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Abstract. Activation of autophagy suppresses ova
rian cancer (OC). This in vitro study investigated 
whether the anti-tumour effect of exendin-4 against 
OC involves modulation of autophagy and figured 
out the possible mechanisms of action. SKOV-3 and 
OVCAR-3 cells (1 × 105/ml) were cultured in DMEM 
medium and treated with exendin-4 in the presence 
or absence of chloroquine (CQ), an autophagy inhib-
itor. In some cases, cells were also treated with exen
din-4 with or without pre-treatment with compound C 
(CC), an AMPK inhibitor, or insulin-like growth fac-
tor (IGF-1), a PI3K/Akt activator. Exendin-4 increased 
expression of beclin-1 and LC3I/II, suppressed ex-
pression of p62, reduced cell survival, migration, and 
invasion, and increased cell apoptosis and LDH re-

lease in both SKOV-3 and OVCAR-3 cells. Besides, 
exendin-4 reduced phosphorylation of mTORC1, 
6SK, 4E-BP1, and Akt but increased phosphoryla-
tion of AMPK in both cell lines. These effects were 
associated with down-regulation of Bcl-2, suppres-
sion of nuclear phosphorylation of NF-κB p65, and 
increased expression of Bax and cleaved caspases 
3/8. Chloroquine completely prevented the inhibitory 
effects of exendin-4 on the cell survival, Bcl-2, NF-κB, 
and cell invasiveness and abolished its stimulation of 
cell apoptosis and LDH release. Moreover, only the 
combined treatment with IGF-1 and CC completely 
abolished the observed effect of exendin-4 on the ex-
pression of beclin-1, LC3I/II, p62, as well as on cell 
survival, apoptosis, and LDH release. Exendin-4 exhib-
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its a potent anti-tumour cytotoxic effect in SKOV-3 
and OVCAR-3 cells by activating the markers of au-
tophagy, mediated by activation of AMPK and inhi-
bition of Akt. 

Introduction
Ovarian carcinoma (OC) is the most lethal gynaeco-

logical malignancy, with a 5-year survival rate of less 
than 30 % (Vaughan et al., 2011). Dysregulation of au-
tophagy is considered as a primary factor in the initia-
tion, progression, and metastasis of OC, and in the devel-
opment of drug resistance (Zhan et al., 2016). Targeting 
proteins and signalling pathways involved in autophagy 
are currently under focus to improve the outcome of OC 
(Peracchio et al., 2012; Tang et al., 2019). 

Autophagy is an evolutionarily conserved self-diges-
tion pathway that maintains cellular homeostasis and 
metabolic adaptation through recycling macromolecu
les, damaged cellular components, and organelles (Mi
zushima et al., 2008). In normal cells, autophagy exists 
at basal levels that can be up-regulated in response to 
stressful stimuli such as starvation, oxidative stress, en-
doplasmic reticulum stress, and infections (Ylä-Anttila 
et al., 2009; Ding et al., 2014). Serine/threonine kinase 
mammalian target of rapamycin (mTOR) is the primary 
inhibitor of autophagy in most cells. mTOR is under the 
regulation of two major signalling pathways: phosphati-
dylinositol-3-kinase (PI3K)/AKT pathway, and liver ki-
nase B1 (LKB1)/adenosine monophosphate-activated 
protein kinase (AMPK) pathway (Zhan et al., 2016). The 
PI3K/Akt pathway activates mTOR and inhibits auto
phagy, while LKB1/AMPK activates autophagy through 
inhibiting mTOR (Vijayakumar and Cho, 2019). The 
regulation of autophagy is also interconnected with oth-
er signalling pathways that are involved in cell prolifer-
ation and apoptosis such as the Ras/MAP and p38 
MAPK /JNK pathways (Zhan et al., 2016; Vijayakumar 
and Cho, 2019).

In OC, autophagy can either be a tumour promoter or 
suppressor (Liu and Ryan, 2012; Yun and Lee, 2018). 
Whether autophagy promotes tumour progression or re-
gression depends on several factors including the stage 
of the disease, nutrient deficiency or hypoxia in the tu-
mour microenvironment, chemo-resistance, and contri-
bution of various signalling pathways (Liu and Ryan, 
2012; Yun and Lee, 2018). In general, down-regulation 
of autophagy promoted the development of OC (Shen et 
al., 2008; Correa et al., 2015; Zhan et al., 2016). Inhi
bition of the PI3K/Akt/mTOR signalling pathway re-
stricted OC development by activating autophagy (Lu et 
al., 2014; Bai et al., 2015; Zi et al., 2015). Nevertheless, 
in the context of chemotherapy treatment for OC, acti-
vation of autophagy contributed to the development of 
chemotherapy resistance (Morgan et al., 2014; Sun et 
al., 2015; Tang et al., 2019). Researchers found that the 
activation of autophagy rendered OC more resistant to 
chemotherapy, whereas its inhibition by pharmacologi-
cal agents or by siRNA stimulated OC cell death and 

increased chemosensitivity (Bao et al., 2015; Sun et al., 
2015; Tan et al., 2019). 

Recently, the emerging tumour suppressor effect of 
glucagon-like peptide 1 (GLP-1) has attracted attention 
of scientists. GLP-1 was initially identified as an insu-
linotropic intestinal hormone, but its short half-life lim-
ited its clinical application (Holst, 2007). Exendin-4 
(exenatide), a 39-amino acid peptide amide, is a long-
acting GLP-1 receptor agonist that is currently used to 
improve glycaemic control in type 2 diabetes patients 
(Yap and Misuan, 2019). The tumour-suppressive effect 
of exendin-4 has been demonstrated in a variety of solid 
tumours and different mechanisms for its action have 
been identified. Exendin-4 inhibited progression of 
prostate cancer and breast cancer through inhibition of 
ERK-MAPK, NF-κB, and Bcl-2 (Nomiyama et al., 
2014; Tsutsumi et al., 2015; Zhang et al., 2016; Iwaya et 
al., 2017). Also, exendin-4 inhibited endometrial cancer 
proliferation and induced apoptosis by activation of 
AMPK-induced inhibition of mTOR (Zhang et al., 
2016). He et al. have shown that exendin-4 can suppress 
the growth, migration, and invasion of OC cells and 
stimulate apoptosis through inhibition of the PI3K/Akt 
pathway (He et al., 2016). Recently, our group has 
shown that the anti-tumour effects of exendin-4 in two 
OC cell lines involved activation of silent inflammatory 
regulator 1 (SIRT 1) and inhibition of NF-κB (Khaleel 
et al., 2020). 

