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Abstract
Cervical cancer arises due to the progressive dysplasia of cervical epithelial cells,
characterized pathologically as cervical intraepithelial neoplasia (CIN). Given the
urgency for effective treatments against CIN, exploring novel pharmaceutical candidates
is of paramount importance. Beta-Caryophyllene (BCP), derived from various plants,
has shown promise in impeding the progression of various malignancies. However, its
potential efficacy in CIN treatment remains unexplored. In this study, we investigate
the impact of BCP on CIN progression and elucidate its mechanism of action. An
immortalized cervical epithelial cell line (H8) infected with HPV16 was used as a
model for CIN. The results revealed that BCP significantly inhibited the proliferation
of H8 cells and induced apoptosis. Moreover, BCP demonstrated the ability to suppress
autophagy in H8 cells. Mechanistically, our findings indicate that BCP exerts its effects
by modulating the Wnt/β-catenin signaling pathway. Specifically, BCP was found to
block this pathway, thereby impeding cell growth and autophagy in H8 cells. These
results suggest that BCP holds promise as a therapeutic agent for CIN, potentially through
its regulatory effects on the Wnt/β-catenin pathway.
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1. Introduction

Cervical cancer ranks as the second leading cause of tumor-
related mortality among women globally, with an estimated
530,000 new cases and 275,000 deaths annually. It occurs from
the progressive dysplasia of the cervical epithelium, clinically
termed cervical intraepithelial neoplasia (CIN) [1–3]. Human
papillomavirus (HPV) infection is widely recognized as a pri-
mary sexual vector contributing to CIN and cervical cancer
[4, 5]. Since persistent HPV infection significantly elevates the
risk of CIN progressing to invasive cervical cancer, there is an
urgent need to discover novel pharmaceutical interventions to
combat CIN [6].
Natural products represent a vast repository of bioactive

agents, offering a rich source for drug discovery research since
the turn of the millennium. These naturally occurring chem-
ical products have emerged as a novel paradigm for disease
prevention [7]. Beta-Caryophyllene (BCP), a sesquiterpene
found in various plants, including certain essential oils and
cannabis, has received attention for its reported inhibitory
effects on the growth of diverse cancer cell types, such as
bladder and lung cancers [8, 9]. In anti-cancer research,
BCP has demonstrated anti-proliferative properties in human
melanoma and breast cancer cell lines [10]. Moreover, syn-

ergistic interactions between BCP and certain plant molecules
have been shown to induce apoptosis in epidermoid skin cancer
cells [11]. In regard to other diseases, BCP has been shown
to possess neuroprotective effects by activating autophagy,
thereby shielding neurons from damage due to brain ischemia-
reperfusion injury [12]. Additionally, BCP displays anti-
proliferative activity in multiple myeloma cells through mod-
ulation of the Wnt/β-catenin signaling pathway [13]. The
transfection of primary human cervical epithelial (HCE) cells
with full-length HPV type 16 DNA has led to the establishment
of a cell line capable of sustained growth, morphologically
resembling cervical intraepithelial neoplasia [5]. This in vitro
model, involving human cervical epithelium infected with
HPV genes, serves as a fundamental tool for investigating the
physiological mechanisms underlying cervical epithelial biol-
ogy and cervical diseases [5]. Notably, the E6/papillomavirus
E6-associated protein (E6AP) complex has been implicated in
enhancing the Wnt signaling pathway, potentially contributing
to HPV-induced carcinogenesis [5]. However, despite the
extensive research on BCP’s pharmacological properties, its
role in CIN progression and the underlyingmechanisms remain
unclear.
This study investigates the impact of BCP on the progression

of CIN. The findings showed that BCP effectively restrained
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the growth and autophagy of HPV16-infected immortalized
cervical epithelial cells by modulating theWnt/β-catenin path-
way, supporting the potential of BCP as a promising therapeu-
tic candidate for CIN.

