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Abstract

Background: Available treatments for endometriosis remain unsatisfactory; therefore, there is an urgent demand for novel and effec-
tive therapeutic strategies. This study focused on the therapeutic effect of cepharanthine, a monomer derived from a Chinese herb, on
endometriosis in vitro, in patient-derived eutopic endometrial organoids, and in vivo. Methods: Patient-derived ectopic endometrial
stromal cells were isolated from ovarian endometriomas. Organoids were generated from the eutopic endometrium of patients with en-
dometriosis. Ectopic endometrial stromal cells, eutopic endometrial organoids, and immortalized endometrial stromal cells were used to
evaluate the effects of cepharanthine on cell viability, growth, and apoptosis. Female BALB/c mice were used to develop a peritoneal
endometriosis model. Results: Cepharanthine treatment decreased the viability of immortalized endometrial stromal cells, patient-
derived endometriotic stromal cells, as well as eutopic endometrial organoids. It induced DNA damage, downregulated cyclin D1, and
caused cell-cycle arrest at the G0/G1 phase. It also promoted apoptosis by enhancing cytochrome C release, activating caspase-9 and
caspase-3, increasing the expression of proapoptotic factor Bax, and decreasing the expression of antiapoptotic factor B-cell lymphoma
2 (Bcl-2). Intraperitoneal administration of cepharanthine significantly inhibited the growth of murine peritoneal endometriosis model.
The treatment significantly downregulated the protein expression of cyclin D1 and DNA repair protein RAD51 (RAD51), and increased
phosphorylated histone H2AX (γ-H2AX) expression in endometriosis lesions, indicating that it induced DNA damage and impaired DNA
repair. Additionally, Ki-67 expression was significantly decreased, and apoptosis was markedly increased in the lesions. Conclusions:
Our results indicate that cepharanthin may represent a promising treatment option for endometriosis.
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1. Introduction
Endometriosis is a prevalent chronic gynecological

disorder characterized by the presence of endometrial
glands and stroma outside the uterine cavity. It mainly af-
fects about 10% of women of reproductive age [1]. The
disease is often accompanied by severe pelvic pain, dys-
menorrhea, deep dyspareunia, and infertility, and is also a
leading cause of miscarriage and implantation failure. It is
a chronic condition without a definitive medical or surgi-
cal cure. Treatment of endometriosis consists of surgical
removal of lesions and hormone treatment (combined oral
contraceptives, progestins, or gonadotropin-releasing hor-
mone agonists), often with side effects and variable effi-
cacy. The recurrence rate is up to 50% within 5 years after
surgery [2]. Studies have begun to focus on plant-derived
agents as natural treatments, aiming for high efficacy, fewer
side effects, and preserved fertility [3].

Stephania cepharantha Hayata has been used
by Traditional Chinese Medicine practitioners to treat
endometriosis-related symptoms for many years. Cepha-
ranthine has been approved for the treatment of leukopenia

in Japan and in China [4,5]. It has anti-cancer, anti-
inflammation, anti-virus, and other pharmacological
activities without major side effects [6,7]. Cepharanthine
can inhibit the proliferation of multiple cell types in vitro,
including peripheral mononuclear cells and T-cells [7]. It
can also induce apoptosis of many cancer cells, including
ovarian [8] and breast cancer cells [9].

The survival of ectopic endometriotic lesions relies
critically on key biological processes, such as proliferation,
apoptosis, inflammation, and angiogenesis [10]. Newly de-
veloped endometriotic lesions exhibit more cell prolifera-
tion than does eutopic endometrium, and endometrial tis-
sue from affected women is more apoptosis-resistant [3].
This imbalance between cell proliferation and cell death
promotes pathological tissue overgrowth. In this regard,
we hypothesized that cepharanthine, which increases apop-
tosis in some cancer cells, has therapeutic value in treating
endometriosis.

