Neoplasma, 65, 5, 2018

701

doi:10.4149/neo_2018_170725N503

Overexpression of EPS8L3 promotes cell proliferation by inhibiting the

transactivity of FOXO1 in HCC
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The homology of epidermal growth factor receptor pathway substrate 8 (EPS8), EPS8L3, is elevated and significantly
enhanced in hepatocellular carcinoma (HCC) tissues and cell lines compared to normal liver tissues and cell lines. MTT and
colony formation assays demonstrated that EPS8L3 over-expression induces HCC cell proliferation and silencing reduces
it. Further experiments illustrated that over-expressing EPS8L3 promotes p-AKT and Cyclin D1 expression, but inhibits
the transcriptional activity of FOXO1. Colony formation assay also demonstrated that AKT inhibitor suppresses the effect
of EPS8L3 on proliferation in EPS8L3-over-expressing cells, while AKT restores the proliferation of EPS8L3-silenced cells.
This suggests that EPS8L3 promotes proliferation by hyper-activating the AKT signaling pathway and subsequently inhib-
iting FOXOL1 transcriptional activity. Our results provide a new view on EPS8L3 and human HCC progression and therefore

EPS8L3 may prove a novel therapeutic target for HCC.
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Liver cancer is the sixth most frequent incidence cancer
and the second leading cause of cancer related death. China
alone accounts for approximate 50% of the entire number
of liver cancer cases and deaths [I, 2]. More than 90%
liver cancer is hepatocellular carcinoma (HCC) [3] and the
prognosis is poor because of high metastasis and relapse rate,
so it is imperative to understand the molecular mechanisms
involved and find effective HCC therapy.

One of the most important HCC characteristics is rapid
proliferation, and this contributes to cancer progression.
Recent knowledge in oncogenes and signaling pathways that
modulate cancer cell proliferation has increased, and here
the epidermal growth factor receptor pathway substrate 8
(EPS8) particularly sparked our interest. EPS8 was initially
discovered by the expression cloning approach [4] and later
studies demonstrated that it is located in human chromo-
some 12p13.2 and is universally expressed [5, 6]. Further
research showed that EPS8 is over-expressed in various
human solid tumors and hematology malignancy, and it
also included the following; (1) Chu et al. illustrated that
EPS8 was over-expressed in oral squamous cell carcinoma
and its deregulation closely related with poor survival

[7]; (2) Gorsic et al. showed that over-expression of EPS8
elevated resistance to cisplatin, and that knockdown EPS8
increased sensitivity to cisplatin in lung cancer cells [8]: (3)
Chen et al's. immunohistochemical assay found that EPS8
was up-regulated in > 60% of human breast cancer and that
this up-regulation enhanced the capability of cell growth,
migration and invasion in breast cancer [9]; (4) studies
proved that EPS8 enhanced cell proliferation by regulating
cascade responses such as the PI3K/AKT/mTOR, Raf/Mer/
Erk and STAT pathways [9] and (5) there are at least three
other EPS8-like proteins in mammals with similar amino
acids and structure. These are EPS8L1, EPS8L2 and EPS8L3.
[5, 10-12].

Although the precise mechanism of EPS8L3 in HCC
remains unclear, we found it is significantly elevated in
HCC tissues and cell lines. While EPS8L3 over-expression
markedly promotes HCC cell line proliferation, down-expres-
sion inhibits it, and further study has shown that EPS8L3 can
down-regulate FOXO1 transactivity by activating the AKT
signaling pathway. Our results demonstrate that EPS8L3
functions as an oncoprotein in HCC progression and that it
can therefore provide a novel therapeutic target in HCC.
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Materials and methods

Tissue specimens. All tissues were collected between 2012
and 2014 at Zengcheng District People’s Hospital (BoJi-Affil-
iated Hospital of Sun Yat-Sen University). Prior informed
patient consent and approval from the Institutional Research
Ethics Committee were obtained for use or the study speci-
mens, and all experiments were performed in accordance
with all relevant guidelines and regulations.

Cell lines. Mortalized human liver epithelial cells (Nor-1,
Nor-2 and Nor-3) and HCC cell lines (HepG2, Huh7, Hep3B,
QGY-7703, BEL-7402, MHCC97H and MHCC97L) were
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM;
Gibco, Grand Island, NY, USA) and 10% fetal bovine serum
was added (FBS; HyClone, Logan, UT, USA). All cell lines
were maintained at 37°C in a humidified incubator under
5% CO,.