By integrating the knowledge of the signalling path-
ways influenced by exendin-4 (PI3K/Akt, AMPK) and 
given the relation of these two pathways to mTOR and 
autophagy, it is possible to suggest that the tumour sup-
pressor effect of exendin-4 in OC involves modulation 
of autophagy. In support of this view, exendin-4 stimu-
lated autophagy in the brains of diabetic rats as well as 
in palmitate-treated β-cells (Zummo et al., 2017; Can
deias et al., 2018). Also, exendin-4 prevented hepatic 
steatosis in mice and improved their survival by promot-
ing autophagy (Sharma et al., 2011). Interestingly, ex-
endin-4 inhibited cell proliferation and growth in a liver 
hepatocellular carcinoma cell line (HepG2) through the 
activation of autophagy (Krause et al., 2019). 

Hence, in this study, we hypothesize that the anti-tu-
mour effects of exendin-4 in SKOV-3 and OVCAR-3 
OC cell lines involve activation of autophagy. Also, we 
investigated the involvement of PI3K/Akt/mTOR and 
AMPK signalling pathways in the exendin-4 anti-tu-
mour effect. 

Material and Methods

Cell lines

Two ovarian cancer cell lines, SKOV-3 and OVCAR-3, 
were purchased from American Type Culture Collection 
(Manassas, VA). Both cell lines were grown in Dul
beccoʼs modified Eagleʼs medium (DMEM) (without 
phenol red), under humidified atmosphere (95% air, 
5% CO2, 37 °C). The medium was supplemented with 
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100 µg/ml of streptomycin, 100 units/ml of penicillin, 
10% foetal bovine serum (FBS), and 2 mM glutamine 
(ThermoFisher Scientific Inc, Waltham, IL) according 
to the supplier’s recommendation. 

Experimental procedure
Cells were initially cultured at a density of 1 × 105/ml 

for 24 h to reach 85% confluence, and then were used in 
the experimental procedure. OC cells were incubated 
for 24 h in the presence or absence of exendin-4 (30 µM 
for SKOV-3 and 40 µM for OVCAR-3) (Cat. No. 
E7144, > 97%, Sigma Aldrich, St. Louis, MO) with or 
without pre-incubation with 10 μM chloroquine (CQ), 
an autophagy inhibitor (Cat. No. C6628). Cells were 
also incubated with exendin-4 at the doses mentioned 
above for 24 h with or without one-hour pre-incubation 
with 10 µM compound C (CC), an AMPK inhibitor, or 
10 µM insulin-like growth factor-1 (IGF-1), a PI3K/Akt 
activator. The concentrations of exendin-4 for both cell 
lines used in this study were pre-determined in previous 
studies on both SKOV-3 and OVCAR-3 OC cell lines, 
where these concentrations represented the effective 
half inhibitory concentration (IC50) to inhibit cell sur-
vival and growth under similar conditions (Khaleel et 
al., 2020). Exendin-4 and IGF-1 were always dissolved 
in the media, whereas CQ and CC were freshly prepared 
in DMSO (Cat. No. 472301, Sigma Aldrich). Control 
cells were treated with DMSO. The final concentration 
of DMSO in the media was always less than 0.1 %. 
DMSO at this concentration was tested in preliminary 
studies and did not affect any of the measured parame-
ters. All experiments were performed in three independ-
ent experiments, each performed in triplicate.

Determination of cell viability
Cell viability was determined in all experimental 

groups using the cell counting kit-8 (CCK-8) (Cat No. 
CK04-13, Dojindo Molecular Technologies, Taipei City, 
Japan). In brief, 100 μl of the culture medium was dis-
carded at the end of the incubation period, replaced with 
new fresh medium containing 10 % of CCK8 solution, 
and incubated for an extra three h at 37 °C. After incuba-
tion, the absorbance of all samples was measured at 450 
nm using a Spectramax plate reader (model M2, 
Molecular Devices, San Jose, CA). Cell viability was 
calculated as a percent of the control (SKOV-3 untreat-
ed). The assay followed the manufacturer’s instructions.

Measurements of levels of LDH activity 
To evaluate cytotoxicity and plasma membrane dam-

age, LDH activity was determined in cell supernatants 
using a commercially available kit (Cat. No. ab102526; 
Abcam, Cambridge, UK) according to the manufac-
turer’s instructions. The test relies on measuring the ab-
sorbance of the colour produced by the interaction of the 
produced NADPH with a specific probe. In the test, 
NADPH is produced by the reduction of NAD+ in the 
presence of LDH in the sample. In brief, samples were 
centrifuged (200 × g, 5 min, 4 °C) and their supernatants 

were collected. Then, 20 µl of the sample or standard 
was incubated with 2 µl of the LDH substrate mix and 
48 µl of LDH assay buffer. The developed colour was 
read at 450 nm every 3 min for 30 min in a Spectramax 
plate reader (Model M2, Molecular Devices). The activ-
ity of LDH (nmol/min/ml) = (mU/ml) (U/l) was calcu-
lated from an NADH standard curve (nmol) and using 
the equation = (B/∆T 𝑥 V) 𝑥 DF, where B = the amount 
of NADH in the sample well calculated from the stand-
ard curve (nmol), DT = reaction time (min). V = original 
sample volume added into the reaction well (ml), and d 
= sample dilution factor. One unit of LDH = the amount 
of enzyme that catalyses the conversion of lactate to 
pyruvate to generate 1.0 μmol of NADH per minute at 
pH 8.8 at 37 °C. 

Measurement of cell proliferation 

Cell proliferation was determined by a bromo-2’-de-
oxyuridine (BrdU) ELISA kit (Cat. No. 11647229001; 
Roche Diagnostics, Indianapolis, IN). The principle of 
the test relies on the incorporation of BrdU into newly 
synthesized cellular DNA, which can then be detected 
by using specific BrdU-peroxidase (POD) and a sub-
strate reagent, 3,3’,5,5’-tetramethylbenzidine. Briefly, 
the cells were cultured with various treatments in a final 
volume of 100 µl for 24 h. Then,10 μl of BrdU was add-
ed to each well and incubated for 2 h at 37 °C. Then, the 
medium was removed, and 200 µl FixDena (a denatura-
tion reagent provided with the kit) was added to each 
well and incubated for 30 min at 23 °C. The FixDena 
solution was removed, and 100 μl POD solution was 
added to each well and incubated at 23 °C for 90 min. 
The solution was then removed and each well was 
washed three times with 200 µl of the washing solution 
(PBS). Then, 10 µl of the substrate reagent was added to 
each well and incubated at 23 °C for 15 min until the 
colour developed. Absorbance was read at 370 nm (ref-
erence range 492 nm) in a Spectramax plate reader 
(model M2, Molecular Devices). Cell proliferation was 
calculated as a percent of the control.

