, with medium replacement every 2–3 days and 
subcultures at 80%–90% confluence using 0.25% trypsin-EDTA solution (Gibco, China).

Cell Cycle Analysis
Cells were seeded into 6-well plates at a density of 1×106 cells/mL (1 mL/well) and placed in a humidified 37 °C, 5% 
CO2 incubator overnight. After 24 h, the culture medium was aspirated and replaced with fresh medium containing 
recombinant human CXCL8 at varying concentrations (0, 40, 80, and 200 ng/mL) for 48-h treatment. After incubation, 
cells were digested into a single-cell suspension using trypsin, and then harvested and fixed in pre-chilled 70% ethanol at 
4°C overnight. Cell cycle analysis was then performed according to the manufacturer’s instructions (DNA Content 
Quantitation Assay Kit, Solarbio, Beijing, China) using a flow cytometer with 488-nm laser excitation.

CCK-8 Assay
Vulvar cancer cells in the logarithmic growth phase were digested, counted, and seeded into 96-well plates at a density of 
4×103 cells per well, with 0.1 mL of complete medium per well. Each concentration condition included at least three 
replicates. After overnight incubation to ensure cell attachment, the old medium was aspirated and replaced with recombinant 
CXCL8 protein at gradient concentrations (0, 10, 20, 40, 80, 160, 320, 400, and 800 ng/mL) for 48 h of treatment. After 
incubation, CCK-8 solution (Cat No.: HY-K0301, MCE) was added under light-protected conditions. The plate was then 
wrapped in aluminum foil and incubated in the dark for 1–2 h. A microplate reader (Qinxiang, Shanghai, China) was used to 
measure the absorbance at 450 nm, and the data were analyzed to plot the proliferation curve.

Plate-Clone Formation Assay
After digesting and counting the vulvar cancer cells in the logarithmic growth phase, the cells were seeded into 6-well 
plates at a density of 8×102 cells per well, with 1 mL of complete medium per well. Each concentration condition 
included at least three replicates. After overnight incubation for cell attachment, the cells were treated with recombinant 
CXCL8 protein at gradient concentrations (0, 40, 80, 200 ng/mL) for 48 h. The medium was changed periodically over 
2–3 days. Cultures were then terminated, and the cells were washed twice with phosphate-buffered saline (PBS), fixed 
with 4% formaldehyde, and stained with crystal violet solution (0.1%). The images were recorded using a digital camera.

RNA Sequencing Analysis
RNA sequencing was performed using two sets of samples: the vulvar carcinoma tissue and adjacent normal tissue, and 
the A431 cells treated with vehicle and 200 μM of CXCL8 for 48 h. First, total RNA was extracted using TRIzol reagent 
kit (Ambi-on, Invitrogen, USA) and its concentration and integrity were determined as previously reported by our 
group.20 Then, the RNA samples were sent to Promegene Biotechnology Co., Ltd. (Guangzhou, China) for further 
processing and analysis.

Quantitative Real-Time Polymerase Chain Reaction
Tissue samples were cut into small pieces and transferred to 1.5-mL Eppendorf tubes containing grinding beads. Next, 
1 mL of lysis buffer was added per 50–100 mg tissue, followed by homogenization using a tissue homogenizer. Total 
RNA was isolated from cells treated with or without esculetin using a RNeasy kit (TIANGEN, Sichuan, China) in 
accordance with the manufacturer’s instructions. cDNA was amplified using a first-strand cDNA synthesis kit 
(TIANGEN, Sichuan, China) according to the manufacturer’s protocol. Semiquantitative polymerase chain reaction 
(PCR) was performed using gene-specific primers (Table 1). Data were collected using SDS 2.2.2 version, and relative 
expression was calculated using the 2−ΔΔCT method with glyceraldehyde 3-phosphate dehydrogenase (GAPDH) expres
sion serving as the housekeeping control.
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Tumor Xenograft Assay
Twelve female BALB/c nude mice aged 6–8 weeks were purchased from Spivey (Beijing) Biotechnology Co. and 
maintained in a specific pathogen-free laboratory animal building at the Institute of Medical Biology of the Chinese 
Academy of Medical Sciences. After one week of acclimatization, the nude mice were randomly divided into two 
groups according to body weight and received subcutaneous injection of A431 vulvar cancer cells (5 × 106 cells/ 
mouse). From the second day, the experimental mice received injections containing 100 μL of 0.9% normal saline or 
200 ng/mL of recombinant CXCL8 protein solution through the tail vein every three days. The body weights and 
tumor volumes of the mice were measured daily during the treatment period. The tumor volume was calculated 
using the following formula: tumor volume = length × width2/2. After 12 days, mice were sacrificed by cervical 
dislocation, followed by tumor excision, weighing, and imaging for further analysis. All procedures were approved 
by the Animal Ethics Committee of Kunming Medical University (Approval No.: kmmu20231049). All animal 
housing and experiments were conducted in strict accordance with the institutional guidelines for care and use of 
laboratory animals.

