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Abstract
Background: Cervical cancer (CC) is a leading cause of cancer-related deaths among
women worldwide, necessitating the development of novel therapeutic strategies.
Oxycodone, a semi-synthetic opioid, is primarily known for its analgesic properties but
has shown potential anti-cancer effects in various malignancies. However, its impact on
cervical cancer cells and the underlying mechanisms remain unclear. Methods: Human
cervical cancer cell lines Hela and Siha were treated with varying concentrations of
oxycodone (10, 20, 40 μg/mL). Cell proliferation was assessed using Cell Counting Kit-
8 (CCK-8) and clonogenic assays. Apoptosis was measured by flow cytometry. Cell
migration and angiogenesis were evaluated using wound healing and tube formation
assays, respectively. VEGFA expression was analyzed by Western blotting. Results:
Oxycodone inhibited the proliferation of cervical cancer cells. It induced apoptosis in
cervical cancer cells. Oxycodone suppressed the migration and angiogenesis of cervical
cancer cells. Mechanistically, oxycodone regulated vascular endothelial growth factor
A (VEGFA) expression, leading to the inhibition of cell migration and angiogenesis.
Conclusions: Oxycodone exhibits significant anti-cancer effects on cervical cancer
cells by inhibiting proliferation, inducing apoptosis, and suppressing migration and
angiogenesis through the regulation of VEGFA expression. These findings suggest that
oxycodone has potential as a therapeutic agent for cervical cancer treatment.
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1. Introduction

Cervical cancer (CC) ranks fourth among cancer types in
women worldwide and leads to tumor-related deaths [1]. Cer-
vical cancer burden is particularly high in low- and middle-
income countries [2]. CC is primarily caused by HPV in-
fection, which leads to precancerous lesions and, eventually,
invasive cancer [3]. Despite advances in CC treatment and
screening methods, early diagnosis and treatment have sig-
nificantly reduced mortality rates, survival rates remain low,
particularly in advanced stages of the disease [4]. Therefore,
studying drugs that affect the mechanisms and progression
of cancer is of paramount importance for the diagnosis and
treatment of CC.

The use of anesthetic drugs and techniques in cancer surgery
may affect cancer cell invasion and migration capabilities,
potentially affecting patients’ long-term prognosis [4]. To
improve life quality and treatment compliance, cancer patients
are required to undergo painmanagement. Oxycodone, a semi-
synthetic opioid derived from the alkaloid thebaine, exhibits an
affinity for µ-opioid receptors that is one-fifth to one-fortieth
that of morphine but can fully activate κ-opioid receptors [5–
8].

In diverse tumor cell lines, oxycodone has been demon-
strated to have anticancer effects. For instance, A549 lung
cancer cells are effectively inhibited by oxycodone, causing
them to undergo apoptosis by increasing p53 and Bax gene
expression, and decreasing B-cell lymphoma-2 (Bcl-2) expres-
sion and inhibiting VEGF [9]. In liver cancer, oxycodone
inhibits colony formation and migration of cancer cells [10].
In a hepatocellular carcinoma (HCC) xenograft mouse model,
oxycodone significantly reduced HCC tumor growth [11]. As
an analgesic after radical surgery for cervical cancer, oxy-
codone may play a role in influencing cancer outcomes beyond
pain management.
Oxycodone’s effects and mechanisms, however, are unclear.

Understanding how oxycodone impacts cervical cancer cell
growth, migration and angiogenesis could provide valuable
insights into its potential therapeutic applications. We aim to
investigate the role of oxycodone in mediating VEGFA expres-
sion and its impact on CC cells’ migration and angiogenesis.
In this study, CC cell growth and migration are significantly
inhibited by oxycodone, and apoptosis is induced.