In 2019, Boretto et al. [11] established organoid mod-
els for endometrial diseases (endometriosis, hyperplasia,
endometrial cancer) that exhibited long-term expandabil-
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ity, genomic/transcriptomic stability, replicated disease di-
versity, and served as promising preclinical models and
tools for drug screening/discovery. Other studies have
similarly noted that, as an ideal research model, endome-
trial organoids hold potential for pathophysiological stud-
ies, novel therapeutic drug screening, and personalized
medicine drug testing [12,13]. Our team has previously re-
ported the successful establishment and culture of endome-
trial organoids [14]. We tested cepharanthine in vitro, in
patient-derived endometrial organoids, and in vivo.

2. Materials and Methods
2.1 Clinical Sample Collection

The Ethics Committee of West China Second Univer-
sity Hospital of Sichuan University approved the study on
March 7, 2018 (ethical approval number: Medical Research
2018 No. 48). Informed consent was obtained from each
participant. Samples of ovarian endometrioma and eutopic
endometriumwere collected from 3 patients of reproductive
age who had not received any medication before surgery.
Tissue samples were placed in an iced DMEM/F12 culture
medium (Gibco, 11330-032, Melbourne, VIC, Australia)
containing 1% penicillin-streptomycin (Gibco, 15140-122)
and then were immediately transferred to the laboratory on
ice.

2.2 Isolation and Identification of Primary Ectopic
Endometrial Stromal Cells

This was done as previously described [15]. After
rinsing 3 timeswith iced sterile PBS, the ovarian endometri-
oma was cut into 1-mm3 pieces and digested with 0.1%
collagenase IV solution (Gibco, Catalog No. 17104-019,
Waltham, MA, USA) for 1 h. The mixture was then filtered
through a 70 μm filter (Falcon, 352350, Franklin Lakes, NJ,
USA) and a 40 μm filter (Falcon, 352340). After centrifu-
gation at 1000 g for 10 min, stromal cells were collected
from the bottom of the tube. The cells were resuspended in
DMEM/F-12 medium supplemented with 10% fetal bovine
serum, 100 U/mL penicillin, 0.1 mg/mL streptomycin, and
0.25 µg/mL amphotericin B (Sigma-Aldrich, Catalog No.
A2942, St. Louis, MO, USA), and then incubated in 5%
CO2 at 37 °C overnight. Cells from two passages were used
for subsequent experiments. Isolated ectopic endometrial
stromal cells were validated for purity via immunofluores-
cence staining targeting vimentin, a specific marker of stro-
mal cells.

2.3 Primary Cell Isolation and Eutopic Endometrium
Organoid Establishment

This was performed as previously described [14,16].
Endometrial samples were placed in cooled normal saline
with 1% antibiotic-antimycotic, transported to the labora-
tory within 1 h, rinsed with 0.01% benzalkonium bromide,
then 3 times with phenol red-free DMEM/F12 plus 1%
antibiotic-antimycotic. Tissue was transferred to 100-mm

dishes with 10 mL digestion solution (cooled PBS with
0.1% collagenase IV), minced into 1-mm3 fragments, and
incubated at 37 °C under 5% CO2 for 40 min, before neu-
tralizing medium was added. The suspension was filtered
through a 70-μm strainer (Falcon, 431751), then a 40-μm
strainer (Falcon, 431750). The 40-μm strainer was inverted
and rinsed with 6 mL medium to collect epithelial cells.
After centrifugation at 1500 rpm for 10 min, the pellet
was resuspended in 1 mL advanced DMEM/F12 (Gibco,
12634010, USA), mixed with Matrigel (Corning, 356231,
Corning, NY, USA), and kept on ice. Then, 30-μL droplets
were seeded into 24-well plates (1/well), incubated at 37
°C for 15 min, and then overlaid with organoid medium.
Organoids formed in 4–7 days. They were passaged when
>400 μm in diameter; those from one passage were used for
experiments.

2.4 Cell Culture and Reagents
The immortalized endometrial stromal cells (iCell

Bioscience Inc., iCell-0187a, Shanghai, China) were con-
firmed by short tandem repeat (STR) validation. All cell
lines tested negative for mycoplasma. Cells were cultured
in a humidified atmosphere containing 5% CO2 at 37 °C
in DMEM/F12 supplemented with 10% FBS, 2 mM L-
glutamine, 100 U/mL of penicillin, and 100 μg/mL of strep-
tomycin. Cepharanthine was purchased from APExBIO,
N2771, Houston, TX, USA.