Statistical Analysis
Protein expression levels were quantified using ImageJ software, whereas cell cycle distribution profiles were analyzed 
using ModFit-1 software. Data visualization was performed using GraphPad Prism 8.0 (GraphPad Software), and 
statistical analyses were conducted using SPSS 26.0 (IBM Co). Patient survival status was analyzed using the 

Table 1 List of Forward and Reverse Primers Used for Semi-Quantitative PCR

Gene Forward Primer Reverse Primer

PI3K CTTCACAATGCCATCCTACTCC ATTCAGCCATTCATTCCACCT
TGF-A GAGAAGCCAGCATGTGTCTGC ACTCACAGTGCTTCCGGACC

TGF-β GTTCAGGTACCGCTTCTCGG CCTGATCGCCTCCCTTCATTT

Smad2 ATGTCGTCCATCTTGCCATTC AACCGTCCTGTTTTCTTTAGCTT
Smad3 CACGCAGAACGTGAACACC GGCAGTAGATAACGTGAGGGA-

IL-1β ATGAAAGACGGCACACCCAC GGTGCTGATGTACCAGTTGGG

HGF GGATGGATGGTTAGTTTGAGATACA CTCTTCCGTGGACATCATGAAT
CTNNB1 TCCCACTCCTACGGAGAGAAA GAAGGTCGGAAGGAAGG

CXCL8 TTTTGCCAAGGAGTGCTAAAG AACCCTCTGCACCCAGTTTTC
CXCL1 CAAACCGAAGTCATAGCCACA CTCCTAAGCGATGCTCAAACA

CXCL5 ACAGACCACGCAAGGAGTT TCTTCAGGGAGGCTACCAC

CXCR2 CTGCCTGTCTTACTTTTCC CAGTTTGCTGTATTGTTGC
VEGF GAGGAGTCCAACATCACC TGTCTTGCTCTATCTTTCTTT

E-cadherin ACGCATTGCCACATACA CGTTAGCCTCGTTCTCA

Vimentin ATGGCTCGTCACCTTCG AGTTTCGTTGATAACCTGTCC
Slug AGCAGTTGCACTGTGATGCC ACACAGCAGCCAGATTCCTC

Nanog AATGGTGTGACGCAGGGATG TGCACCAGGTCTGAGTGTTC

TGFBR1 CCTCGAGATAGGCCGTTTGT GCAATGGTAAACCAGTAGTTGGA
MMP-2 TGCTGAAGGACACACTAAAGAAGATG GCTTGCGAGGGAAGAAGTTGTAG

MMP-9 CGAACTTTGACAGCGACAAGAA CGGCACTGAGGAATGATCTAAGC

18S AACCCGTTGAACCCCATT CCATCCAATCGGTAGTAGCG
IL-4 GTGACGGTGTTGATGGTAAGAT TACATGATCACACAAAAGCACG

MSMO1 GTTCATCATGAGTTTCAGGCTC TACATGATCACACAAAAGCACG

miR-26 CCTCGGCCTGGTTCAAGTAA GGCCACTTCCTGACACAAGTA
REGY CGAACGGTACAAATGCCAGT CACAAACGACCAGCCACAAG

US CAACAGGCTCGTGAAAGACC GTTCGTCAACCTAGCGCAG

CCL2 GTCTGTGCTGACCCCAAGAA AAGGCA TCACAGTCCGAGTC
CCR2 GCT GTGTTTGCCTCTCTACCAG CAAGTAGAGGCAGGATCAGGCT

FoxM1 GCGACAGGTTAAGGTTGAC AGGTTGTGGCGGATGGAGT

GAPDH AAAGGGTCATCATCTCTG GCTGTTGTCATACTTCTC
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Kaplan–Meier test. All experiments were independently repeated at least three times. All data were tested for normality, 
and the results were expressed as mean ± standard deviation (SD). Statistical significance was determined using t-tests, 
one-way or two-way analysis of variance (ANOVA), or rank-sum tests, as appropriate. P<0.05 was considered 
statistically significant (*P < 0.05; **P < 0.01; ***P < 0.001).

Results
CXCL8 Expression Was Significantly Upregulated in Vulvar Cancer Tissues in 
Comparison Adjacent Normal Tissues
To identify genes associated with vulvar cancer, RNA sequencing was performed on five paired samples of vulvar cancer 
tissues and adjacent normal tissues to detect differentially expressed genes (DEGs). Comparative analysis revealed 1,644 
significantly upregulated and 2,807 down-regulated genes (Figure 1A). Hierarchical clustering analysis of these DEGs 
demonstrated distinct gene expression patterns, as visualized in the heatmap (Figure 1B). Next, the expression levels of 
