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Abstract. Pancreatic cancer is a common malignancy that has 
a poor prognosis and limited therapeutic options. Enhancer of 
zeste homolog 2 (EZH2) serves a key role in the progression of 
different types of cancers. The effect of GSK343 (a competitive 
inhibitor of EZH2) on pancreatic cancer cells was assessed in 
the present study. Cell viability was evaluated using MTT and 
cell counting kit-8 assays in AsPC-1 and PANC-1 cells. Flow 
cytometry and an EdU assay were also performed to assess the 
effects of GSK343 on cell proliferation, apoptosis and the cell 
cycle. The induction of autophagy and associated molecular 
mechanisms were studied using fluorescence microscopy and 
western blot analysis. The results demonstrated that GSK343 
inhibited cell viability in a dose- and time-dependent manner. 
Furthermore, GSK343 suppressed cell proliferation, promoted 
apoptosis and blocked cell cycle progression at the G1-phase. 
Furthermore, GSK343 induced autophagy in pancreatic 
cancer via the AKT/mTOR signaling pathway. In conclusion, 
GSK343 exhibited an anti-cancer effect on pancreatic cancer 
cells, downregulating the AKT/mTOR signaling pathway.

Introduction

Pancreatic cancer is a common malignancy with a poor 
prognosis. According to predictions by the American Cancer 
Society, 56,770 new pancreatic carcinoma diagnoses will be 
made in 2019 and as such, will become the fourth-highest 

cause of mortality in the US (with rates as high as 80%), irre-
spective of sex (1). It is also estimated that pancreatic cancer 
will surpass liver cancer in becoming the second-highest cause 
of cancer-associated deaths by 2030 (2). Due to the clinically 
vague nature of early stage disease, the majority of pancreatic 
cancer diagnoses are only possible after metastasis at more 
advanced stages (3). Due to pancreatic cancer exhibiting 
high chemotherapy and radiation therapy resistance, surgical 
resection is the only effective therapeutic option currently 
available (3). Novel strategies for treating pancreatic cancer 
are therefore urgently required.

Enhancer of zeste homolog 2 (EZH2) is the enzymatically 
active subunit of polycomb repressive complex 2, which cata-
lyzes the trimethylation of lysine 27 on histone 3 (H3K27) by 
transferring a methyl group from S-adenosyl-L-methionine 
(SAM), leading to the transcriptional silencing of target 
genes (4,5). Although the underlying molecular mechanism 
of EZH2 oncogenic activity is unclear, EZH2 has been 
revealed to serve a key role in the progression of different 
types of cancer, including prostate cancer, breast cancer, 
endometrial cancer, melanoma and hematological malignan-
cies (6-14). A previous study demonstrated that there was 
a high expression of EZH2 in pancreatic cancer cells and 
tissues, which was associated with proliferation, invasion 
and chemoresistance (15). EZH2 overexpression may also be 
a promising prognostic marker for patients with pancreatic 
cancer after surgery (16).

GSK343 serves as a SAM-competitive inhibitor, exerting 
an enzymatically repressive function on EZH2 (17). This is 
distinct from 3-deazaneplanocin A (DZNep), which inhibits 
the activity of S-adenosyl-L-homocystenine hydeolase 
(SAH) (18). Numerous studies have reported an elevated 
expression of EZH2 in various types of cancer, which is 
associated with a poor prognosis and metastasis (19-23). The 
inhibition of EZH2 has been regarded as a novel therapeutic 
target for various carcinomas (24-28).

