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Abstract. Liver cancer is among the most common types 
of cancer worldwide. The aim of the present study was 
to investigate whether the phosphatidylinositol‑3‑phos-
phate  5‑kinase (PIKfyve) inhibitor, YM201636, exerts 
anti‑proliferative effects on liver cancer. The methods used in 
the present study included MTT assay, flow cytometry, western 
blot analysis and an allograft mouse model of liver cancer. The 
results revealed that YM201636 inhibited the proliferation of 
HepG2 and Huh‑7 cells in a dose‑dependent manner. HepG2 
and Huh‑7 cells exhibited strong monodansylcadaverine 
staining following treatment with YM201636. Accordingly, 
YM201636 treatment increased the expression of the 
autophagosome‑associated marker protein microtubule‑asso-
ciated 1A/1B light chain 3‑II in HepG2 and Huh‑7 cells. The 
autophagy inhibitor 3‑methyladenine attenuated the inhibitory 
effects of YM201636 on liver cancer cell proliferation. Further 
in vivo analysis revealed that YM201636 (2 mg/kg) inhibited 
tumor growth without notable systemic toxicity. Mechanistic 
experiments demonstrated that YM201636 induced‑autophagy 
is dependent upon epidermal growth factor receptor (EGFR) 
overexpression in HepG2 and Huh‑7 cells. Collectively, these 
results suggested that the PIKfyve inhibitor YM201636 may 
inhibit tumor growth by promoting EGFR expression. This 
indicates that PIKfyve may be a potential therapeutic target 
for the treatment of liver cancer.

Introduction

Liver cancer is one of the most common types of cancer world-
wide, ranking as the third leading cause of cancer‑associated 
mortality (1). Despite the great advances in the use of modern 
surgical techniques in combination with chemotherapy, the 
overall 5‑year survival rate for patients with liver cancer 
remains poor (2). Therefore, novel strategies for the anticancer 
therapy of liver cancer are urgently required.

Phosphatidylinositol‑3‑phosphate 5‑kinase (PIKfyve) is a 
lipid kinase that phosphorylates phosphatidylinositol‑3‑phos-
phate (PI3P) to generate phosphatidylinositol 3,5‑bisphosphate 
[PtdIns(3,5)P2] or phosphatidylinositol  5‑phosphate 
(PtdIns5P)  (3,4). PtdIns(3,5)P2 and PtdIns5P have been 
proposed to be involved in several cellular functions, including 
vesicular trafficking, ion channel activation and epidermal 
growth factor receptor (EGFR) signaling (5‑7). In addition, 
accumulating evidence has suggested that PIKfyve is involved 
in oncogenesis and cancer cell migration (8,9), and knock-
down of PIKfyve resulted in a significant decrease in cancer 
cell migration (10). Therefore, the potential role of PIKfyve 
inhibition in anticancer therapy was explored in the present 
study. Recent studies demonstrated that inhibition of PIKfyve 
activity using the inhibitor YM201636 led to a strong reduc-
tion in cell proliferation in multiple cancers (8,11); however, 
whether PIKfyve inhibition could be applied for anticancer 
therapy of liver cancer remains unknown. Therefore, the aim 
of the present study was to investigate the antitumor activity of 
the PIKfyve inhibitor, YM201636, in liver cancer.

Materials and methods

Reagents and antibodies. RPMI‑1640 and fetal bovine serum 
(FBS) were purchased from Gibco (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). MTT and monodansylcadaverine 
(MDC) were purchased from Sigma‑Aldrich (Merck KGaA, 
Darmstadt, Germany). YM201636 (cat.  no.  sc‑204193) 
was obtained from Santa  Cruz Biotechnology, Inc. 
(Dallas, TX, USA). Monoclonal mouse anti‑human EGFR 
antibody (cat.  no.  sc‑71034; 1:200), monoclonal mouse 
anti‑human phospho (p)‑EGFR antibody (cat. no. sc‑81490; 
1:200), monoclonal mouse anti‑human β‑actin antibody 
(cat.  no.  sc‑47778; 1:1,000) were all purchased from 
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Santa Cruz Biotechnology, Inc. Polyclonal rabbit anti‑human 
microtubule associated protein 1 light chain 3 (LC3) A/B 
antibody (cat. no. 14600‑1‑AP; 1:1,000) was purchased from 
ProteinTech Group, Inc. (Chicago, IL, USA). The horseradish 
peroxidase (HRP)‑conjugated secondary antibodies including 
goat anti‑rabbit IgG (cat.  no.  sc‑2054; 1:1,000) and goat 
anti‑mouse IgG (cat. no. sc‑2973; 1:1,000) were also purchased 
from Santa Cruz Biotechnology, Inc.