2. Materials and methods

2.1 Cell culture and treatment
The human HPV16-infected immortalized cervical epithelial
cell line H8 was purchased from American Type Culture Col-
lection (ATCC) and maintained in Dulbecco’s Modified Eagle
Medium (DMEM) complete medium (Gibco, 11995065, Lo-
gan, UT, USA) at 37 ◦C with 5% Carbon dioxide (CO2). For
experimental treatments, BCP (CRM40483, Sigma, St. Louis,
MO, USA) was administered to the H8 cells at concentrations
of 0, 20, 40 and 80 µM for a duration of 24 hours.

2.2 Cell viability assays
H8 cells were seeded into 96-well plates and incubated at 37
◦C. After the specified treatments for 24 hours, the cells were
exposed to Cell counting kit-8 (CCK-8, C0038, Beyotime,
Beijing, China) reagent at 37 ◦C for 4 hours. The relative
cell viability was evaluated using a spectrophotometer set to
measure absorbance at 450 nm wavelength (Bio-Rad, 1681,
Hercules, CA, USA) over 3 days.

2.3 Edu assay
Edu-treated H8 cells were fixed and blocked with 10% goat
serum in Phosphate Buffer Triton X 100 (PBST) (0.1% Triton
X-100 in Phosphate Buffer (PBS)) for 1 hour. Then, the cells
were stained with 4,6-diamino-2-phenyl indole (DAPI) for 3
minutes, and after PBS washing, the sections were examined
using a microscope (Leica, DM 5000B, Witzler, HE, Ger-
many).

2.4 Cell apoptosis assay
H8 cells were rinsed with PBS and then fixed by incubation in
70% ethanol at −20 ◦C for 2 hours. After fixation, the cells
were stained with propidium iodide (PI) and Annexin V at 4
◦C and then analyzed using a FACSCalibur flow cytometer
(BD Biosciences, Inc., BD-FACSCanto-II, Franklin Lake, NJ,
USA).

2.5 Immunofluorescent staining
H8 cells were blocked with 4% paraformaldehyde (PFA) in 5%
bovine serum albumin (BSA) and subsequently incubated with
primary LC3B antibody (anti-LC3, 1:1000, ab192890, Abcam,
Cambridge, UK). After three rinses, Alexa Fluor 488 sec-
ondary antibodies (Invitrogen, A30006, Carlsbad, CA, USA)
were applied, and photographs were taken using a fluorescent
microscope.

2.6 Immunoblot assay
The cell or tissue samples were lysed and subjected to 10%
Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) to separate the total proteins, which were then

transferred onto Polyvinylidene fluoride (PVDF) membranes
(Millipore, USA). Subsequently, the membranes were
blocked with 5% dry milk. Primary antibodies, including
anti-Bax (1:500, ab32503, Abcam, Cambridge, UK), anti-
B-cell lymphoma-2 (BCL-2) (1:500, ab182858, Abcam,
Cambridge, UK), anti-cleaved-Caspase-3 (1:1000, ab32042,
Abcam, Cambridge, UK), LC3 (1:2000, ab192890, Abcam,
Cambridge, UK), P62 (1:500, ab109012, Abcam, Cambridge,
UK), anti-Aptera MMTV integration site family member
3A (WNT-3a) (1:500, ab81614, Abcam, Cambridge, UK),
anti-β-catenin (1:500, ab32572, Abcam, Cambridge, UK),
anti-p-β-catenin (1:500, ab305261, Abcam, Cambridge,
UK), anti-Glycogen synthase kinase (GSK)-3β (1:500,
ab93926, Abcam, Cambridge, UK), anti-p-GSK-3β (1:500,
ab75814, Abcam, Cambridge, UK), and anti-glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (1:3000, ab8245,
Abcam, Cambridge, UK), were applied. After washing, the
membranes were incubated with Horseradish peroxidase
(HRP)-labelled secondary antibodies (A0208, Beyotime,
Beijing, China) for 45 minutes. Lastly, each blot was
visualized using the Enhanced chemiluminescence (ECL) kit
(P0018A, Beyotime, Beijing, China).

