
Cell Proliferation. 2017;50:e12393.	 wileyonlinelibrary.com/journal/cpr	   |  1 of 8
https://doi.org/10.1111/cpr.12393

© 2017 John Wiley & Sons Ltd

 

Received: 23 July 2017  |  Accepted: 9 September 2017
DOI: 10.1111/cpr.12393

O R I G I N A L  A R T I C L E

Berberine inhibits the chemotherapy-induced repopulation 
by suppressing the arachidonic acid metabolic pathway and 
phosphorylation of FAK in ovarian cancer

Yawei Zhao1  | Lianzhi Cui1,2 | Yue Pan1 | Dan Shao1 | Xiao Zheng1 |  
Fan Zhang1 | Hansi Zhang1 | Kan He1 | Li Chen1,3

1Department of Pharmacology, College of 
Basic Medical Sciences, Jilin University, 
Changchun, China
2Clinical Laboratory, Jilin Cancer Hospital, 
Changchun, China
3School of Nursing, Jilin University, 
Changchun, China

Correspondence
Li Chen and Kan He, Department of 
Pharmacology, Basic College of Medicine, Jilin 
University, Changchun, China.
Emails: chenl@jlu.edu.cn; hek@jlu.edu.cn

Funding information
Norman Bethune Program of Jilin University, 
Grant/Award Number: 2015224; the 
undergraduate innovative programme of 
Jilin University, Grant/Award Number: 
2015741091

Abstract
Objectives: Cytotoxic chemotherapy is an effective and traditional treatment of ovar-
ian cancer. However, chemotherapy-induced apoptosis may also trigger and ultimately 
accelerate the repopulation of the small number of adjacent surviving cells. This study 
mainly focused on the tumour cell repopulation caused by chemotherapy in ovarian 
cancer and the adjunctive/synergistic effect of Berberine on the prevention of tumour 
repopulation.
Materials and methods: The transwell system was used to mimic the co-culture of 
surviving ovarian cancer cells in the microenvironment of cytotoxic chemotherapy-
treated dying cells. Tumour cell proliferation was observed by crystal violet staining. 
AA and PGE2 levels were measured by ELISA, and changes of protein expression were 
analysed by Western blot.
Results: Chemotherapy drug VP16 treatment triggered AA pathway, leading to the 
elevated PGE2 level, and ultimately enhanced the repopulation of ovarian cancer cells. 
Berberine can block the caspase 3-iPLA2-AA-COX-2-PGE2 pathway by inhibiting the 
expression of iPLA2 and COX-2. Berberine can also reverse the increased phospho-
rylation of FAK caused by abnormal PGE2 level and thus reverse the repopulation of 
ovarian cancer cells after VP16 treatment.
Conclusions: Our observation suggested that Berberine could inhibit the chemotherapy-
induced repopulation of ovarian cancer cells by suppressing the AA pathway and 
phosphorylation of FAK. And these findings implicated a novel combined use of 
Berberine and chemotherapeutics, which might prevent ovarian cancer recurrence by 
abrogating early tumour repopulation.

1  | INTRODUCTION

Ovarian cancer is the most common cause of death from gynaeco-
logic cancer worldwide.1-3 The conventional ovarian cancer treatment 
strategy involves debulking surgery, in which visible tumour nodules 
are removed before chemotherapy. Following cytoreductive surgery, 
ovarian cancer patients undergo platinum- and taxane-based chemo-
therapy.4,5 However, in over 70% of ovarian cancer cases, patients 

usually recur within 12-  to 24 months after initial diagnosis and die 
of progressively chemotherapy-resistant disease.6 Considering the 
high rate of recurrence of ovarian cancer patients, new therapeutic 
strategies, especially against relapse after chemotherapy, are urgently 
needed.7

Most common chemotherapeutics lead to the induction of apop-
tosis in the targeted cancer cell, including platinum- and taxane-based 
chemotherapy in ovarian cancer.8 Although activation of the caspase 
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3 is a hallmark of apoptosis and usually tightly associated with re-
sponse to chemotherapy, it also has been suggested a role in tissue 
regeneration and repopulation by stimulating signal transduction and 
cell proliferation in neighbouring, non-apoptotic cells.9 The cleaved 
caspase 3 can activate cytosolic calcium-independent phospholipase 
A2 (iPLA2)10 and consequently trigger the cascade reaction of AA met-
abolic pathway, leading to abnormal changes of AA and PGE2 levels in 
the microenvironment of tumour. And PGE2 was reported to stimulate 
cell proliferation and tumour growth.11,12 PGE2 treatment was able 
to increase the phosphorylation of FAK in hepatocellular carcinoma 
cells,13 a 125-kDa non-receptor cytoplasmic protein tyrosine kinase, 
which has been implicated in the regulation of a variety of cellular 
signalling pathways that control cell proliferation.14,15

