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Background: The persistent expression of high-risk human papillomavirus (hrHPV) E6 oncoproteins is a critical determinant
in driving and maintaining the malignant phenotype of cervical cancer, a pathogenic process where autophagy serves as a key
regulatory mechanism. This study aimed to identify autophagy-related genes as potential biomarkers for prognostic evaluation
in cervical cancer.
Methods: This study established an HPV 16 E6-induced C33a cervical cancer cell model, which was treated with the autophagy
activator rapamycin or inhibitor 3-methyladenine to modulate autophagy. The expression of the autophagy-related gene C-X-C
motif chemokine ligand 8 (CXCL8) was analyzed by reverse transcription-quantitative PCR (RT-qPCR), western blotting, and
enzyme-linked immunosorbent assay. Cell viability, migration, invasion, and apoptosis were assessed using the Cell CountingKit-
8 assay, wound healing assay, Transwell assay, and Terminal deoxynucleotidyl transferase–mediated deoxyuridine triphosphate
nick-end labeling (TUNEL) assays, respectively. Furthermore, CXCL8 expression levels in tumor tissues from cervical cancer
patients with favorable (n = 81) and unfavorable (n = 61) prognosis were examined by immunohistochemistry and RT-qPCR.
Univariate and multivariate Cox proportional hazards regression analyses were conducted to identify independent risk factors
influencing disease-free survival (DFS) in cervical cancer patients. Receiver operating characteristic (ROC) curve analysis was
employed to evaluate the predictive value of CXCL8 for unfavorable prognosis risk.
Results: Mechanistic studies indicated the participation of CXCL8 in HPV 16 E6–inducedmalignant phenotypes. The autophagy
activator rapamycin or CXCL8-neutralizing antibody could neutralize the oncogenic effects of HPV 16 E6. CXCL8 was highly
expressed in tumor tissues with poor prognosis. It showed correlations with poor tumor differentiation, cervical infiltration depth
≥2/3, and lymph node metastasis, independent of clinical stage. CXCL8 was identified as an independent prognostic factor in
cervical cancer [hazard ratio = 3.143, 95% confidence interval (CI): 1.519–6.507, p = 0.002] and was significantly correlated with
inferior DFS (χ2 = 34.905, p < 0.0001). Furthermore, a model combining CXCL8 with squamous cell carcinoma antigen and
cytokeratin 19 fragment showed promising prognostic accuracy, achieving an area under the curve of 0.897 (95% CI: 0.835–
0.942) with 90.16% sensitivity and 88.89% specificity.
Conclusion: The CXCL8 gene promotes cervical cancer progression by contributing to the regulation of autophagy mediated by
HPV 16 E6. This functional role underpins its potential utility as a clinical prognostic biomarker.
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Introduction

Cervical cancer constitutes a major global health bur-
den among gynecological malignancies, accounting for an
estimated 661,000 new diagnoses and 348,000 fatalities
each year [1]. Despite considerable progress in treat-
ment modalities, the prognosis for patients diagnosed with
advanced-stage cervical cancer remains dismal. Current
treatment strategies and prognostic assessment primarily
rely on clinical staging and pathological characteristics.
Several key clinicopathological factors have been identi-
fied as determinants of recurrence and prognosis in cervical
cancer, including histological subtype, International Feder-

ation of Gynecology and Obstetrics (FIGO) stage, lymph
node metastasis, and tumor size. However, patients at the
same clinical stage do not always experience identical out-
comes. Considerable controversy persists regarding cer-
tain prognostic factors such as patient age, pathological
type, and tumor differentiation [2,3]. Complementing es-
tablished prognostic parameters, a growing body of evi-
dence has identified multiple novel biomarkers that show
significant correlations with survival outcomes in cervical
cancer patients [4,5]. Therefore, some studies have focused
on developing precise prognostic tools for the early identifi-
cation of high-risk patients susceptible to treatment failure.
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Molecular oncology has identified that human onco-
genic viruses, including high-risk human papillomavirus
(hrHPV), Epstein–Barr virus, hepatitis B virus, hepatitis
C virus, Kaposi’s sarcoma–associated herpesvirus, and hu-
man T-lymphotropic virus 1, contribute to carcinogenesis
by promoting chronic inflammation, uncontrolled prolifera-
tion, and malignant transformation [6,7]. The development
of invasive cervical carcinoma is causally linked to infec-
tion with hrHPV genotypes, most notably HPV 16 and 18
[8]. The persistent expression of E6/E7 oncoproteins ex-
erts carcinogenic effects by interacting with cellular pro-
tein functions, thereby promoting tumor proliferation, mi-
gration, and invasion, and concurrently inhibiting apoptosis
and enabling immune evasion [9,10]. In cervical cancer, in-
creased expression of the E6 oncogene and the E6* isoform
correlates with a marked reduction in overall survival (OS),
identifying a patient subgroup with an unfavorable progno-
sis [11]. Viral oncoproteins are essential for sustaining the
malignant phenotypes. Current studies have attempted to
discover novel hrHPV-associated biomarkers. Autophagy
plays a central role in the pathogenesis of diverse solid tu-
mors by modulating viral replication and facilitating im-
mune evasion [12]. This process is directly targeted by vi-
ral oncoproteins, such as hepatitis B virus X protein, hep-
atitis C virus nonstructural protein 4B/nonstructural protein
5A, and the Epstein-Barr virus replication and transcription
activator [13,14]. The role of hrHPV in driving malignant
transformation and promoting aggressive tumor phenotypes
is well established. However, its multifaceted interactions
with cellular homeostasis mechanisms, particularly through
autophagy modulation, remain poorly elucidated. Emerg-
ing evidences reveal paradoxical autophagic effects in HPV
pathogenesis. For instance, HPV 16 achieves autophagy
suppression through activating the phosphatidylinositol 3-
Kinase (PI3K)/Ak transforming (Akt)/mammalian target of
rapamycin (mTOR) signaling axis, a strategy that thereby
potentiates its infectivity [15]. HPV 16 E7 induces au-
tophagic flux in keratinocytes, while concomitantly in-
creasing cellular susceptibility to serum starvation-induced
death [16]; the superior therapeutic response observed in
HPV-positive oropharyngeal squamous cell carcinoma, rel-
ative to its HPV-negative counterpart, may be linked to the
dysregulation of critical autophagy-related genes (ARGs)
[17]. However, the prognostic implications of autophagy
in hrHPV-induced cervical carcinogenesis still need to be
elucidated.

