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Background: Glycogen synthase kinase-3p (GSK-3p) is a multifunctional serine/threonine
kinase that plays an important role in cancer tumorigenesis and progression. We investigated
the role of the GSK-3 inhibitor AZD1080 in ovarian cancer cell lines.

Methods: A2780 and OVCAR3 ovarian cancer cell lines were exposed to AZD1080, after
which cell proliferation, cell cycle, invasion, and migration assays were performed. Phalloidin
staining was used to observe lamellipodia formation. Reverse transcription polymerase chain
reaction and Western blot were used to assess the respective mRNA and protein expression levels
of GSK-3f, CDK2, CDK1, cyclin D1, matrix metalloproteinase-9 (MMP9), and Bel-xL.
Results: AZD1080 exposure suppressed ovarian cancer cell proliferation, invasion, migra-
tion, and lamellipodia formation, and induced G, arrest, which was concentration dependent.
AZD1080 also significantly downregulated GSK-3f, CDK2, CDK1, cyclin D1, MMP9, and
Bcl-xL expression at both mRNA and protein levels.

Conclusion: Taken together, our results demonstrate that the GSK-3f inhibitor AZD1080
suppresses ovarian cancer development and therefore may indicate a new direction for ovarian
cancer treatment.
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Introduction
Ovarian cancer is the third most common female reproductive system cancer. The
ovarian cancer mortality rate is the highest of the gynecological malignancies due to
the lack of effective early diagnostic methods, its chemotherapy resistance, and its
ability to metastasize and recurrence. The 5-year survival rate is <30%, making it
as a serious threat to the health and lives of women.!? Ovarian cancer has numerous
malignant transformations and molecular signaling pathways, and consequently, the
search for new drugs to treat epithelial ovarian cancer remains a major challenge.
Identification of key kinase isoforms regulating ovarian tumor development,
chemoresistance, and metastasis is an important component of ovarian research.
Glycogen synthase kinase-3[3 (GSK-3) is a highly conserved serine/threonine kinase
that may have different functions in different types of cancers.>~ Recent studies have
suggested that the “hyper-activation” of GSK-33 may function as an oncogene in
several types of human cancer, including colon cancer,® oral cancer,” osteosarcoma,®
and malignant melanoma.’ Of particular interest, it has been reported that the expres-
sion of GSK-3p is significantly higher in ovarian carcinoma tissues.!® Overall, it is
clear that GSK-3f plays an important role in tumorigenesis and in tumor promotion
and progression. Recently, GSK-3f knockdown and GSK-3f inhibitors have been
shown to inhibit the proliferation of malignant cells in pancreatic,'' prostatic,'? and
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colonic® cancers and in leukemia.'* However, less is known
about GSK-3 inhibitors in ovarian cancer. Consequently, we
studied the role of the new GSK-3f inhibitor, AZD1080,"
in ovarian cancer.

Materials and methods

Cell culture

The ovarian carcinoma cell lines A2780 and OVCAR3 were
obtained from American Type Culture Collection (Manassas,
VA, USA). The cells were maintained in Roswell Park
Memorial Institute (RPMI) 1640 (OVCAR3) or Dulbecco’s
Modified Eagle’s Medium (A2780) supplemented with
10% fetal bovine serum (FBS), 100 U/mL penicillin, and
100 pwg/mL streptomycin in a humidified atmosphere of 5%
CO, at 37°C with or without AZD1080 (Chemicals, Shanghai,
People’s Republic of China) treatment at doses of 0.5 UM,
1.0 uM, 2.0 uM, and 4.0 uM. The study was approved by
China Medical University Ethics Committee.

Cell viability assay

Cell viability was determined using a 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
Cells (3x10%/well) were seeded directly into 96-well plates
and allowed to adhere. At different time points, 20 UL of
MTT (5 mg/mL; Sigma-Aldrich Co., St Louis, MO, USA)
was added, the plates were incubated at 37°C for 4 hours,
the supernatants were removed, and 150 pL of dimethyl
sulfoxide (Sigma-Aldrich Co.) was added to each well.
The absorbance value (optical density) of each well was
measured at 490 nm.