Berberine, an isoquinoline alkaloid, is found in the rhizome; 
roots and stem bark the Berberis species, such as Hydrastis canaden-
sis (goldenseal), Cortex phellodendri (Huangbai) and Rhizoma coptidis 
(Huanglian).16-18 Berberine exhibits multiple pharmacological activ-
ities, including anticancer and antidiabetes mellitus effects.19-21 In 
our previous studies, we found that Berberine suppressed cPLA2 and 
COX-2 gene expressions and inhibited AA pathway by elevating the 
ratio of AA to PGE2 in hepatocellular carcinoma in vitro and in vivo.22 
Additionally, Berberine was also found to inhibit phosphorylated 
forms of FAK of SCC-4 and CRC cells.23,24 Therefore, we propose to 
explore whether Berberine overcomes repopulation of ovarian cancer 
cells due to activation of caspase 3-mediated AA pathway and phos-
phorylation of FAK after chemotherapy.

In our study, we utilized transwell system for co-cultures of human 
ovarian cancer cells SKOV3 (upper chamber, as receptor cells) in mi-
croenvironment of the dying SKOV3 cells (lower chamber, as feeder 
cells) treated by chemotherapy drug VP-16. We then showed that 
the VP16 treatment triggered the activation of caspase 3 and AA 
pathway (iPLA2-AA-PGE2 axis). In the mean time, the decreased AA 
and increased PGE2 levels in the microenvironment of tumour cells 
were observed and accompanied with activation of FAK. Berberine 
can inhibit the chemotherapy-induced repopulation of ovarian cancer 
cells and suppress the AA metabolic pathway, PGE2 level as well as 
phosphorylation of FAK. Thus, a combination of chemotherapy and 
Berberine may become a promising strategy to prevent the recurrence 
of ovarian cancer after chemotherapy.

2  | MATERIALS AND METHODS

2.1 | Chemicals and reagents

Human prostaglandin E2 ELISA Kit and the Human Arachidonic acid 
ELISA Kit were purchased from R&D Systems (Minneapolis, MN, USA). 
Prostaglandin E2 was purchased from Sigma (St. Louis, MO, USA). 
RPMI medium 1640, foetal bovine serum (FBS), penicillin, streptomy-
cin and BCA protein assay kit were bought from Beyotime Institute of 
Biotechnology (Jiangsu, China). The primary antibodies were diluted 
1:1000 before use, including FAK (Cat. # ab40794; Abcam), p-FAK 
(Cat. # ab39967; Abcam, Pudong, Shanghai, China), iPLA2 (Cat. # sc-
25504; Santa Cruz Biotechnologies, Santa Cruz, CA, USA), COX-2 

(H-62) (Cat. # sc-7951; Santa Cruz Biotechnologies), caspase 3 (Cat. 
# 9662, Cell Signaling, Beverly, MA,  USA), and β-actin (Cat. # 1854; 
Epitomics, Burlingame, CA, USA), goat anti-rabbit IgG (H+L), HRP con-
jugate (Cat. # SA00001-2; Proteintech Group, Rosemont, IL, USA). 
VP16 (etoposide) injection was purchased from Qilu pharmaceutical 
Co., LTD (Jinan, China). All the chemical compounds were analytically 
pure reagents.

2.2 | Cell culture

The human epithelial ovarian cancer cell line SKOV3 was cultured in 
RPMI 1640 supplemented with 10% FBS, penicillin and streptomycin 
at 100 U/mL and 100 μg/mL, respectively. Cells were incubated at 
37°C in 5% CO2-95% air atmosphere.

