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Abstract 

Purpose: To assess the effect of ellipticine (EPT), an alkaloid isolated from the Oleaceae family, on 
endometriosis, and to identify its possible mechanisms of action. 
Methods: Human endometriosis-like cell lines exposed to EPT were subjected to bromodeoxyuridine/5-
bromo-2´-deoxyuridine and proliferating cell nuclear antigen staining. Flow cytometry and immunoblot 
analyses were used to assess the effect of EPT on cell apoptosis. Mitochondrial damage was 
determined by JC-1 staining and immunoblotting. Immunoblot assays were performed to determine the 
effects of EPT on the MAPK pathway. 
Results: Ellipticine inhibited the viability of human endometriosis cell lines and stimulated cell apoptosis 
(p < 0.01). It further induced mitochondrial damage in human endometriosis cell lines (p < 0.01). 
Mechanistically, EPT acted on MAPK pathway, and induced apoptosis and mitochondrial dysfunction (p 
< 0.01) in human endometriosis cells. 
Conclusion: Ellipticine is a potential treatment strategy for the management of endometriosis. 
However, further exploration of this potential should be explored via in vivo studies. 
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INTRODUCTION 
 

Endometriosis is a type of gynecological disorder 
characterized by the growth of endometrial cells 
[1]. Abnormal endometrial tissue grows and 
forms adhesions between the peritoneum and 
abdominal organs such as those in ovaries [2,3]. 
As a result, endometriosis causes chronic pelvic 
and abdominal pain and leads to infertility, with 
30 − 50 % of endometriosis cases resulting in 

infertility. In addition, endometriosis is thought to 
be a potential cause of malignancies [4]. 
Previous studies have shown that the promotion 
of endometriosis in cell lines results in apoptosis 
and mitochondrial damage, so induction of 
proliferation alleviates endometriosis. Drugs are 
used to inhibit periodic endocrine stimulation of 
the ovaries. Testosterone was initially used, but 
because of its side effects, and because it was 
not very effective, the use of testosterone has 
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been gradually abandoned. Later treatments 
involved sham pregnancy and sham menopause 
therapies. However, better drugs are needed to 
effectively treat endometriosis. 
 
Ellipticine (EPT) has been shown to have 
anticancer effects in several types of cancer cells 
[5]. The antitumor effects of EPT are mainly 
through DNA insertion and inhibition of DNA 
topoisomerase II activity [6]. Ellipticine can also 
act through the formation of covalent DNA 
adducts during peroxidase oxidation. For 
example, exposure to EPT (1 − 10 μM) induced 
apoptosis in rL95-2 human endometrial 
carcinoma cells, trapping the cell cycle at G2/M, 
promoting the MAPK pathway activation and 
reactive oxygen species (ROS) accumulation [7]. 
Ellipticine promotes apoptosis of tumor cells by 
stimulating DNA damage in lymphomas [8]. It 
also inhibits proliferation and induces apoptosis 
of fibroblast synovial cells in rheumatoid arthritis 
by regulating the STAT3 pathway [9]. It 
significantly inhibits lipopolysaccharide (LPS)-
induced activation of c-fos and c-Jun, inhibits 
LPS-induced inflammatory response of 
macrophages, and reduces inflammatory 
response and mortality in an LPS-
induced/endotoxin-induced shock mouse model 
[10]. However, EPT has rarely been reported in 
the treatment of endometriosis, and the 
mechanisms of action are unclear. 
 
In this study, using a series of in vitro assays, the 
effects of EPT on the apoptosis and 
mitochondrial damage of endometriosis cells 
were investigated and the possible mechanism 
was revealed. 
 

EXPERIMENTAL 
 
Cell culture 
 
The VK2/E6E7 and End1/E6E7 cell lines were 
obtained from the American Type Culture 
Collection (Manassas, VA, USA) and were 
maintained in keratinocyte serum-free medium 
(Gibco, Waltham, MA, USA) as well as 
DMEM/F12 medium supplemented with 10 % 
fetal bovine serum, in a serial culture hood 
supplied with 5 % CO2. The cells were stimulated 
with different doses of EPT for 48 h. 
 
Bromodeoxyuridine/5-bromo-2´-deoxyuridine 
(BrdU) staining 
 
Cell proliferation was determined using BrdU 
staining. The cells were plated in a 96-well plate, 
and treated with EPT for 48 h. After the addition 
of BrdU, the cells were fixed and treated with 
anti-BrdU-POD for 90 min. Images of the BrdU-

positive cells were captured using a fluorescence 
microscope. 
 
Immunofluorescence staining 
 
Cells were blocked with 4 % paraformaldehyde in 
5 % bovine serum albumin (BSA) in phosphate 
buffered saline with tween (PBST) and incubated 
with primary proliferating cell nuclear antigen 
(PCNA) antibody (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA). After rinsing thrice in 
PBST, secondary antibodies conjugated with 
Alexa 488 (Invitrogen, Carlsbad, CA, USA) were 
added. Then, 4′,6-diamidino-2-phenylindole was 
used to counterstain the cell nuclei, and images 
were captured using a fluorescence microscope. 
 