Cell lines and cell culture. All cell lines (HepG2, Huh‑7 
and H22) used in the present study were purchased from the 
Cell Bank of Type Culture Collection of Chinese Academy 
of Sciences (Shanghai, China). These cells were cultured in 
RPMI‑1640 medium supplemented with 10% FBS, 100 U/ml 
penicillin and 100 µg/ml streptomycin, at 37˚C in a humidified 
incubator containing 5% CO2.

Transient transfections. HepG2 and Huh‑7 cells were tran-
siently transfected with pcDNA3.1‑epidermal growth factor 
receptor (EGFR) plasmid or control pcDNA3.1 plasmid 
(Shanghai GeneChem Co., Ltd., Shanghai, China) using 
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instructions. 
Briefly, the cells were seeded in 6‑well plates at 5x105/well and 
cultured at 37˚C in a humidified atmosphere with 5% CO2. 
The subsequent day, when the cells were ~70% confluent, they 
were transfected with a mixture of 3 µl Lipofectamine® 2000 
and 2 µg plasmids. At 4 h post‑transfection, the cell culture 
medium was replaced with RPMI‑1640 medium. After 24 h, 
these transfected cells were collected to perform MDC 
staining or western blot analysis.

MTT assay. Cells were seeded in 96‑well plates at an initial 
density of 4x103 cells/well in 90 µl medium and cultured over-
night. As cells reached 30% confluence, various concentrations 
of YM201636 (0.1, 0.2, 0.5, 1, 2 and 5 µM) were added to the 
cells, which were then incubated for 24 h. Subsequently, 50 µl 
1 mg/ml of MTT (Sigma‑Aldrich; Merck KGaA) was added 
to each well for 4 h. Then, the supernatant was removed and 
100 µl DMSO was subsequently added to solubilize the crystal 
products at room temperature for 10 min. The optical density 
(OD) was measured at a wavelength of 490 nm using a micro-
plate reader (BioTek Instruments, Inc., Winooski, VT, USA). 
The growth inhibition ratio was calculated as follows: Growth 
inhibition ratio (%) = (ODcontrol ‑ ODdrug)/ODcontrol x 100; where 
ODcontrol is the OD of the group treated with vehicle. The experi-
ments were repeated at least 3 times. To verify whether the 
mechanism of autophagy promoted cell survival or cell death, 
HepG2 and Huh‑7 cells were pretreated with 5 mM 3‑methyl-
adenine (3‑MA) for 30 min followed by cotreatment with 2 µM 
YM201636 for 24 h. Then, an MTT assay was performed. The 
growth inhibition ratio was calculated as follows: Growth 
inhibition ratio (%)  =  (ODcontrol ‑   ODdrug)/ODcontrol  x  100; 
where ODcontrol is the OD of the group treated with vehicle. To 
examine the effects of EGFR overexpression on cell growth, 
HepG2 and Huh‑7 cells (80% confluence) seeded in a 6‑well 
plate were transfected with pcDNA3.1‑EGFR or control 
pcDNA3.1 plasmids using Lipofectamine® 2000. After 24 h, 
the cells were harvested and seeded into 96‑well plates at a 
density of 4x103 cells/well for another 24 h. An MTT assay 

was performed to determine the OD value of each group. 
During incubation, EGF was not added to the culture medium 
to avoid EGFR activation.

Flow cytometry. MDC, a specific marker for autophagic 
vacuoles, was used to examine whether YM201636 induced 
autophagy. HepG2 and Huh‑7 cells were grown on coverslips 
in a 6‑well plate overnight at 3x105/well, and then treated with 
2 or 5 µM of YM201636 for 24 h. The cells were collected and 
washed with ice‑cold PBS 3 times, then incubated with 50 µM 
MDC at 37˚C for 30 min. The stained cells were washed, fixed 
with 4% paraformaldehyde for 10 min at room temperature 
and analyzed with the imaging flow cytometer FlowSight® 
(Amnis®; Merck KGaA). A laser set at 405 nm was used for 
excitation. Bright field and MDC images (green fluorescence) 
were collected in channels 1 and 8, respectively. The stained 
cells (1x104/sample) were analyzed using IDEAS version 6.0 
software (Merck KGaA).

