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Upregulation of EPS8L3 is associated with tumorigenesis
and poor prognosis in patients with liver cancer
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Abstract. Epidermal growth factor receptor kinase substrate 8
(EPS8) plays critical roles in a variety of solid tumors.
However, the biologic functions and clinical significance of
EPS8-like 3 (EPS8L3), an EPS8-related protein, in liver cancer
remain unclear. To measure EPS8L3 expression in liver cancer
cell lines, reverse transcription-quantitative PCR and western
blot analyses were performed. The correlation between
338 patients with liver cancer and various clinicopathological
factors obtained from the Oncomine database were evaluated
using the ¥ test. Survival of patients with different expres-
sion of EPS8L3 was determined using Kaplan-Meier survival
analysis with a log rank test, and Cox regression analysis was
performed to estimate the prognostic significance of EPS8L3
expression. Additionally, cell proliferation and migration
were determined using Cell Counting Kit-8 and wound
healing assays. The results revealed that EPS8L3 expression
was significantly upregulated in liver cancer tissues and cell
lines (P<0.01), and that the expression of EPS8L3 was closely
associated with grade (P=0.024) and mortality (P=0.011).
Furthermore, survival analysis suggested patients with high
EPS8L3 expression exhibited shorter survival compared with
those with low EPS8L3 expression. Cox regression analysis
indicated that EPS8L3 could be regarded as a prognostic
biomarker in patients with liver cancer (hazard ratio, 1.58;
95% confidence interval, 1.085-2.301; P=0.017). Additionally,
in vitro assays revealed that EPS8L3 depletion significantly
inhibited liver cancer cell proliferation and migration, and
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reduced the levels of phosphorylated PI3K and AKT in the
PI3K/AKT signaling pathway. Collectively, the results of the
present study, for the first time to the best of our knowledge,
demonstrated that EPS8L3 serves as an oncogene in liver
cancer development; therefore, EPS8L3 may be a valuable
prognostic predictor for patients with liver cancer.

Introduction

Liver cancer, including hepatocellular carcinoma and intra-
hepatic cholangiocarcinoma, is one of the most common
malignancies worldwide (1). Additionally, liver cancer is the
third leading cause of cancer-associated mortality worldwide,
after lung and gastric cancer (1). A variety of aberrant genes and
signaling transduction pathways are involved in the occurrence
and development of liver cancer, which contribute to a complex
pathogenesis (2-4). At present, surgery is the main clinical
treatment for liver cancer; however, a lack of early clinical
symptoms makes diagnosis difficult (5,6). Additionally, despite
advances in treatment, such as liver transplantation and chemo-
therapeutic interventions, the therapeutic effects are inadequate
due to tumor recurrence and metastasis (7,8), meaning patients
with the disease have a poor prognosis. Therefore, an in-depth
investigation to improve the understanding of the molecular
mechanisms underlying liver cancer and to identify accurate
markers for the prognosis of liver cancer remains urgent.
Previous studies have found that EPSS8 plays an important
role in a wide variety of cancers, including oral cancer (9),
pancreatic cancer (10), non-small cell lung cancer (11), and
head and neck squamous cell carcinomas (12). As such,
EPSS8 is proposed to be an important target in multiple
cancer types (13). EPS8 has pro-tumorigenic potential of in
a variety of tumors and specific inhibitors derived from the
nuclear localization signal (NLS) sequence are responsive
to tumor-associated proteins. Chen er al (14) found that the
injection of an EPS8-NLS peptide exerted anti-tumor activity
in xenograft tumor models of acute myeloid leukemia, further
indicating the pro-tumorigenic role of EPS8 and its potential
as a therapeutic target. The EPS8 family of proteins, including
EPS8-like (EPS8L) 1, EPS8L2 and EPS8L3, is a group of
important regulators of behavior in mice and flies (15,16).
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As the homolog of EPS8, EPS8L3 has been reported to be
overexpressed in liver cancer tissues and cells. Furthermore,
silencing and overexpression of EPS8L3 has been reported to
reduce and increase the rate of proliferation, respectively; this
was found to be dependent on the AKT signaling pathway, as
an inhibition of AKT reverses the effect of EPS8L3 overex-
pression on proliferation in liver cancer (17). Little is known
about the clinical relevance, significance to prognosis and
potential regulatory effect on invasiveness and trans-migration
of EPS8L3 in liver cancer. Therefore, the aim of the present
study was to determine the potential function of EPS8L3 in
liver cancer development by determining EPS8L3 expression
in liver cancer cells, and the effects of EPS8L3 knockdown on
liver cancer cell proliferation and migration.