The current study aimed to elucidate the effects of GSK343 
on pancreatic cancer cells to determine a potential future 
putative therapeutic strategy. The results of the present study 
revealed that GSK343 may be a potential anti-cancer drug and 
may exert an autophagy-inducing effect.
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Materials and methods

Materials. GSK343 (cat. no. S7164; Selleck Chemicals) 
was dissolved in 5 mmol/l DMSO. Primary antibodies 
against GAPDH (cat. no. 60004-1-Ig; ProteinTech Group, 
Inc.), microtubule-associated protein 1 light chain 3 beta 
(LC3B; cat. no. L7543; Sigma-Aldrich; Merck KGaA), 
AKT (cat. no. 1085; Abcam), phospho-AKT (cat. no. 2118; 
Abcam), autophagy-related protein 5 (ATG5; cat. no. 12994; 
Cell Signaling Technology, Inc.), mTOR (cat. no. 2983; 
Cell Signaling Technology, Inc.) and phospho-mTOR (cat. 
no. 5536; Cell Signaling Technology, Inc.). Horseradish 
peroxidase-conjugated anti-rabbit secondary antibodies (cat. 
no. A00098; GenScript) or anti-mouse (cat. no. A00160; 
GenScript) and fluorochrome‑conjugated anti‑rabbit secondary 
antibodies (cat. no. E031220; EarthOx Life Sciences) were 
used at the recommended concentrations outlined by the 
manufacturer's protocol.

Cell culture. A primary cancer cell was randomly selected 
(PANC-1, derived from pancreatic ductal epithelial cells) and 
a metastatic cancer cell line (AsPC-1, ascites metastasis) was 
used in the present study to clarify the function of GSK343 (all, 
American Type Culture Collection). The two pancreatic cell 
lines were cultured in RPMI 1640 medium (Thermo Fisher 
Scientific, Inc.) supplemented with 10% FBS (Sigma‑Aldrich; 
Merck KGaA) and incubated at 37˚C with 5% CO2.

MTT assay. AsPC-1 and PANC-1 Cells were plated into 
96-well plates (3x103 cells/well) 24 h (37˚C; 5% CO2) prior 
to treatment with various concentrations (0, 2.5, 5.0, 7.5, 10.0, 
12.5, 15, 17.5, 20 and 25 µmol/l) of GSK343 for an additional 
48 h at 37˚C with 5% CO2. A total of 5 mg/ml of MTT (Beijing 
Solarbio Science & Technology Co., Ltd.) was added into each 
well for an additional 4 h at 37˚C with 5% CO2. The purple 
MTT formazan precipitate was dissolved in 200 µl DMSO and 
the absorption value was measured using a spectrophotometer 
at 570 nm. Curves were fitted and analyzed with GraphPad 
software version 6.0 to calculate the IC50 value (GraphPad 
Software, Inc.).

Cell counting kit‑8 (CCK‑8) assay. AsPC-1 and PANC-1 
cells were seeded at a density of 3x103 cells per well into 
96‑well plates 24 h (37˚C; 5% CO2) prior to treatment with 
the IC50 concentration of GSK343 (12.71 µmol/l for AsPC-1, 
12.04 µmol/l for PANC‑1) at 37˚C with 5% CO2 for 0, 24, 
48 and 72 h. A total of 10 µl CCK-8 (Dojindo Molecular 
Technologies, Inc.) was subsequently added to each well for 
an additional 2 h at 37˚C with 5% CO2, and optical density 
(OD450) was measured using a multi-well plate reader.

EdU viability assay. A Cell-Light™ EdU Apollo567 In Vitro 
Imaging kit (Guangzhou RiboBio Co., Ltd.) was used to 
evaluate the effect of GSK343, according to the manufacturer's 
protocol. Following treatment with IC50 concentration of 
GSK343 (12.71 µmol/l for AsPC-1; 12.04 µmol/l for PANC-1) 
and 20 µmol/l of GSK343 for 48 h, the proportion of AsPC-1 
and PANC-1 cells that incorporated EdU, was observed 
using a fluorescence microscope (Olympus IX71; Olympus 
Corporation; magnification, x200).