Western blot analysis. The total proteins were isolated from 
cancer cells or allograft tumors using radio immunopre-
cipitation assay buffer (Beyotime Institute of Biotechnology, 
Haimen, China) following the manufacturer's instructions. The 
protein concentration was determined using a bicinchoninic 
acid assay kit (Pierce; Thermo Fisher Scientific, Inc.). Samples 
were denatured in 5X SDS‑sample buffer at 95˚C for 5 min. 
Total proteins (40 µg/well) were separated using SDS‑PAGE 
on 10% gels for EGFR detection or 12% gels for LC3 detec-
tion. Following separation, the protein was transferred 
onto polyvinylidene difluoride membranes. Subsequently, 
the membranes were blocked using 5% non-fat milk in 
TBS‑Tween (TBS‑T) at room temperature for 1 h. Following 
blocking, membranes were incubated with corresponding 
primary antibodies overnight at 4˚C, then washed 3 times with 
TBST and incubated with the appropriate HRP‑conjugated 
secondary antibody, and then washed 3  times with TBST. 
Proteins were detected using the enhanced chemilumines-
cence plus reagents (Beyotime Institute of Biotechnology). The 
western blots were visualized using a FluroChem E Imager 
(Protein Simple, San Jose, CA, USA). Quantity One Software 
(Quantity One 462; Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA) was used to calculate the alteration of corresponding 
protein expression.

Evaluation of antitumor effects in vivo. Male BALB/c mice 
(weighing 20‑25 g; aged 5 weeks) were purchased from the 
Laboratory Animal Center of Henan (Zhengzhou, China). 
All animal procedures were performed with the approval 
of the Institutional Animal Care and Use Committee of 
Henan  University (Kaifeng, China). For the development 
of solid tumors, mice were subcutaneously injected with 
2x106 H22 cells. At 1 day after inoculation, the mice were 
randomly divided into the control and YM201636 groups, 
which were treated with 5% DMSO or 2 mg/kg YM201636, 
respectively, via oral administration once daily for 7 consecu-
tive days. The mice were anesthetized using ether for ~30 sec 
via the respiratory route, and the heart rate and respiratory rate 
were monitored to ensure the animals were simply anesthe-
tized. Then the mice were euthanized by cervical dislocation, 
and solid tumors were isolated and weighed. Meanwhile, the 
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heart, liver, kidney, lung, and spleen of the mice were collected 
and weighed on the last day. The organ weight index was 
investigated for systemic toxicity evaluation as follows: Organ 
index (%) = (organ weight/bodyweight) x 100.

Statistical analysis. Statistical analyses were performed 
using GraphPad Prism 5 software for Windows (GraphPad 
Software, Inc., La Jolla, CA, USA). All data are expressed as 
the mean ± standard error. A two‑tailed unpaired t‑test was 
used for the comparison of the mean values between two 
groups. One‑way analysis of variance (ANOVA) followed by 
a Dunnett's test or two‑way ANOVA followed by a Bonferroni 
post hoc test was used for multiple comparisons. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Effects of YM201636 on HepG2 and Huh‑7 cell viability. In 
order to determine whether the PIKfyve inhibitor YM201636 
affects the cell viability of hepatoma, HepG2 and Huh‑7 cells 
were cultured and incubated in the presence of increasing 
concentrations of the drug for 24 h. Cell viability rates were 
then detected using an MTT assay. Following incubation 
of HepG2 and Huh‑7 cells with 0.1,0.2, 0.5, 1, 2 and 5 µM 
YM201636 for 24  h, YM201636 reduced the HepG2 and 
Huh‑7 cell viability in a dose‑dependent manner (Fig. 1). The 
data indicated that YM201636 may inhibit the cell growth of 
liver cancer cell lines.

YM201636 induces autophagy in liver cancer cell lines. 
Previous studies have demonstrated that knockdown or inhibi-
tion of PIKfyve induces secretory autophagy in multiple cell 
lines (12,13). Therefore, the present study investigated whether 
decreased cell viability was associated with autophagy in liver 
cancer cell lines using an MDC staining assay. Following 
treatment with 2 or 5 µM YM201636 for 24 h, HepG2 and 
Huh‑7  cells exhibited strong MDC staining  (Fig.  2), with 
enhanced fluorescence in cells treated with 5 µM YM201636. 
Additionally, the percentage of autophagic cells in the popu-
lation was increased in HepG2 and Huh‑7 cells treated with 
YM201636 for 24 h  (Fig.  2). To further confirm whether 
YM201636 induces autophagy in liver cancer cell lines, 
the ratio of LC3I to LC3II was determined, an established 