Vectors and retroviral infection. Over-expressed EPS8L3
plasmid was constructed by sub-cloning the full-length
human EPS8L3 ¢DNA into pMSCV. Two human siRNA
sequences targeting EPS8L3 were cloned into pSuper-retro-
puro for the down-down of EPS8L3 with the following
siRNA sequences: RNA#1 CCTAAAGCTATCAACCTGC-
TACTCGAGTAGCAGGTTGAT AGCTTTAGG, RNA#2
CCAGAAGATCAAGCACAGCTTCTCGAG AAGCTGT-
GCTTGATCTTCTGG. The reporter plasmid for quanti-
tatively examining the transcriptional activity of FOXO1
was constructed in the pGL3-Enhancer plasmid (Promega,
Madison, Wisconsin, USA) [13]. Transfection was performed
with Lipofectamine 3000 reagent (Invitrogen, Carlsbad, CA,
USA) and stable cell lines were selected for 10 days with
0.5 ug/mL puromycin.

RNA extraction and real-time quantitative polymerase
chain reaction (RT-qPCR). Total RNA was extracted with
Trizol reagent (Invitrogen, Carlsbad, CA, USA) according
to instruction and cDNAs were amplified in the ABI 7500
Fast System (Applied Biosystems, Rockville, MD, USA). The
housekeeping GADPH gene was used as reference and the
relative expression of mRNA was calculated by the algorithm
2-[(Crofgene)-(Ctof GAPDH)] here Ct represents the threshold cycle.

The primers were: EPS8L3, forward 5-AGCCATT-
TACTTGCACCGGAA-3’ and reverse 5-CTCCCCTGCTT-
GCATGTCAT-3’; Cyclin D1, forward 5-CAATGACCCC-
GCACGATTTC-3> and reverse 5-CATGGAGGGCG
GATTGGAA-3; GAPDH forward: 5-ACCACAGTCCAT-
GCCATCAC-3’ and reverse: 5-TCCACCACCCTGTTGCT-
GTA-3’

Western blotting assay. Cells were lysed with RIPA
buffer [50 mM Tris-HCI (pH7.2), 150 mM NaCl, 1% Triton
X-100, 1% sodium deoxycholate, 0.1% SDS and cocktail
protease inhibitors]. Then 30ug lysate was heated at 98°C
for 10 minutes and separated on 12% SDS-PAGE gel and the
protein was transferred to PVDF membrane. The membrane
was probed with primary antibody against EPS8L3, p-AKT,
AKT, p-FOXO1, FOXO1 Cyclin D1 and a-tubulin (diluted

1:3000, Sigma- Aldrich, St Louis, MO, USA) at 4 °C overnight.
The membrane was then incubated by HRP-conjugated
secondary antibody (diluted 1:2500, Sigma-Aldrich, St Louis,
MO, USA) and a-tubulin was used as the loading control.

MTT assay. Cells in 3x10° volume were seeded in 96-well
plates and dye-stained for 4 hours with 0.5 mg/mL MTT
(3-(4,5-Dimethyl-2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium
bromide - Sigma, St Louis, MO, USA). Cell absorbance was
measured at 490 nm wavelength.

Colony formation assay. The 5x10% cell volume was
seeded in 6-well plates and incubated for 14 days, and
colonies were then fixed in 10% formaldehyde and dyed with
1% crystal violet for 30 seconds.

Luciferase activity assay. 5x10* cells were implanted in
24-well plates for 24 hours, and 100ng luciferase reporter
plasmids and 10 ng pRL-TK renilla plasmid were then trans-
fected into the indicated cell with Lipofectamine 3000 (Invit-
rogen, Carlsbad, CA, USA). Luciferase and renilla activity
was detected 48 hours later.

Microarray data analysis. Microarray data was
downloaded from Cancer Genome Atlas (TCGA; http://
cancergenome.nih.gov) and extracts were performed by
MeV v. 4.6 software (http://www.tm4.org).

Statistical analysis. All experiments were repeated three
times and statistical analysis was performed by SPSS 19.0.
Data is presented as mean + SD, with p<0.05 statistically
significant.

Results

EPS8L3 is over-expressed in HCC compared to normal
liver and adjacent non-tumor and cirrhotic tissues. Results
from The Cancer Genome Atlas datasets (TCGA) analysis
illustrated that relative EPS8L3 mRNA expression is signifi-
cantly increased in HCC tissues compared to normal liver
tissues (Normal: n=50, HCC: n=351; p<0.001; Figure 1A).
The HCC tissues also expressed more EPS8L3 than the corre-
sponding adjacent non-tumor tissues (ANT; n=50; p<0.001;
Figure 1B). Further analysis of EPS8L3 expression in different
liver diseases also provided relatively elevated mRNA expres-
sion compared to normal liver tissues (normal), adjacent
non-tumor tissues (ANT) and cirrhotic to HCC tissues. The
expression decreased in that order (Figure 1C).