Cell cycle analysis

After incubation at 37°C in 5% CO,, cells were detached by
trypsinization, collected, washed twice with phosphate-buft-
ered saline (PBS), and fixed in 500 UL ice-cold ethanol (70%)
for at least 2 hours. The cells were again washed twice with
PBS, and propidium iodide containing RNase A (BD Biosci-
ences, San Jose, CA, USA) was added and cultivated at 4°C
in the dark for 30 minutes. Cell cycle analysis was performed
by flow cytometry analysis of propidium iodide staining.

Wound healing assay

Cells (1x10%well) were seeded in six-well culture plates.
After they had grown to confluence, the cell monolayer was
scratched with a 200-uL pipette tip to create a wound. The
cells were then washed with PBS three times and cultured in
FBS-free medium with or without AZD1080 treatment. Cells
were photographed at 0 hour and 24 hours, and the scratched
arecas were measured using ImageJ software (National

Institutes of Health, Bethesda, MD, USA). The wound heal-
ing rate was calculated as follows: wound healing rate =
(original wound area —actual wound area at different times)/
original wound area x100%.

Cell invasion assays

Cells (5x10*) were resuspended in FBS-free Dulbecco’s
Modified Eagle’s Medium and seeded into the top chambers
of Matrigel-coated Transwell inserts (BD Biosciences). The
bottom compartments of the chambers contained 10% FBS
as a chemoattractant. After 48-hour incubation at 37°C in
5% CO,, the cells on the upper surface of the membranes
were wiped away, and cells on the lower surface of the
membranes were washed with PBS, fixed in 4% paraform-
aldehyde, and stained with crystal violet to quantify the
extent of invasion.

Real-time reverse transcription

polymerase chain reaction

Total RNA was extracted from the ovarian carcinoma
cell lines using TRIzol (Takara, Kyoto, Japan). Real-time
reverse transcription polymerase chain reaction (RT-PCR)
was performed using 2 pg total RNA using avian myelo-
blastosis virus (AMV) reverse transcriptase and random
primers (Takara). 18S rRNA was used as the internal control.
Complementary DNA (cDNA) amplification was performed
using the SYBR Premix Ex Taq II kit (Takara) according
the supplier’s protocol. Briefly, RT-PCR amplification was
carried out in a final volume of 20 uL containing 10 uL 2x
SYBR Premix Ex Taq, 0.08 uL primer, 0.4 uL ROX refer-
ence dye, and 1 pL template cDNA (50 pug/uL). The relative
gene expression level (the amount of target normalized to
endogenous control gene) was calculated using the compara-
tive threshold cycle (Ct) method (2724¢).16

Western blot analysis

Protein assays were performed according to the Bradford
method using a Bio-Rad protein assay kit (Bio-Rad Labo-
ratories Inc., Hercules, CA, USA). Denatured proteins were
separated using 10% sodium dodecyl sulfate—polyacrylamide
gel electrophoresis and then transferred to Hybond mem-
branes (Amersham, Germany). The membranes were blocked
for 1 hour in 5% skimmed milk in Tris-buffered saline with
Tween 20 (TBST; 10 mM Tris—HCI, 150 mM NacCl, 0.1%
Tween 20). Immunoblotting was performed with the fol-
lowing primary antibodies against GSK-33, CDK 1, CDK2,
matrix metalloproteinase-9 (MMP9), cyclin D1, and Bcl-xL
(1:500, Proteintech; Proteintech Group, Chicago, IL, USA).
The membranes were incubated overnight at 4°C, rinsed
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with TBST, and incubated with horseradish peroxidase-
conjugated anti-rabbit or anti-mouse immunoglobulin G anti-
bodies (1:5,000; Dako Denmark A/S, Glostrup, Denmark).
After applying ECL Plus detection reagents (Santa Cruz
Biotechnology Inc., Dallas, TX, USA), protein bands were
visualized using X-ray film (Fujifilm, Tokyo, Japan). The
immunoblots were washed with Western blot stripping buffer
(pH 2-3; Nacalai, Tokyo, Japan) and were probed using a
GAPDH-specific monoclonal antibody (1:2,000; Santa Cruz
Biotechnology Inc.).