2. Materials and methods
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2.1 Cell culture and experimental design
Human CC cell lines Hela and Siha were used in this study.
Cells were cultured in Dulbecco’s Modified Eagle Medium
(DMEM, Gibco, 11965092, Grand Island, NE, USA) sup-
plemented with 10% fetal bovine serum (FBS, 10437-028,
Gibco, Grand Island, NE, USA) at 37 ◦C in a humidified
atmosphere containing 5% CO2 (Carbon dioxide). We di-
vided cells into four groups: Control; Oxycodone (10 µg/mL,
Sigma-Aldrich, O1378, St. Louis, MO, USA); Oxycodone
(20 µg/mL); Oxycodone (40 µg/mL). pcDNA3.1-vector and
pcDNA3.1-VEGFA plasmids were transfected into HeLa cells
using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA).
Human Umbilical Vein Endothelial Cells (HUVEC) were ob-
tained from Lonza (Walkersville, MD, USA) and cultured in
Endothelial Cell GrowthMedium (EGM-2) supplementedwith
10% FBS (Gibco). Oxycodone’s effects on angiogenesis were
assessed using HUVEC cells, which have been successfully
used to study endothelial cell function.

2.2 Cell growth assay
A Cell Counting Kit-8 (CCK-8, Beyotime, C0038, Beijing,
China) was used tomeasure cell growth. Absorbancewasmea-
sured at 450 nm using a microplate reader (Bio-Rad, 1681135,
Hercules, CA, USA).

2.3 Clonogenic assay
For the clonogenic assay, Hela and Siha cells were seeded in
6-well plates (500 cells/well) for 10 days. Colonies were fixed
with methanol, stained with 0.1% crystal violet, and counted
manually.

2.4 Apoptosis assay
Cell apoptosis was detected using an Annexin V-Fluorescein
Isothiocyanate/Propidium Iodide (V-FITC/PI) Apoptosis De-
tection Kit (Beyotime, C1062M, Beijing, China). An analysis
of the apoptosis rate was performed using a flow cytometry
(BD Biosciences, FACSCanto II, San Jose, CA, USA).

2.5 Wound healing assay
With a sterile pipette tip, we scratched the monolayer of cells
and treated themwith Oxycodone. Images were captured using
an inverted microscope (Olympus), and wound closure was
quantified.

2.6 Tube formation assay
Angiogenesis was assessed by tube formation assay. HUVEC
cells were seeded inMatrigel-coated 24-well plates and treated
with media from Hela and Siha cells pre-treated with Oxy-
codone (10, 20, 40 µg/mL) for 24 h. Under an inverted micro-
scope (Olympus), tube formation was observed and quantified.

2.7 Immunoblot analysis
Equal amounts of protein were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred onto polyvinylidene fluoride (PVDF) membranes
(Millipore). Membranes were blocked with 5% non-fat milk

and incubated with primary antibodies against VEGFA (Ab-
cam, ab1316, Cambridge, UK) and β-actin (Abcam, ab8226,
Cambridge, UK) overnight at 4 ◦C. Membranes were incu-
bated with horseradish peroxidase (HRP)-secondary antibod-
ies (Abcam, ab6721, Cambridge, UK) and visualized using an
enhanced chemiluminescence (ECL) detection kit (Beyotime,
P0018, Cambridge, UK).

2.8 Statistical analysis

Data analysis was performed by SPSS 27 (SPSS Sump Soft-
ware, Chicago, IL, USA). Data was presented as mean± stan-
dard deviation (SD). Statistical significance was determined
using a one-way analysis of variance (ANOVA) followed by
Tukey’s post-hoc test. p < 0.05 indicates statistically signifi-
cant differences.

3. Results

3.1 Oxycodone inhibits cervical cancer cell
growth

To determine whether oxycodone effects CC cell growth, vary-
ing concentrations of oxycodone were applied to Hela and
Siha cells, and cell viability was assessed. The CCK-8 assay
showed significant inhibition of cell growth at 24, 48 and 72 h
post-treatment with 10, 20 and 40µg/mL oxycodone (Fig. 1A).
Similarly, the clonogenic assay demonstrated that oxycodone
significantly reduced the number of colonies formed by both
Hela and Siha cells (Fig. 1B). Oxycodone effectively inhibits
CC cell growth.