2.5 MTT Assay
This was carried out as previously reported [17,18].

Cells were cultured with different concentrations of cepha-
ranthine for 48 h. Cell viability was assessed using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) reagent (Sigma). Cell survival was calculated
by normalizing the absorbance to that of untreated controls.

2.6 Apoptosis Assay and Cell-Cycle Analysis
Cells were treated with 14.16 μM cepharanthine for

48 h. Quantitative evaluation of cellular apoptosis was
carried out by flow cytometric analysis using the Annexin
V/propidium iodide (PI) staining method. Briefly, cells
were digested with 0.25% trypsin-free EDTA, then washed
with PBS once, and then incubated with Annexin V-Alexa
Fluor 747/PI Apoptosis Detection Kit (Yeasen, 40304-
ES20, Shanghai, China). Cells were then resuspended us-
ing 100 μL 1× Binding Buffer, and then 5 μL Annexin V
plus 10 μL staining solution were added in the dark for 15
min. The ratio of apoptotic cells was determined by flow
cytometry (Beckman Coulter, Model CytoFLEX S, Brea,
CA, USA), and data were analyzed by software (Version
2.4, Beckman Coulter, Brea, CA, USA). Cell cycle analysis
was performed according to a previously published proto-
col [19,20].
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2.7 Colony-Formation Assay
Cells were incubated with 14.16 μM cepharanthine

for 48 h. The medium was then changed with fresh
DMEM/F12, and the cells were cultured for another 2
weeks. Cells were then fixed in 4% paraformaldehyde
(PFA) for 10 min and stained with crystal violet using Im-
ageJ software (Version 1.54f, National Institutes of Health,
Bethesda, MD, USA) for 10 min to visualize and quantify
the colonies. Colony numbers were determined both man-
ually and using ImageJ in triplicate.

2.8 Western Blot Analysis
The experiment was conducted as described previ-

ously [18,21]. Primary antibodies including cyclin D1 (Ab-
cam, ab134175, Cambridge, UK, 1:1000), γH2AX (Ab-
cam, ab26350, 1:1000), caspase-9 (Proteintech, 10380-1-
AP, Rosemont, IL, USA, 1:1000), caspase-3 (Proteintech,
66470-2-Ig, 1:1000), B-cell lymphoma 2 (Bcl-2) (Protein-
tech, 12789-1-AP, 1:1000), Bax (Proteintech, 60267-1-Ig,
1:1000), cytochrome C (Proteintech, 66264-1-IG, 1:1000)
and β-actin (Atagenix Laboratory, ATPA00014Rb, Wuhan,
Hubei, China, 1:1000) were used. Briefly, 20 μg of whole-
cell lysate per sample were loaded onto a 12% polyacry-
lamide gel for electrophoresis and then transferred to a ni-
trocellulose membrane. The membrane was blocked with
5% nonfat milk in 1× Tris-buffered saline (pH 7.6) contain-
ing 0.05% Tween-20, followed by incubation with primary
antibodies. Secondary antibodies were used at 1:5000. Pro-
teins were visualized using the Western Bright enhanced
chemiluminescence (ECL) detection kit (Junengbio, K-
12043-D10, Guangzhou, Guangdong, China) and imaged
with a Bio-Rad ChemiDocXRS+ chemiluminescence sys-
tem (Bio-Rad, 1708265, Hercules, CA, USA). Each band
was obtained after 3 independent repeated experiments.
Band densities were quantified via ImageJ software.