Quantitative measurement of apoptosis by 
ELISA

Cell apoptosis in all treatments was quantified by a 
cell death detection ELISA plus kit (Cat. No. 11 920 685 
001, Roche Diagnostics GmbH, Mannheim, Germany). 
The kit measures both mono- and oligonucleosomes by 
a unique anti-histone antibody that can react with H1, 
H2A, H2B, H3, and H4 and a peroxidase-conjugated 
DNA antibody that can bind to single- and double-
stranded DNA. In brief, cells were centrifuged at 200 × 
g for 10 min and the supernatant was removed. Then, 
200 µl of the lysis buffer was added to each well, incubated 
for 30 min at room temperature, and then centrifuged at 
200 × g for 10 min. After that, 20 µl of the supernatant 
was transferred into the provided streptavidin-coated 
microplate followed by addition of 80 µl of the prepared 
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immunoreagent to each well. The plate was covered 
with adhesive foil and incubated at room temperature 
under gentle shaking for two hours. The solution was 
removed, and wells were washed three times with 200 µl 
of the incubation buffer. Then, the solution was removed 
and 100 µl of ABTS solution was added to each well 
and incubated under shaking for an additional 20 min at 
room temperature until the colour developed. The ab-
sorbance was read at 405 nm (reference range 490) 
against ABTS solution as a blank using a Spectramax 
plate reader (model M2, Molecular Devices). 

Cell migration and invasion 
To assess the rate of cell migration, cells were cul-

tured in serum-free medium at a density of 1 × 105/ml 
(100) µl) at the top of 8-μm pore Corning 24-well 
Transwell polycarbonate inserts (Corning Incorporated, 
Corning, NY) and treated as described by the manufac-
turer. The lower chamber was filled with 600 µl of 
DMEM containing 10% FBS as an attractant. After 24 h, 
migrating cells at the bottom of the filter were fixed with 
methanol (15 min, room temperature) and then stained 
with crystal violet (0.2%) for 15 min. Cells were count-
ed under a light microscope (10×) in five random fields. 
The same procedure was applied in the invasion assay, 
but with the use of 5-µm Transwell polycarbonate cham-
ber plates pre-coated with 50 µl Matrigel (Cat. No. 
DLW354263, Sigma Aldrich). In this test, the cells were 
first fasted for three hours in serum-free media and then 
loaded into the chamber.

Measurements of GSH 

Levels of glutathione (GSH) in the cell lysates were 
measured using a commercially available kit (Cat. No. 
7511-100-K, Trevigen, Gaithersburg, MD). The kit is 
based on the optimized enzymatic recycling method for 
quantification of GSH, which utilizes glutathione reduc-
tase (GRx) that reduces the oxidized glutathione (GSSG) 
to reduced glutathione (GSH). Then, the sulfhydryl 
group of GSH reacts with 5,5’-dithiobis-2-nitrobenzoic 
acid (DTNB) to produce yellow-coloured 5-thio-2-ni-
trobenzoic acid (TNB) that can be read at 405 nm and 
indicates the levels of GSH in the sample. In the test, the 
levels of total GSH and GSSG were calculated from the 
GSSG standard curve and the levels of reduced GSH 
were calculated using the formula reduced GSH = total 
GSH-GSSG. Preparation of the cell lysates and rea-
gents, as well as the assay protocol, were carried out as 
described by the kit and in accordance with the manu-
facturer’s instructions.

Preparation of the nuclear extract and cell 
homogenates for Western blotting

Nuclear proteins were separated from the frozen cells 
of all treatments by using a commercially available kit 
(NE-PER) (Cat. NO. 78833, Thermo Fisher Scientific, 
Waltham, MA). To prepare total cell homogenates, the 

cells were pelleted and homogenized (1 × 105/ml) in 
200 µl of RIPA buffer (Cat. No. a56034, Abcam, Cam
bridge, UK) plus 5 µl protease inhibitor (Cat. No. P8340 
Sigma-Aldrich). The supernatants of these homogen-
ates were collected after centrifugation (11,000 × g/4 
°C/10 min). The protein levels in the nuclear extract and 
total cell homogenates were determined using a Pierce 
BCA Protein Assay Kit (Cat. No. 23225, Thermo Fisher 
Scientific). Antibodies used in the Western blotting pro-
tocol, see Table 1 (Cell Signalling Technology, Danvers, 
MA).

Western blot analysis 
Samples were prepared in the loading buffer, boiled, 

then loaded (40 µg/well), and separated using 8–12% 
SDS–polyacrylamide gel. Proteins were then transferred 
onto nitrocellulose membranes (Cat. No. sc-3718, Santa 
Cruz Biotechnology, Dallas, TX). Membranes were 
blocked for 2 h with 5% (w/v) non-skimmed milk (pre-
pared in TBST buffer). After successful washing (3×, 
10 min, TBST), the membranes were incubated with 
continuous shaking with the primary antibodies for 2 h 
at room temperature. Then, the membranes were washed 
again and incubated with the corresponding horseradish 
peroxidase (HRP)-conjugated secondary antibody for 
another 2 h at room temperature. Chemiluminescence 
was detected using a Pierce ECL kit (Thermo Fisher 
Scientific). All images were scanned and analysed using 
a C-Di Git blot scanner (LI-COR, Lincoln, NE). All an-
tibodies were diluted in the TBST buffer. The washing 
between steps was done in triplicate (each of 10 min) 
using the TBST buffer. Membranes were stripped up to 
five times, and phosphorylated forms were detected 
first. A known control sample was run between gels to 
standardize the readings. The relative expression of total 
proteins was normalized by the expression of the refer-
ence cytoplasmic protein, β-actin, whereas the relative 
expression of the nuclear proteins (NF-κB) was normal-
ized to the nuclear reference protein, lamin B1. 

Statistical analysis

Statistical analysis was performed using the GraphPad 
Prism statistical software package (version 6). Differen
ces among control and exendin-4-treated cells were de-
termined by the Student’s t-test. The differences among 
all the other groups were assessed by one-way ANOVA, 
followed by Duncan’s multiple range test. Data were 
presented as mean ± SD. Values were considered sig-
nificantly different when P ˂ 0. 05.