3.2 Oxycodone induces CC Cell apoptosis

To evaluate the pro-apoptotic effect of oxycodone on CC cells,
flow cytometry was performed. Oxycodone induced apoptosis
in both Hela and Siha cells. Percentage of apoptotic cells
increased significantly with higher oxycodone concentrations
(Fig. 2). Oxycodone promotes CC cell apoptosis, contributing
to its anti-cancer effects.

3.3 Oxycodone suppresses CC cell migration
and angiogenesis

The impact of oxycodone on CC cells’ motility and
angiogenesis was investigated. The wound healing assay
demonstrated that oxycodone significantly suppressed
Hela and Siha cells’ motility, as indicated by the wider
relative wound width in oxycodone-treated cells (Fig. 3A).
Additionally, the tube formation assay showed that
conditioned media from oxycodone-treated Hela and Siha
cells reduced capillary-like structures formation by HUVECs,
indicating inhibited angiogenesis (Fig. 3B). Immunoblot
analysis further confirmed that oxycodone downregulated
VEGFA expression in Hela and Siha cells (Fig. 3C).
Oxycodone suppresses CC cell motility and angiogenesis,
partially through VEGFA downregulation.
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FIGURE 1. Oxycodone inhibits cervical cancer cell growth. (A) CCK-8 assays showed Hela and Siha cervical cancer
cell viability treated with varying concentrations of oxycodone (0, 10, 20, 40 µg/mL) for 24 h. OD450 value was measured. (B)
Colony formation assays showed Hela and Siha cervical cancer cell viability treated with varying concentrations of oxycodone (0,
10, 20, 40 µg/mL) for 24 h. Colony number was measured. Data were presented as mean± SD. ***p < 0.001. Oxy, oxycodone;
OD450, optical density450.

3.4 Oxycodone regulates VEGFA expression
to inhibit CC cell migration and angiogenesis

To further elucidate the mechanism underlying oxycodone’s
inhibitory effects on migration and angiogenesis, rescue exper-
iments were conducted using exogenous VEGFA. Immunoblot
confirmed the increase in VEGFA expression upon VEGFA
plasmid transfection into HeLa cells upon oxycodone treat-
ment (Fig. 4A). In the presence of exogenous VEGFA, oxy-
codone’s inhibitory effects on growth and motility were sig-
nificantly reversed, confirmed by CCK-8 and wound healing
assays (Fig. 4B,C). Similarly, for angiogenesis, oxycodone’s

inhibitory effects were significantly reversed in the presence of
exogenous VEGFA (Fig. 4D). Oxycodone suppresses cervical
cancer cell motility and angiogenesis by modulating VEGFA
expression.

4. Discussion

Cervical cancer (CC) poses a significant challenge worldwide
[12]. HPV is a major etiology for CC, which can cause
precancerous lesions to progress to invasive cancer if untreated
[13]. Standard CC treatments include surgery, radiation ther-
apy, and chemotherapy [12]. Despite advances, advanced
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FIGURE 2. Oxycodone induces cervical cancer cell apoptosis. FCM assays showed Hela and Siha cervical cancer cell
apoptosis treated with varying concentrations of oxycodone (0, 10, 20, 40 µg/mL) for 24 h. Cell apoptosis percentage was
measured. Data were presented as mean ± SD. ***p < 0.001. Oxy, oxycodone; PI, propidium iodide; FITC, fluorescein
isothiocyanate.