2.7 Statistical analysis
Data analysis was conducted using GraphPad 8.0 (Graphpad
plc., San Diego, CA, USA) and is presented as mean ± stan-
dard deviation (SD). A p-value less than 0.05 was considered
statistically significant.

3. Results

3.1 BCP restrained the growth of H8 cells
To investigate the effects of BCP on CIN progression in vitro,
we utilized the HPV16-infected immortalized cervical epithe-
lial cell line H8 as the model. BCP was administered to H8
cells at concentrations of 20, 40 and 80 µM for 24 hours.
The molecular formula of BCP is shown in Fig. 1A. CCK-
8 assays revealed significant suppression of H8 cell growth
after BCP treatment, as indicated by decreased Optical density
(OD)450 values (Fig. 1B). Similarly, Edu assays demonstrated
a reduction in the percentage of Edu-positive H8 cells after
BCP treatment (Fig. 1C,D). Overall, these results indicate that
BCP effectively restrains the growth of H8 cells.

3.2 BCP stimulated the apoptosis of H8 cells
Expanding our investigation into BCP’s impact on cell growth
inhibition, we examined its influence on apoptosis in H8 cells
to comprehensively understand its therapeutic potential. Flow
cytometry (FCM) assays revealed that BCP treatment induced
apoptosis in H8 cells, as indicated by an increased percentage
of apoptotic cells (Fig. 2A). Immunoblot analysis demon-
strated that BCP treatment resulted in elevated expression
levels of Bax and cleaved caspase-3, followed by decreased
expression of BCL-2 in H8 cells, suggesting the suppression
of cell apoptosis (Fig. 2B), indicating that BCP promotes
apoptosis in H8 cells.
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FIGURE 1. BCP inhibits the growth of H8 cells. (A) Molecular structure of BCP. (B) CCK-8 assays showing the growth
inhibition of H8 cells following treatment with BCP at concentrations of 0, 20, 40 and 80 µM for 24 h. OD450 values were
measured. (C) Edu assays illustrating the growth inhibition of H8 cells following treatment with BCP at concentrations of 0,
20, 40 and 80 µM for 24 h. Scale bar, 50 µm. (D) Quantification of panel C, showing the percentage of Edu-positive cells. *p
< 0.05, **p < 0.01, ***p < 0.001. BCP: Beta-Caryophyllene; OD: Optical density; EDU: 5-Ethynyl-2′- deoxyuridine; DAPI:
4′,6-Diamidino-2′-phenylindole.

3.3 BCP suppressed the autophagy of H8
cells
Given the observed inhibitory effects of BCP on cell growth
and its pro-apoptotic role in H8 cells, we explored how BCP
influences the autophagy process in these cells. Immunoblot
assays were conducted to detect the expression of autophagy
markers, including LC3 and P62, and the findings revealed
that BCP treatment increased the expression of P62 and de-
creased the ratio of LC3II/LC3I in H8 cells, suggesting sup-
pressed autophagy (Fig. 3A). Similarly, immunostaining as-
says demonstrated that BCP treatment reduced the expression
of LC3B in H8 cells, as evidenced by decreased staining inten-
sity (Fig. 3B). These findings indicate that BCP can suppress
the autophagy process in H8 cells.

3.4 BCP blocked the Wnt/β-catenin pathway
in H8 cells
Investigations into the impact of BCP on the Wnt/β-catenin
signaling pathway revealed mixed outcomes. While some

indicators suggested potential inhibition by BCP, the general
consensus remains unclear. Given the complexity of the path-
way’s regulation and its interaction with BCP, further exam-
ination is warranted. Herein, our immunoblot assay results
showed that BCP treatment suppressed the phosphorylation of
β-catenin and GSK-3β in H8 cells, alongside a decrease in
the expression of WNT-3a, indicating inhibition of the Wnt/β-
catenin pathway (Fig. 4). Thus, we hypothesize that BCP
could block the Wnt/β-catenin pathway in H8 cells, thereby
suppressing cell growth and autophagy.