Flow cytometry analysis. For the analysis of apoptosis, AsPC-1 
and PANC-1 cells were seeded at a density of 2x105 cells per 
well in six-well plates. Cells of NC group were treated with 
8 µl DMSO per well. After treatment with IC50 concentra-
tion of GSK343 (12.71 µmol/l for AsPC-1; 12.04 µmol/l for 
PANC-1) and 20 µmol/l of GSK343, cells were harvested 
and double stained with 5 µl Annexin V-FITC and 5 µl PI 
(Annexin V, FITC Apoptosis Detection kit; cat. no. AD10; 
Dojindo Molecular Technologies, Inc.) in the dark. For the 
assessment of cell cycle distribution, cells were collected 
and fixed in 75% ethanol overnight at 4˚C after treatment 
with GSK343 for 48 h. Upon completion of treatment, cells 
were washed with PBS and resuspended in 500 µl of staining 
solution (Cell Cycle Staining kit; cat. no. CCS012; Hangzhou 
Multi Sciences Biotech Co., Ltd.) at 37˚C for 30 min. Finally, 
apoptosis and cell cycle distribution were detected using flow 
cytometry (CYTOMICS FC 500; Beckman Coulter, Inc.). 
Flowjo software 7.6.1 (FlowJo LLC) and Modifit LT software 
3.1 (Verity Software House, Inc.) were used to analyze the data 
of apoptosis and cell cycle.

Immunofluorescence microscopy. After treatment with 
IC50 concentration of GSK343 (12.71 µmol/l for AsPC-1; 
12.04 µmol/l for PANC-1) for 48 h, AsPC-1 and PANC-1 cells 
were fixed in 100% methanol for 10 min at ‑20˚C, washed with 
PBST, blocked using 10% FBS at 37˚C for 1 h and subsequently 
incubated with rabbit polyclonal antibody against LC3B, 
which includes LCBI and LC3BII (1:100) overnight at 4˚C. 
Fluorochrome-conjugated anti-rabbit IgG (1:100) was added 
to slides and incubated at 37˚C for 1 h, after which DAPI coun-
terstaining was performed at 37˚C for 20 min and observations 
were made using a fluorescence microscope (Olympus IX71; 
magnification, x400).

Western blot analysis. Western blotting was performed as 
previously described (29). AsPC-1 and PANC-1 cells were 
harvested and dissolved in a 100 µl mixture of radioim-
munoprecipitation assay lysis buffer (Beyotime Institute of 
Biotechnology, Inc.) and complete protease inhibitor cocktail 
(Roche Diagnostics) for 30 min so that total protein could be 
extracted. Protein concentration was then measured using 
a BCA protein assay kit (cat. no. 23250; Thermo Fisher 
Scientific, Inc.). Equal quantities of protein (20 µg) were subse-
quently separated on 10% NuPAGE Bis-Tris gels (Invitrogen; 
Thermo Fisher Scientific, Inc.) for electrophoresis and trans-
ferred to 0.45 µm PVDF membranes for 60 min. Membranes 
were then blocked using 5% non‑fat milk at 37˚C for 1 h and 
incubated with primary antibodies against GAPDH, LC3B, 
AKT, phospho-AKT, ATG5, mTOR and phospho-mTOR at 
1:1,000 overnight at 4˚C. Membranes were then incubated with 
horseradish peroxidase-conjugated anti-rabbit or anti-mouse 
secondary antibodies at 1:2,000 for 1 h at room temperature 
and protein bands were detected using enhanced chemilumi-
nescence (cat. no. G2014; Wuhan Servicebio Technology Co., 
Ltd.). Band intensity of LC3B‑I and LC3B‑II was quantified 
using Image Lab software 5.2.1 (Bio-Rad Laboratories, Inc.).

Statistical analysis. Data were analyzed using SPSS software 
24 (IBM Corp.) and figures were created using GraphPad 
software 6.0 (GraphPad Software, Inc.). The results were 
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expressed as the mean ± standard deviation from three inde-
pendent experiments. A one-way ANOVA was performed 
followed by a Tukey HSD post-hoc test to make comparisons 
between multiple groups. Comparisons between two groups 
were analyzed using a Student's t-test. P<0.05 was considered 
to indicate a statistically significant result.