Materials and methods

Online database data retrieval. EPS8L3 expression data
from liver cancer and non-tumor liver tissues were obtained
from the Oncomine database (https://www.oncomine.
org/resource/login.html). The clinical data of 338 patients with
liver cancer were obtained from The Cancer Genome Atlas
(TCGA) database (https://cancergenome.nih.gov/; Table I). The
present study is in accordance with the publication guidelines
provided by Oncomine and TCGA. In order to analyze the role
of EPS8L3 in the progression of liver cancer, all patients with
liver cancer were divided into EPS8L3 high (n=169) or low
(n=169) expressing groups, according to the median value.

Cell culture and transfection. The normal human liver cell
line HL-7702, and the liver cancer cell lines HepG2 and
HCCLM3 were purchased from the Type Culture Collection of
the Chinese Academy of Sciences. All cell lines were verified
using short tandem repeats profiling. The cells were cultured
in DMEM (Invitrogen; Thermo Fisher Scientific, Inc.) supple-
mented with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.),
100 U/ml penicillin and 0.1 mg/ml streptomycin at 37°C with
5% CO,. During the logarithmic growth period, cells were
collected and digested with 0.25% trypsin for 5 min at 37°C
to obtain a single cell suspension. For RNA interference,
5x10° cells were seeded into a 24-well plate the day before
transfection. The following day, transfection of 100 nM small
interfering RNA (siRNA) into liver cancer cells was performed
using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's instructions.
siRNAs were synthesized by Shanghai GenePharma Co, Ltd.
The sequences of the siRNAs were as follows: si-EPS8L3 1,
5'-AAUUCUCGGGGCUCUAAUGGG-3"; si-EPS8L3 1,
5'-UUUUACAAGCUUGAAGAUGCU-3" si-con, 5'-UUC
UCCGAACGUGUCACGU-3'. The expression of EPS8L3 at
the mRNA and protein levels was determined 48 h after trans-
fection using reverse transcription-quantitative (RT-q)PCR
and western blotting. The siRNA whose silencing efficiency
was the greatest was used in the subsequent experiments.

RNA extraction and RT-gPCR. Total RNA was extracted from
cells using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocol. Complementary DNA
(cDNA) was synthesized at 37°C for 15 min and 85°C for 5 sec
using PrimeScript™RT reagent kit with gDNA Eraser (Takara
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Table I. Association between the expression of EPS8L3 and
clinicopathological features in 338 patients with liver cancer.

Expression of EPSSL3
Characteristics Low High P-value
Age 0.383
<60 75 83
260 94 86
Sex 0.198
Female 48 59
Male 121 110
Grade 0.024
Gl +G2 116 96
G3 53 73
Clinical stage 0.137
I+1I 131 119
mm+1v 38 50
Tumor stage 0.103
T1+T2 133 120
T3+ T4 36 49
Node stage 1.000
NO 167 167
NI 2 2
Metastasis stage 0.562
MO 167 168
M1 2 1
Mortality 0.011
Yes 46 68
No 123 101

EPS8L3, epidermal growth factor receptor kinase substrate 8-like 3.

Bio, Inc.). RT-gPCR was performed using Power SYBR Green
PCR Master Mix (Takara Bio, Inc.) on a 7300 Real-Time PCR
system (Applied Biosystems; Thermo Fisher Scientific, Inc.)
under the following thermocycling conditions: 94°C for 5 min,
followed by 40 cycles of 94°C for 30 sec, 60°C for 45 sec and
72°C for 30 sec. GAPDH was used as the endogenous control,
and the primers were as follows: EPS8L3 forward (F), 5'-CCT
CATCAAAGGCAGGCTCT-3' and reverse (R), 5'-GCTCTG
AGGTGAGGTTCTGG-3'; GAPDH F, 5-GGAGCGAGATCC
CTCCAAAAT-3' and R, 5-GGCTGTTGTCATACTTCTCAT
GG-3". The relative expression of EPS8L3 was normalized to
GAPDH using the 27224 method (18). Each experiment was
performed in triplicate.