autophagosome‑related marker (14,15). The results demon-
strated that YM201636 significantly promoted the conversion 
of LC3I to LC3II in HepG2 and Huh‑7 cells (Fig. 3). To verify 
whether the mechanism of autophagy promoted cell survival 
or cell death, the autophagy inhibitor 3‑MA was applied to 
inhibit YM201636 induced‑autophagy in HepG2 and Huh‑7 
cells; 3‑MA inhibits autophagy by blocking autophagosome 
formation via the inhibition of type III phosphatidylinositol 
3‑kinases (PI3Ks) (16,17). Co‑treatment with 5 mM 3‑MA for 
24 h attenuated the inhibitory effects of YM201636 on liver 
cancer cell lines (Fig. 4). Collectively, these results suggested 
that YM201636 inhibits the growth of HepG2 and Huh‑7 cells 
via the induction of autophagy.

YM201636 induced‑autophagy depends on EGFR over‑ 
expression. It has been previously reported that PIKfyve inhi-
bition blocks the lysosomal degradation of EGFR, resulting in 
increased expression levels of EGFR in MCF‑10A cells (18), 
and overexpression of inactive EGFR has been demonstrated 
to be associated with autophagy (19). Therefore, the present 
study investigated whether YM201636‑induced autophagy is 
dependent upon EGFR overexpression. To test this hypoth-
esis, the total protein expression of EGFR was determined 
in HepG2 and Huh‑7 cells treated with YM201636. Western 
blotting demonstrated that the total protein expression levels 
of EGFR were significantly upregulated in HepG2 and Huh‑7 
cells treated with 2 µM YM201636 for 24 h (Fig. 5). To inves-
tigate whether the increased EGFR was activated in HepG2 
and Huh‑7 cells treated with YM201636, the phosphorylation 
levels of EGFR at Tyr1068, an indicator of EGFR activation, 
were examined. As shown in Fig. 5, the phosphorylation levels 
of EGFR at Tyr1068 were notably unaffected in HepG2 and 
Huh‑7 cells treated with YM201636. The results suggested 
that the increased total protein constituted inactive EGFR.

To further investigate the hypothesis that inactive EGFR 
mediates autophagy in HepG2 and Huh‑7 cells, HepG2 and 
Huh‑7 cells were transfected with the pcDNA3.1‑EGFR 
plasmid with no EGF treatment. At 24 h after transfection, 
the expression of EGFR was increased significantly (Fig. 6). 
Subsequently, whether overexpression of EGFR was able 
to affect autophagy in liver cancer cells was examined. As 
demonstrated in Fig. 7, HepG2 and Huh‑7 cells transfected 
with EGFR exhibited strong MDC staining and an increase in 

Figure 1. YM201636 inhibits liver cancer cell proliferation in a dose‑dependent manner. MMT assay was performed using (A) HepG2 and (B) Huh‑7 cells. 
*P<0.05, **P<0.01, ***P<0.001, one‑way analysis of variance followed by a Dunnett's test, n=5/group.
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the proportion of autophagic cells. Additionally, overexpres-
sion of EGFR also promoted the transformation of LC3I into 
LC3II in HepG2 and Huh‑7 cells (Fig. 8). Furthermore, the 
effects of EGFR overexpression on liver cancer cell growth 

were determined. Overexpression of EGFR in HepG2 and 
Huh‑7 cells inhibited cell proliferation (Fig. 9). The results 
indicated that YM201636 induced‑autophagy was dependent 
on EGFR overexpression in HepG2 and Huh‑7 cells.

Figure 2. YM201636 induces autophagy in HepG2 and Huh‑7 cells. Representative monodansylcadaverine staining of (A) HepG2 and (B) Huh‑7 cells. Analysis 
of the autophagy ratio of (C) HepG2 and (D) Huh‑7 cells treated with YM201636. **P<0.01, ***P<0.001, one‑way analysis of variance followed by a Dunnett's 
test, n=5/group.