Results

GSK343 inhibits cell viability and suppresses cell prolif‑
eration. GSK343, an inhibitor of EZH2, has been regarded 
to be a therapeutic target for various types of cancer. In 
the present study, the effect of GSK343 on the viability of 
pancreatic cancer cells (AsPC-1 and PANC-1) was evaluated 
using an MTT assay. As presented in Fig. 1A, the viability 
of each pancreatic cancer cell line markedly decreased with 
increasing GSK343 concentration. The IC50 values of AsPC-1 
and PANC-1 (12.71±0.41 and 12.04±1.10 µmol/l) revealed that 
neither pancreatic cell line exhibited a statistically significant 
difference between values.

The IC50 was selected as a suitable concentration for 
pancreatic cancer cell treatment and viability after incubation 
with GSK343 for 24, 48 and 72 h using a CCK-8 assay. As 
presented in Fig. 1B, compared with NC, GSK343 (IC50) 
significantly reduced the OD values from 24 to 72 h. The 
difference values were gradually increased, which revealed 
that GSK343 may inhibit cell viability in AsPC-1 and PANC-1 
cells in a time-dependent manner.

To demonstrate the effects of GSK343 on cell proliferation, 
an EdU assay was performed using AsPC-1 and PANC-1 cells 
after treatment with the IC50 for the respective cell lines and 

20 µmol/l of GSK343 for 48 h. The percentage of EdU-positive 
cancer cells (in AsPC-1 and PANC-1 lines) decreased mark-
edly after treatment with GSK343 (Fig. 2). Therefore, GSK343 
suppressed the proliferation of pancreatic cancer cells in a 
dose-dependent manner.

GSK343 induces cell apoptosis and G1 arrest. To determine the 
underlying mechanisms that result in the loss of cell viability 
and the suppression of cell proliferation, apoptosis and cell cycle 
distribution were assessed using flow cytometry. AsPC‑1 and 
PANC-1 were treated with different concentrations of GSK343 
(0 µmol/l; IC50 for the respective cell lines; 20 µmol/l).

As presented in Fig. 3, the Annexin V-FITC/PI assay 
results reveal that GSK343 treatment induces significant cell 
apoptosis compared with the untreated pancreatic cancer cells. 
One representative result was selected, which is presented 
in Fig. 3A. In AsPC-1 cells, the IC50 dose and 20 µmol/l of 
GSK343 increased the percentage of apoptotic cells from 6.86 
to 13.31 and 20.11%, respectively. The percentage of PANC-1 
apoptotic cells after treatment with GSK343, the IC50 concen-
tration and 20 µmol/l increased from 2.88 to 9.74 and 17.85%, 
respectively.

In Fig. 4, following GSK343 treatment, an increase in the 
percentage of cells in G1-phase and a reduction in S-phase 
cells was observed in AsPC-1 and PANC-1 cells. The IC50 
of GSK343 increased the percentage of AsPC-1 and PANC-1 
cells in G1-phase from 39.78 to 64.14% and 42.02 to 62.59% 
(Fig. 4A), respectively. GSK343 (IC50) also reduced the 
percentage of AsPC-1 and PANC-1 cells in S-phase from 
45.15 to 22.32% and 40.94 to 25.03% (Fig. 4A). A concentra-
tion of 20 µmol/l of GSK343 decreased the percentage of 

Figure 1. Effects of GSK343 on AsPC-1 and PANC-1 cell viability. (A) MTT analysis of cell viability after treatment with different concentrations of GSK343 
for 48 h. (B) Cell counting kit-8 analysis of cell growth after treatment with GSK343 (IC50) for 0, 24, 48 and 72 h, **P<0.01. NC, negative control; OD, optical 
density.
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AsPC-1 in the G2-phase from 15.07 to 5.44% (Fig. 4A). In 
Fig. 4B, compared with the NC, the IC50 concentration and 
20 µmol/l group exhibited significantly increased percentages 
of G1-phase cells. However, 20 µmol/l of GSK343 did not 
lead to an increase of pancreatic cancer cells in the G1 phase 
compared with the IC50 concentration.