Results 
Exendin-4 enhanced autophagy markers in both 
SKOV-3 and OVCAR-3 cell lines 

Activation of beclin-1 and conversion of LC3I to 
LC3II, as well as the decrease in protein expression of 
p62, are considered major markers for activation of au-
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tophagy. To test the effect of exendin-4 on the process of 
autophagy, we initially measured the protein expression 
of all these markers in the control and exendin-4-treated 
cells. Treatment of the SKOV-3 cells with exendin-4 at 
the tested IC50 (30 µM) significantly up-regulated the 

protein levels of LC3I (0.08 ± 0.001 vs 0.29 ± 0.045) 
(262.6 ± 46 %), LC3II (0.06 ± 0.008 vs 0.28 ± 0.016) 
(362 ± 32 %), and beclin-1 (0.26 ± 0.02 vs 0.81 ± 0.12) 
(209 ± 38 %), but significantly decreased the protein 
levels of p62 (0.82 ± 1.3 vs 0.22 ± 0.04) (70.4 ± 8.4 %) 

Table 1. Antibodies used in the Western blotting protocol

Target Cat. No. Manufacturer KDa Dilution
Akt 9272 Cell Signalling Technology 60 1 : 1000
p-Akt (Thr308) 9275 Cell Signalling Technology 60 1 : 1000
AMPK-α1 2532 Cell Signalling Technology 62 1 : 250
p-AMPK-α1 (Thr172) 2535 Cell Signalling Technology 62 1 : 250
p-raptor (Ser792) 2083 Cell Signalling Technology 150 1 : 500
p-S6K1 (Thr389) 9205 Cell Signalling Technology 70/85 1 : 500
p- 4E-BP1 (Thr37/46) 2855 Cell Signalling Technology 18 1 : 250
Bcl-2 2876 Cell Signalling Technology 28 1 : 1000
Bax 2772 Cell Signalling Technology 20 1 : 1000
Cleaved caspase-3 9664 Cell Signalling Technology 17/19 1 : 1000
Cleaved caspase-8 9496, Cell Signalling Technology 18 1 : 500
Beclin-1 3738 Cell Signalling Technology 60 1 : 1000
p62 5114 Cell Signalling Technology 62 1 : 1000
p-NF-κB p65 3030 Cell Signalling Technology 65 1 : 500
LC3I/II 2727 Cell Signalling Technology 14/16 1 : 1000
β-Actin 3700 Cell Signalling Technology 45 1 : 2000
Lamin B 12586 Cell Signalling Technology 60 1 : 2000

Fig. 1. Exendin-4 activates LC3-I/II and beclin-1, major autophagy markers, and inhibits p62, a major target of autophagy 
in both treated SKOV-3 and OVCAR-3 cells. Cells were cultured at a density of 1 × 105/ml in DMEM medium for 24 h 
and treated with exendin-4 (30 μM for SKOV-3 and 40 μM for OVCAR-3). Control cells were treated with 0.1% DMSO. 
Data are presented as mean ± SD. a Significantly different as compared to control cells.

R. M. Badi et al.
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Fig. 2. Exendin-4 supresses Akt and mTOR signalling and activates AMPK in the treated SKOV-3 cells. Cells were cul-
tured at a density of 1 × 105/ml in DMEM medium for 24 h and treated with exendin-4 (30 μM for SKOV-3). Control cells 
were treated with 0.1% DMSO. Data are presented as mean ± SD. a Significantly different as compared to control cells. 
b Significantly different as compared to exendin-4-treated cells.

Fig. 3. Exendin-4 suppresses Akt and mTOR signalling and activates AMPK in the treated OVCAR-3 cells. Cells were 
cultured at a density of 1 × 105/ml in DMEM medium for 24 h and treated with exendin-4 (40 μM for OVCAR-3). Control 
cells were treated with 0.1% DMSO. Data are presented as mean ± SD. a Significantly different as compared to control 
cells.

Exendin-4 Induces Cytotoxic Autophagy in Two Ovarian Cancer Cell Lines
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as compared to control untreated cells (Fig. 1 A,B). In 
the same way, and as compared to control cells, treat-
ment of the OVCAR-3 cells with exendin-4 at an IC50 of 
40 µM significantly increased the levels of LC3I (0.09 ± 
0.009 vs 0.23 ± 0.02) (155 ± 15.6 %), LC3II (0.093 ± 
0.02 vs 0.85 ± 0.13) (743 ± 87 %), and beclin-1 (0.43 ± 
0.53 vs 0.80 ± 0.22) (85.6 ± 7.4 %) and concomitantly 
decreased the protein levels of p62 (1.0 ± 0.15 vs 0.58 ± 
0.08) (47.3 ± 4.8 %) as compared to untreated cells (Fig. 
1C,D). These data indicated that exendin-4 activates au-
tophagy markers in both SKOV-3 and OVCAR-3 cells.

Exendin-4 inhibits mTORC1 and Akt but 
activates AMPK in both SKOV-3 and OVCAR-3 
cell lines

mTORC1 is a potent inhibitor of autophagy. Akt acti-
vates but AMPK inhibits mTORC1. However, p-4E-BP1 
and S6K1 are the major downstream targets of mTORC1, 
whereas raptor is the most common downstream target 

of AMPK. The total levels of mTOR, Akt, and AMPK 
remained significantly unchanged between the control 
and exendin-4-treated SKOV-3 or OVCAR-3 cells (Figs. 
2 and 3). However, exendin-4 significantly reduced the 
protein levels of p-mTOR (Ser2448) (89.4 ± 4.8 % and 
81.3 ± 6.7 %), p-4E-BP1 (Thr37/46) (50.2 ± 5.3 % and 
59.3 ± 6.7 %), and p-S6K1 (Thr389) (78.9 ± 4.3 % and 
54.7 ± 8.2 %) in both the treated SKOV-3 and OVCAR-3 
cells, respectively and as compared to their control cells 
(Fig. 2A–C and Fig. 3A–C). Concomitantly, exendin-4 
significantly decreased the protein levels of p-Akt (73.5 
± 7.8 % & 63.2 ± 10 %) but increased the protein levels 
of p-AMPK (Thr172) (142.5 ± 15 % and 337.5 ± 34.3 %) 
and p-raptor (Ser792) (271 ± 43 % and 277.8 ± 35 %) in 
both the treated SKOV-3 and OVCAR-3 cells, respec-
tively, as compared to their control untreated cells (Fig. 
2D,E and Fig. 3D,E). These data confirm that the ex-
endin-4-induced activation of autophagy markers in 
both OC cell lines is accompanied by inhibition of 
mTORC1 and Akt and activation of AMPK.

Fig. 4. Chloroquine (CQ), an autophagy inhibitor, prevents exendin-4-induced suppression of cell survival and prolifera-
tion and stimulation of cell apoptosis and LDH release in the treated SKOV-3 cells. Cells were cultured at a density of 1 × 
105/ml in DMEM medium for 24 h and treated with exendin-4 (30 μM for SKOV-3). Control cells were treated with 0.1% 
DMSO. Data are presented as mean ± SD. a Significantly different as compared to control cells. b Significantly different 
as compared to exendin-4-treated cells.

R. M. Badi et al.
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Fig. 5. Chloroquine (CQ), an autophagy inhibitor, prevents exendin-4-induced suppression of cell survival and prolifera-
tion and stimulation of cell apoptosis and LDH release in the treated OVCAR-3 cells. Cells were cultured at a density of 
1 × 105/ml in DMEM medium for 24 h and treated with exendin-4 (40 μM for OVCAR-3). Control cells were treated with 
0.1% DMSO. Data are presented as mean ± SD. a Significantly different as compared to control cells. b Significantly dif-
ferent as compared to exendin-4-treated cells.