2.3 | Transwell system

The transwell system (Corning, NY, USA) with 4.0-μm pore size 
semipermeable membrane filter insert was used for preparing the 
co-culture system. In the bottom chamber, the SKOV3 cells (105 
cells per well) as feeder cell was treated with VP16, Berberine or the 
combination of VP16 and Berberine, and in the upper chamber the 
less number of SKOV3 cells (1000 cells per well) were designed as 
receptor cells, which were exposed to culture medium from feeder 
cells. For each group, feeder cells were rinsed with PBS twice after 
a 24-hour culture (Control group [con] and Berberine group) or 
treatment with 5 μmol/L VP16 (VP16 group and VP16 + Berberine 
group). Then, fresh culture medium was added and upper cham-
ber with SKOV3 receptor cells was inserted. Then, Berberine at 
a final concentration of 5 μmol/L was added into the culture me-
dium of both the upper and lower chambers in Berberine group 
and VP16 + Berberine group on Day 1. The transwell system was 
sustained for 10 days. The Berberine (5 μmol/L) was supplemented 
every 5 days in Berberine alone group and VP16 + Berberine group. 
Supernatants from the upper chambers of the transwell system dur-
ing the incubation period were collected daily (50 μL per day) for 
the analysis of the AA and PGE2 levels by ELISA. After 10-day incu-
bation, receptor cells in the semipermeable filter inserts were fixed 
by methanol for proliferation assays.

2.4 | Proliferation assays

Receptor cells in the semipermeable filter inserts of the transwell sys-
tem were then stained by 0.1% crystal violet for 20 minutes at room 
temperature. After washing the wells with PBS twice, the cells on 
upper surface of the membranes were photographed under the mi-
croscope. Finally, the cells were solubilized with 1 mL 33% acetic acid 
per well and quantified by the absorbance at 570 nm.13,25

SKOV3 cells were seeded in 2 mL of medium at 1000 cells/well 
in 6-well culture plates and grown overnight. Treatments of 5 μmol/L 
Berberine (as group Ber), 3.125 ng/mL prostaglandin E2 (as group 
PGE2) and their combination (as group Ber + PGE2) were conducted 
for 7 days. Prostaglandin E2 was added into relative groups daily. 
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Afterwards, the cells were fixed by methanol for proliferation assays 
as previously described.

2.5 | Western blot analysis

Receptor cells of the sixth-day incubation within transwelll system 
and cells with prostaglandin E2 treatments were collected for pro-
tein extraction for Western blot analysis of the level of FAK and 
p-FAK. Feeder cells of the third-day incubation (as the most signifi-
cant apoptosis response of SKOV-3 cells after VP16 treatment ap-
peared on Day 3) within transwell system were collected to analyse 
the level of caspase 3 and cleaved caspase 3. Feeder cells of the 
sixth-day incubation (as the first detectable significant differences 
of AA and PGE2 level appeared since day 6) were harvested to an-
alyse the level of iPLA2 and COX-2. SKOV3 cells were collected 
by centrifugation and washed twice with cold PBS. The cell pellets 
were suspended in 200 μL ice-cold RIPA lysis buffer and lysed for 
15 minutes on ice, vortexed every 10 minute and then centrifuged 
at 15 000 g for 15 minutes. The immunoblotting analysis was per-
formed with 20 μg sample proteins on a 12% SDS-polyacrylamide 
electrophoresis gel (SDS-PAGE). The electrophoresis was carried 
out first at 80 V for 20 minutes followed by 160 V for 60-90 min-
utes. The proteins separated by SDS-PAGE gel are transferred onto 
PVDF by wet transfer system in ice-cold transfer buffer. The trans-
ferred membranes were blocked for 2 hour and then incubated 
overnight with a primary antibody (1:1000 diluted) with gentle 
agitation at 4°C. The membranes were then washed and incubated 
with a secondary antibody (1:2000 diluted) at room temperature for 

1.5 hour. Bands were visualized by an ECL Western blotting detec-
tion system (Tanon 4200). Grey value of the bands in the Western 
blot was analysed using Quantity One software.

2.6 | Measurement of AA and PGE2 levels

Supernatants collected from the transwell system during the incuba-
tion period were thawed, and prostaglandin E2 (PGE2) and arachidonic 
acid (AA) levels were analysed using the Human Prostaglandin E2 
ELISA Kit and the Human Arachidonic acid ELISA Kit according to the 
manufacturer’s instructions. The absorbances were read at a wave-
length of 450 nm.

2.7 | Statistical analysis

All experiments were completed at least three times unless otherwise 
indicated. All data were expressed as mean ± SD. Statistical signifi-
cances among groups were analysed by one-way analysis of variance 
followed by Dunnett’s multiple comparison post-test. A value with 
P < .05 was considered as statistically significant.