Western blot analysis. Cells were harvested 48 h following
transfection and lysed in RIPA buffer (Beyotime Institute of
Biotechnology) supplemented with protease inhibitor (Thermo
Fisher Scientific, Inc.). After measuring protein concentrations
using a bicinchoninic protein assay, proteins (20 pg) were
separated on 10-12% SDS-PAGE gels and then transferred
onto PVDF membranes. The membranes were blocked with
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Figure 1. EPS8L3 expression in liver cancer tissues and cell lines. (A-C) Analysis of EPS8L3 expression in liver cancer tissues from data obtained from
the Oncomine database. EPS8L3 was significantly upregulated in liver cancer tissues compared with normal liver samples. (D) EPS8L3 was found to be
overexpressed in liver cancer cell lines (HepG2 and HCCLM3) compared with the normal liver cell line HL-7702. “P<0.01 vs. HL-7702. EPS8L3, epidermal

growth factor receptor kinase substrate 8-like 3.

5% skimmed milk for 1 h at room temperature, followed
by incubation with primary antibodies, including EPS8L3
(1:1,000; cat. no. PA5-49855; Thermo Fisher Scientific,
Inc.), phosphorylated (p)-PI3K (1:1,000; cat. no. 17366; Cell
Signaling Technology, Inc.), PI3K (1:1,000; cat. no. 429; Cell
Signaling Technology, Inc.), p-AKT (1:1,000; cat no. 9271,
Cell Signaling Technology, Inc.), AKT (1:1,000; cat. no. 9272,
Cell Signaling Technology, Inc.) and GAPDH (1:5,000; cat.
no. 60004-1-Ig, ProteinTech Group, Inc.) at 4°C overnight.
Next, the membranes were washed with 0.05% TBS-Tween
20 for 30 min and incubated with anti-rabbit/mouse horse-
radish peroxidase-conjugated secondary antibody (1:5,000;
cat nos. SA00001-2 and SA00001-1; ProteinTech Group,
Inc) for 1 h at room temperature. The blots were visualized
using a Hypersensitive ECL chemiluminescence detection
kit (ProteinTech Group, Inc). Signals were analyzed using
Quantity One version 4.6 (Bio-Rad Laboratories, Inc,). The
relative expression of each protein was normalized to GAPDH.

Cell Counting Kit-8 (CCK-8) assay. The effect of EPS8L3 on cell
viability was determined using a CCK-8 assay. Cell suspensions
were seeded into 96-well plates at density of 1x10° cells/well
and cultured for 24, 48, 72 or 96 h in a CO, incubator at 37°C.
CCK-8 solution (10 pl/well) was added and the optical density
was measured at 450 nm after incubation at 37°C for 1.5 h.

Wound healing assay. The migration of cells was assessed
using wound healing assays. Cells, at a density of 1x10%/well,
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Figure 2. Survival analysis of patients with liver cancer expressing high or
low levels of EPS8L3 using the Kaplan—Meier method. Patients with high
EPS8L3 expression exhibited a lower survival rate than those with low
EPS8L3 expression (Log rank test, P=0.008). EPS8L3, epidermal growth
factor receptor kinase substrate 8-like 3.

were seeded into 6-well plates and grown to 80% confluency.
The scratch test was performed after 24 h. Wounds were
scratched in each well using a 10-ul pipette tip. After washing
with PBS to remove cellular debris, the cells were cultured in
medium without FBS. Wound closure was monitored at 0 and
24 h, and images were captured at x100 magnification using
an inverted light microscope equipped with a Nikon camera
(Nikon Corporation).
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Table II. Univariate and multivariate analyses of factors associated with survival.

Univariate analysis

Multivariate analysis

Variables P-value HR 95% CI P-value HR 95% CI
EPS8L3 expression, high/low 0.009* 1.654 1.136-2.406 0.017 1.580 1.085-2.301
Clinical stage, I + I/IIT + IV 0.000* 2410 1.659-3.500

Tumor stage, T1 + T2/T3 + T4 0.000? 2.429 1.671-3.532

Metastasis stage, MO/M 1 0.023¢ 3.797 1.201-12.004

Node stage, NO/N1 + N2 + N3 0.346 1.963 0.483-7.974

Age, <60/=60 0.217 1.264 0.871-1.835

Sex, female/male 0.292 0.815 0.558-1.192

Grade, G1 + G2/G3 0423 1.166 0.801-1.697

EPS8L3, epidermal growth factor receptor kinase substrate 8-like 3; HR, hazard ratio; CI, confidence interval.