Autophagy dysregulation is a well-established co-
carcinogenic factor in hrHPV infection, making the anal-
ysis of ARGs a promising approach for identifying prog-
nostic biomarkers in cervical cancer. The proinflammatory
chemokine C-X-C motif chemokine ligand 8 (CXCL8, also
known as interleukin-8—the first identified chemokine),
which is implicated in various malignancies, has been
shown to promote tumor migration through autophagy sup-
pression [18]. However, the specific role and regula-

tory mechanism of CXCL8 in hrHPV-driven cervical can-
cer, particularly in relation to key oncoproteins such as
HPV 16 E6—known for its role in immune evasion and
cellular transformation—remain unclear. Therefore, this
study aims to elucidate how CXCL8 modulates autophagy
in hrHPV-positive cervical cancer cells and to establish a
causal link between CXCL8 expression and autophagic ac-
tivity. Our findings are expected to provide a theoreti-
cal basis for considering CXCL8 as a potential prognostic
biomarker and therapeutic target in hrHPV-associated cer-
vical carcinogenesis.

Methods

Patients and Clinical Samples
This retrospective cohort study received ethical ap-

proval from the Ethics Committees of Hongqi Hospital Af-
filiated to Mudanjiang Medical University (Approval No.
202028) and was conducted in compliance with the Decla-
ration of Helsinki. This retrospective study analyzed 142
patients with histologically confirmed cervical cancer ad-
mitted between January 2020 and July 2022. Based on
the occurrence of a three-year disease-free survival (DFS)
event, patients were stratified into two groups: a favorable
prognosis group (n = 81), in which no DFS event occurred,
and an unfavorable prognosis group (n = 61), which experi-
enced DFS events. Written informed consent was procured
from all participants prior to the collection of preoperative
serum and postoperative tissue specimens. Patient eligibil-
ity was defined by the following criteria: (1) patients with
a histologically confirmed diagnosis of cervical cancer; (2)
availability of complete clinical and follow-up records; and
(3) patients who had undergone radical hysterectomy as pri-
mary treatment. The study exclusion criteria were defined
as follows: (1) patients with synchronous primary malig-
nancies in other systems; (2) patients with cardiac, hepatic,
or renal dysfunction; (3) patients with anticipated survival
of less than 6 months; and (4) patients with confirmed dis-
tant metastasis prior to surgery.

Patient Follow-Up
Postoperative follow-up was conducted throughmedi-

cal record reviews and telephone interviews every 3 months
for 3 years, continuing until August 30, 2025. The col-
lected data encompassed routine diagnostic imaging (com-
puted tomography, magnetic resonance imaging, and bone
scans) and laboratory findings. Follow-up records com-
prised detailed documentation of disease progression, re-
currence, metastasis, survival status, and the final follow-up
date. Based on the occurrence of a three-year DFS event,
patients were stratified into two prognostic groups: (1) the
favorable prognosis group (no DFS event), comprising pa-
tients who remained clinically stable with no evidence of
disease recurrence, distant metastasis, or mortality during
follow-up; and (2) the poor prognosis group (DFS event oc-
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curred), which included patients who experienced disease
progression, locoregional recurrence, metastatic dissemina-
tion, or cancer-related death [19,20].

Grouping
The prognostic value of serum CXCL8 levels was

evaluated using receiver operating characteristic (ROC)
curve analysis. With the 3-year follow-up outcomes (unfa-
vorable prognosis = 1, favorable prognosis = 0) as the state
variable and baseline CXCL8 levels as the test variable, the
optimal cutoff value was determined to be 43.6 pg/mL by
maximizing the Youden index. Accordingly, patients were
stratified into a high-CXCL8 group (≥43.6 pg/mL, n = 73)
and a low-CXCL8 group (<43.6 pg/mL, n = 69).

Treatment Strategies for Cervical Cancer
For early-stage patients (FIGO I–IIA) with favorable

prognoses, radical surgery serves as the cornerstone. Proce-
dure selection depends on staging and fertility needs: cer-
vical conization for stage IA1 with fertility preservation
requirements, or radical hysterectomy for stages IA2-IIA.
Postoperative radiotherapy is indicated when high-risk fac-
tors such as lymph node metastasis or positive margins
are present. For patients with poor prognoses, including
those with locally advanced (FIGO IB3-IVA), metastatic,
or special pathological types, concurrent chemoradiother-
apy remains the standard for locally advanced disease, with
pembrolizumab immunotherapy recommended for stages
III-IVA. For recurrent or metastatic disease, systemic ther-
apy predominates, incorporating PD-1 inhibitors, the anti-
angiogenic agent bevacizumab, and antibody-drug conju-
gates such as Tisotumab Vedotin. All therapeutic decisions
should be individualized based on FIGO stage, patholog-
ical type, biomarker profiles, and patient-specific circum-
stances [21].

Bioinformatics Analyses
CXCL8 expression data in cervical cancer were

sourced from publicly accessible databases, including
The Cancer Genome Atlas (http://portal.gdc.cancer.gov)
and the Gene Expression Profiling Interactive Analysis
(GEPIA) platform (http://gepia.cancer-pku.cn/). Subse-
quently, the association between CXCL8 expression and
patient OS as well as DFS was evaluated using the Kaplan-
Meier plotter (http://kmplot.com/analysis), with statistical
significance determined by the log-rank test. It is notewor-
thy that when integrating data, the GEPIA platform requires
samples to have both expression and survival information
for Kaplan-Meier analysis, whereas box plots require only
expression data. This difference in criteria results in a slight
discrepancy in the number of samples included between the
two analyses (survival analysis n = 304, box plots analysis
n = 306).

Cell Culture
C33a cells were acquired from the Chinese Academy

of Medical Sciences (Beijing, China) and maintained in
Dulbecco’s modified Eagle’s medium (DMEM; Gibco, NY,
USA, Cat. No. 11880028) containing 10% fetal bovine
serum (FBS; Gibco, Cat. No. 16000044), along with peni-
cillin (100 IU/mL) and streptomycin (100 µg/mL) (Gibco,
Cat. No. 15140122). The cells were cultured at 37 °C in
a humidified incubator with 5% CO2. The C33a cell line
was tested and confirmed negative for mycoplasma con-
tamination. The genetic integrity was monitored annually
via three complementary approaches: short tandem repeat
authentication, quantification of population doubling times,
and systematic morphological evaluation.