2.9 Animal Model
The animal model was established using the method

of a previously published study [22]. All animal proce-
dures were approved by the Institutional Animal Care and
Use Committee (IACUC) ofWest China Second University
Hospital of Sichuan University (Approval No. 2020028)
and performed in compliance with the university’s Guide
for the Care and Use of Laboratory Animals. Female
BALB/c mice (6–8 weeks of age) were housed in a specific
pathogen-free (SPF) facility and used to establish a mouse
model of peritoneal endometriosis. After adaptive feeding
for one week, donor mice were randomly selected and eu-
thanized to collect the uteri, all surgery was performed un-
der anesthesia (pentobarbital sodium, i.p., 50 mg/kg). All
uterine horns were identically managed, including a longi-
tudinal split to isolate endometrial tissue and careful dis-
section into consistent pieces smaller than 1 mm. The frag-
ments were then suspended in sterile PBS. The peritoneal
endometriosis model was established by intraperitoneal in-

jection of endometrial tissue pieces. Fragments from one
donor mouse were injected into the peritoneal cavity of two
recipient mice. Fourteen days after injection, 5 mice were
euthanized to check the formation of endometriosis lesions.
After hematoxylin and eosin (HE) stain verification of the
endometriotic lesions (all of the 5 mice had endometrio-
sis lesions), the remaining 12 mice were randomly divided
into two groups. In the literature, the doses of i.p. injec-
tions of cepharanthine have varied from 10 mg/kg/day to
20 mg/kg/day [23,24,25]; we chose to use an i.p. injection
dose of 10 mg/kg/day, and the control group received i.p.
injections of saline. Injections began on the 15th day after
the operation and lasted for 4 weeks. The mice were then
euthanized, and the endometriotic lesions were collected.
Mice were euthanized with 100% CO2 at a flow rate of 30-
70% chamber volume per minute until respiratory arrest.
Death was verified by the lack of respiration and reflex re-
sponse.

2.10 Immunohistochemistry Study
Immunohistochemical staining was performed as pre-

viously described [18]. Sections were dewaxed with xy-
lene and dehydrated using a graded ethanol series. The
primary antibodies, anti-cyclin D1 (CCND1) (ab134175,
Abcam), anti-Ki67 (27309-1-AP, Proteintech), anti-DNA
repair protein RAD51 (RAD51) (ab133534, Abcam), and
anti-γ-H2AX (ab26350, Abcam) were added to the slides
and left overnight at 4 °C. After washing with PBS,
the secondary antibody (KIHC-5, Proteintech) was added
to the slides. One hour later, the signals were magni-
fied by 3,3′-diaminobenzidine (DAB), and the nuclei were
counterstained with haematoxylin. At least fifteen non-
overlapping, independent fields of view were randomly se-
lected and analyzed under a microscope.

2.11 TUNEL Assay
Analysis of apoptotic cells within endometriotic le-

sions was done by using the terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) assay
(Promega, Madison, WI, USA), following the manufac-
turer’s protocol. The photographs were captured by Olym-
pus FV-3000 confocal microscopy (Olympus Corporation,
Tokyo, Japan) and saved in TIFF format. The number of
TUNEL-positive nuclei was counted by ImageJ (1.53 K).
Six fields of view were randomly selected from each sam-
ple, and each group included six independent replicates.

2.12 Statistical Analysis
Data were presented as means ± standard deviation

of at least 3 independent experiments. The two-tailed Stu-
dent’s t-test was used to compare two independent groups.
Statistical significance was set at p ≤ 0.05. The statisti-
cal analyses were done by using SPSS 20.0 (IBM Corp.,
20100901, Armonk, NY, USA) and R 2.10.0 (R Founda-
tion for Statistical Computing, Vienna, Austria).
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Fig. 1. Cepharanthine decreased the cell viability of immortalized endometrial and patient-derived endometriotic stromal cells.
(A) Immortalized endometrial stromal cells were incubated with cepharanthine for 48 h, and cell viability was analyzed by MTT assay.
(B) Verification of the patient-derived endometriotic stromal cells. Isolated cells were stained with an antibody to vimentin, a marker
of stromal cells, and examined by a laser confocal fluorescence microscope, scale bar = 100 μm. (C) Patient-derived endometriotic
stromal cells were incubated with cepharanthine for 48 h, and cell viability was analyzed by MTT assay. Results were mean (SD) (n =
3), *** p < 0.001, ** p < 0.01, * p < 0.05. MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; DAPI, 4′,6-diamidino-
2-phenylindole; SD, standard deviation.