Statistical analysis. Statistical analyses were performed using
SPSS 22.0 (IBM Corp.) and GraphPad Prism 7.0 (GraphPad
Software, Inc.). All data were presented as the mean =+ standard
deviation. Associations between EPS8L3 expression and
clinical pathological parameters were analyzed using the
y* test. Differences between multiple groups were analyzed
using ANOVA followed by Tukey's post hoc test. Survival
analysis was performed using the Kaplan-Meier method with
a log-rank test. Univariate and multivariate analyses were
performed using the Cox proportional hazards model to assess
prognostic factors. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

EPS8L3 is upregulated in human liver cancer tissues and
cell lines. According to data in the Oncomine database, the
expression of EPS8L3 in liver cancer tissues was significantly
upregulated compared with normal liver samples (P=9.65x10'¢
for Chen liver, P=1.25x107 for Roessler liver and P=5.56x10" for
Wurmbach liver patient datasets; Fig. 1A-C). To further inves-
tigate the expression profile of EPS8L3, the mRNA expression
levels of EPSSL3 were determined in two liver cancer cell lines
(HepG2 and HCCLM3) and an immortalized human liver cell
line (HL-7702). Consistent with the aforementioned findings in
liver cancer tissue samples, the data revealed that the expression
levels of EPS8L3 were significantly increased in liver cancer
cell lines compared with in the normal liver cell line (P<0.01;
Fig. 1D). Collectively, the results suggested that EPS8L3 expres-
sion was increased in liver cancer, indicating that it may play an
oncogenic role in the development of liver cancer.

Association between EPSSL3 expression, clinicopathological
features and survival. As presented in Table I, high EPSSL3
expression was associated with high grade (P=0.024) and
mortality (P=0.011); however, there was no significant associa-
tion between EPS8L3 expression and other clinicopathologic
parameters, including age, sex, clinical stage, tumor stage,
node stage and metastasis stage (P>0.05).

Survival analysis using the Kaplan-Meier method revealed
that patients with liver cancer who exhibited high levels of

EPS8L3 expression had a shorter survival time compared
with those with low levels of EPS8L3 expression (P=0.008;
Fig. 2). Furthermore, a Cox proportional hazards regression
model was used for univariate and multivariate analyses.
In univariate analysis, several prognostic factors, including
EPSS8L3 expression (P=0.009), clinical stage (P<0.001), tumor
stage (P<0.001) and metastasis stage (P=0.023) were identified
(Table IT). Multivariate analyses revealed that EPS8L3 expres-
sion (hazard ratio=1.58; 95% confidence interval, 1.085-2.301;
P=0.017) could be independent predictor of overall survival
(OS).

EPS8L3 knockdown inhibits cell proliferation and migra-
tion. After knocking down EPS8L3 expression in HepG2
cells using siRNA, the suppressive effects of the siRNAs
were determined at 72 h using RT-qPCR and western blot
analysis. As presented in Fig. 3A and B, EPS8L3 expression
was inhibited significantly following siRNA transfection.
EPSS8L3 expression was significantly lower following EPS8L3
siRNA-1 transfection compared with EPS8L3 siRNA-2 trans-
fection at the mRNA and protein levels (P<0.01). Therefore,
si-EPS8L3-1, which achieved a >90% reduction in EPS8L3
expression, was selected for use in the subsequent experiments.
A CCK-8 assay revealed that EPS8L3 silencing significantly
suppressed the rate of proliferation of the HepG2 cell line
at 48, 72 and 96 h (P<0.01; Fig. 3C). Wound healing assays
demonstrated that EPS8L3 knockdown induced a significant
reduction in HepG2 cell migration, as indicated by the greater
distance between the two wound fronts following EPSSL3
depletion compared with the control siRNA (P<0.01; Fig. 3D).
In summary, these results indicated that the decreased expres-
sion of EPS8L3 inhibited the proliferation and migration of
liver cancer cells.

Effects of EPSSL3 on the PI3K/AKT signaling pathway in
liver cancer cells. Previous studies have reported that the
PI3K/AKT signaling pathway plays an important role in the
cell survival (19,20); thus, the expression and phosphorylation
of PI3K and AKT was evaluated to further investigate the
potential role of EPS8L3 in liver cancer. It was observed that
the knockdown of EPS8L3 significantly reduced the levels of
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Figure 3. Functional alteration of liver cancer cells following EPS8L3 knockdown. EPS8L3 expression was significantly reduced using si-EPS8L3 1 and
si-EPS8L3 2 as determined via (A) reverse transcription-quantitative PCR and (B) western blot analysis. Knockdown of EPS8L3 inhibited (C) cell proliferation
and (D) migration. “"P<0.01 vs. si-con, *“P<0.01 vs. si-EPS8L3-2. EPS8L3, epidermal growth factor receptor kinase substrate 8-like 3; si, small interfering

RNA; con, control; OD, optical density.
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Figure 4. Effects of EPS8L3 knockdown on PI3K and AKT expression and phosphorylation in HepG2 cells. The ratios of p-PI3K/PI3K and p-AKT/AKT in
cells in which EPS8L3 was silenced were significantly reduced compared with si-con. “P<0.01 vs. si-con. EPS8L3, epidermal growth factor receptor kinase

substrate 8-like 3; si, small interfering RNA; con, control; p-, phosphorylated.

p-PI3K and p-AKT in the HepG2 cell line, as indicated by the
ratio of p-PI3K/PI3K and p-AKT/AKT (Fig. 4; P<0.01).