GSK343 induces autophagy in pancreatic cancer cells. 
Autophagy is a process in which cytoplasmic proteins and 
organelles are delivered to the lysosome for digestion. Various 
studies have reported the induction of autophagy by GSK343 
in osteosarcoma cells, as well as in breast, liver and colorectal 
cancer (30-32). Autophagy induction was analyzed using 

zure 2. GSK343 suppressed the proliferation of AsPC-1 and PANC-1 cells. Blue channels represent cell nuclei and red channels represent proliferating cells. 
After treatment with 0 µmol/l, IC50, or 20 µmol/l GSK343 for 48 h, the proportion of pancreatic cancer cells incorporating EdU was observed under a 
fluorescence microscope (magnification, x200).
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immunofluorescence for microtubule-associated protein 1 
light chain 3 (LC3) positive punctate dots in GSK343 treat-
ments. As presented in Fig. 5A, LC3B punctate dots per cell 
(indicated by the red arrow) were markedly increased after 
GSK343 (IC50) treatment.

LC3 has been considered to be a crucial component in 
the elongation and closure of autophagosome membranes. 
Accompanied with this process, LC3 is converted from LC3-I 
to LC3-II (33). Therefore, autophagy was assessed using the 
LC3-II/LC3-I ratio (34). In Fig. 5B, following GSK343 (IC50) 
treatment, a reduction of LC3B-I in AsPC-1 cell was exhib-
ited, but no significant change was observed in PANC‑1 cells. 
However, LC3B-II was markedly increased in both cell types. 
Western blot analysis revealed that GSK343 (IC50) treatment 
significantly increased the ratio of LC3B‑II/LC3B‑I in AsPC‑1 
and PANC-1 cells (Fig. 5C).

ATG5, which can form the Atg12-Atg5-Atg16L complex, 
is also the crucial component of the ubiquitin-like conjugation 
system and promotes autophagosome formation (35). ATG5 
did not reveal any significant change after treatment with 
GSK343 (IC50) in AsPC-1 or PANC-1 cell lines (Fig. 5B).

GSK343 inhibits the AKT/mTOR signaling pathway. The 
AKT/mTOR signaling pathway is reported to be activated 
in a variety of different types of cancer and negatively regu-
lates autophagy (36). To identify the underlying signaling 

mechanism responsible for GSK343-induced autophagy, the 
role of the AKT/mTOR signaling pathway was investigated 
using western blot analysis. As presented in Fig. 6A and B, a 
marked reduction was observed in AKT and p-AKT results 
revealed a significant decrease in pancreatic cancer cells. 
Similarly, although the total mTOR level was variable in 
treated cells, p‑mTOR was significantly reduced after GSK343 
(IC50) treatment. The results indicate that GSK343 may 
downregulate the AKT/mTOR-mediated signaling pathway.

Discussion

EZH2 has been demonstrated to be highly expressed in malig-
nant tumors, serving a crucial role in the progression of breast, 
bladder and liver malignancies (19-21). Therefore, inhibi-
tors of EZH2 are of therapeutic interest in cancer research. 
Distinct from DZNep, a classic EZH2 inhibitor that decreases 
SAH, GSK343 suppresses EZH2 by competitively binding to 
a methyl donor, SAM (17,18). In the present study, a signifi-
cant dose and time-dependent reduction in the cell viability 
of pancreatic cancer cells by GSK343 was demonstrated. 
GSK343 also suppressed cell proliferation, induced cell apop-
tosis and blocked cell cycle progression at the G1-phase. These 
results are consistent with observations in a variety of different 
types of cancer and may help to identify a novel therapeutic 
approach for pancreatic cancer.