3. Results
3.1 Cepharanthine Decreased the Cell Viability of
Immortalized Endometrial Stromal Cells and
Patient-Derived Ectopic Stromal Cells

We first tested the effect of cepharanthine on an im-
mortalized endometrial stromal cell line. Our results re-
vealed that cepharanthine treatment reduced cell viability
in a dose‑dependent manner. The half-maximal inhibitory
concentration (IC50) was 14.16 μM (Fig. 1A). We then
tested the effect of cepharanthine on patient-derived ectopic
stromal cells. To verify the primary ectopic stromal cells,
we stained the cells with an antibody to vimentin, which is a
marker of stromal cells (Fig. 1B). Data showed that cell via-
bility was decreased in a dose-dependent manner by cepha-
ranthine treatment. The IC50 was 2.816 μM (Fig. 1C).

3.2 Cepharanthine Treatment Decreased the Viability of
Patient-Derived Eutopic Endometrial Organoids

We previously reported the successful establishment
and culture of endometrial organoids [14]. This time, we
generated organoids from the eutopic endometrium of pa-
tients with endometriosis and investigated the impact of
cepharanthine on the viability of these organoids. Fig. 2A
shows the growth status of endometrial organoids treated

with increasing concentrations of cepharanthine. Cepha-
ranthine treatment resulted in a dose-dependent reduc-
tion in the viability of patient-derived eutopic endometrial
organoids. The IC50 was 9.058 μM. Fig. 2B shows the
morphology of the organoids. Hematoxylin-eosin stain-
ing confirmed the presence of well-defined epithelial cells
around the lumen in the eutopic endometrial organoid.

3.3 Cepharanthine Inhibited Cell Proliferation by
Inducing Apoptosis and Cell Cycle Arrest

The colony-formation assay indicated that the growth
ability of the endometrial stromal cells was markedly inhib-
ited by cepharanthine, as indicated by the decreased colony
numbers (Fig. 3A). To clarify the association between
cepharanthine’s antiproliferative activity and apoptosis in-
duction, Annexin V/PI-based flow cytometric analysis was
utilized. As shown in Fig. 3B, the number of apoptotic cells
was significantly greater in the cepharanthine-treated group
than in the control group. Cell-cycle analyses were also
conducted, and results showed that cepharanthine-treated
cells were blocked at the G0/G1 phase; concomitantly, the
percentages of S-phase and G2/M-phase cells were reduced
(Fig. 3C).

4

https://www.imrpress.com


Fig. 2. Cepharanthine decreased the viability of patient-derived eutopic endometrial organoids. (A) Patient-derived eutopic en-
dometrial organoids were incubated with cepharanthine for 48 h, and an MTT assay was subsequently performed. Scale bar = 200 μm.
Results were mean (SD) (n = 3). (B) Morphological appearance of endometriosis organoids, scale bar = 100 μm.

3.4 Cepharanthine Blocked Endometriotic Lesion
Formation in a Mouse Model of Endometriosis

After HE stain verification of the endometriotic le-
sions (Fig. 4A), 12 mice were randomized into two
groups. The reported doses of intraperitoneal injections of
cepharanthine varied from 10 mg/kg/day to 20 mg/kg/day
[23,24,25]. The study group chose to use an intraperitoneal
injection dose of 10 mg/kg/day, and the control group re-
ceived an intraperitoneal injection of saline. Compared