Cell apoptosis 
 
To determine the percentages of apoptotic cells, 
Annexin V/propidium iodide (PI) apoptosis 
detection was performed by the kit (Sigma-
Aldrich, St. Louis, MO, USA). The cells were 
digested into single cells and resuspended in 
reaction buffer containing Annexin V and PI for 5 
min at room temperature in the dark. Cell 
apoptosis was then analyzed using flow 
cytometry (BD Biosciences, San Jose, CA, USA). 
 
Immunoblot assay 
 
Total proteins were extracted using RIPA buffer 
(Beyotime Biotechnology, Haimen, China) and 
the protein concentration was determined using a 
BCA kit. The proteins were then resolved using 
SDS-PAGE, followed by electrotransfer to PVDF 
membranes. The membranes were blocked with 
5 % BSA in tris-buffered saline with tween 
(TBST), followed by incubating with primary 
antibodies (Abcam, Cambridge, UK) for cleaved 
caspase 3 (1:1,000), BAX (1:1,000), Bcl-2 
(1:1,000), mito-cyt-c (1:1,000), COX IV (1:2,000), 
cyto-cyt-c (1:1,000), p-JNK (1:1,000), JNK 
(1:2,000), p-p38 (1:2,000), p38 (1:2,000), 
GAPDH (1:20,000), and beta-actin (1:20,000) for 
2 h at room temperature. Subsequently, the 
membranes were reacted with secondary 
antibodies for 2 h, then visualized using an 
enhanced chemiluminescence (ECL) kit. 
 
JC-1 staining 
 
To analyze mitochondria damage, the cells were 
plated in 12-well plates and maintained for 24 h 
for cell adhesion assays. After rinsing, the cells 
were incubated with 2 μM JC-1 for 15 min at 37 
°C. After rinsing thrice in phosphate-buffered 
saline (PBS) the cells were analyzed using flow 
cytometry. 
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ROS assay 
 
The cellular ROS levels after EPT treatment 
were determined using 2′-7′-dichlorofluorescein 
diacetate (DCFH-DA, Sigma-Aldrich). Then, the 
cells were washed and analyzed using a 
microplate reader at 350 nm wavelength. 
 
Statistical analysis 
 
Statistical analysis was performed using 
GraphPad software, version 7.0 (GraphPad, San 
Diego, CA, USA). All data are expressed as 
mean ± SEM. Statistical comparisons were 
conducted using Student’s t-test, and p < 0.05 
was considered statistically significant. 
 

RESULTS 
 
Ellipticine inhibited cell proliferation 
 
Cell proliferation in response to increasing doses 
of EPT (1, 2, 5, and 10 μM) for 48 h in VK2/E6E7 
and End1/E6E7 cells was investigated. Ellipticine 
(5 μM) reduced cell proliferation in both cell types 
(Figure 1 A). In addition, to confirm the effect of 
EPT on normal endometrial cells, cell 
proliferation was determined using PCNA 
immunofluorescence staining. Overall, only a 
small percentage of cell proliferation was seen in 
EPT-treated cells (Figure 1 B). 
 

 
 
Figure 1: Ellipticine (EPT) inhibited cell proliferation in 
VK2/E6E7 and End1/E6E7 cells. (A) Cell proliferation 
of VK2/E6E7 and End1/E6E7 cells in response to 
increasing doses of EPT. (B) PCNA staining of 
VK2/E6E7 and End1/E6E7 cells in response to 
elevated levels of EPT. *P < 0.05, **p < 0.01, ***p < 
0.001 vs EPT (0 uM) 
 

EPT-induced cell apoptosis 
 
The effect of EPT on cell apoptosis was 
measured using flow cytometry. Ellipticine (EPT) 
induced increased cell apoptosis in VK2/E6E7 
and End1/E6E7 cells (Figure 2). The expressions 
of cleaved caspase 3, BAX, and Bcl-2 were also 

determined. Elevated levels of cleaved caspase 
3 and BAX, and decreased levels of Bcl-2 were 
observed after treatment with EPT of VK2/E6E7 
and End1/E6E7 cells (Figure 3). These results 
confirmed that EPT promoted cell apoptosis in 
VK2/E6E7 and End1/E6E7 cells. 
 

 
 
Figure 2: Ellipticine (EPT) induces cell apoptosis in 
VK2/E6E7 and End1/E6E7 cells. The apoptosis in 
response to EPT in VK2/E6E7 and End1/E6E7 cells 
was detected using flow cytometry. *P < 0.05, **p < 
0.01, ***p < 0.001 vs EPT (0 uM) 

 

 
 
Figure 3: Ellipticine (EPT) affected the expression of 
cell apoptosis-related proteins in VK2/E6E7 and 
End1/E6E7 cells. Levels of cleaved caspase 3, BAX, 
and Bcl-2 in each group were detected. *P < 0.05, **p 
< 0.01, ***p < 0.001 vs EPT (0 uM) 

 
EPT treatment, induced mitochondrial 
damage 
 
Increased JC-1 monomers and reduced JC-1 
aggregates were observed in EPT-treated cells, 
indicating reduced membrane potential (Figure 4 
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A). The ROS levels in VK2/E6E7 and End1/E6E7 
cells were increased after EPT treatment (Figure 
4 B). Moreover, EPT treatment led to reduced 
levels of mitochondrial-cyto-c and enhanced 
levels of cytosolic-cyto-c, suggesting impaired 
mitochondrial membrane integrity in response to 
EPT treatment (Figures 4 C and D). These 
results showed that EPT treatment led to 
mitochondrial damage in VK2/E6E7 and 
End1/E6E7 cells. 
 