CXCL8 in vulvar cancer and adjacent normal tissues were further validated by ELISA and immunohistochemical 
analyses (Figure 1C and D). Consistent with the RNA sequencing results, the expression of CXCL8 was significantly 
upregulated in vulvar cancer tissues in comparison with adjacent normal tissues.

Figure 1 CXCL8 expression was significantly upregulated in vulvar cancer tissues in comparison with adjacent normal tissues. (A) Volcano plot illustrating DEGs between 
vulvar cancer tissues and paired adjacent normal tissues (n = 5 pairs). (B) Heatmap. (C) Tissue CXCL8 concentrations determined by ELISA; data are presented as mean ± 
SD, *P < 0.05, paired Student’s t-test. (D) Representative immunohistochemical staining of CXCL8 in VSCC and adjacent non-tumor tissues (scale bar, 100 µm, 20×) with 
corresponding integrated optical density (IOD) quantification. The three images above are three representative images from the “Adjacent normal tissue” group, whereas 
the three images below are three representative images from the “Vulvar cancer tissue” section. Data are presented as mean ± SD, **P < 0.01, paired Student’s t-test.
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CXCL8 Promoted the Proliferation of Vulvar Cancer Cells
To assess the proliferative effects of CXCL8 on vulvar cancer cells, we conducted CCK-8, plate-clone formation, and 
5-ethynyl-2′-deoxyuridine (EdU) staining assays. CCK-8 assays demonstrated that the optical density (OD) values for 
both SW962 and A431 cells increased in a concentration-dependent manner upon treatment with recombinant human 
CXCL8 for 48 h (Figure 2A and B).

The plate-clone formation assay revealed that recombinant human CXCL8 enhanced clone-formation ability in both 
SW962 and A431 cells. For SW962 cells, clone numbers increased from 90 (control) to 156, 257, and 397 following 
treatment with 10, 40, and 80 ng/mL recombinant human CXCL8, respectively (Figure 2C and D). Similarly, A431 cells 
showed elevated clone numbers from 137 (control) to 170, 184, and 226 at the corresponding recombinant human 
CXCL8 concentrations (Figure 2C and E).

EdU staining assays also indicated that the ratio of EdU-positive cells for both SW962 and A431 cells was 
significantly greater after the treatment with recombinant human CXCL8 (Figure 2F). These findings suggest that 
upregulation of CXCL8 could promote the proliferation of vulvar cancer cells.

CXCL8 Alters the Cell Cycle Progression of Vulvar Cells
To elucidate the mechanisms underlying the potential proliferative effects of recombinant human CXCL8 in SW962 and 
A431 vulvar cancer cells, cell cycle distribution was assessed by flow cytometry. Our results demonstrated that exposure 
to recombinant human CXCL8 reduced the number of SW962 and A431 cells in the G0/G1 phase and increased the 
proportion of cells in the S and G2/M phases in a concentration-dependent manner (Figure 3A–C).