Plasmids Construction and Transfection
The full-length human CXCL8 cDNAwas cloned into

the pcDNA3.1 vector (Invitrogen, CA, USA, Cat. No.
11510866) via BamHI and XhoI restriction sites to generate
the pcDNA3.1-CXCL8 (pc-CXCL8) plasmid. The cDNA
was amplified using the following primers: sense, 5′-AGT
GCT AAA GAA CTT AGA TGT CAG-3′ and antisense,
5′-TCA TGA ATT CTC AGC CCT CTT CAA AAA-3′.
The primers used for constructing the pcDNA3.1-HPV 16
E6 plasmid were: sense, 5′-ATG CAC CAA AAG AGA
ACT GC-3′ and antisense, 5′-TCA TTA CAG CTG GGT
TTC TCT ACG TG-3′. An empty pcDNA3.1 vector (pc-
NC) served as a negative control; the primers: sense, 5′-
CTA GAG AAC CCA CTG CTT AC-3′ and antisense, 5′-
TAGAAGGCACAGTCGAGG-3′. Transfection of C33a
cells was performed using Lipofectamine 2000 (Invitrogen,
Cat. No. 11668027) following the manufacturer’s protocol.
The cells were transfected with one of the following plas-
mids at a concentration of 2.5 µg/mL: pc-CXCL8, pc-NC,
or the HPV 16 E6 vector.

Treatment With Autophagy Modulators and
Exogenous Anti-CXCL8 Antibody

C33a cells were subjected to various treatments to
modulate autophagy and inhibit CXCL8 signaling. Specif-
ically, autophagy was inhibited by adding 10 mM 3-
methyladenine [22] (3-MA;Chunshi, Shanghai, China, Cat.
No. CS-01Y63520) directly to the culture medium. Con-
versely, autophagy was activated by treating cells with
3 µM rapamycin [22] (Rapa; Chunshi, Cat. No. CS-
C6951), which was initially dissolved in dimethyl sulfox-
ide (DMSO; Chunshi, Cat. No. CS-01F97073) and then
diluted in the medium. A vehicle control, consisting of
medium supplemented with 0.1% DMSO, was established
in parallel. Additionally, a neutralizing anti-CXCL8 an-
tibody was administered directly into the culture medium
at a final concentration of 350 ng/mL. Untreated cells
were maintained as a baseline control for all experimental
groups.
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Reverse Transcription–Quantitative Polymerase
Chain Reaction (RT-qPCR)

Total RNA was isolated from cells with TRIzol
reagent (Sigma-Aldrich, St. Louis, MO, USA, Cat. No.
93289) per the manufacturer’s protocol. Following extrac-
tion, RNA quality was confirmed on a NanoDrop One spec-
trophotometer (Thermo Fisher, Waltham, MA, USA, Cat.
No. 840317400), ensuring all samples had an A260/A280
ratio exceeding 1.8. Subsequent reverse transcription was
carried out with the HiScript III All-in-one RT SuperMix
(Vazyme, Nanjing, Jiangsu, China, Cat. No. R333-01),
followed by quantitative PCR using SYBR Green Master
Mix (Vazyme, Cat. No. Q311-02). The primer sequences
employed are listed below: C-X-C motif chemokine lig-
and 10 (CXCL10): (forward) 5′-GTG GCA TTC AAG
GAG TAC CTC-3′, (reverse) 5′-TGA TGG CCT TCG
ATT CTG GAT T-3′; C-X-C motif chemokine ligand 12
(CXCL12): (forward) 5′-TGT GAC GGC AGG GAA ATG
TA-3′, (reverse) 5′-TCT GCT CTA ACA CAG AGG GAA
AC-3′; C-X-C motif chemokine ligand 5 (CXCL5): (for-
ward) 5′-AGC TGC GTT GCG TTT GTT TAC-3′, (re-
verse) 5′-TGG CGA ACA CTT GCA GAT TAC-3′; C-
X-C motif chemokine ligand 1 (CXCL1): (forward) 5′-
AAC ATG CCA GCC ACT GTG AT-3′, (reverse) 5′-GCC
CCT TTG TTC TAA GCC AG-3′; CXCL8: (forward) 5′-
ACT GAG AGT GAT TGA GAG TGG AC-3′, (reverse)
5′-AAC CCT CTG CAC CCA GTT TTC-3′; C-X-C motif
chemokine ligand 16 (CXCL16): (forward) 5′-CCC GCC
ATC GGT TCA GTT C-3′, (reverse) 5′-CCC CGA GTA
AGC ATG TCC AC-3′; C-C motif chemokine ligand 19
(CCL19): (forward) 5′-TAC ATC GTG AGG AAC TTC
CAC T-3′, (reverse) 5′-CTG GAT GAT GCG TTC TAC
CCA-3′; C-X-C motif chemokine ligand 2 (CXCL2): (for-
ward) 5′-GCT TGT CTC AAC CCC GCA TC-3′, (re-
verse) 5′-TGG ATT TGC CAT TTT TCA GCA TCT T-
3′; C-X-C motif chemokine ligand 4 (CXCL4): (forward)
5′-ACT AGC TGC CTA CGT GTG TG-3′, (reverse) 5′-
GCA TAA CCA GTA TTC ACA CCT TCC-3′; C-C motif
chemokine ligand 5 (CCL5): (forward) 5′-CAG TCG TCC
ACA GGT CAA GG-3′, (reverse) 5′-TCT TCT CTG GGT
TGG CAC AC-3′; and glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH): (forward) 5′-GGA GCG AGA TCC
CTC CAAAAT-3′, (reverse) 5′-GGC TGT TGT CAT ACT
TCT CAT GG-3′. The relative quantification of mRNA ex-
pression was determined through the 2−∆∆Ct method [23].