FIGURE 3. Oxycodone suppresses cervical cancer cell migration and angiogenesis. (A) Wound healing assays showed
Hela and Siha cervical cancer cells’ migration degree treated with varying concentrations of oxycodone (0, 10, 20, 40 µg/mL) for
24 h. Relative wound width was measured. (B) Tube formation assays showed Hela and Siha cervical cancer cells’ angiogenesis
degree treated with varying concentrations of oxycodone (0, 10, 20, 40 µg/mL) for 24 h. Number of angiogenesis was compared.
(C) Immunoblot showedVEGF expression in Hela and Siha cervical cancer cells treated with varying concentrations of oxycodone
(0, 10, 20, 40 µg/mL) for 24 h. Data were presented as mean± SD. **p< 0.01, ***p< 0.001. Oxy, oxycodone; VEGFA, vascular
endothelial growth factor A.
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FIGURE 4. Oxycodone regulates VEGFA expression to inhibit cervical cancer cell migration and angiogenesis. (A)
Immunoblot showed VEGFA expression in Hela cells upon the indicated treatment and transfection. (B) CCK-8 assays showed
Hela and Siha cervical cancer cell viability upon the indicated treatment. (C) Wound healing assays showed Hela and Siha
cervical cancer cells’ migration degree upon the indicated treatment. (D) Tube formation assays showed Hela and Siha cervical
cancer cells’ angiogenesis degree upon the indicated treatment. Data were presented as mean ± SD. **p < 0.01, ***p < 0.001,
vs. control. $$$p < 0.001, Oxy + VEGFA vs. Oxy + Vector. Oxy, oxycodone; VEGFA, vascular endothelial growth factor A;
OD450, optical density450.
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CC’s prognosis remains poor, necessitating new therapeutic
approaches. It has been shown that anesthesia can influence
cancer cell behavior and has the potential to be repurposed as
therapeutic agents [14]. This study investigates the potential
of oxycodone, a semi-synthetic opioid, to inhibit CC growth,
motility, and angiogenesis by modulating VEGFA expression.
A growing body of research suggests that anesthetic agents

act both as pain relievers and anti-cancer agents. For example,
oxycodone inhibits lung cancer cell growth and reduces tumor
growth in hepatocellular carcinomamodels [15, 16]. Anesthet-
ics are capable of being repurposed for anti-cancer therapy.
Herein, oxycodone significantly inhibits CC cell growth and
motility, induces apoptosis, and decreases VEGFA expression
levels. Oxycodone’s anti-cancer effects are also documented
in other studies. Angiogenesis is essential for tumor growth
and metastasis, providing the necessary nutrients and oxygen
to cancer cells. Angiogenesis is regulated by VEGF, which
is commonly overexpressed in various cancers, including CC
[17, 18]. Angiogenesis and VEGF targeting are promising
cancer treatment strategies. Anti-angiogenic therapies, such
as bevacizumab, which targets VEGF, have shown efficacy in
treating advanced cancers by inhibiting tumor vascularization
[19]. Our study indicates that oxycodone inhibits angiogenesis
in CC cells by downregulating VEGFA expression. Therefore,
oxycodone may be an effective anti-angiogenic therapy for
CC.
Oxycodone, well-known for its analgesic properties, primar-

ily functions by binding to opioid receptors and modulating
pain signals in the central nervous system [20]. Beyond pain
relief, oxycodone affects cellular processes such as growth,
migration, and apoptosis [21–23]. The effectiveness of this
drug has been demonstrated in various cancer models. By
inhibiting cervical cancer cell growth and migration, induc-
ing apoptosis, and downregulating VEGFA expression, our
findings add to this growing body of evidence showing that
oxycodone is effective against CC.
Oxycodone’s role in oncology is gaining interest, partic-

ularly in relation to tumor biology. Previous studies have
highlighted its potential to inhibit lung cancer cell growth
and liver cancer progression, demonstrating its versatile anti-
cancer properties. In our research, we show that oxycodone
can modulate VEGFA expression and inhibit key processes
involved in tumor progression, thereby positioning oxycodone
as a promising multi-functional oncology therapeutic agent.
Despite these encouraging findings, our study has several

limitations. Oxycodone’s efficacy and safety in treating CC
remains to be validated in vivo due to the in vitro nature of
this research. Also, oxycodone’s effects on VEGFA expres-
sion and angiogenesis should be further investigated. Future
research should also explore the potential interactions between
oxycodone and standard cancer therapies to optimize treatment
regimens.