CXCL8 Promotes the Growth of VSCC in vivo
After establishment of the cell line-derived xenograft (CDX) model in BALB/c nude mice, the pro-tumor effect of 
recombinant human CXCL8 was evaluated by tail administration. The results showed that tumor-growth ability in 
recombinant human CXCL8-treated mice was greater than that in controls (Figure 4A and B), with increased tumor 
volumes observed in the treatment group (Figure 4C). Notably, the two groups showed no significant differences in body 
weight (Figure 4D). Furthermore, the expression levels of vascular endothelial growth factor (VEGF) and Ki-67 were 
both upregulated following CXCL8 treatment (Figure 4E).

Transcriptome Analysis of A431 Cells Treated with Recombinant Human CXCL8 and 
Verification of the Expression Levels of DEGs
RNA sequencing of recombinant human CXCL8-treated A431 cells revealed significant activation of the transforming 
growth factor (TGF-β)-signaling pathway, with >1000 DEGs (Figure 5A–D). Quantitative real-time (qRT)-PCR was used 
to validate the most altered DEGs. The results showed that the mRNA expression levels of matrix metalloproteinase 9 
(MMP9; P < 0.001), TGF-β (P < 0.01), and PI3K (P < 0.001) were statistically significant, consistent with the RNA-seq 
results (Figure 5E and F). Thus, a strong transcriptional response was observed after recombinant human CXCL8 treatment.

Correlation Between the Expression of CXCL8 and Clinicopathological Features in 
Patients with Vulvar Cancer
After stratifying patients with VSCC into CXCL8-high and CXCL8-low groups on the basis of validated immunohis
tochemical scoring, the correlations between CXCL8 expression and clinicopathological characteristics were analyzed. 
The results revealed that follow-up outcomes (P = 0.0142) and tumor size (P = 0.0142) were significantly correlated 
with the expression of CXCL8 levels. In contrast, no statistically significant correlations were found with body mass 
index (BMI), parity, menopausal status, HPV infection status, tissue differentiation of tumors, FIGO stage, surgical 
procedure, and lymph node metastasis (Table 2).
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Figure 2 Recombinant human CXCL8 promotes proliferation of VSCC cells. (A and B) CCK-8 assays for SW962 (A) and A431 (B) cells. Data are presented as mean ± SD 
from three independent experiments; *P < 0.05, ***P < 0.001 vs. 0 ng/mL (ANOVA followed by Dunnett’s test). (C) Representative images of the findings from colony- 
formation assays for SW962 and A431 cells. (D and E) Quantification of colony numbers for SW962 (D) and A431 (E) cells; data are presented as mean ± SD of triplicate 
wells; **P < 0.01, ***P < 0.001, Student’s t-test. (F) EdU staining assays were performed to determine the proliferation in SW962 and A431 cells treated with 0 or 80 ng/mL 
CXCL8 for 48 h. Images were acquired at 200× magnification; scale bar, 100 µm.
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Effects of CXCL8 Expression on PFS and OS in Patients with Vulvar Cancer
A retrospective analysis of 60 patients s with VSCC evaluated the prognostic value of CXCL8 expression on the basis of 
immunohistochemical scoring. Patients were stratified into CXCL8-low (n = 31) and CXCL8-high (n = 29) groups. 
Survival analyses using PFS and OS as endpoints revealed that the CXCL8-high group had a median PFS of 58 months, 
whereas the median PFS of the CXCL8-low group was undefined due to insufficient follow-up data. A statistically 
significant difference in PFS was observed between the groups (P = 0.0011), demonstrating that high CXCL8 expression 
correlates with worse PFS (Figure 6A).

At the follow-up cutoff date (December 31, 2024), follow-up cutoff date, 21 deaths (35.0%) had occurred in the cohort. 
Kaplan-Meier analysis revealed significantly worse OS in CXCL8-high group versus the CXCL8-low group (P = 0.013), 
indicating that elevated CXCL8 expression is an important predictor of poorer OS (Figure 6B).