3  | RESULTS

3.1 | Berberine reversed the chemotherapy-induced 
repopulation of ovarian cancer cells

Recurrence is considered as a cause of cancer treatment failure. 
Researchers have observed that radiation-induced apoptotic tumour 

F IGURE  1 Berberine reversed the 
chemotherapy-induced accelerated 
repopulation of ovarian cancer cells. A, 
After feeder cells being treated with VP16 
and both feeder and receptor cells being 
treated with 5 μmol/L Berberine, crystal 
violet staining assay were applied to 
analyse the proliferation of the receptor 
cells. B, The stained cells of groups in (A) 
were solubilized with 1 mL of 33% acetic 
acid and quantified by the absorbance 
at 570 nm. Results were expressed as 
the mean ± SD of three independent 
experiments, *P < .05 compared with 
control, #P < .05 compared with VP16 
group
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cells could stimulate the repopulation of tumours from a small num-
ber of surviving cells.10 In our study, we established transwell system 
for co-cultures of the chemotherapy drug VP16 or vehicle treated 
(feeder cells at bottom floor) and ovarian cancer cell line (receptor 
cells at top floor) SKOV3 cells. Compare with vehicle treatment, VP16 
clearly induced the feeder cell death at the bottom floor (data not 
shown). Consistent with previous report, the proliferation and viability 
of SKOV3 cells on the top chamber (receptor cells) also significantly 
increased (Figure 1A,B). In order to search for potential strategy to 
overcome the repopulation of ovarian cancer cells after chemother-
apy drug VP16 treatment, we tested several small molecular drugs 
from the market regarding this certain type of repopulation (data 
not shown). The addition of 5 μmol/L Berberine in both the upper 
and lower chambers greatly abrogated the proliferation and viability 
of receptor SKOV3 cells on the top chamber in VP16 + Berberine 
group, while Berberine single treatment at the same concentration 
did not have a significant influence on either receptor or feeder cells 
in Berberine group (Figure 1A,B). These results demonstrated that 
Berberine could reverse the repopulation of ovarian cancer cells after 
chemotherapy drug VP16 treatment.

3.2 | Berberine blocked the iPLA2-AA-COX-2-
PGE2 pathway induced by caspase 3 activation after 
chemotherapy

Activation of caspase 3 was indicated to render tissue regeneration 
and repopulation by stimulating signal transduction and cell prolifera-
tion in neighbouring non-apoptotic cells.10 We found that the VP16 
treatment significantly increased the cleavage of caspase 3 of feeder 
cells, while 5 μmol/L Berberine did not have a significant influence 
on caspase 3 cleavage compared with either control or VP16 group 
(Figure 2A,B). Receptor cells in VP16 group showed an increased 
iPLA2 and COX-2 protein levels, while the addition of Berberine partly 
reversed these increases (Figure 2C,D).

We next measured the level of AA and PGE2 in the supernatant of 
the transwell system. As shown in Figure 3, 5 μmol/L Berberine did not 
cause significant changes in the levels of AA and PGE2 compared with 
control, while the VP16 treatment on feeder cells showed a decrease 
in AA level (Figure 3A) and an increase in PGE2 level (Figure 3B) in a 
time-dependent manner, with significant differences appearing since 
day 6, and the addition of Berberine partly reversed these changes 
of AA and PGE2 production compared with VP16 group, with signif-
icant differences appearing since day 9 (Figure 3A,B). These results 
indicated that Berberine reverses the chemotherapy drug-induced 
caspase 3-iPLA2-AA-COX-2-PGE2 pathway in SKOV-3 cells.

3.3 | Berberine inhibited PGE2-stimulated 
repopulation through the inhibition of FAK 
phosphorylation

As it was shown in Figures 2 and 3, we found that the VP16 treat-
ment led to the induction of iPLA2 and COX-2, as well as the following 
upregulation of PGE2 level. In order to determine whether PGE2 is 

the key molecule for transducing the activation of caspase 3-mediated 
regeneration signalling to adjacent cells, exogenous PGE2 was added 
into the culture media to mimic the abnormal level of PGE2 caused by 
VP16 treatment. SKOV-3 cell proliferation was enhanced expectedly 
after exogenous PGE2 treatment compared with Control group. More 
importantly, the addition of Berberine was still capable to reverse 
exogenous PGE2-stimulated cell proliferation (Figure 4A,B).