Immunoblotting
Cellular proteins were extracted with lysis buffer,

and equal amounts (40 µg per lane) were subjected to
sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis followed by transfer to polyvinylidene difluoride mem-
branes (Merck Millipore, Burlington, MA, USA, Cat. No.
IPVH00010). After blocking with 5% skimmed milk,
the membranes were incubated overnight at 4 °C with
primary antibodies against microtubule-associated protein

1A/1B-light chain 3 (LC3, 1:2000; Abcam, Waltham, MA,
USA, Cat. No. ab192890) and CXCL8 (1:1000; Abcam,
Cat. No. ab289967, Clone EPR26511-74). Following
washes, the membranes were incubated with a horseradish
peroxidase (HRP)-conjugated secondary antibody (1:3000;
Abcam, Cat. No. ab6721) for 2 h at room temperature.
Protein bands were visualized using an enhanced chemilu-
minescence kit (Cell Signaling Technology, Danvers, MA,
USA, Cat. No. 6883) and quantified by densitometry with
ImageJ software (National Institutes of Health, MD, USA,
v1.54f).

Cell Viability Assay
Cell viability of C33a cells was assessed with the Cell

Counting Kit-8 (CCK-8; Dojindo, Kumamoto, Japan, Cat.
No. CK04). Briefly, cells were plated in 96-well plates at
10× 103 cells/mL, subjected to experimental treatments for
48 h, and then incubated with 10 µL of CCK-8 solution per
well for 4 h. Absorbance at 450 nm was recorded using a
BioTek SynergyH1microplate reader (BioTek Instruments,
Model H1MF).

Wound Healing Assay
For the wound healing assay, cells were grown in six-

well plates to 80–90% confluence. A standardized scratch
wound was created with a sterile pipette tip (recorded as
0 h). After washing with phosphate-buffered saline, cells
were cultured in complete medium for 48 h at 37 °C with
5% CO2. Migration was documented by capturing four
random microscopic fields per well at 200× magnification
(Olympus BX53, Serial No.: 5D45165, Olympus Corpora-
tion, Tokyo, Japan). The relative migration distance was
determined by applying the formula: Percentage of wound
closure (%) = 100 × (A – B) / A, wherein A represents the
initial wound width (at 0 h) and B represents the residual
wound width after the incubation period (at 48 h) [24].

Cell Invasion Assay
Cell invasion was assessed using Matrigel-coated

Transwell chambers (Millipore, Cat. No. CLS3422).
Serum-starved cells were plated in the upper chamber at
5 × 105 cells/mL, with 10% FBS-DMEM as a chemoat-
tractant in the lower chamber. After 48 h of incubation,
non-invading cells were removed from the upper surface.
Migrated cells on the lower membrane were fixed in 70%
methanol, stained with 2% crystal violet (Maokang, Shang-
hai, China, Cat. No. MS4005-100G), and quantified under
an Olympus BX53 microscope at 200× magnification.

Terminal Deoxynucleotidyl Transferase–Mediated
Deoxyuridine Triphosphate Nick-End Labeling
(TUNEL) Analysis

Apoptosis was assessed using the DeadEnd TUNEL
system (Promega Corporation, WI, USA, Cat. No. G3250)
according to the manufacturer’s instructions. C33a cells

https://www.discovmed.com/


457

Table 1. Correlation between CXCL8 expression and clinicopathological characteristics in cervical cancer.

Pathological characteristics
CXCL8

χ2 p
Low (<43.6, n = 69) High (≥43.6, n = 73)

Age 0.001 0.973
≤50 years 31 (48.4) 33 (51.6)
>50 years 38 (48.7) 40 (51.3)

Tumor diameter 2.234 0.135
≤4 cm 37 (55.2) 30 (44.8)
>4 cm 32 (42.7) 43 (57.3)

FIGO staging 0.297 0.586
I∼II 40 (50.6) 39 (49.4)
III 29 (46.0) 34 (54.0)

Differentiation 4.235 0.040
Low 25 (39.1) 39 (60.9)
Medium/high 44 (56.4) 34 (43.6)

Cervical infiltration Depth 4.675 0.031
≥2/3 31 (40.3) 46 (59.7)
<2/3 38 (58.5) 27 (41.5)

Lymph node metastases 4.461 0.035
Yes 22 (37.9) 36 (62.1)
No 47 (56.0) 37 (44.0)

CXCL8, C-X-C motif chemokine ligand 8; FIGO, International Federation of Gynecology and Ob-
stetrics.

were fixed, permeabilized, and incubated with the TUNEL
reaction mixture. After washing, nuclei were counter-
stained with 4′,6-diamidino-2-phenylindole (DAPI, 1:2000
dilution; Beyotime Biotechnology, Shanghai, China, Cat.
No. C1002), and slides were mounted for fluorescence mi-
croscopy (Olympus Corporation, Model BX53). Positive
TUNEL ratio = (All TUNEL positive nuclei/All DAPI pos-
itive nuclei) × 100% [25].

Immunohistochemistry (IHC)
For IHC analysis, paraffin-embedded tissue sections

underwent baking, deparaffinization, and rehydration fol-
lowed by antigen retrieval. After blocking, sections were
incubated with anti-CXCL8 primary antibody (1:100 dilu-
tion; Cell Signaling Technology, Cat. No. 94407; Clone
E5F5Q) at 4 °C overnight, then with HRP-conjugated sec-
ondary antibody (1:1000; Abcam, Cat. No. ab6721) for 2
h at ambient temperature. Signal was developed using 3,3′-
diaminobenzidine (DAB; Abcam, Cat. No. ab64238), and
nuclei were counterstained with hematoxylin. Stained sec-
tions were visualized under an Olympus BX53 microscope,
and a composite IHC score (range: 0–12) was derived by
multiplying the staining intensity grade (0: negative; 1+:
weak; 2+: moderate; 3+: strong) by the proportion of im-
munoreactive cells (0: <5%; 1+: 5–25%; 2+: 26–50%; 3+:
51–75%; 4+: >75%) [25].

Immunofluorescence Staining
Cells grown on glass coverslips were fixed with 4%

paraformaldehyde, permeabilized with 0.1% Triton X-100,

and blocked with 5% bovine serum albumin. Specimens
were then incubated with anti-LC3 primary antibody (1:100
dilution; Abcam, Cat. No. ab181147) followed by fluo-
rescein isothiocyanate (FITC)-conjugated secondary anti-
body (1:200 dilution; ProteinTech Group, IL, USA, Cat.
No. SA00003-2). After nuclear counterstaining with DAPI
(Beyotime; Cat. No. C1002), images were acquired using
a confocal microscope (Model BX53, Serial No.: 5D45165,
Olympus Corporation) and analyzed with ImageJ software
(v1.54f; National Institutes of Health).