Discussion
In the present study, we focused on two core directions. First, we systematically evaluated the correlation between the 
expression levels of CXCL8 and the prognosis as well as the clinicopathological characteristics of patients with vulvar 
cancer, revealing the clinical prognostic value of CXCL8 as a potential biomarker. Second, we elucidated the molecular 
mechanisms by which CXCL8 promotes the occurrence and progression of vulvar cancer through regulation of malignant 
biological behaviors such as proliferation, thereby providing a theoretical basis for the development of targeted therapies.

Figure 3 Recombinant human CXCL8 alters the cell cycle progression in vulvar carcinoma cells. (A) Flow cytometry histograms. (B and C) Quantification of cell cycle 
distribution in SW962 cells (B) and A431 cells (C). Data are presented as mean ± SD from three independent experiments; *P < 0.05, **P < 0.01, ***P < 0.001 vs. 0 ng/mL 
(one-way ANOVA followed by Dunnett’s test).
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Figure 4 CXCL8 promotes tumor growth in a xenograft mouse model of VSCC. (A and B) Images of BALB/c nude mice (A) and tumor morphology (B) at the end of the 
experiment after tumor formation in control and CXCL8-treated groups. (n=6 per group). (C) Tumor volume measurements over 14 days; data are presented as mean ± SD. The 
groups showed no significant differences. (D) Body weight of mice over the course of the experiment; data are presented as mean ± SD. No significant differences were observed 
between groups. (E) Immunohistochemical staining for VEGF and Ki-67 expression in tumor sections from control and CXCL8-treated groups. Scale bar, 50 µm, ×400.
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Figure 5 Recombinant human CXCL8 promotes tumor progression through the CXCL8/TGF-β axis in A431 cells. (A) Volcano plot showing DEGs in A431 cells treated 
with 200 ng/mL CXCL8 for 48 h in comparison with the control (0 ng/mL). (B) Heatmap of hierarchical clustering for the top 50 DEGs. (C) Bar plot depicting the top 15 
enriched pathways from the DEGs. *P < 0.05, **P < 0.01, ***P < 0.001 vs. control. (D) Reactome enrichment analysis of the DEGs. **P < 0.01, ***P < 0.001 vs. control. (E) 
qRT-PCR validation of selected DEGs (MMP9, MMP2, TGF-BR1 et al) in A431 cells treated with 200 ng/mL CXCL8 for 48 h; data are presented as mean ± SD from three 
independent experiments; *P < 0.05, ***P < 0.001 vs. control (Student’s t-test). (F) qRT-PCR validation of selected DEGs (Smad3, Smad2, TGF-β et al) in A431 cells treated 
with 200 ng/mL CXCL8 for 48 h; data are presented as mean ± SD from three independent experiments; *P < 0.05, **P < 0.01, ***P < 0.001 vs. control (Student’s t-test).
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Previous studies have demonstrated CXCL8 overexpression in multiple malignancies.21 Highly CXCL8 expression 
plays an important role in the occurrence, development, metastasis, and immune evasion of various tumors (such as gastric 
cancer, colon carcinoma, breast cancer, and ovarian cancer), promoting tumor proliferation and resulting in poor prognoses 

Table 2 Correlation Between CXCL8 Expression and Clinicopathological Characteristics of Vulvar Cancer Patients

Characteristic CXCL8 P Value

Low Expression High Expression

BMI (kg/m2) 0.672

<28 27 (12.90%) 27 (6.90%)
≥28 4 (87.10%) 2 (93.10%)

Menopausal status 0.573

Postmenopausal 21 (67.74%) 22 (75.86%)
Premenopausal 10 (32.26%) 7 (24.14%)

Number of deliveries 0.465

≥2 times 28 (90.32%) 24 (82.76%)
<2 times 3 (9.68%) 5 (17.24%)

HPV infection status >0.99

HPV-positive 4 (12.90%) 3 (10.34%)
HPV-negative or unknown 27 (87.10%) 26 (89.66%)