Previous research found that PGE2 treatment can increase the 
phosphorylation of FAK.13 We then investigated the influence of 
Berberine on FAK and its phosphorylation. VP16 treatment signifi-
cantly increased the phosphorylation of FAK, while the expression of 
FAK remained still, and Berberine could partly reverse the increase in 
FAK phosphorylation (Figure 5A,B). And as shown in Figure 6, exog-
enous PGE2 also caused an increase in FAK phosphorylation, while 
the addition of Berberine partly reversed this effect. These data sug-
gested that the abnormal PGE2 level may accelerate the repopulation 
through the activation of FAK. Despite of iPLA2 and COX-2, Berberine 
also inhibited the repopulation through the inhibition of the FAK 
phosphorylation.

4  | DISCUSSION

Despite the relative high response for cytotoxicity agents in tumour 
treatment, chemotherapy is nowadays being questioned by a grow-
ing incidence of drug resistance and tumour relapse. Clinically, a large 
number of responders of ovarian cancer relapse within a short period 
after completing first-line chemotherapy and require further systemic 
therapy.26 For decades, researchers have studied the fundamental 
mechanism of tumour repopulation from different perspectives such 
as inflammation, angiogenesis.27 Until recently, “Phoenix Rising” path-
way was thrown out28 and clearly defined the possible cell death-
mediated tumour repopulation in melanoma via a caspase 3-mediated 
mechanism.29 Consistent with this concept, our study defined that the 
caspase 3-mediated growth of living tumour cell stimulated by dying 
cells also happened in ovarian cancer cells treated with chemotherapy 
drugs. Patients with recurrent ovarian cancer are rarely curable and 
often have only short-term progression-free survival.6 Therefore, 
preventing recurrence and improving quality of life have become key 
objectives in the treatment and management of patients with ovarian 
cancer. In our study, we first investigated the efficacy of Berberine, a 
natural product with lower cytotoxicity in normal human cells, against 
the repopulation of ovarian cancer cells after chemotherapy.19,30 We 
found that Berberine showed a significant ability against the VP16-
induced repopulation of human ovarian cancer cells SKOV3. This 
confirmed the beneficial role of Berberine against recurrent ovar-
ian cancer, indicating the combination of chemotherapeutics and 
Berberine might be a possible way to effectively prevent recurrence.

In our study, we meticulously studied the related mechanism 
underlying the repopulation of ovarian cancer cells exposed to che-
motherapy drug VP16. Our result indicated that the chemotherapy 
drug VP16 treatment led to the activation of caspase 3, induction 
of iPLA2 and COX-2, as well as the increase in PGE2 level in ovarian 
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cancer. Considering the contribution of caspase 3 and PGE2 in 
“Phoenix Rising” pathway of cancer recurrence upon radiotherapy 
and other cytotoxic treatments,9,10 targeting “Phoenix Rising” path-
way may offer better perspective strategy against cancer relapse. 
Indeed, caspase 3 inhibition of genetic manipulation was indicated 
successful to attenuate the repopulation of tumour cells in exper-
imental mice model. The combination of chemotherapy and pan 

caspase inhibitor may be beneficial in cancer treatment, especially 
the promising result from pan caspase inhibitor in clinical trial for 
hepatitis C, non-alcoholic steatohepatitis and liver reperfusion in-
jury.31,32 However, the activity of caspase 3 often is required for 
chemotherapy-, radiotherapy- and many targeted therapy-induced 
apoptosis and may directly associate the patient’s response or sur-
vival, to say nothing of the issue with female fertility or development 

F IGURE  2 The protein expression of caspase 3, cleaved caspase 3 (of feeder cells), iPLA2 and COX-2 (of receptor cells) in SKOV3 cells 
treated by VP16 and/or Berberine within the transwell system. A, The protein expression of caspase 3, cleaved caspase 3, iPLA2 and COX-2 
of feeder cells was measured by Western blot analysis. B, Relative quantification of cleaved caspase 3/caspase 3 levels expressed relative to 
control. C, Relative quantification of iPLA2 levels expressed relative to control. D, Relative quantification of COX-2 levels expressed relative to 
control. Each bar represents the mean ± SD of three independent experiments, n = 3, *P < .05 compared with control; #P < .05 compared with 
VP16 group; ns, no significant difference