to the control group (mean lesion weight = 0.445 [0.085]
g), treatment with cepharanthine resulted in a statistically
significant reduction in lesion weight (mean lesion weight
= 0.183 [0.035] g; p < 0.001 (Fig. 4B, Supplementary
Fig. 1). Immunostaining revealed that Ki-67 expres-
sion (a proliferation marker) was significantly reduced in
the cepharanthine-treated group, p < 0.01 (Fig. 4C). The
TUNEL assay was used to detect cellular apoptosis within
the endometriotic lesion. Fig. 4D shows significantly more
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Fig. 3. Treatment with cepharanthine inhibited cell proliferation through the induction of apoptosis and cell-cycle arrest. (A) The
colony-formation assay indicated that the growth ability of immortalized endometrial stromal cells was markedly inhibited by cepha-
ranthine, as indicated by the decreased colony numbers. (B) Cells were treated with 14.16 μM cepharanthine for 48 h. Quantitative
evaluation of cellular apoptosis was carried out by flow cytometric analysis using the Annexin V/propidium iodide (PI) staining method.
(C) Cell cycle analysis was conducted by flow cytometry. Data represented the mean (SD) of 3 independent experiments. Statistical
analysis was performed using the Student’s t-test, *** p < 0.001, ** p < 0.01.

TUNEL-positive nuclei in the cepharanthine-treated group
than in the control group (p < 0.05).

3.5 Cepharanthine Caused DNA Damage in Immortalized
Endometrial Stromal Cells and Induced Apoptosis
Through the Caspase-9/Caspase-3 Pathway

The Western Blot analysis showed that cepharanthine
upregulated cytochrome C in the cytoplasm, enhanced the
expression of cleaved-caspase-9, cleaved-caspase-3, and
Bax, and downregulated the expression of Bcl-2 in endome-
trial stromal cells. These results suggested that cepharan-
thine triggered apoptosis via the release of cytochrome C
from mitochondria to the cytoplasm and subsequent activa-
tion of caspase-9 and caspase-3 [26] (Fig. 5A,B).

Cepharanthine has been reported to induce DNA
damage in lung cancer cells [27]. Given that histone
H2AX phosphorylation is a well-established marker of
DNA double-strand breaks [28], we examined the levels of
phosphorylated H2AX (γ-H2AX) in immortalized endome-
trial stromal cells after cepharanthine treatment. Our re-
sults demonstrated that cepharanthine treatment produced
significantly more H2AX phosphorylation than in the con-
trol group (Fig. 5A,B), indicating its potential to induce
DNA damage in immortalized endometrial stromal cells.

Given that cepharanthine treatment induced G0/G1
phase cell-cycle arrest accompanied by decreased propor-
tions of cells in S and G2/M phases, we examined CCND1
expression in the treated cells. The results demonstrated
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Fig. 4. Cepharanthine decreased endometriotic lesion formation in a mouse model of endometriosis. (A) Hematoxylin and eosin
(HE) staining verification of the endometriotic lesions on the 14th day after the peritoneal injection of endometrial fragments. Left
image: dense purple tissue mass indicates ectopic endometrial glands and stroma; Right image: irregular serrated glands around the
cavity represent an ectopic endometriotic lesion, scale bar = 100 μm. (B) Cepharanthine treatment dramatically decreased the weight
of the ectopic lesions. Data represented the mean (SD) of 6 independent experiments. (C) Cepharanthine administration significantly
decreased Ki67 expression in vivo. The expression level of Ki67 was determined by an immunohistochemistry (IHC) scoring system
(0–9 points). The scores were calculated as the chroma of the signal (negative = 0; light yellow = 1; light brown = 2; dark brown = 3) ×
percentage of positive cells (no signal = 0; weak signal = 0~25%; intermediate signal = 25~50%; strong signal = above 50%). Control:
n = 15, Cepharanthine: n = 17, scale bar = 100 μm. (D) Cepharanthine administration significantly increased terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL)-positive cells inside the ectopic lesions in vivo. Images of TUNEL-positive nuclei were
counted by Image J (Version 1.53k, National Institutes of Health, Bethesda, MD, USA), scale bar = 100 μm, n = 6. *** p < 0.001; * p <
0.05.
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Fig. 5. Cepharanthine inhibited cell proliferation and induced apoptosis through caspase-9/caspase-3 pathway. It also affected
homologous recombination-mediated repair in ectopic endometrial cells in vivo. (A) Immortalized endometrial stromal cells were
treated with cepharanthine or saline. Western Blot analysis was used to determine the levels of proteins in each group. (B) Expression
levels of each protein by Western Blot. Data represented the mean (SD) of 3 independent experiments. (C) Representative sections
were taken from the cepharanthine-treated endometriosis lesions and the control, scale bar = 5 μm. (D) Expression levels of CCND1,
RAD51 and γ-H2AX were quantified using immunohistochemical staining scores (0–9), i.e., scores equaled to the intensity of the signal
(0, negative; 1, light yellow; 2, light brown; 3, dark brown) multiplied by the percentage of positive cells (0, no signal, 0%; 1, weak
signal, <25%; 2, intermediate signal, 25–50%; and 3, strong signal, >50%). Control: n = 15, Cepharanthine: n = 15. Scale bar = 100
μm. *** p < 0.001; ** p < 0.01.
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Fig. 6. Diagram of the mechanism by which cepharanthine works against endometriosis. CCND1, cyclin D1; BCL-2, B-cell
lymphoma 2; BAX, Bcl-2-associatedX protein; BAK, Bcl-2 homologous antagonist/killer; RAD51, DNA repair protein RAD51 homolog
1, ↑, means up-regulated; ↓, means down-regulated.