Immunofluorescence

Cells were grown on glass coverslips, fixed with PBS
containing 4% formaldehyde for 15 minutes, and permea-
bilized with 0.2% Triton X-100 in PBS for 15 minutes at
room temperature. After washing with PBS, the cells were
incubated overnight at 4°C with Alexa Fluor 594 Phalloidin
(Thermo Fisher Scientific, Waltham, MA, USA) to visual-
ize the lamellipodia. Nuclei were stained with 1 mg/mL
diaminophenylindole (Sigma-Aldrich Co.) for 5 minutes at
room temperature. The coverslips were then mounted with
SlowFade Gold antifade reagent (Thermo Fisher Scientific)
and observed under a confocal laser microscope (Olympus
Corporation, Tokyo, Japan).

Statistical analysis

All experiments were repeated three or more times. The
t-test and the Mann—Whitney U-test were used for statistical
analysis of the data. A P-value of <0.05 was considered sta-
tistically significant. SPSS Version 10 (SPSS Inc., Chicago,
IL, USA) was used to analyze all data.

Results
Effects of AZD 1080 in ovarian carcinoma

cells

The A2780 and OVCARS3 carcinoma cell lines were exposed
to 0.5 uM, 1.0 uM, 2.0 uM, and 4.0 uM AZD1080 or
dimethyl sulfoxide, and subjected to MTT proliferation assay.
A2780 and OVCAR3 cell proliferation was lower following
AZD1080 treatment compared with the control cell lines
(P<<0.05; Figure 1A); AZD1080 suppressed ovarian carci-
noma cell proliferation. We performed flow cytometric cell
cycle analysis to further investigate the mechanism by which
AZD1080 suppresses ovarian carcinoma cell proliferation,
and we found that AZD1080 induced G1 arrest in the A2780
and OVCAR3 cells, this being dose dependent (P<<0.05;
Figure 1B). The wound healing and invasion assays also
showed that AZD1080 decreased cell migration and inva-
sion in a concentration-dependent manner (Figures 2 and 3).

In addition, AZD1080 exposure suppressed lamellipodia
formation in the two cell lines, as indicated by the loss of
F-actin structure (Figure 4).

mRNA and protein expression of
phenotype-related molecules in ovarian

carcinoma cells after exposure to

AZD1080

After AZD1080 treatment, the mRNA expression of GSK-3f3,
CDK2, CDKI1, cyclin D1, MMP9, and Bcl-xL in the two
ovarian carcinoma cell lines was lower than that in the
control cells (Figure SA). Western blot analysis (Figure 5B)
demonstrated that AZD1080 downregulated GSK-3f3, CDK2,
CDKI1, cyclin D1, MMP9Y, and Bcl-xL protein expression in
the two cell lines, this being dose dependent.

Discussion

An increasing number of studies show that GSK-3f overex-
pression or aberrant kinase activity can increase cell prolifera-
tion and viability and promote cell malignant transformation,
leading to tumorigenesis.!” 2! Georgievska et al reported that
GSK-3f inhibitors may inhibit cell proliferation through
modulating cyclin-dependent kinases (CDKs). CDKs bind
to cyclins, forming complexes that have protein kinase activ-
ity, promoting cell cycle phase transition, initiating DNA
synthesis, and regulating cellular transcription and other
functions; for example, CDK1 and cyclin B1 accelerate cell
division and cell cycle progression via forward regulation.>
In prostate cancer, CDK1 activation induces cells to enter the
mitosis stage while promoting MMP2 and MMP9 expression
in tumor invasion and increasing metastasis.?* In hepatocel-
lular carcinoma, downregulated CDK2 expression increased
the proportion of cells in G1 and reduced the expression of
cyclin D1.” Studies have shown that GSK-3[3 inhibition via
the B-catenin signaling pathway leads to depletion of cyclin
D1, Bcel-xL, and MMP9.263¢ In short, GSK-3f plays a role
in tumorigenesis and in tumor promotion and progression
through regulating relevant genes. Therefore, inhibitors
aimed at downregulating GSK-3f expression may have
a role in treating tumors. Consequently, in this study, we
investigated the role of the GSK-3f inhibitor AZD1080 in
two ovarian cancer cell lines.