F IGURE  3 The AA and PGE2 levels in 
SKOV3 cells treated by Berberine within 
the transwell system. The supernatants of 
each group were collected each day from 
the transwell system during the 10-day 
incubation, A, AA and B, PGE2 levels were 
measured by ELISA. Three independent 
experiments were carried out. Results were 
expressed as the mean ± SD, n = 3, *P < .05 
compared with control; #P < .05 compared 
with VP16 group
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F IGURE  4 The inhibitory effect of 
Berberine on the exogenous PGE2 induced 
proliferation of SKOV-3 cells. A, After 
7-day incubation with exogenous PGE2, 
crystal violet staining assay was applied 
to analyse the proliferation of SKOV-3 
cells. B, The stained cells of groups in (A) 
were solubilized with 1 mL of 33% acetic 
acid and quantified by the absorbance 
at 570 nm. Results were expressed as 
the mean ± SD of three independent 
experiments, *P < .05 compared with 
control; #P < .05 compared with PGE2 
group

F IGURE  5 The protein expression of FAK and p-FAK of receptor 
cells treated by VP16 and/or Berberine within the transwell system. 
A, The protein expression of FAK and p-FAK of receptor cells was 
measured by Western blot analysis. B, Relative quantification of 
p-FAK/FAK levels expressed relative to control. Each bar represents 
the mean ± SD of three independent experiments, n = 3, *P < .05 
compared with control; #P < .05 compared with VP16 group

F IGURE  6 Berberine inhibited the exogenous PGE2-induced 
FAK phosphorylation. A, After treated with exogenous PGE2 and 
Berberine, the protein expression FAK and p-FAK of SKOV-3 cells 
was measured by Western blot analysis. B, Relative quantification of 
p-FAK/FAK levels expressed relative to control. Each bar represents 
the mean ± SD of three independent experiments, n = 3, *P < .05 
compared with control; #P < .05 compared with PGE2 group
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of eye and ear due to lack of caspase 3.33 Therefore, targeting an-
other key molecular of “Phoenix Rising” pathway would be more 
reasonable and safer. Being a potent promoter of cell proliferation, 
motility, invasion and angiogenesis,22 the effect of PGE2 promoting 
the growth of tumour cells has been reported in variety of cancers, 
such as colon cancer, lung cancer and ovarian cancer.34,35 COX-2 
is an important enzyme in the AA metabolic pathway which con-
verts AA into endoperoxide intermediates that are ultimately con-
verted to prostanoids, including PGE2. As a natural product and a 
COX-2-specific inhibitor, our result showed that Berberine not only 
maintained the activity of caspase 3, but also retarded the VP16-
triggered abnormal PGs production catalysed by COX-2, which is 
confirmed by the effectiveness of Berberine on inhibiting the ex-
pression of COX-2.36 Given the importance of AA metallic path-
way in recurrence of ovarian cancer upon chemotherapy, our result 
also warranted combined cytotoxic with other therapy targeting 
AA-COX-2-PGE2 pathway in the future.

As an accepted key regulator of cellular signalling pathways that 
control cell proliferation, FAK has been connected with proteins of 
AA metabolic pathway by many studies. For example, there have 
been studies showing that exogenous PGE2 can increase the FAK 
phosphorylation at Tyr397 in the PGE2-concentration-dependent 
manner in HCC cells. At the same time, selective COX-2 inhibitor 
celecoxib was found to decrease the expression of FAK protein. 
These results implied that FAK phosphorylation may be regulated 
by the level of PGE2,

37 although the phosphorylation of FAK is tra-
ditionally thought to be mediated by integrins.23 In our study, en-
hanced phosphorylation of FAK was observed in both VP16 and 
exogenous PGE2 treatment condition. More importantly, Berberine 
was found to abrogate the increasing of phosphorylation of FAK 
following the inhibition of AA-COX-2-PGE2 pathway. Further study 
will be needed to explore whether inhibitory effect of Berberine on 
the phosphorylation of FAK in ovarian cancer cells due to its direct 
inhibition on integrin β1, since down regulated the levels of integrin 
β1 in colorectal carcinoma (CRC) cells was shown with efficacy of 
Berberine before.23

In conclusion, Berberine contributed to the inhibition of repop-
ulation of a small number of surviving ovarian cancer cells after the 
chemotherapy, which was achieved mainly by suppressing the two 
rate-limiting enzymes iPLA2 and COX-2 in the dying cells, subse-
quently reduced the production of PGE2 in tumour microenvironment. 
In the meanwhile, further inhibition of PGE2-FAK in ovarian cancer 
cells with recurrence potential also played a critical role on tumour 
relapse. Our work provided a promising strategy on the recurrence 
prevention of ovarian cancer with the combination of Berberine and 
caspase 3-activated chemotherapy.
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