5. Conclusions

This study demonstrates that oxycodone significantly inhibits
CC cell growth and motility, induces apoptosis, and down-
regulates VEGFA expression, thereby reducing angiogenesis.
These findings offer both pain management and direct anti-

cancer properties. For a clearer understanding of its therapeutic
potential and clinical applications, further research is needed.

AVAILABILITY OF DATA AND MATERIALS

The authors declare that all data supporting the findings of this
study are available within the paper and any raw data can be
obtained from the corresponding author upon request.

AUTHOR CONTRIBUTIONS

LL—designed the study and carried them out. LL, BQ, XQC
and XLZ—supervised the data collection, analyzed the data
and interpreted the data. LL and BQ—prepared the manuscript
for publication and reviewed the draft of the manuscript. All
authors have read and approved the manuscript.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

This article does not contain any studies with human partici-
pants or animals performed by any of the authors.

ACKNOWLEDGMENT

Not applicable.

FUNDING

This research received no external funding.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES
[1] Abu-RustumNR,Yashar CM,ArendR, Barber E, BradleyK, Brooks R, et

al. NCCN Guidelines® insights: cervical cancer, version 1.2024. Journal
of the National Comprehensive Cancer Network. 2023; 21: 1224–1233.

[2] Saleh M, Virarkar M, Javadi S, Elsherif SB, de Castro Faria S, Bhosale
P. Cervical cancer: 2018 revised international federation of gynecology
and obstetrics staging system and the role of imaging. American journal
of roentgenology. 2020; 214: 1182–1195.

[3] Rahangdale L, Mungo C, O’Connor S, Chibwesha CJ, Brewer NT.
Human papillomavirus vaccination and cervical cancer risk. The BMJ.
2022; 379: e070115.

[4] Palmer TJ, Kavanagh K, Cuschieri K, Cameron R, Graham C, Wilson
A, et al. Invasive cervical cancer incidence following bivalent human
papillomavirus vaccination: a population-based observational study of
age at immunization, dose, and deprivation. Journal of the National
Cancer Institute. 2024; 116: 857–865.

[5] Barrett JE, Shekarabi A, Inan S. Oxycodone: a current perspective
on its pharmacology, abuse, and pharmacotherapeutic developments.
Pharmacological Reviews. 2023; 75: 1062–1118.

[6] Angst MS, Clark JD. Opioid-induced hyperalgesia: a qualitative
systematic review. Anesthesiology. 2006; 104: 570–587.

[7] Lazenby M, Ercolano EA. Pain experiences and self-management
strategies among gynecologic cancer patients receiving chemotherapy.
Cancer Nursing. 2017; 40: 396–403.

[8] Mercadante S, Portenoy RK. Opioid poorly-responsive cancer pain. Part



79

2: basic mechanisms that could shift dose response for analgesia. Journal
of Pain and Symptom Management. 2001; 21: 255–264.

[9] Tian M, Jin L, Li R, Zhu S, Ji M, Li W. Comparison of oxycodone
and morphine on the proliferation, apoptosis and expression of related
molecules in the A549 human lung adenocarcinoma cell line. Experimen-
tal and Therapeutic Medicine. 2016; 12: 559–566.

[10] Zhou Q, Ye F, Ye Z, Gao N, Kong Q, Hu X, et al. The effect of icotinib
or apatinib on the pharmacokinetic profile of oxycodone in rats and the
underlying mechanism. PeerJ. 2023; 11: e16601.

[11] Vanderbecq Q, Grégory J, Dana J, Dioguardi Burgio M, Garzelli
L, Raynaud L, et al. Improving pain control during transarterial
chemoembolization for hepatocellular carcinoma performed under local
anesthesia with multimodal analgesia. Diagnostic and Interventional
Imaging. 2023; 104: 123–132.