 
 
Figure 4: Ellipticine (EPT) led to mitochondria damage 
in VK2/E6E7 and End1/E6E7 cells. (A). JC-1 staining 
in VK2/E6E7 and End1/E6E7 cells in response to 
increasing doses of EPT. (B) Levels of reactive 
oxygen species in VK2/E6E7 and End1/E6E7 cells in 
response to increasing doses of EPT. (C, D). The 
levels of mitochondrial Cyt-c and cytosol Cyt-c in each 
group were revealed. *P < 0.05; **p < 0.01; ***p < 
0.001 vs EPT (0 uM) 
 
Ellipticine promoted apoptosis and 
mitochondrial damage during endometriosis 
by activating MAPK pathway 
 
To identify how EPT induced apoptosis and 
mitochondrial damage during endometriosis, the 
MAPK pathway was analyzed. The results 
showed increased levels of p-JNK and p-p38 
after EPT treatment of VK2/E6E7 and 
End1/E6E7 cells (Figure 5). These results 
suggest that EPT induced apoptosis and 
mitochondrial damage in endometriosis by 
activating the MAPK pathway. 
 

 
 
Figure 5: Ellipticine (EPT) promoted apoptosis and 
mitochondrial damage in endometriosis by activating 
the MAPK pathway. Immunoblot assays showed the 
expressions of p-JNK and p-p38 in EPT-treated 
VK2/E6E7 and End1/E6E7 cells. *P < 0.05; **p < 0.01; 
***p < 0.001 vs EPT (0 uM) 

 

DISCUSSION 
 
Endometriosis leads to a series of clinical 
symptoms, including dysmenorrhea, ovarian 
cysts, menstrual disorders, and so on [11]. The 
pathogenesis of endometriosis is still unclear. 
Some patients may be partially treated with 
drugs, but some drugs are not effective. The 
remedial plan for endometriosis differs, 
depending on the severity of the illness and the 
patient’s age [12]. If the condition is very severe, 
or if there is severe dysmenorrhea or pelvic 
examination reveals definite endometriosis 
nodules, medication or surgery must be used 
[13], and more effective drugs are needed to 
treat this disease. Based on the results of the 
present study, EPT induced apoptosis and 
mitochondrial damage during endometriosis by 
activating the MAPK pathway, therefore EPT 
may be an effective drug to treat this disease. 
 
To confirm the possible effects of EPT on the 
progression of endometriosis, its effects on 
VK2/E6E7 and End1/E6E7 endometriosis cells 
were determined. The results of CCK-8, FCM, 
MMP, and ROS staining assays showed that 
EPT suppressed cell viability and induced 
apoptosis and mitochondrial damage in 
endometriosis cells. The biological activities of 
EPT have been widely reported. Ellipticine (EPT) 
is found naturally in the leaves of Ochrosia 
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elliptica Labill., bark, and leaves of O. balansae, 
O. moorei, and in other plants [14]. It could be 
chemically synthesized and used as a cytotoxic 
alkaloid with anti-tumor effects. In addition, it 
inhibits RNA polymerase activity [15] and the 
activities of acetylcholinesterase and 
butyrylcholinesterase in humans and 
experimental animals. Ellipticine (EPT) also has 
antioxidant activity [16]. Treatment of cells with 
EPT resulted in the inhibition of cell growth. 
 
Importantly, EPT induced apoptosis of human 
endometrial cancer cells and arrested the cell 
cycle via the induction of the MAPK pathway and 
accumulation of ROS. It further inhibited 
proliferation and induced apoptosis of fibroblast 
synovial cells in rheumatoid arthritis by regulating 
the STAT3 pathway. Similarly, EPT inhibited 
proliferation and induced apoptosis of 
endometriosis cells. 
 
The MAPK pathway is an important regulator in 
several cellular processes, including cell viability 
and apoptosis. Endometriosis generates a 
unique microenvironment for the survivability of 
endometriotic lesions, which include cell 
proliferation, differentiation, migration, and 
apoptosis, which are regulated by the MAPK 
pathway [17]. Several studies reported its 
possible effects on mitochondrial function. In the 
present study, EPT induced apoptosis and 
mitochondrial damage during endometriosis by 
activating the MAPK pathway, suggesting that 
this pathway could be a target for endometriosis 
treatment. 
 

CONCLUSION 
 
Ellipticine (EPT) promotes apoptosis and 
mitochondrial damage during endometriosis by 
activating the MAPK pathway. Thus, it is a 
potential treatment strategy for the management 
of endometriosis. However, further exploration of 
this potential should be explored via in vivo 
studies. 
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