Exendin-4-induced autophagy markers indicate 
a cytotoxic, apoptotic, and tumour invasiveness 
suppressive effect 

Chloroquine (CQ) is the most accepted autophagy in-
hibitor approved by the FDA (Manic et al., 2014). To 
determine whether exendin-4-induced activation of au-
tophagy markers is a protective or cytotoxic signal, we 
measured cell survival and apoptosis and determined 
the levels of LDH in the media and cell migration and 
invasion in exendin-4-treated OC cell lines in the pres-
ence or absence of CQ (Figs. 4–6). Exendin-4 signifi-
cantly reduced cell survival (46 ± 5.6 % and 52.7 ± 
8.3 %) and the absorbance of cell proliferation (50.3 ± 
7.6 % and 55.5 ± 10.2 %), but significantly increased the 
absorbance of cell apoptosis (1440 ± 221 % and 1560 ± 
179 %), as well as the medium levels of LDH (873 
± 163 % and 1500 ± 298 %) in both SKOV-3 and 
OVCAR-3 cells, respectively, as compared to control 
untreated cells (Fig. 4A,D and Fig. 5A,D). Besides, ex-
endin-4 significantly reduced cell invasion (45.5 ± 

5.5 % and 51.3 ± 6.2 %) and migration (43.7 ± 6.2 % 
and 52.8 ±7.3 %) in both the SKOV-3 and OVCAR-3 
cells, respectively, and as compared to control untreated 
cells (Fig. 6A–D). On the other hand, pre-treatment with 
exendin-4 with CQ completely reversed all these events 
both in the treated SKOV-3 and OVCAR-3 cells. While 
the cell survival, absorbance of cell proliferation, migra-
tion, and invasion of both the SKOV-3 and OVCAR-3 
cells treated in the presence of CQ led to return to their 
basal levels, the absorbance of cell apoptosis and the 
levels of LDH in both groups of treated cells remained 
slightly but significantly higher than their basal levels 
observed in control untreated cells (Fig. 4A–D, Fig. 
5A–D and Fig. 6A–D). 

Exendin-4 induces cell apoptosis, inhibits 
NF-κB p65 and supresses GSH levels in an 
autophagy-dependent manner

Autophagy can induce apoptosis and supress inflam-
mation and antioxidant levels by down-regulating p62 
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arm. In both SKOV-3 and OVCAR-3 cells, exendin-4 
significantly reduced the levels of glutathione (GSH) 
(27.8 ± 4.4 vs 10.2 ± 2.6 (61.2 ± 7.5 %) for SKOV-3 and 
34.5 ± 5.1 vs 12.8 ± 3.2 (62.4 ± 10.2) for OVCAR-3), 
lowered the protein expression of Bcl-2 (0.92 ± 0.17 vs 
0.43 ± 0.07) (49.3 ± 6.4 %) for SKOV-3 and (0.45 ± 
0.09 vs 0.21 ± 0.02) (54.4 ± 7.2 %) for OVCAR-3), and 
increased the protein levels of Bax (0.29 ± 0.6 vs 0.93 ± 
0.13) (365 ± 32 %) for SKOV-3 and (0.06 ± 0.01 vs 
0.173 ± 0.32) (206 ± 28.4 %) for OVCAR-3), as com-
pared to control untreated cells (Fig. 7A,C). Also, ex-
endin-4 significantly reduced the level of nuclear p-NF-
κB p65 (Ser536) in both SKOV-3 and OVCAR-3 cells 
((0.82 ± 0.23 vs. 0.11 ± 0.03) (85.4 ± 6.2 %) and (0.63 ± 
0.13 vs. 0.05 ± 0.02) (79.3 ± 7.8 %), respectively) (Fig. 
8A,B). Exendin-4 also increased the protein levels of 
caspase-3 (0.04 ± 0.01 vs 0.47 ± 0.06) (1397 ± 121 %) 
and (0.08 ± 0.01 vs 0.43 ± 0.42) and protein levels of 
caspase-8 (0.1 ± 0.02 vs 0.63 vs. 0.04) (535.4 ± 63 %) 
(0.07 ± 0.02 vs 0.42 ± 0.56) (473 ± 33 %) in both the 
SKOV-3 and OVCAR-3 cells, respectively (Fig. 8C,D). 

Interestingly, normal levels of GSH and protein expres-
sion of Bcl-2, cleaved caspase-3 and cleaved caspase-8, 
which are not significantly different with their corre-
sponding levels in the control cells, were observed in 
both SKOV-3 and OVCAR-3 cells that were pre-treated 
with exendin-4 + CQ (Fig. 7A–D and Fig. 8A–D).

AMPK activation and Akt suppression are 
required for exendin-4-induced activation of 
autophagy markers in both SKOV-3 and 
OVCAR-3 cells 

To further confirm that mTORC1 inhibition was me-
diated by concomitant activation of AMPK and inhibi-
tion of Akt signalling pathways, we treated both cell 
lines with exendin-4 with or without pre-incubation 
with CC, an AMPK inhibitor, and IGF-1, a PI3K/Akt/
mTORC1 activator. As expected, individual treatment 
with CC or IGF-1 increased cell survival (41.2 ± 4.3 % 
and 42.9 ± 5.2 %, respectively) and reduced the absorb-
ance of cell apoptosis (52 ± 8.3 % and 54.5 ± 10.3 %, 

Fig. 6. Chloroquine (CQ), an autophagy inhibitor, inhibits exendin-4-induced reduction in migrating and invading cells in 
the treated SKOV-3 and OVCAR-3 cells. Cells were cultured at a density of 1 × 105/ml in DMEM medium for 24 h and 
treated with exendin-4 (30 μM for SKOV-3 and 40 μM for OVCAR-3). Control cells were treated with 0.1% DMSO. Data 
are presented as mean ± SD. a Significantly different as compared to control cells. b Significantly different as compared to 
exendin-4-treated cells.
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respectively) and LDH release (27.3 ± 4.7 % and 32.6 ± 
3.7 %, respectively) in the treated SKOV-3 cells as com-
pared to exendin-4-treated cells (Fig. 9A–C). Also, ex-
endin-4 + CC and exendin-4 + IGF-1-treated SKOV-3 
cells showed a significant increase in the expression of 
p62 (71.8 ± 3.4 % and 72.7 ± 4.8 %, respectively) with 
a concomitant decrease in the protein levels of beclin-1 
(60.4 ± 6.5 % and 66.8 ± 7.3 %, respectively), LC3I 
(50.4 ± 3.6 % and 51.6 ± 5.8 %, respectively, and LC3II 
(57.4 ± 6.2 % and 16.3 ± 2.8%) as compared to exendin-
4-treated cells (Fig. 9D,E). 