Enzyme-Linked Immunosorbent Assay (ELISA)
CXCL8 levels in serum and cell culture supernatants

were quantified using commercial ELISA kits (R&D Sys-
tems, Minneapolis, MN, USA, Cat. No. DY208) according
to the manufacturer’s protocols. The obtained values were
normalized against the total protein concentration.

Statistical Analysis
Data are expressed as mean ± standard deviation. In-

tergroup comparisons utilized Student’s t-test (two groups)
or one-way Analysis of Variance (ANOVA) with Tukey’s
post-hoc test (≥3 groups). Categorical variables in Table 1
were analyzed by chi-square test. Prognostic performance
of CXCL8 was assessed by ROC curve analysis [area un-
der the curve (AUC) calculation]. The OS and DFS were
evaluated using Kaplan-Meier curves with log-rank testing.
Multivariate Cox regression analysis was employed to ad-
just for potential confounding factors and to evaluate the in-
dependent risk factors influencing DFS in cervical cancer.
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Fig. 1. Role of autophagy in regulating malignant phenotypes in HPV 16 E6-induced C33a cells. C33a cells were transfected with
HPV 16 E6 for 48 h, followed by treatment with 3-MA (10 mM) or Rapa (3 µM) for 6 h. (A) Representative immunoblots of LC3 protein
levels are presented, with β-actin serving as the loading control. Values represent mean ± SD; n = 3 (***p < 0.001, *p < 0.05 vs.
HPV 16 E6 group). (B) Subcellular localization of LC3 (green) was observed by confocal microscopy. Nuclei were stained with DAPI
(blue). Scale bars: 10 µm. n = 3 (***p < 0.001, **p < 0.01 vs. HPV 16 E6 group). (C) Cell viability was measured by CCK-8 assay.
Values represent mean ± SD; n = 3 (**p < 0.01, *p < 0.05 vs. HPV 16 E6 group). (D,E) Cell migration and invasion abilities were
evaluated by wound healing assay and Transwell assay, respectively. Data are presented as mean ± SD; n = 3 (*p < 0.05 vs. HPV 16
E6 group). HPV, human papillomavirus; 3-MA, 3-methyladenine; Rapa, rapamycin; LC3, microtubule-associated protein 1A/1B-light
chain 3; DAPI, 4′,6-diamidino-2-phenylindole; CCK-8, Cell Counting Kit-8; SD, standard deviation.

Multiple comparisons were adjusted using the Bonferroni
correction method. The association between CXCL8 and
established tumor markers—squamous cell carcinoma anti-
gen (SCC-Ag) and cytokeratin 19 fragment (CYFRA21-
1)—was assessed through Pearson’s correlation analysis.
All analyses were performed using IBM SPSS Statistics for
Windows, Version 20.0 (IBM Corp., NY, USA), with sta-
tistical significance set at p < 0.05 (two-tailed).

Results

The Regulatory Role of Autophagy in the Malignant
Progression of HPV 16 E6-Treated C33a Cells

To establish a functional link between autophagy and
hrHPV oncogenesis, we evaluated the impact of HPV 16 E6

on LC3 expression in C33a cervical cells. Fig. 1A demon-
strates that LC3-II expression was differentially regulated
by autophagy modulators: suppressed with 3-MA cotreat-
ment but enhanced with Rapa cotreatment relative to HPV
16 E6 alone (p < 0.05 and p < 0.001, respectively). Con-
sistent with these findings, cytoplasmic LC3 puncta were
abundant in HPV 16 E6 +Rapa treated cells but scarcely de-
tectable in HPV 16 E6 + 3-MA groups (Fig. 1B, p < 0.01
and p < 0.001, respectively). The CCK-8 assay revealed
that the HPV 16 E6 and 3-MA co-treatment significantly
increased whereas HPV 16 E6 and Rapa co-treatment sig-
nificantly decreased the viability of C33a cells compared
with HPV 16 E6 alone (Fig. 1C, p < 0.05 and p < 0.01,
respectively). As evidenced by scratch wound healing and
Transwell assays, the pro-migratory and pro-invasive activ-
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ity induced byHPV16E6was significantly counteracted by
Rapa, but was further enhanced by 3-MA (Fig. 1D,E, all p
< 0.05).

Autophagy Regulated Malignant Phenotypes in C33a
Cells via CXCL8

Consistent with our initial speculation, chemokines
play a crucial role in autophagy-associated malignant char-
acteristics in cervical cancer. Based on this premise, we
systematically evaluated chemokines in C33a cells, fo-
cusing on CXCL10, CXCL12, CXCL5, CXCL1, CXCL8,
CXCL16, CCL19, CXCL2, CXCL4, and CCL5. RT-qPCR
analysis revealed that CXCL8 expression was consistently
modulated by autophagy levels: the autophagy inducer
Rapa significantly downregulated CXCL8 mRNA expres-
sion, whereas the inhibitor 3-MA markedly upregulated it.
In contrast, although the expression changes in CCL19,
CXCL2, and CCL5 reached statistical significance, their
responses to autophagy interventions lacked a consistent
trend, failing to establish a clear relationship (Fig. 2A, p
< 0.001, p < 0.01 and p < 0.05, respectively). Subse-
quent Western blot and ELISA analyses further confirmed
corresponding changes in CXCL8 protein expression and
secretion across experimental groups. Notably, Rapa treat-
ment markedly suppressed CXCL8 expression at both the
cellular level and in culture supernatants of C33a cells. In
contrast, 3-MA treatment exerted an opposing effect, up-
regulating CXCL8 production (Fig. 2B,C, p < 0.01 and p
< 0.05, respectively). Functional analyses further revealed
that concurrent treatment with Rapa and pc-CXCL8 no-
tably enhanced cellular invasiveness and promoted wound
closure capacity relative to Rapa and pc-NC co-treatment
(Fig. 2D,F, all p < 0.01), indicating that CXCL8 over-
expression can counteract autophagy activation-mediated
suppression of malignant phenotypes. However, 3-MA and
anti-CXCL8 co-treatment significantly reduced the number
of invasive cells and shortened the cell migration distance
compared with the 3-MA alone treatment (Fig. 2E,G, p <

0.01 and p < 0.05, respectively).