Figure 3. YM201636 significantly increased the levels of LC3II. (A) HepG2 and (B) Huh‑7 cells. β‑actin was used as an internal control. Naïve cells were 
untreated. ***P<0.001 vs. DMSO group, ###P<0.001 vs. naive group, one‑way analysis of variance followed by a Dunnett's test, n=5/group. DMSO, dimethyl 
sulfoxide; LC3, microtubule associated protein 1 light chain 3.
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YM201636 inhibits the in situ growth of hepatoma in vivo. To 
further evaluate the antitumor activity of the PIKfyve inhib-
itor, YM201636, in vivo, an allograft model of mouse liver 
cancer was established by subcutaneously injecting H22 cells 
(mouse hepatoma cell line) into BALB/c mice. Transplantation 

of H22 cells into BALB/c mice induced the in situ formation 
of tumors. Following treatment with 2 mg/kg YM201636 for 
7 consecutive days, the tumor weight of the YM201636 group 
was lower than that of the negative control group. For example, 
the mean weight of tumors in the YM201636‑treated group 

Figure 4. 3‑MA reverses YM201636‑induced inhibition of liver cancer cell proliferation. MTT assay in (A) HepG2 and (B) Huh‑7 cells treated with 5 mM 
3‑MA and YM201636. **P<0.01 vs. YM201636 group, two‑tailed unpaired t‑test, n=5/group. 3‑MA, 3‑methyladenine.

Figure 5. YM201636 significantly increases the total protein expression of EGFR. Western blot analysis was performed to detect EGFR in (A) HepG2 and 
(B) Huh‑7 cells and p‑EGFR (Tyr1068) in (C) HepG2 and (D) Huh‑7 cells following treatment with YM201636. β‑actin was used as an internal control. Naïve 
cells were untreated. ***P<0.001 vs. DMSO group, ###P<0.001 vs. naive group, one‑way analysis of variance followed by a Dunnett's test, n=5/group. DMSO, 
dimethyl sulfoxide; EGFR, epidermal growth factor receptor; p‑, phospho‑.
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was 0.31±0.05 g, compared with 0.67±0.07 g in the control 
group (Fig. 10A and B). Additionally, YM201636 promoted the 
expression of EGFR total protein in allograft tumors; however, 
the phosphorylation levels of EGFR at Tyr1068 were not notably 
altered (Fig. 10C and D). In addition, visceral organ indices 
were also examined to evaluate adverse effects of YM201636. 

No significant differences in the visceral organ indexes (heart, 
liver, spleen, lung and kidney) were observed in the YM201636 
group compared with the control group  (Fig. 10E). These 
results suggested that YM201636 may inhibit tumor growth 
without notable systemic toxicity at the dose applied in the 
present study.

Figure 6. EGFR overexpression using pcDNA3.1‑EGFR plasmid. EGFR protein is increased in (A) HepG2 and (B) Huh‑7 cells transfected with. β‑actin was 
used as an internal control. Naïve cells were untreated. ***P<0.001 vs. vector group, ###P<0.001 vs. naive group, one‑way analysis of variance followed by a 
Dunnett's test, n=3/group. EGFR, epidermal growth factor receptor.

Figure 7. EGFR overexpression induces autophagy in HepG2 and Huh‑7 cells. Representative MDC staining of (A) HepG2 and (B) Huh‑7 cells. Analysis of 
the autophagy ratio in EGFR overexpressed (C) HepG2 and (D) Huh‑7 cells. EGFR‑overexpression significantly increased the autophagy ratio in HepG2 and 
Huh‑7 cells. Naïve cells were untreated. ***P<0.001 vs. vector group, ###P<0.001 vs. naive group, one‑way analysis of variance followed by a Dunnett's test, 
n=5/group. EGFR, epidermal growth factor receptor.
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Figure 8. EGFR overexpression significantly increases the levels of LC3II. Western blot analysis of LC3 in (A) HepG2 and (B) Huh‑7 cells. β‑actin was used 
as an internal control. Naïve cells were untreated. ***P<0.001 vs. vector group, ###P<0.001 vs. naive group, one‑way analysis of variance, n=5/group. EGFR, 
epidermal growth factor receptor; LC3, microtubule associated protein 1 light chain 3.

Figure 9. Overexpression of EGFR inhibits liver cancer cell proliferation. MTT assay in (A) HepG2 and (B) Huh‑7 cells. **P<0.01 vs. vector group, two‑tailed 
unpaired t‑test, n=3/group. EGFR, epidermal growth factor receptor.