Likewise, a partial increase in cell survival (44.3 ± 
4.5 % and 48.7 ± 5.1 %) with a parallel partial decrease 
in the absorbance of cell apoptosis (71.4 ± 6.2 % and 
74.1 ± 5.8 %) and LDH levels (49.5 ± 3.4% and 61.3 ± 
5.3%) were observed in exendin-4 + IGF and exendin-4 
+ CC-treated OVCAR-3 cells, respectively, and as com-
pared to exendin-4-treated cells (Fig. 10A–C). Conco
mitantly, a significant increase in the protein level of 
p62 (5.5 and 2 fold, respectively), with a concomitant 
reduction in LC3I (37.8 ± 3.1 % and 81.4 ± 5.2 %), 
LC3II (87.5 ± 7.1% and 91.3 ± 6.3 %), and beclin-1 

Fig. 7. Chloroquine (CQ), an autophagy inhibitor, inhibits exendin-4 induced reduction in GSH levels and expression of 
Bcl-2 and up-regulation of Bax in the treated SKOV-3 and OVCAR-3 cells. Cells were cultured at a density of 1 × 105/ml 
in DMEM medium for 24 h and treated with exendin-4 (30 μM for SKOV-3 and 40 μM for OVCAR-3). Control cells were 
treated with 0.1% DMSO. Data are presented as mean ± SD. a Significantly different as compared to control cells. b Sig-
nificantly different as compared to exendin-4-treated cells.
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(48.9 ± 5.9 % and 58.9 ± 6.9 %) were observed in ex-
endin-4 + IGF-1 and exendin-4 + CC-treated cells and 
as compared to exendin-4-treated cells (Fig. 10D,F). 
However, the levels of all these parameters in both treat-
ed SKOV-3 and OVCAR-3 cells remained significantly 
different from their corresponding levels observed in the 
control group, thus suggesting partial effects. However, 
SKOV-3 and OVCAR-3 cells that were treated with the 
combination of CC and IGF-1 exhibited the maximum 
increase in cell survival (82.4 ± 6.7 % for SKOV-3 and 
87.3 ± 5.9 % for OVCAR-3) and maximum decrease in 
cell apoptosis absorbance (80.5 ± 5.9 % for SKOV-3 

and 82.4 ± 8.7 % for OVCAR-3) and LDH release (84 ± 
7.3 % for SKOV-3 and 78.8 ± 9.4 % for OVCAR-3) as 
compared to exendin-4-treated cells (Fig. 9A–C and Fig. 
10A–C). In addition, treatment of SKOV-3 and OVCAR-3 
cells with the combined CC and IGF-1 restored normal 
levels of p62, beclin-1, and LC3I, which were not signifi-
cantly different as compared to their levels depicted in 
the control untreated cells (Fig. 9D–E and Fig. 10D–E). 
Overall, these data indicate that concurrent activation of 
AMPK and inhibition of Akt are crucial for exendin-4 
suppression of cell death, induction of apoptosis, and 
activation of cytotoxic autophagy markers. 

Fig. 8. Chloroquine (CQ), an autophagy inhibitor, suppresses exendin-4-induced inhibition of the nuclear activation of 
NF-κB and up-regulation of caspases 3 and 8 in the treated SKOV-3 and OVCAR-3. Cells were cultured at a density of 
1 × 105/ml in DMEM medium for 24 h and treated with exendin-4 (30 μM for SKOV-3 and 40 μM for OVCAR-3). Con-
trol cells were treated with 0.1% DMSO. Data are presented as mean ± SD. a Significantly different as compared to control 
cells. b Significantly different as compared to exendin-4-treated cells.
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Discussion
GLP-1 and its receptor agonist, exendin-4, are widely 

used for the treatment of T2DM because of their potent 
glucose-lowering, augmenting post-prandial insulin se-
cretion, inhibiting glucagon secretion, promoting β-cell 
proliferation, inducing satiety, and delaying gastric 
emptying effects (Park et al., 2007). However, GLP-1Rs 
are widely distributed in numerous cells and organs in-
cluding the liver, hypothalamus, pancreas, kidney, heart, 
endothelial cells, neurons, glial cells, and immune cells 
(Iwai et al., 2006; Park et al., 2007; Arakawa et al., 2010; 
Romaní-Pérez et al., 2013; Pyke et al., 2014; Heppner et 
al., 2015). Currently, the protective anti-oxidant, anti-
inflammatory, and anti-apoptotic effects of exendin-4 
have been established in several organs such as the pan-
creas, kidney, liver, heart under various stress condi-
tions, where exendin-4 modulated several and different 
signalling pathways (Ferdaoussi et al., 2008; Kim et al., 
2012; Wei et al., 2012; Chen et al., 2013; Zhou et al., 

2014; Eid et al., 2020a,b). However, opposing this, the 
pro-apoptotic role of exendin-4 and other GLP-1R ago-
nists has been reported in solid tumours including breast, 
prostate and ovarian cancer (Vangoitsenhoven et al., 
2012; Nomiyama et al., 2014; Tsutsumi et al., 2015; He 
et al., 2016; Zhang et al., 2016; Iwaya et al., 2017; 
Khaleel et al., 2020). 

On the other hand, the sustained use of GLP-1 is as-
sociated with a higher risk of developing thyroid cancer 
(Vangoitsenhoven et al., 2012). Until now, such antago-
nizing anti-apoptotic and apoptotic effects of exendin-4 
have remained largely unknown. However, it seems rea-
sonable that the cell fate effect of exendin-4 depends on 
several factors including tissue factors such as tissue 
metabolic activity, environment (pH), cell density, and 
GLP-1R receptor density. 

Supporting its tumour-suppressive effect, the finding 
of this study also confirmed that exogenous exendin-4 
exerts a tumour-suppressor effect in the two tested OC 

Fig. 9. A combination of insulin-like growth factor-1 (IGF-1), a PI3K/Akt activator, and compound C (CC), a selective 
AMPK inhibitor, completely prevents the inhibitory effect of exendin-4 on cell survival and its stimulation of apoptosis 
and LDH release in the treated SKOV-3 cells. Cells were cultured at a density of 1 × 105/ml in DMEM medium for 24 h 
and treated with exendin-4 (30 μM for SKOV-3). Control cells were treated with 0.1% DMSO. Data are presented as 
mean ± SD. a Significantly different as compared to control cells. b Significantly different as compared to exendin-4-treat-
ed cells.
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cell lines, SKOV-3 and OVCAR-3. Exendin-4 inhibited 
cell proliferation, reduced survival and induced cell ap-
optosis, and reduced cell migration and invasion in both 
cell lines. However, the salient findings of this study are 
that these anti-tumour effects of exendin-4 in both cell 
lines were highly dependent on the inhibition of mTORC1 
and activation of markers of autophagy (beclin-1 and 
LC3II) and associated with inhibition of PI3K/Akt and 
activation of AMPK signalling pathways. 