that cepharanthine significantly downregulated cyclin D1
expression (Fig. 5A,B).

3.6 Cepharanthine Affected Homologous
Recombination-Mediated Repair in Ectopic Endometrial
Cells

Previous studies have shown that downregulation of
cyclin D1 can impair cellular DNA repair [18,21,29]. Since
the in vitro result showed that cepharanthine treatment
could downregulate cyclin D1, we examined cyclin D1
expression in endometriotic lesions from cepharanthine-
treated mice. Consistent with the in vitro test, the cepha-
ranthine treatment downregulated cyclin D1, concurrently
increased the expression of γ-H2AX, and decreased the ex-
pression of RAD51 (a protein critical in DNA repair) (Fig.
5C,D). These results were consistent with those of previous
studies.

4. Discussion
Endometriosis is a chronic disease that presents with

recurring symptoms and is difficult to cure [30]. Available
treatments for endometriosis are generally considered to be
unsatisfactory [31]. Common medical treatments, such as
gonadotropin-releasing hormone agonists, progestins, aro-
matase inhibitors, and androgens, are associated with vari-
ous side effects and are not fully effective; the disease fre-
quently returns [32]. Recently, a growing number of stud-

ies have identified plant-derived agents as a treatment op-
tion for endometriosis to achieve high efficacy and mini-
mize adverse effects [33]. This study focused on the thera-
peutic effect of cepharanthine, an approved Traditional Chi-
nese Medicine monomer, in treating endometriosis. Cepha-
ranthine was purified by Kondo from Stephania cepha-
rantha Hayata in 1934, then tested in humans, based on
the traditional use of its original plant [7]. It has been
widely used for the past seventy years to treat a variety
of acute and chronic diseases, including radiation-induced
leukopenia, venomous snakebites, HIV, and the novel coro-
navirus [4,34], with few known side effects. Studies have
already reported various pharmacological effects of cepha-
ranthine, such as antitumor [6,8,9], antimalarial [35], an-
tioxidant [36], anti-allergic [35], and anti-inflammatory
[37] effects. However, this drug was not previously tested
for endometriosis.