Tumor size 0.0142

≤4cm 15 (33.33%) 5 (13.89%)
>4cm 16 (66.67%) 24 (86.11%)

Histological differentiation 0.7737

Well-differentiated 22 (70.97%) 22 (75.86%)
Moderately/Poorly-differentiated 9 (29.03%) 7 (24.14%)

FIGO stage 0.1173

Stage I 21 (67.74%) 13 (44.83%)
> Stage I 10 (32.26%) 16 (55.17%)

Lymph node metastasis 0.3545

Present 5 (16.13%) 8 (27.59%)
Absent 26 (83.87%) 21 (72.41%)

Surgical approach 0.509
Radical vulvectomy 7 (22.58%) 4 (13.79%)

Radical vulvectomy + inguinal lymphadenectomy ± pelvic lymphadenectomy 24 (77.42%) 25 (86.21%)

Follow-up outcome 0.0142
Alive 25 (80.65%) 14 (48.28%)

Deceased 6 (19.35%) 15 (51.72%)

Figure 6 Influence of CXCL8 expression on survival outcomes in patients with VSCC. (A) Kaplan–Meier curve for PFS showing a significant difference between the low (n = 31) 
and high (n = 29) CXCL8 expression groups, P = 0.0011. (B) Kaplan–Meier curve for OS demonstrating poorer OS in the high CXCL8 expression group than in the low expression 
group, P = 0.0130.
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in patients with cancer.22–24 Simultaneously, the correlation between high CXCL8 expression levels and the prognosis and 
clinical features of tumors was also explored, which is supposed to be associated with increased tumor malignancy, 
enhanced metastatic potential, and poor prognosis.25–27 A total of 60 patients with VSCC who underwent surgical treatment 
for the first time were included in this study. Paraffin-embedded tissue specimens were subjected to immunohistochemical 
analysis, and the corresponding clinical cases were retrospectively analyzed. The findings of our study revealed that patients 
with high CXCL8 expression exhibited shorter PFS and overall survival OS than those with low CXCL8 expression, 
indicating that high CXCL8 expression is associated with a poor prognosis. This discovery aligns closely with the 
conclusions from multiple previous studies demonstrating that elevated CXCL8 expression predicts adverse outcomes. 
For example, in non-small cell lung cancer, patients with high CXCL8 expression exhibit significantly higher rates of lymph 
node metastasis and advanced-stage disease occurrence, and CXCL8 serves as an independent predictor of these outcomes 
while functioning as a potential biomarker for evaluating five-year survival rates.28 For gastric cancer, Zhai et al reported 
that IL-8 secreted by gastric cancer cells enhances the chemotherapy resistance of tumor cells, resulting in a poor patient 
prognosis. Moreover, immunohistochemical analysis of gastric cancer tissues from chemotherapy-resistant patients showed 
abnormal CXCL8 expression levels and localization, and high serum CXCL8 concentrations were closely related to poor 
response to cisplatin treatment in patients.29 Additionally, serum CXCL8 concentrations have also been demonstrated to 
accurately reflect the tumor burden following antitumor therapy in other malignant tumors such as melanoma and refractory 
pancreatic carcinoma.30–32 In summary, both our study and previous explorations of other cancer types showed that high 
expression of CXCL8 is closely related to tumor progression, treatment resistance, and poor prognosis, fully demonstrating 
the potential value of CXCL8 as a prognostic indicator for tumors. Furthermore, in the present study, no significant 
association was found between CXCL8 expression level and HPV infection status in patients with vulvar cancer. We believe 
that this was partly due to the fact that some of the included patients did not undergo HPV testing and the number of cases 
with HPV infection included in the statistical analysis was insufficient. Therefore, this aspect needs to be studied further by 
expanding the sample size through multi-center collaboration.