4. Discussion

CIN is a precancerous lesion of the cervix, mainly caused by
HPV infection [5]. CIN is classified into three grades: CIN1,
CIN2 and CIN3, with CIN3 representing the most severe man-
ifestation. Treatment modalities include physical interventions
such as cryotherapy, laser therapy and loop electrosurgical
excision procedures, and immunomodulatory agents [14, 15].
Given the associated side effects and recurrence risks of phys-
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FIGURE 2. BCP induces apoptosis in H8 cells. (A) FCM assays showing the degree of apoptosis in H8 cells after treatment
with BCP at concentrations of 0, 20, 40 and 80 µM for 24 h. The percentage of apoptotic cells was quantified. (B) Immunoblot
assays illustrating the expression levels of Bax, BCL-2 and cleaved caspase-3 in H8 cells following treatment with BCP at
concentrations of 0, 20, 40 and 80 µM for 24 h. The relative expression of these proteins was quantified. *p < 0.05, **p < 0.01,
***p < 0.001. BCP: Beta-Caryophyllene; PI: propidium iodide; FITC: Fluorescein Isothiocyanate; GAPDH: glyceraldehyde-3-
phosphate dehydrogenase.

ical therapies, the development of new drugs targeting HPV
infection and CIN is of great significance [14] as it could
inhibit HPV viral replication, enhance immune response and
regulate the cell cycle to prevent cervical cancer occurrence
[16]. Herein, our data confirm that BCP effectively suppresses
CIN progression at the cellular level, suggesting its promise as
a therapeutic agent for CIN.
At the cellular level, the mechanism underlying CIN pri-

marily involves HPV infection and dysregulated regulation of
the host cell cycle [17]. Key components in this process are
the early proteins E6 and E7 of HPV, wherein E6 facilitates
the degradation of the tumor suppressor protein p53, while E7
disables the Rb protein, resulting in uncontrolled cell cycle
advancement and unbridled cell proliferation [18]. Moreover,
HPV infection induces alterations in host cell gene expres-
sion and aberrant immune responses, further promoting CIN
development [18] and leading to the anomalous proliferation
of cervical epithelial cells and the formation of precancerous
lesions [18]. In this study, our findings confirm that BCP
suppressed the proliferation of H8 cells, induced cell apoptosis,
and restrained cell autophagy, thus impeding CIN progression.
CIN has been shown to be closely associated with increased

cell proliferation, inhibition of apoptosis, and alterations in
the autophagy process [19, 20]. HPV infection, particularly
high-risk types, disrupts normal cell cycle regulation through
its early proteins E6 and E7, resulting in uncontrolled prolif-
eration of cervical epithelial cells [19, 20]. Simultaneously,
E6-mediated degradation of the p53 protein inhibits apoptosis,
allowing abnormal cells to persist and increasing cancer risk.

Additionally, HPV infectionmay disrupt the normal autophagy
process by influencing the expression of autophagy-related
genes, thus promoting cell survival [19]. The imbalance in
these cellular processes is an important factor in CIN progres-
sion to cervical cancer. Our data indicate that BCP affects
these cellular processes, including the growth, apoptosis, and
autophagy of H8 cells, a CIN cell model. However, further
studies are needed to elucidate the precise mechanism.
CIN is closely associated with the Wnt/β-catenin signaling

pathway [21, 22]. Normally, β-catenin levels are tightly reg-
ulated, but in CIN, this pathway is often abnormally activated
[21]. The early proteins E6 and E7 of HPV can disrupt the
pathway’s normal regulation, leading to increased stability
and nuclear accumulation of β-catenin, promoting unrestricted
proliferation of cervical epithelial cells [21]. Moreover, gene
mutations linked to CIN and cervical cancer may also con-
tribute to pathway activation [22]. Thus, the Wnt/β-catenin
pathway plays an important role in the occurrence and pro-
gression of CIN and has become a potential target for the
prevention and treatment of cervical cancer. Interestingly, our
data confirmed that BCP inhibited the growth and autophagy
of H8 cells and stimulated cell apoptosis via theWnt/β-catenin
pathway; therefore, BCP suppressed CIN at the cellular level.
To elucidate the broader implications of our findings, it is