Effect of CXCL8 on the Malignant Phenotypes of
HPV 16 E6–Treated C33a Cells

We investigated the role of CXCL8 in hrHPV-induced
cervical carcinogenesis by quantifying both intracellular
and secreted CXCL8 protein levels. Our data showed
that HPV 16 E6 significantly upregulated CXCL8 expres-
sion compared to controls (p < 0.01). This upregulation
was effectively reversed by Rapa co-treatment, which sub-
stantially reduced CXCL8 levels relative to HPV 16 E6
alone (Fig. 3A,B; p < 0.001 and p < 0.01, respectively).
Validation experiments confirmed efficient CXCL8 mod-
ulation: pc-CXCL8 dramatically increased both CXCL8
mRNA and protein expression when compared with pc-
NC group, while anti-CXCL8 antibody treatment effec-
tively suppressed CXCL8 expression compared to control

group (Supplementary Fig. 1; all p < 0.01). Function-
ally, HPV 16 E6 promoted cell invasion and migration
while inhibiting apoptosis. Both Rapa and anti-CXCL8
antibody counteracted these pro-oncogenic effects, signifi-
cantly decreasing invasive cell numbers and migration dis-
tance (Fig. 3C,D; p < 0.01, p < 0.05, respectively) while
simultaneously enhancing apoptosis (Fig. 3E; all p< 0.01).

Expression Profile of CXCL8 in Cervical Cancer
Specimens

Analysis of CXCL8 expression patterns in cervical
cancer tissues revealed distinct clinical associations. Box
plot visualization showed significantly higher CXCL8 tran-
script levels in cervical squamous cell carcinoma and endo-
cervical adenocarcinoma (CESC, n = 306) compared to nor-
mal tissue controls (n = 13, Fig. 4A, p < 0.05). However,
stage-based comparison demonstrated no statistically sig-
nificant variation in CXCL8 expression across FIGO stages
I-IV [Pr(>F) = 0.479, Fig. 4B]. Survival analysis of cer-
vical cancer patients through Kaplan-Meier plotting indi-
cated that high CXCL8 expression significantly correlated
with poorer OS (Fig. 4C, log-rank p = 2.7 × 10−5), with a
hazard ratio (HR) of 2.81, indicating CXCL8 as a prognos-
tic risk factor (HR >1). Furthermore, IHC assay and RT-
qPCR quantification consistently demonstrated enhanced
CXCL8 expression in cervical cancer specimens from pa-
tients with unfavorable prognosis relative to cases with fa-
vorable clinical outcomes (Fig. 4D,E; all p < 0.01). This
differential expression pattern further supports the associ-
ation between elevated CXCL8 levels and aggressive dis-
ease characteristics. As summarized in Table 1, the chi-
square tests identified significant associations between high
CXCL8 expression and poor tumor differentiation, cervi-
cal infiltration depth ≥2/3, and lymph node metastasis (χ2

= 4.235, 4.675, and 4.461; p = 0.040, 0.031, and 0.035,
respectively). Additionally, Cox proportional-hazards re-
gression modeling established multiple clinicopathological
variables as independent predictors of diminished DFS in
cervical cancer. Among these, elevated CXCL8 expression
demonstrated the strongest association with affecting DFS
(HR = 3.143, 95% confidence interval: 1.519–6.507, p =
0.002). Additional significant factors included lymph node
metastasis (HR = 2.266), poor tumor differentiation (HR =
2.155), advanced FIGO stage (HR = 2.157), and hrHPV in-
fection (HR = 2.111) (Table 2).

The Prognostic Significance of CXCL8 in Cervical
Cancer

To investigate the clinical relevance of CXCL8, pa-
tients were dichotomized into high- and low-CXCL8 ex-
pression subgroups, and their survival outcomes were eval-
uated. Patients with lower serum CXCL8 levels exhibited a
significantly higher 3-year DFS rate (Fig. 5A, p< 0.0001),
suggesting a strong association between CXCL8 and cervi-
cal cancer outcomes. Correlation assessments with conven-
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Fig. 2. Autophagy regulated malignant phenotypes in C33a cells via CXCL8. C33a cells were subjected to a 6 h treatment with
either 3-MA (10 mM) or Rapa (3 µM). (A) Relative mRNA expression of chemokines in C33a cells was measured by RT-qPCR; n =
3 (***p < 0.001, **p < 0.01, *p < 0.05 vs. control group). (B) CXCL8 protein levels was detected by Western blotting with β-actin
as an internal control; n = 3 (**p < 0.01 vs. control group). (C) Secreted CXCL8 in culture supernatants was quantified by ELISA;
n = 3 (*p < 0.05 vs. control group). For functional assays, cells were transfected with pc-NC or pc-CXCL8 (2.5 µg/mL) for 48 h, or
treated with anti-CXCL8 antibody (350 ng/mL) for 6 h, followed by 3-MA or Rapa for another 6 h. (D,E) Cell invasion was assessed
by Transwell assay. (F,G) Cell migration was evaluated by wound healing assay. n = 3. *p < 0.05 vs. control; ▲▲p < 0.01 vs. Rapa +
pc-NC; ##p< 0.01, #p< 0.05 vs. 3-MA. CXCL8, C-X-C motif chemokine ligand 8; RT-qPCR, reverse transcription-quantitative PCR;
ELISA, enzyme linked immunosorbent assay; pc-NC, an empty pcDNA3.1 vector, serves as a negative control.
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Fig. 3. CXCL8 modulates malignant phenotypes induced by HPV 16 E6 in C33a cells. Prior to a 6 h treatment with either Rapa (3
µM) or an anti-CXCL8 neutralizing antibody (350 ng/mL), C33a cells were transfected with HPV 16 E6 for 48 h. (A) CXCL8 protein
expression was analyzed by Western blotting with β-actin serving as a loading control. n = 3. **p < 0.01 vs. control; ▲▲▲p < 0.001 vs.
HPV 16 E6. (B) Secreted CXCL8 levels in cell culture supernatants were determined by ELISA. n = 3. **p < 0.01 vs. control; ▲▲p <