AZD1080, a novel GSK-3f inhibitor, has been reported
to play a pivotal role in attenuating the downstream detri-
mental effects of signaling pathways activated by multiple
stimuli relevant to Alzheimer’s disease.'s The selectivity of
AZD1080 (at a concentration of 10 uM) was tested against
different protein kinases, including GSK-3B, CDK2, and
CDKI1, and the results indicate, for the first time, that
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Figure | Effects of AZD 1080 on ovarian carcinoma cell proliferation and cell cycle.

Notes: (A) MTT cell proliferation assays show that AZD 1080 suppressed A2780 and OVCAR3 cell proliferation in a concentration-dependent manner. (B) AZD1080
induced GI arrest in the two cell lines and was dose dependent. *P<<0.05. Results represent three independent experiments; data are expressed as mean * SD. S, G,

G2 represent synthesis phase, pre-synthetic gap | period, and post-synthetic gap 2 period, respectively.
Abbreviations: MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; DMSO, dimethyl sulfoxide; h, hour; SD, standard deviation.
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Notes: Wound healing assays show that AZD 1080 decreased the migration ability of A2780 and OVCARS3 cells in a dose-dependent manner. *P<<0.05. Results represent

three independent experiments; data are expressed as mean + SD.
Abbreviations: DMSO, dimethyl sulfoxide; h, hour; SD, standard deviation.

AZD1080 has the ability in humans to inhibit the GSK-3f
enzyme at concentrations of 1-10 umol/kg, offering the
possibility of a dose-dependent acute oral treatment. We
hypothesized that AZD1080 may inhibit ovarian cancer
progression at doses of 0.125-16.0 uM. Our results showed
significant reductions in the viability of cancer cells in both
ovarian cancer cell lines at a dose of 1.0 uM and above.
Therefore, we used doses of 1.0 uM, 2.0 uM, and 4.0 uM

in further studies. AZD1080 also significantly decreased
the expression of GSK-3B, CDK2 and CDKI1, cyclin DI,
MMP9Y, and Bel-xL mRNA and protein. Following AZD1080
treatment, the cell proliferation of A2780 and OVCAR3
was decreased in a dose-dependent manner. AZD1080 also
inhibits filopodia formation and cell invasion and metastasis,
which may be subject to CDK regulation, while decreasing
MMP9 protein expression.
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Figure 3 Effects of AZD 1080 on ovarian carcinoma cell invasion.

Notes: Transwell assays show that AZD 1080 decreased the invasion ability of A2780 and OVCAR3 cells in a dose-dependent manner. *P<<0.05. Results represent three
independent experiments; data are expressed as mean * SD.

Abbreviations: DMSO, dimethyl sulfoxide; h, hour; SD, standard deviation.
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represent three independent experiments; data are expressed as mean * SD.

Abbreviation: DMSO, dimethyl sulfoxide.
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Notes: AZD 1080 exposure reduced the mRNA and protein expression of GSK—3[3, CDK2, CDKI, cyclin DI, MMP9, and Bcl-xL in ovarian carcinoma cell lines as determined
with real-time RT-PCR (A) and Western blot (B), respectively. *P<<0.05. Results represent three independent experiments; data are expressed as mean + SD.
Abbreviations: mRNA, messenger RNA; GSK-3p, glycogen synthase kinase-3[3; CDK, cyclin-dependent kinase; MMP9, matrix metalloproteinase-9; Bcl-xL, B-cell lymphoma-
extra large; RT-PCR, reverse transcription polymerase chain reaction; DMSO, dimethyl sulfoxide; SD, standard deviation.

AZD1080 has considerable potential for treating human
cancers. As far as we know, we are the first to report the
inhibitory effect of the GSK-3f3 inhibitor AZD1080 on ovar-
ian cancer cell lines and its role in ovarian tumorigenesis and
development. As it is a new potential anticancer drug, further
in vitro tests and clinical studies are needed before it can
be used to treat ovarian cancer clinically. We are confident
that studying GSK-3 inhibitors will provide new ideas for
ovarian cancer treatment.
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