Figure 10. Antitumor activity of YM201636 in vivo. (A) Images of tumor obtained from the control and YM201636 groups. (B) Weight of the tumors excised 
from the control and YM201636 groups. YM201636 inhibits the tumor growth in tumor‑bearing mice. ***P<0.001 vs. control group, two‑tailed unpaired 
t‑test, n=10/group. (C) Western blot analysis of total protein expression of EGFR in xenograft tumors. **P<0.01 vs. control group, two‑tailed unpaired t‑test, 
n=5/group. (D) Phosphorylation of EGFR (Tyr1068) in YM201636 and control group tumors. n=5/group. (E) Visceral organ indices (heart, liver, spleen, lung 
and kidney) evaluated following treatment with YM201636. No significant difference was observed in the visceral organ indexes between the control and 
YM201636 groups (n=10). EGFR, epidermal growth factor receptor; p‑, phospho‑.
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Discussion

PIKfyve is an enzyme that is crucial for the synthesis of 
PtdIns(3,5)P2 and has been associated with various membrane 
transport events  (20,21). Perturbations in the functions of 
PIKfyve lead to the formation of swollen endosomal/lyso-
somal structures in a variety of mammalian cell lines (22,23). 
Additionally, PIKfyve has been proposed to be involved in 
oncogenesis and cancer cell migration. For example, PIKfyve 
promotes cell migration and invasion through the activation 
of Ras‑related protein Rac1in lung carcinoma, osteosarcoma 
and rhabdomyosarcoma cells (8,24); knockdown of PIKfyve 
resulted in significant decreases in cell migration velocity 
and persistence  (10). Consistent with these observations, 
in the present study, it was demonstrated that pharmaco-
logical inhibition of PIKfyve using YM201636 resulted in an 
inhibitory effect on tumor cell growth via the induction of 
autophagy in hepatoma cell lines.

The present study demonstrated that EGFR upregula-
tion required for autophagy induced by the inhibition of 
PIKfyve. In support of the results, Er et al (18) reported that 
suppression of PIKfyve activity reduces the rate of EGFR 
degradation in MCF‑10A cells. EGFR is part of the ErbB 
family of receptor tyrosine kinases and is overexpressed 
in many human cancers (25). Abnormal hyperactivation of 
EGFR is associated with unregulated proliferation, malignant 
transformation and metastasis in cancer cells (26,27). It has 
been demonstrated that EGFR activation inhibits autophagy, 
dependent upon its kinase domain, by maintaining high acti-
vation levels of the PI3K/protein kinase B/mammalian target 
of rapamycin signaling pathway; knockdown or inhibition 
of EGFR signaling induces autophagy in various epithelial 
cancers (28,29). However, in the present study, overexpres-
sion of EGFR induced autophagy in liver cancer cells. The 
results suggested that the increased EGFR may be inactive, 
as Tan  et  al  (19) reported that inactive EGFR complexes 
collaborate with lysosomal‑associated transmembrane 
protein 4B and exocyst complex component 2 at endosomes 
to disassociate Rubicon from Beclin 1, which in turn initiates 
autophagy. Autophagy exhibits a dual role that can induce 
a cell survival or cell death response (30,31). In the present 
study, EGFR‑mediated autophagy was proposed to underlie 
cancer cell death.

Numerous studies have suggested EGFR overexpres-
sion promotes tumor cell proliferation  (26,32); however, 
the findings of the present study indicated that PIKfyve 
inhibitor YM201636‑induced autophagy was dependent on 
EGFR overexpression. As mentioned above, the increased 
EGFR total protein was inactive EGFR, and inactive EGFR 
complexes could initiate autophagy (19). In support of the 
present results, Lanaya et al  (33) demonstrated that mice 
lacking EGFR in hepatocytes develop more hepatocel-
lular carcinoma (33). However, there are limitations in this 
study. Although the results suggested the increased EGFR 
total protein was inactive EGFR, the expression of proteins 
downstream of EGFR, such as Akt, p‑Akt, ERK, p‑ERK, 
was not analyzed. The phosphorylation of Akt and ERK are 
indicators of EGFR activation (34,35), therefore, the expres-
sion of these downstream proteins will be examined in future 
studies.

In the present study, it was speculated that YM201636 
induced total EGFR expression through reducing the rate of 
EGFR degradation in HepG2 and Huh‑7 cells. Since EGF 
stimulation causes EGFR degradation by delivery to the 
lysosomes (18), therefore, it was assumed that the unchanged 
phosphorylation levels of EGFR at Tyr1068, was due to lack of 
EGF stimulation.

In conclusion, the results of the present study suggested 
that the PIKfyve inhibitor YM201636 may possess therapeutic 
potential for the treatment of liver cancer. In addition, EGFR 
overexpression induced by a PIKfyve inhibitor contributes to 
autophagy, thus leading to an inhibitory effect on cancer cell 
growth.
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