In the present study, cepharanthine inhibited the via-
bility of immortalized endometrial and patient-derived ec-
topic stromal cells in vitro. Recent studies have reported
that newly developed endometriosis organoids function as
patient-specific avatars by providing expandable biologi-
cal materials suitable for drug screening [38]. Given that
the eutopic endometrium of endometriosis patients exhibits
marked changes in proliferation, adhesion, and angiogen-
esis compared with healthy endometrium [39], we gener-
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ated patient-derived eutopic endometrial organoids to test
the effects of cepharanthine treatment in vitro. Results
showed that cepharanthine decreased the viability of en-
dometrial organoids with an IC50 of 9.058 μM. We also
established a mouse peritoneal endometriosis model and
found that cepharanthine treatment prevented the forma-
tion of endometriosis in vivo. The formation and sur-
vival of endometriotic lesions at ectopic sites have been
reported to be mainly dependent on biological processes
such as proliferation and apoptosis [40,41,42], and the im-
balance between cellular proliferation and cell death con-
tributes to the tumor-like, uncontrolled growth of ectopic
tissues. We therefore conducted a series of experiments to
illustrate the potential mechanism of cepharanthine against
endometriosis. The colony-formation assay indicated that
the growth ability of the immortalized endometrial stro-
mal cells was markedly inhibited by cepharanthine treat-
ment. The anti-proliferation and apoptosis-inducing ability
of cepharanthine was further confirmed by immunohisto-
chemistry in vivo, as indicated by decreased Ki67 expres-
sion and increased TUNEL-positive nuclei inside the en-
dometriotic lesions of cepharanthine-treated mice. Cellu-
lar apoptosis has been reported to be induced by the down-
regulation of anti-apoptotic proteins (e.g., Bcl-2) or the up-
regulation of pro-apoptotic proteins (e.g., Bax) [43]. Our
Western Blot results indicated that cepharanthine upregu-
lated cytochrome C in the cytoplasm, enhanced the expres-
sion of cleaved-caspase-9, cleaved-caspase-3, and Bax, and
downregulated the expression of Bcl-2 in immortalized en-
dometrial stromal cells, consistent with the previous study
[44]. Furthermore, cepharanthine caused DNA damage,
which was further confirmed by the elevated expression of
γ-H2AX (a well‑established biomarker for DNA double-
strand breaks [45] in cepharanthine-treated immortalized
endometrial stromal cells and inside the endometriotic le-
sions of cepharanthine-treated mice. Previous bioinfor-
matic analysis revealed that the elevated level of cyclin D1
is closely related to the pathogenesis of endometriosis [46].
Studies have also shown that the downregulation of cyclin
D1 impairs cellular DNA repair [18,21,29,47]. Our in vitro
test demonstrated that cepharanthine treatment downregu-
latedcyclin D1expression, thereby inducing G0/G1 phase
cell-cycle arrest. We then checked cyclin D1 expression
inside the endometriotic lesions of cepharanthine-treated
mice. Consistent with the in vitro test, cepharanthine treat-
ment downregulated cyclin D1, concurrently increased the
expression of γ-H2AX, and decreased the expression of
RAD51 (a protein critical in DNA repair), which was con-
sistent with previous studies [18,21].

Taken together, the mechanisms by which cepha-
ranthine operates against endometriosis involve triggering
apoptosis through the caspase-9/caspase-3 pathway, induc-
ing cell cycle arrest, causing cellular DNA damage, and im-
pairing DNA repair by downregulating cyclin D1 (Fig. 6).

However, this study has limitations that must be ac-
knowledged. First, although the mouse model is standard,
it does not fully replicate the complex hormonal and im-
mune microenvironment of human endometriosis. Second,
our focus was primarily on stromal cells; the effect on ep-
ithelial cells within lesions warrants further investigation.
Third, the precise upstream signaling responsible for cyclin
D1 downregulation by cepharanthine remains to be eluci-
dated. Investigations using more advanced models, such
as patient-derived xenografts or humanized systems, would
better predict clinical efficacy. Exploring potential syner-
gies between cepharanthine and existing hormonal thera-
pies could reveal combination strategies to prevent recur-
rence. Moreover, given the known anti-inflammatory prop-
erties of cepharanthine [36], its impact on the pelvic inflam-
matory milieu of endometriosis is a compelling avenue for
study.

Limitation
In our research, we verified the cepharanthine ther-

apeutic potential for endometriosis in cell model, animal
model and organoid derived from patients, but the clinical
trial of this drug monomer on patients has not yet been con-
ducted, and there is a lack of clinical data. The exploration
of the pharmacological and mechanistic aspects of drug ac-
tion will be carried out in future research.

5. Conclusions
Our findings suggested that cepharanthine may serve

as a promising cytotoxic agent for the treatment of en-
dometriosis. As cepharanthine tablets are commercially
available in Chinese pharmacies, this agent could be rapidly
advanced into clinical trials, providing potential therapeutic
benefits for patients with endometriosis.
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