Discussion

EPS8 serves an important role in regulating the develop-
ment and progression of a number of human tumors (21,22);
however, the clinical relevance, significance to prognosis and
potential regulatory effect of EPS8L3 in liver cancer is not

fully understood. In the present study, it was observed that
EPSS8L3 expression was significantly increased in liver cancer
cell lines, which was consistent with the results from liver
cancer tissues according to data obtained from the Oncomine
database. In addition, the depletion of EPSS8 significantly
inhibited liver cancer cell proliferation and migration. Previous
studies indicated that EPS8 was overexpressed in various solid
tumors, including breast cancer (23), gliomas (24), squamous
carcinoma (25) and ovarian cancer (26). Moreover, EPS8 is
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an important regulator of multiple biological functions in
tumor cells. It has been recently been reported that EPSSL3
expression was significantly elevated in liver cancer tissues
and cell lines, and that EPS8L3 silencing reduced the prolif-
eration of liver cancer cells (16). The present study that found
a high-level of EPS8L3 was predictive of a poor prognosis and
identified EPS8L3 as an independent prognostic indicator in
patients with liver cancer. The silencing of EPS8L3 reduced
liver cancer cell proliferation, these data demonstrated that
EPS8L3 acts as a promotor of liver cancer progression.

EPS8 has been identified as an oncogene (27), and
Chen et al (28) reported that the upregulation of EPS8
expression was associated with shorter OS and disease-free
survival in cervical cancer. Furthermore, He et al (21) revealed
that patients with high EPS8 expression exhibited shorter
event-free survival, and that EPS8 may be a valuable clinical
biomarker for patients with acute lymphoblastic leukemia.
These previous studies demonstrated the clinical significance
of EPS8; thus, the present study further explored the potential
value of EPS8L3 using data obtained from TCGA database for
338 patients with liver cancer. The results of the present study
revealed that high EPS8L3 expression significantly associated
with aggressive clinicopathological features, including higher
tumor grade and mortality rate, which further suggested an
oncogenic role for EPS8L3 in the development of liver cancer.
Furthermore, survival analysis suggested that patients with
liver cancer who had a high level of EPS8L3 expression had a
significantly lower survival rate than those with a low EPS8L3
expression level. Therefore, EPSSL3 may be an independent
predictor of prognosis. To the best of our knowledge, the
present study is the first report to reveal the prognostic value
of EPS8L3 for patients with liver cancer.

An increasing volume of evidence has shown that the
abnormal activation of the PI3K/AKT signaling pathway is
involved in the progression of a variety of solid tumors by
regulating proliferation, differentiation, apoptosis and survival,
including in liver cancer (29-33). EPS8 has been reported tobe a
signaling molecule involved in the regulation of the PI3K/AKT
signaling pathway (34,35). Additionally, Zeng et al (17) revealed
that an AKT inhibitor suppressed the effects of EPS8L3 on
the proliferation of EPS8L3-overexpressing cells, suggesting
that EPS8L3 may promote proliferation by hyperactivating the
AKT signaling pathway. Consistent with previous evidence
that EPS8 knockdown inactivated the PI3K/AKT signaling
pathway, the present study revealed that EPS8L3 depletion
significantly reduced the levels of phosphorylated PI3K and
AKT in liver cancer cells, indicating that EPS8L3 serves an
important role in tumor development.

Collectively, the present study found that EPSSL3 expres-
sion was upregulated in liver cancer tissues and cell lines, and
was associated with aggressive clinicopathological character-
istics, including a higher tumor grade, higher mortality rate
and poor prognosis. Moreover, EPS8L3 inhibited liver cancer
cell proliferation and migration by regulating the PI3K/AKT
signaling pathway. Thus, the results of the present study indi-
cated that EPS8L3 could act as an oncogene in liver cancer and
be a novel prognostic biomarker for patients with liver cancer.
However, to further verify the findings of the present study,
western blot analysis or immunohistochemistry is required to
examine EPS8L3 expression in clinical specimens.
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