essential to consider the role of BCP in modulating the Wnt/β-
catenin signaling pathway, an important element in the prolif-
eration and survival of cancer cells. Our study demonstrates
that BCP not only inhibits the growth of HPV16-infected
cervical epithelial cells but also induces apoptosis, suggesting
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FIGURE 3. BCP suppresses autophagy in H8 cells. (A) Immunoblot assays for determining the expression levels of LC3
and P62 in H8 cells after treatment with BCP at concentrations of 0, 20, 40 and 80 µM for 24 h. The relative expression of P62
and the ratio of LC3II/LC3I were quantified. (B) Immunostaining assays showing the expression of LC3B in H8 cells following
treatment with BCP at concentrations of 0, 20, 40 and 80 µM for 24 h. The red panel indicates LC3B. Scale bar, 25 µm. **p <

0.01, ***p < 0.001. BCP: Beta-Caryophyllene; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; DAPI: 4′,6-Diamidino-
2′-phenylindole.

FIGURE 4. BCP inhibits the Wnt/β-catenin pathway in H8 cells. Immunoblot assays showing the expression levels of
WNT-3a, β-catenin, and GSK-3β, as well as the phosphorylation levels of β-catenin and GSK-3β in H8 cells after treatment
with BCP at concentrations of 0, 20, 40 and 80 µM for 24 h. The relative expression or phosphorylation of these proteins was
quantified. **p < 0.01, ***p < 0.001. BCP: Beta-Caryophyllene; Aptera MMTV integration site family member 3A; GSK-3β:
Glycogen synthase kinase-3β; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.
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a potential therapeutic role in combating CIN and aligning
with and expanding upon existing literature indicating that
natural compounds can significantly impact cancer cell biology
through various pathways [21]. Particularly, the inhibition of
the Wnt/β-catenin pathway by BCP highlights its potential as
a multifaceted therapeutic agent capable of targeting different
aspects of cancer cell physiology [22]. Furthermore, these
results contribute to a growing body of evidence supporting
the use of plant-derived compounds in cancer treatment, chal-
lenging the conventional reliance on synthetic drugs [22]. In
this context, our findings highlight the importance of exploring
natural compounds as both alternative treatments and potential
leads for developing more effective and less toxic cancer ther-
apies.
We also investigated the potential mechanisms underlying

BCP’s inhibitory effects on H8 cell proliferation. Given the
important role of theWnt/β-catenin signaling pathway in regu-
lating the cell cycle, we propose that BCP suppresses cell pro-
liferation by inhibiting the activation of this pathway, conse-
quently arresting cell cycle progression. Our data demonstrate
that BCP treatment substantially decreases the phosphorylation
levels of β-catenin, corroborating our hypothesis. This elu-
cidates the potential molecular mechanism underlying BCP’s
inhibition of CIN cell proliferation and provides new insights
for future therapeutic approaches.
Additionally, we investigated the impact of BCP on the

autophagic process in H8 cells. Autophagy, an important
intracellular degradation pathway, plays a multifaceted role
in the survival and drug resistance of cancer cells. Herein,
we observed that BCP treatment reduced the LC3-II/LC3-I
ratio and increased P62 protein levels, indicating a suppression
of autophagic flux. This finding suggests that BCP may
influence the survival state of CIN cells by disrupting the
normal progression of intracellular autophagic flux and offers
novel molecular insights into the role of BCP in combating
CIN.

5. Conclusions

In summary, our study provides compelling evidence that BCP
exerts significant inhibitory effects on the proliferation and
autophagy of HPV16-infected immortalized cervical epithelial
cells, suggesting its potential as a therapeutic agent for CIN.
In addition, we elucidated that BCP’s actions are mediated, at
least in part, by its modulation of the Wnt/β-catenin signaling
pathway.
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