[12] Kristensen ML, Waldstrøm M, Laursen ASD, Eriksen K, Ulrichsen SP,
Hatch EE, et al. Cervical intraepithelial neoplasia and fecundability: a
prospective cohort study. Human Reproduction. 2024; 39: 1835–1843.

[13] Amboree TL, Paguio J, SonawaneK.HPVvaccine: the key to eliminating
cervical cancer inequities. The BMJ. 2024; 385: q996.

[14] Xu Y, Pan S, Jiang W, Xue F, Zhu X. Effects of propofol on the
development of cancer in humans. Cell Proliferation. 2020; 53: e12867.

[15] Vassoler FM, Budge KE, Isgate SB, Gildawie KR, Byrnes EM.
Neuroplasticity-related genes correlate with individual differences in
distinct phases of oxycodone self-administration in male rats. Neurophar-
macology. 2024; 254: 109972.

[16] Qin W, Zhang L, Wang X, Liu B, Xu L, Liu L, et al. ABCB1 genetic
polymorphisms affect opioid requirement by altering function of the
intestinal P-glycoprotein. Biomedicine & Pharmacotherapy. 2024; 176:
116897.

[17] Yang HY, Liu D, Wang YP. Physalin A exerts neuroprotective effects:
inhibition of OGD/R-induced cellular pyroptosis and inflammatory
responses in nerve cells. Signa Vitae. 2023; 19: 168–174.

[18] Li J, Qi J, Zhang J, Zhang Y, Huang X. Relationships between nine
neuropsychiatric disorders and cervical cancer: insights from genetics,
causality and shared gene expression patterns. BMC Women’s Health.
2024; 24: 394.

[19] Kalogera E, Nevala WK, Finnes HD, Suman VJ, Schimke JM, Strand
CA, et al. A phase I trial of nab-paclitaxel/bevacizumab (AB160) nano-
immunoconjugate therapy for gynecologic malignancies. Clinical Cancer
Research. 2024; 30: 2623–2635.

[20] Brefel-Courbon C, Harroch E, Marques A, Devos D, Thalamas C,
Rousseau V, et al. Oxycodone or higher dose of levodopa for the
treatment of parkinsonian central pain: OXYDOPA trial. Movement
Disorders. 2024; 39: 1533–1543.

[21] Ji M, Cheng J, Zhang D. Oxycodone protects cardiac microvascular
endothelial cells against ischemia/reperfusion injury by binding to Sigma-
1 Receptor. Bioengineered. 2022; 13: 9628–9644.

[22] Rahbarian H, Nojavan S, Maghsoudi M, Tabani H. In-tube gel
electromembrane extraction: a green strategy for the extraction of
narcotic drugs from biological samples. Journal of chromatography A.
2023; 1688: 463714.

[23] Hu N, Yu T, Chen J, Zheng S, Yan H, Duan J. Oxycodone stim-
ulates normal and malignant hematopoietic progenitors via opioid-
receptor-independent-β-catenin activation. Biochemical and Biophysical
Research Communications. 2020; 533: 1457–1463.

How to cite this article: Lu Liu, Bin Qian, Xiaoqing
Chen, Xinglin Zhou. Oxycodone modulates VEGFA to inhibit
cervical cancer cell migration and angiogenesis. European
Journal of Gynaecological Oncology. 2025; 46(4): 73-79. doi:
10.22514/ejgo.2025.053.


	Introduction
	Materials and methods
	Cell culture and experimental design
	Cell growth assay
	Clonogenic assay
	Apoptosis assay
	Wound healing assay
	Tube formation assay
	Immunoblot analysis
	Statistical analysis

	Results
	Oxycodone inhibits cervical cancer cell growth
	Oxycodone induces CC Cell apoptosis
	Oxycodone suppresses CC cell migration and angiogenesis
	Oxycodone regulates VEGFA expression to inhibit CC cell migration and angiogenesis

	Discussion
	Conclusions