Autophagy plays a significant role in the develop-
ment/prevention of OC. In OC, autophagy is usually 
down-regulated, which implies that autophagy harmed 
cancer cell development and proliferation (Zhan et al., 
2016). The autophagy-cytotoxic effect involves up-reg-
ulation of apoptosis (Mariño et al., 2014). Of note, low-
er levels of beclin-1 and LC3II concomitant up-regula-
tion of p62 are associated with the advanced stages of 
OC, poor prognosis, and low survival rates (Shen et al., 
2008; Liu and Ryan, 2012; Lu et al., 2014; Shuvayeva et 
al., 2014; Zhan et al., 2016). Beclin-1 is involved in the 

initiation stage of autophagy, while LC3II is included in 
the elongation stage and formation of the autophago-
some (Cai et al., 2014). p62 acts as an adaptor protein 
that links LC3II with the ubiquitin moieties on misfold-
ed proteins (Bjørkøy et al., 2005; Pankiv et al., 2007). 
Hence, autophagy ensures the clearance of p62 along 
with the misfolded protein (Zhan et al., 2015). The level 
of LC3II expression represents the autophagy level in 
the cell and the up-regulation of beclin-1 and LC3II and 
suppression of p62 are classical markers of autophagy 
activation (Zhan et al., 2016).

In this study, exendin-4 increased the cell apoptosis 
rate, enhanced the release of LDH, suppressed cell sur-
vival, and reduced cell invasiveness in both cell lines. 
Besides, although no solid evidence of functional au-
tophagy is provided, exendin-4 concomitantly stimulat-
ed some markers of autophagy in both SKOV-3 and 
OVCAR-3 cell lines, as indicated by the increased pro-
tein levels of beclin-1 and LC3II and the parallel de-
crease in the expression of p62 in both cell lines. These 

Fig. 10. A combination of insulin-like growth factor-1 (IGF-1), a PI3K/Akt activator, and compound C (CC), a selective 
AMPK inhibitor, completely prevents the inhibitory effect of exendin-4 on cell survival and its stimulation of apoptosis 
and LDH release in the treated OVCAR-3 cells. Cells were cultured at a density of 1 × 105/ml in DMEM medium for 24 h 
and treated with exendin-4 (40 μM for OVCAR-3). Control cells were treated with 0.1% DMSO. Data are presented as 
mean ± SD. a Significantly different as compared to control cells. b Significantly different as compared to exendin-4-treated 
cells.
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data imply that exendin-4 can stimulate autophagy, and 
such activation of autophagy could be a protective cyto-
toxic means. Indeed, exendin-4 suppressed cell survival 
and increased cell apoptosis in OC cell lines (He et al., 
2016; Khaleel et al., 2020). Several authors have shown 
that exendin-4 can stimulate autophagy in the brains of 
diabetic rats, palmitate-treated β-cells, and livers of in-
duced steatosis in mice (Sharma et al., 2011; Zummo et 
al., 2017; Candeias et al., 2018). Also, exendin-4 pre-
vented cell proliferation and growth of HepG2 cells by 
activating autophagy (Krause et al., 2019). 

Interestingly, reports indicated that p62 triggers DNA 
damage and persistent activation of nuclear factor κ B 
(NF-κB) and nuclear factor erythroid 2-related factor-2 
(Nrf-2), two pro-inflammatory and anti-oxidant tran-
scription factors, respectively, that are known to be up-
regulated in solid tumours (Duran et al., 2008; Inami et 
al., 2011). Over-activation of NF-κB and Nrf-2 plays an 
essential role in promoting OC cell survival, migration, 
and invasion (Macciò and Madeddu, 2012; van der 
Wijst et al., 2014). Nfr-2 promotes OC progression by 
increasing the expression of numerous endogenous anti-
oxidants including anti-oxidant enzymes and GSH 
(Czogalla et al., 2019). However, NF-κB stimulates cell 
survival by increasing expression of several apoptotic 
inhibitor proteins (AIPs), cell cycle proteins, and Bcl-2 
anti-apoptotic-related proteins and blocks activation of 
multiple caspases (Wu et al., 2009; Macciò and Maded
du, 2012; Xia et al., 2014). Therefore, higher levels of 
p62 during autophagy suppression such as in OC aug-
ments inflammation and increases cellular anti-oxidants, 
both of which promote OC cell tumorigenesis. 

In this study, associated with the reduction in p62, ex-
endin-4 also suppressed the activation of NF-κB, low-
ered the expression of Bcl-2, reduced the levels of GSH, 
and increased the expression of Bax and cleaved cas-
pases 3 and 8 in both the SKOV-3 and OVCAR-3 cell 
lines. These data suggest that exendin-4-induced cell 
death in both OC cell lines involves inhibition of cell 
inflammation, reduction of cyto-protective anti-oxidant 
activity, and up-regulation of p62, possibly through ac-
tivating autophagy. These data also imply that the au-
tophagy response that is observed in exendin-4 repre-
sents a cytotoxic signal. 

Hence, it was of our interest to investigate the role of 
these autophagy markers in exendin-4-induced cell ap-
optosis in both cell lines. For this reason, we pre-treated 
the exendin-4-treated cells with autophagy inhibitor CQ. 
Generally, CQ inhibits the latest step in autophagy, which 
is the fusion of the autophagosome and the lysosome 
(Mauthe et al., 2018). Interestingly, and in both SKOV-3 
and OVCAR-3 cell lines, CQ completely abrogated the 
inhibitory effect afforded by exendin-4 on cancer cell 
survival, migration, and invasion and abolished ex-
endin-induced apoptosis. Also, CQ completely prevent-
ed exendin-4-induced up-regulation of Bax and cleaved 
caspases 3 and 8 and increased the expression levels of 
p-NF-κB (Ser536) and Bcl-2 and the levels of GHS. 
Based on these data, we became very confident that the 

exendin-4 tumour suppressor effects in both cell lines 
involve suppression of GSH levels and NF-κB in an 
autophagy-dependent manner. Recently, our group has 
demonstrated that the exendin-4 cytotoxic effect in OC 
cell lines was partially dependent on exendin-4-mediat-
ed activation of SIRT1 and subsequent inhibition of NF-
κB (Khaleel et al., 2020). In the same study, we have 
also shown that exendin-4 altered the expression of sev-
eral apoptosis-related NF-κB responsive genes includ-
ing MMP-9, ICAM-1, Bcl-2, Bax, and cyclin D. Based 
on our data from this study and our previous report, we 
could suggest that the anti-tumorigenic effect of ex-
endin-4 in both SKOV-3 and OVCAR-3 cell lines in-
volves autophagy-induced suppression of p62 and acti-
vation of SIRT1. 