0.01 vs. HPV 16 E6. (C) Cell invasion was evaluated using a Transwell chamber assay. n = 3. **p < 0.01 vs. control; ▲▲p < 0.01 vs.
HPV 16 E6. (D) Cell migration was measured by wound healing assay. n = 3. *p < 0.05 vs. control; ▲p < 0.05 vs. HPV 16 E6. (E)
Analysis of apoptosis was conducted with TUNEL assay. n = 3. **p < 0.01 vs. control; ▲▲p < 0.01 vs. HPV 16 E6. TUNEL, terminal
deoxynucleotidyl transferase–mediated deoxyuridine triphosphate nick-end labeling.
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Fig. 4. CXCL8 expression characteristics in cervical cancer tissues. (A) Box plots display the distribution of CXCL8 mRNA ex-
pression in 306 CESC specimens (T) and 13 normal controls (N) from the Genotype-Tissue Expression database, presented as box plots.
*p < 0.05 vs. N group. (B) The stage plot depicts the expression level of CXCL8 gene across different pathological stages (I–IV) of
CESC. A one-way ANOVA was performed to assess the overall difference in its expression among the stages (Pr(>F) = 0.479). (C)
Kaplan-Meier curves illustrate survival outcomes for 304 cervical cancer cases categorized by high versus low CXCL8 expression levels,
with statistical significance determined by the log-rank test (p = 2.7 × 10−5). (D) Representative immunohistochemical images show
differential CXCL8 protein expression in tumor specimens from patients with favorable versus poor clinical outcomes (brown = positive
staining; scale bars = 50 µm, **p < 0.01 vs. good prognosis group). (E) RT-qPCR analysis demonstrates significantly elevated CXCL8
transcript levels in patients with poor clinical outcomes compared to the good-prognosis group. n = 3 (**p < 0.01 vs. good prognosis
group). CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; ANOVA, Analysis of Variance.

Table 2. Cox regression analysis of factors affecting DFS in patients with cervical cancer.

Variable
Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

Age (≥50 years vs. <50 years) 1.640 (0.822∼3.274) 0.161 - -
Tumor diameter (>4 cm vs. ≤4 cm) 1.580 (0.806∼3.099) 0.183 - -
Lymph node metastases (Yes vs. No) 2.503 (1.259∼4.977) 0.009 2.266 (1.131∼4.541) 0.021
Cervical infiltration depth (≥2/3 vs. <2/3) 2.333 (1.124∼4.842) 0.023 1.094 (0.562∼2.130) 0.791
Differentiation (Low vs. Medium/high) 2.612 (1.274∼5.354) 0.009 2.155 (1.086∼4.276) 0.028
FIGO staging (Ⅲ vs. Ⅰ∼Ⅱ) 2.525 (1.242∼5.132) 0.010 2.157 (1.076∼4.322) 0.030
hrHPV (Positive vs. Negative) 2.573 (1.275∼5.191) 0.008 2.111 (1.046∼4.261) 0.037
CXCL8 (High vs. Low) 2.744 (1.339∼5.625) 0.006 3.143 (1.519∼6.507) 0.002
DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; CXCL8, C-X-C motif chemokine ligand 8;
hrHPV, high-risk human papillomavirus; FIGO, International Federation of Gynecology and Obstetrics.

tional tumor markers identified strong positive associations
of CXCL8 with both SCC-Ag and CYFRA21-1 (Fig. 5B,
r = 0.659 and 0.499, respectively, all p < 0.001). ROC
analysis confirmed the prognostic capacity of these mark-

ers individually, with AUC values of 0.682 for SCC-Ag,
0.651 for CYFRA21-1, and 0.700 for CXCL8. Notably, a
tripartite panel integrating all three biomarkers achieved su-
perior prognostic performance, attaining an AUC of 0.897
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Fig. 5. The prognostic significance of CXCL8 in cervical cancer. (A) Kaplan-Meier curves illustrate DFS outcomes in cervical cancer
patients categorized according to high versus low CXCL8 expression levels. p < 0.0001. The X-axis is labeled at 5-month intervals
for clarity. Survival analysis was based on individual precise survival times. (B) Correlation analysis of CXCL8 with established tumor
markers (SCC-Ag and CYFRA21-1). r = 0.659 and 0.499, respectively, all p < 0.001. (C) ROC curve analysis was performed to assess
the prognostic discrimination capacity of SCC-Ag, CYFRA21-1, and CXCL8 between patients with a favorable versus an unfavorable
prognosis. DFS, disease-free survival; SCC-Ag, squamous cell carcinoma antigen; CYFRA21-1, cytokeratin 19 fragment; ROC, receiver
operating characteristic.
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Table 3. The value of SCC-Ag, CYFRA21_1 and CXCL8 in evaluating cervical cancer prognosis.
Variable AUC Cut-off 95% CI Youden index Sensitivity (%) Specificity (%)

SCC-Ag 0.682 >2.5 0.599∼0.758 0.3564 39.34 96.30
CYFRA21_1 0.651 >4.7 0.566∼0.729 0.3807 49.18 88.89
CXCL8 0.700 >43.6 0.618∼0.774 0.4831 60.66 87.65
Joint 0.897 - 0.835∼0.942 0.7905 90.16 88.89
AUC, area under the curve; CI, confidence interval; CXCL8, C-X-C motif chemokine ligand 8; SCC-Ag,
squamous cell carcinoma antigen; CYFRA21-1, cytokeratin 19 fragment.

(95%CI: 0.835–0.942) with 90.16% sensitivity and 88.89%
specificity (Fig. 5C, Table 3). DeLong test results indi-
cated no significant difference between the AUC of CXCL8
alone and that of SCC-Ag (p = 0.6617) or CYFRA21-1 (p =
0.3738). In contrast, the three-biomarker panel showed sig-
nificantly superior predictive power compared to any single
biomarker (Supplementary Fig. 2, p = 0.0009, 0.0001, and
<0.0001, respectively).

Discussion

The association between hrHPV infection and the de-
velopment of cervical cancer is widely acknowledged; nev-
ertheless, its prognostic relevance in surgically treated cer-
vical cancer patients remains a subject of debate. Multiple
studies have demonstrated that hrHPV status may correlate
with improved or poorer survival, or may lack any signifi-
cant prognostic value. For example, HPV 16 positivity has
been linked to an unfavorable prognosis, including higher
rates of pelvic lymph node metastasis and lymphovascular
space invasion, while HPV 18 positivity has been associ-
ated with increased mortality and recurrence [26]. Con-
versely, a large-scale investigation [27] revealed that co-
infection with α-7 species (which includes HPV 18) and
α-9 species (which includes HPV 16) was correlated with
better survival outcomes compared to infection with α-7
species alone, with HPV-negative cases demonstrating the
poorest prognosis. In contrast, Zampronha Rde et al. [28]
observed no significant relationship between hrHPV status
and clinical outcomes in cervical cancer patients. Our mul-
tivariable Cox regression established hrHPV infection as a
driver of disease progression, substantiating its role as an in-
dependent prognostic determinant for cervical cancer (HR
= 2.111). Thus, further clinical and experimental studies
are warranted to clarify the mechanistic role of hrHPV in
cervical carcinogenesis.