Figure 3. GSK343 promoted the apoptosis of AsPC-1 and PANC-1 cells. (A) Apoptotic AsPC-1 and PANC-1 cells were detected by Annexin V/PI double-stained 
flow cytometry after treatment with 0 µmol/l, IC50, or 20 µmol/l GSK343 for 48 h. (B) Apoptosis rates of AsPC‑1 and PANC‑1 cells are presented as the 
mean ± standard deviation, *P<0.05 and **P<0.01. NC, negative control.
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Autophagy is an important cellular process that digests 
endogenous proteins or organelles via lysosomal degradation 
and is divided into macroautophagy, microautophagy and 
chaperone-mediated autophagy (37). Several studies have 
established that autophagy serves a crucial role in cell devel-
opment and in the maintenance of homeostasis (37,38). While 
autophagy can recycle damaged and/or dysfunctional cellular 
components (organelles and macromolecules) to provide raw 
materials for cell reconstruction and regeneration, the exces-
sive upregulation of autophagy may result in autophagic cell 
death, also called type II programmed cell death (38,39). 
mTOR, a highly evolutionarily conserved protein kinase, 
serves a key role in regulating autophagy and may be associ-
ated with epigenetic regulatory mechanisms (40,41). In the 
present study, the GSK343 induced autophagy of pancreatic 
cancer cells was observed using immunofluorescence micros-
copy and western blot analysis. Although GSK343 induces 
autophagy in pancreatic cancer, as a direct and selective inhib-
itor of EZH2, whether EZH2 serves a role in GSK343-induced 
autophagy is controversial. A previous study demonstrated 
that EZH2 inhibited autophagy by epigenetically repressing 
the mTOR signaling pathway (42). However, a previous report 
also demonstrated that DZNep could not induce autophagy in 
breast, lung and hepatocellular carcinoma cells, and that the 

suppression of EZH2 expression was unnecessary for GSK343 
to induce autophagy (30). The knockdown of EZH2 by small 
interfering RNA cannot induce autophagy sufficiently and 
its overexpression is unable to reduce autophagy, which is 
induced by EZH2 inhibitors in human colorectal cancer 
cells (31). GSK343-induced autophagy may be associated with 
the non-canonical pathway-mediated transcriptional upregula-
tion of LC3B (31). These contrasting results require further 
investigation into the signaling mechanisms which govern the 
GSK343 induction of autophagy in a variety different types 
of cancer.

The AKT/mTOR signaling pathway is activated in different 
types of cancer and is a critical cellular pathway. Upstream 
AKT kinase can repress the Tuberous Sclerosis complex (TSC) 
1/2 by phosphorylating TSC2 to promote mTOR activity, which 
regulates cell proliferation, differentiation, apoptosis and 
metabolism, and inhibits autophagy (40). In the current study, 
the mechanism of GSK343-induced autophagy in pancreatic 
cancer cells was investigated. Western blot analysis revealed 
a reduction in p-AKT and p-mTOR after GSK343 treatment. 
These results indicated that GSK343-induced autophagy 
involved the AKT/mTOR-mediated signaling pathway in 
pancreatic cancer cells. However, the role of GSK343 in the 
inhibition of the AKT pathway is unclear. A previous study 

Figure 4. GSK343 induced cell cycle arrest in the G1 phase of AsPC-1 and PANC-1 cells. (A) Flow cytometry analysis was used to detect cell cycle distri-
bution after treatment with 0 µmol/l, IC50 and 20 µmol/l GSK343. (B) Percentage of AsPC-1 and PANC-1 cells in G1-S-G2-phase are presented as the 
mean ± standard deviation, **P<0.01. NC, negative control.
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has revealed that increasing EZH2 can influence H3K27me3 
and DNA methylation across the promoter to silence phospha-
tase and tensin homolog deleted on chromosome 10, which 
dephosphorylates phosphatidylinositol 3,4,5-triphosphate to 
inactivate AKT and mTOR complex 1 (43). Studies have also 
revealed that EZH2 inhibitors may induce endoplasmic retic-
ulum stress, which negatively regulates the AKT/TSC/mTOR 

pathway to enhance autophagy (31,44). Further experi-
ments should be performed to support the mechanism of 
GSK343-induced autophagy in pancreatic cancer.
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