Nonetheless, the activation of autophagy arms is a 
novel strategy to inhibit OC progression. Various phar-
macological agents such as dasatinib, dihydroptychan-
tol 2, C2-ceramide, MORAB-003, suberoylanilide hy-
droxamic acid, resveratrol, and rographolide were found 
to prevent OC through up-regulation of beclin-1, LC3II, 
and ATGs and inhibition of p62 (reviewed in Zhan et al., 
2016). Interestingly, ghrelin, another intestinal hor-
mone, inhibited growth of HO-8910 cells by inducing 
autophagy. Like the effect shown by exendin-4 in this 
study, the ghrelin anti-tumour effects included up-regu-
lation of LC3II, beclin-1, and Atg12-Atg5 complex and 
concomitant down-regulation of p62 (Xu et al., 2013). 

Next, we were interested in finding the possible me
chanisms by which exendin-4 activated these autophagy 
markers in both tested OC cell lines. mTOR, a serine/
threonine kinase, is an essential cellular nutrient sensor 
that regulates cell growth and division in response to 
growth factors, glucose, amino acids, energy status, and 
different types of stress (Zoncu et al., 2011). The mTOR 
pathway involves two functional complexes: mTOR 
complexes 1 and 2 (mTORC1 and mTORC2), both of 
which are activated in response to IGF-1-induced acti-
vation of PI3K/Akt (Ravikumar et al., 2010). mTORC1 
is a potent autophagy inhibitor in normal and cancer 
cells, including OC (Wei et al., 2018). The pro-oncogen-
ic properties of mTORC1 are well studied and were 
shown to be mediated by increasing the expression and 
translation of several oncogenes, activation of glycolyt-
ic transcription factors and enzymes, and stimulating li-
pid and purine synthesis, which are needed for cancer 
cell growth (LoPiccolo et al., 2008; Lien et al., 2016; 
Liu et al., 2018; Tian et al., 2019). mTORC1 is frequent-
ly activated in epithelial OC and has been identified as a 
novel target for therapy (Mabuchi et al., 2011). Inhibition 
of mTORC1 kinase activity decreases phosphorylation 
of two downstream target effectors: ribosomal protein 
S6 kinase 1 (S6K1) at Thr389/Thr421/Ser424 and translation 
initiation factor 4E-binding protein (4E-BP1) at Thr37/
Thr46 (LoPiccolo et al., 2008; Zoncu et al., 2011; Tian et 
al., 2019). 

The activity of mTORC1 is mainly regulated by two 
upstream regulators, Akt and AMPK, which stimulate or 
inhibit mTORC1, respectively (Zhan et al., 2016). A de-
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tailed description of mTOR signalling and its relation to 
autophagy can be found in excellent reviews (Ravikumar 
et al., 2010). In general, lower activation of AMPK and 
sustained activation of PI3K/Akt are well reported in 
multiple types of cancers including OC cells and were 
correlated with their development, progression, metas-
tasis, invasion, and advanced stages through activation 
of mTORC1 (Luo et al., 2010; Mabuchi et al., 2011; 
Yung et al., 2016; Tian et al., 2019). 

In this study, we provide evidence that the increase in 
levels of beclin-1 and LC3II after exendin-4 treatment 
in both SKOV-3 and OVCAR-3 cells is due to the inhi-
bition of mTORC1 mediated by suppression of Akt and 
activation of AMPK. Indeed, associated with the higher 
expression levels of autophagy markers, cell apoptosis, 
and inhibition of cell migration, exendin-4 also sup-
pressed mTOR activation, reduced phosphorylation of 
S6K1 and 4E-BP-1, two downstream targets of mTOR, 
inhibited Akt activation, and increased AMPK activity 
in both SKOV-3 and OVCAR-3 cells. To precisely de-
termine the contribution of each of these pathways in 
the observed effect of exendin-4 on the autophagy mark-
ers, we pre-treated the exendin-4-treated cells with 
IGF-1, a PI3K/Akt/mTORC1 activator, or with CC, an 
AMPK inhibitor, either individually or in combination. 
As expected, the use of IGF-1 or CC as a solo treatment 
partially prevented exendin-4 inhibitory effects on the 
cell survival, invasion, and migration. They also par-
tially reduced exendin-4-induced activation of beclin-1, 
LC3I/II, and the increase in p62. Notably, combined 
treatment with both IGF-1 and CC in exendin-4-treated 
cells completely prevented all these effects afforded by 
exendin-4. Based on these findings, we have concluded 
that the activation of AMPK and concurrent inhibition 
of PI3K/Akt is required for the cytotoxic autophagy in-
duced by exendin-4. These data support the study of He 
et al., who have shown that exendin-4 inhibits cell pro-
liferation, migration, and invasion of a variety of OC 
cells including SKOV-3, OVCAR-3, OVCAR-4, A2780, 
and ES-2 by inhibiting PI3K/Akt (He et al., 2016). 
However, our study also suggests that this effect also 
involves the activation of AMPK. 

Despite these data, this study has some limitations. 
First of all, the doses of exendin-4 used in this study (30 
and 40 µM) are much higher than those reported by oth-
er authors in OC cell lines or other types of cancer (in 
nM). We have previously run a dose-response experi-
ment on both cell lines to determine the IC50 of ex-
endin-4 that corresponds to each cell line. We have 
shown that such higher doses are required to inhibit the 
cell survival of both the SKOV-3 and OVCAR-3 cells 
by 50 %. Such variation in the effective dose has also 
been reported by other authors using the same cell lines. 
For example, while Ligumsky et al. (2012) have shown 
that exendin-4 at doses of 50 nM can inhibit growth and 
proliferation of MCF-7 breast cancer cell lines, Fidan-
Yaylalı et al. (2016) have demonstrated that higher dos-
es (5–10 µM) are needed to produce similar effects in 
the same cell lines. Therefore, such variation between 

our data and those of others could be explained by the 
variation in several undetermined factors including the 
source of the cells, stage of the disease, age of the cells, 
density of GLP-1R, experimental conditions, and the 
source and activity of exendin-4. At this stage, we could 
not further figure out the source of variation, which 
needs further investigation. Besides, although these data 
suggest the involvement of autophagy in the protective 
effect of exendin-4, no solid evidence for functional au-
tophagy is provided. Therefore, more advanced studies 
are required to confirm this effect. Furthermore, the ef-
fect afforded by exendin-4 on these cells could be 
through unidentified receptors, an effect that was not 
confirmed in this study. The lack of the use of GLP-1R 
agonists in this study adds more limitations and should 
be further investigated in the upcoming studies. 

In conclusion, this study is the first to shed light on 
the role of autophagy in the anti-tumour effect of ex-
endin-4 in OC. The data presented here suggest that the 
anti-tumour effect afforded by exendin-4 in both SKOV-3 
and OVCAR-3 cell lines is associated with an anti-in-
flammatory effect and up-regulation of autophagy. These 
effects are mediated by suppressing mTORC1 with con-
current activation of AMPK and inhibition of PI3K/Akt 
signalling pathways. 
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