Our findings establish a critical role for the autophagy
pathway in mediating the oncogenic functions of the HPV
16 E6 protein in cervical cancer cells. Specifically, we
demonstrate that autophagy is involved in regulating key
malignant phenotypes, including cell viability, invasion,
and migration. This aligns with the known capacity of
oncogenic viruses to co-opt host cellular pathways like au-
tophagy, which can exert dual functions in infection and
cancer [29,30]. While it is established that HPV manipu-

lates autophagic processes to facilitate its replication and
evade degradation [31,32], our work provides further ex-
perimental evidence directly linking this pathway to HPV-
driven tumor progression. The value of our research lies
in delineating a specific mechanism by which HPV 16 E6
leverages the autophagic machinery to promote cervical
cancer aggressiveness. This not only deepens our under-
standing of viral carcinogenesis but also highlights the au-
tophagy pathway as a potential therapeutic target for coun-
teracting HPV-induced malignancy. However, a key prob-
lem that remains is the incomplete understanding of the pre-
cise molecular switches that determine whether autophagy
acts in a tumor-suppressive or tumor-promotional capacity
in different stages of HPV-associated cancer.

Autophagy plays a dual role in cancer that parallels its
function in viral infections: depending on the tumor stage
and cellular metabolic state, it can either suppress or pro-
mote cancer development [33]. While autophagy enhances
the invasiveness and therapy resistance of established tu-
mors [34], studies have clearly demonstrated its capacity
to prevent tumor formation by maintaining genomic stabil-
ity [35]. Our experimental data provide direct support for
this concept by revealing how the HPV 16 E6 oncoprotein
harnesses the autophagy mechanism to escalate the malig-
nancy of cervical cancer cells. This finding aligns with re-
search on mitogen-activated protein kinase kinase kinase
kinase 4 (MAP4K4)-induced chemoresistance through the
autophagy pathway [36], while also offering a mechanis-
tic explanation for the inverse correlation observed between
signal transducer and activator of transcription 3 (STAT3)
and autophagic activity in certain contexts [37]. The key
breakthrough of our study lies in identifying autophagy as
the critical pathway through which the HPV 16 E6 onco-
protein operates. This not only explains why certain HPV
infections lead to more aggressive clinical manifestations
but also points to new therapeutic directions—suggesting
the autophagy machinery as a promising therapeutic target.

Cytokines and chemokines play pivotal roles in ma-
lignant tumor progression through their regulation of au-
tophagy [38]. Specifically, CXCL8 can effectively dis-
rupt the dormant state of ovarian cancer cells by suppress-
ing the DIRAS family GTPase 3-mediated autophagy path-
way [39]. Furthermore, extracellular vesicles derived from
stromal cells enhance radioresistance in prostate cancer
cells by delivering CXCL8 to modulate autophagic activ-
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ity [40]. Our study employed an integrated approach com-
bining mechanistic investigation and clinical validation to
systematically elucidate the pivotal role of the CXCL8-
autophagy axis in cervical cancer progression. At themech-
anistic level, we demonstrated that the CXCL8-mediated
autophagy pathway directly regulates the invasive and mi-
gratory capacities of cervical cancer cells, and discov-
ered that CXCL8 blockade effectively reverses the pro-
motion of malignant phenotypes by the HPV 16 E6 on-
coprotein via the autophagy pathway. In clinical valida-
tion, CXCL8 overexpression showed significant correla-
tions with multiple poor prognostic indicators, including
poor tumor differentiation, deep stromal invasion (≥2/3),
and lymph nodemetastasis. Notably, CXCL8 demonstrated
a significant synergistic effect when combined with con-
ventional biomarkers (SCC-Ag and CYFRA21-1), suggest-
ing that a composite biomarker panel incorporating CXCL8
could substantially enhance prognostic stratification. The
triple-marker panel demonstrated excellent predictive per-
formance (AUC = 0.897, 95% CI: 0.835–0.942; sensitivity
90.16%, specificity 88.89%). Survival analysis further con-
firmed that high CXCL8 expression was a significant pre-
dictor of shorter DFS, independent of clinical stage. These
findings not only deepen the understanding of chemokine-
regulated autophagy mechanisms but also provide a novel
biomarker combination strategy for prognostic assessment
in cervical cancer.

It should be noted that this study has certain limita-
tions. First, while the single-center retrospective cohort de-
sign provided an initial exploratory foundation, the general-
izability of the findings is constrained and requires further
validation through multicenter, prospective studies. Sec-
ond, the current evaluation framework for the predictive
model could be further strengthened—for instance, by in-
corporating more rigorous performance validation methods
such as decision curve analysis and calibration curves to
comprehensively assess its clinical utility and reliability. To
address these limitations, future work will focus on the fol-
lowing directions: ¬ promoting multicenter clinical collab-
orative validation to clarify the applicability of the model
across diverse populations and healthcare settings; ­ es-
tablishing a more robust model evaluation framework that
integrates multiple validation approaches to continuously
optimize predictive performance; and ® utilizing standard-
ized disease models, such as organoids and animal mod-
els, to elucidate the molecular mechanisms of the CXCL8-
autophagy regulatory axis in cervical cancer progression
and systematically evaluate its potential as a diagnostic and
therapeutic target.

Conclusion

This study confirms that CXCL8 serves as a novel
prognostic biomarker for hrHPV-associated cervical can-
cer, with its expression level closely linked to tumor au-

tophagy regulation and clinical progression. By integrat-
ing bioinformatic analysis with experimental validation,
we have systematically elucidated the regulatory role of
CXCL8 in the tumormicroenvironment and revealed its po-
tential regulatory network with the HPV 16 E6 oncoprotein.
These findings not only provide new insights into the patho-
genesis of cervical cancer but also lay a theoretical foun-
dation for developing CXCL8-targeted precision diagnosis
and treatment strategies, which may facilitate the clinical
translation of individualized therapy for cervical cancer.
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