The proliferation and angiogenesis of tumors play critical roles in tumor progression and metastasis. Previous studies 
have certified that CXCL8 can induce the proliferation of triple-negative breast cancer, colorectal cancer, lung cancer, 
and ovarian cancer cells by activating signaling pathways such as the PI3K/AKT, MAPK, nuclear factor (NF)-κB, and 
Wnt/β-catenin pathways. CXCL8 has also been shown to activate corresponding pathways to promote the proliferation 
and migration of pancreatic carcinoma, neuroglioma, and vascular endothelial cells, facilitating angiogenesis and tumor 
growth.33–36 Inhibition of CXCL8 also leads to impaired tumor vascularization and tumor death. To further investigate 
whether CXCL8 is involved in regulating the malignant biological behaviors of vulvar cancer cells, we treated the vulvar 
cancer cell lines SW962 and A431 with different concentrations (0, 40, 80, 200 ng/mL) of recombinant human CXCL8 
and obtained an important finding: CXCL8 can promote the proliferation of A431 and SW962 vulvar cancer cells and 
facilitates the transition of the cell cycle from the G0/1 phase to the S phase. Using the A431 xenograft nude mouse 
model, the results further confirmed that tail vein injection of recombinant human CXCL8 significantly accelerated tumor 
growth and induced obvious angiogenesis; immunohistochemical analysis showed that both Ki-67 and VEGF expression 
were significantly upregulated in the CXCL8-treated group. These results are highly consistent with previously reported 
findings showing that CXCL8 promotes gastric cancer proliferation and migration, and that the CXCL8/CXCR2 axis 
drives angiogenesis in endothelial cells in glioblastoma.37,38 Notably, previous studies have shown that sunitinib inhibits 
angiogenesis in renal cell carcinoma by blocking VEGF/platelet-derived growth factor (PDGF) receptors, whereas 
CXCL8 overexpression can lead to drug resistance; blocking CXCL8 signaling can restore sensitivity to sunitinib.39 

These studies collectively suggest that CXCL8 is a key regulatory factor in the vascular microenvironment of multiple 
tumors. With our in vivo experimental data, CXCL8 can be inferred to similarly promote the malignant progression of 
vulvar cancer by inducing angiogenesis and cell proliferation, and may serve as an important target for predicting 
prognosis and reversing drug resistance.

To investigate the potential mechanisms by which CXCL8 promotes tumor cell proliferation, we employed tran
scriptome sequencing and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis of vulvar cancer 
cells treated with CXCL8 for 48 h. The results indicated significant enrichment in signaling pathways in CXCL8-treated 
vulvar cancer cells, such as the EMT and TGF-β pathways. EMT is the process by which epithelial cells transform into 
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a mesenchymal phenotype, and it commonly occurs in biological processes such as tissue repair, tumor invasion, and 
metastasis. TGF-β is the most critical mediator in epithelial cell proliferation and EMT. TGF-β has been reported to 
significantly reduce the proliferation of oral squamous cell carcinoma cells in vitro and participates in the occurrence of 
EMT, consistent with our findings.40 Therefore, we preliminarily hypothesize that CXCL8 in vulvar cancer cells may 
promote disease progression through the TGF-β pathway.

Our study established CXCL8 as both a prognostic biomarker and a promising therapeutic target for inhibiting tumor 
proliferation in vulvar cancer. Moreover, the findings highlight TGF-β as a critical downstream signaling mediator in this 
pathway.

Conclusion
To the best of our knowledge, this is the first study to demonstrate the predictive value of the CXCL8 expression level in 
the prognosis of vulvar cancer patients and to explore the role of CXCL8 in vulvar cancer in vitro and in vivo. Our results 
show that patients with vulvar cancer and high CXCL8 expression have a poor prognosis; cell experiments revealed that 
CXCL8 not only promotes the proliferation of vulvar cancer but also induces the cell cycle to shift to the S and G2/M 
phases in vitro; moreover, tail vein injections of CXCL8 promoted tumor growth in a xenograft mouse model of vulvar 
cancer. Notably, our results initially revealed that the mechanism by which CXCL8 promotes vulvar cancer was closely 
related to the activation of TGF-β signaling pathway. Taken together, these findings suggest that CXCL8 may serve as 
a therapeutic target for vulvar cancer.

Abbreviations
VSCC, Vulvar squamous cell carcinoma; CXCL8, C-X-C motif chemokine ligand 8; GEO, Gene Expression Omnibus; 
EMT, Epithelial-mesenchymal transition.
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