RT-qPCR then assayed EPS8L3 expression in fresh normal
liver tissues, cirrhotic tissues and HCC tissues and the results
indicated that EPS8L3 expression is highest in HCC tissues
and lowest in normal liver tissues (Figure 2A). Western
blotting and RT-PCR assays provided markedly increased
EPS8L3 expression in paired normal liver tissues and HCC
tissues compared to the matched adjacent non-tumor tissues
(ANT; Figure 2B and C). Finally, we checked our results in
the human immortalized normal liver epithelial cells (Nor-1,
Nor-2 and Nor-3) and HCC cell lines (HepG2, Huh7, Hep3B,
QGY-7703, BEL-7402, MHCC97H and MHCC97L) .We
established that EPS8L3 expression was sharply elevated
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Figure 1. The expression profile of EPS8L3 in HCC. A) The mRNA levels of EPS8L3 in normal liver tissues (n=50) and HCC tissues (n=351) (p<0.001;
TCGA). B) The mRNA level of EPS8L3 in 50 paired adjacent non-tumor tissues (ANT) and HCC tissues (Tumor). C) The mRNA levels of EPS8L3 in
normal liver tissues (normal, n=6), adjacent non-tumor tissues (ANT, n=243), cirrhotic (n=40) and HCC tissues (n=268) (p<0.001; GSE25097).
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Figure 2. The expression of EPS8L3 in HCC tissues and cell lines. A) The relative mRNA expression of EPS8L3 in fresh normal liver tissues (normal,
n=3), cirrhotic tissues (n=7) and HCC tissues (n=15). B) The mRNA expression ratio of HCC tissues (T) to corresponding adjacent non-tumor tissues
(ANT). C) The protein levels of HCC tissues (T) and corresponding adjacent non-tumor tissues (ANT). a-tubulin was used as the loading control.
D) The relative mRNA expression (upper panel) and protein levels (lower panel) of EPS8L3 in the human immortalized normal liver epithelial cells
(Nor-1, Nor-2 and Nor-3) and HCC cell lines (HepG2, Huh7, Hep3B, QGY-7703, BEL-7402, MHCC97H and MHCC97L). a-tubulin serves here as the
loading control.
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in HCC cell lines compared to immortalized normal liver
epithelial cells at both transcription and translation levels
(Figure 2D). Therefore, EPS8L3 was significantly over-
expressed in HCC tissues and cell lines.

Upregulation of EPS8L3 enhances the proliferation of
the HCC cell line. The impact of EPS8L3 on proliferation
of HCC cells was evaluated by gain- and loss-of-function

models. We over-expressed EPS8L3 in Hep3B with low
EPS8L3 level and inhibited it in MHCC97H with a high level
(Figure 3A). The MTT assay showed that the proliferation
rate of up-regulated cell EPS8L3 is significantly higher than
that in corresponding vector cells, but EPS8L3 silencing
drastically inhibited this cell proliferation (Figure 3B). We
further confirmed results with colony formation assay and,
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Figure 3. Overexpressing EPS8L3 promoted proliferation of HCC cells. A) The EPS8L3 protein expression in gain- and loss-function cell models, with
a-tubulin as the loading control. B) The relative proliferation rate of EPS8L3-overexpressing cells (left panel) and EPS8L3-silencing cells (right panel)
by MTT assay. C) The representative images (left panel) and colony numbers (right panel) of colony formation assay in EPS8L3-overexpressing cells

and EPS8L3-silencing cells.
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Figure 4. EPS8L3 inhibits FOXO1 transactivity and activates the AKT pathway. A) The relative Cyclin D1 mRNA expression in EPS8L3-over-expressing
cells and EPS8L3-silencing cells. B) The protein expression of p-AKT, AKT, p-FOXO1, FOXO1, Cyclin D1 and EPS8L3 in EPS8L3-over-expressing cells
and EPS8L3-silencing cells, with a-tubulin as the loading control. C) The relative luciferase activity of FOXO1 in EPS8L3-silencing cells.



EPS8L3 PROMOTES CELL PROLIFERATION IN HCC

705

as in the MTT assay, over-expressed EPS8L3 enhanced
colony formation in both the size and number of HCC cells,
and silencing reduced it (Figure 3C). These combined results
provided strong evidence that EPS8L3 has a pivotal role in
HCC cell proliferation.

EPS8L3 inhibits FOXO1 transactivity and activates
AKT signaling pathway. Previous studies demonstrated
that FOXO1 transcriptionally regulates cell proliferation [14,
15] and this inspired us to determine if EPS8L3 regulates
cell proliferation in this way. RT-qPCR and western blotting
assays registered drastically increased Cyclin D1 expression
in EPS8L3-overexpressed cells and reduced expression in
EPS8L3-silenced cells (Figures 4A and B). FOXO1 transac-
tivity, however, produced the opposite trend (Figure 4C).
AKT kinase has been reported to play an important role in
phosphorylating FOXO1 and weakening its transcriptional
activity [16], and while up-regulated EPS8L3 significantly
promoted p-AKT expression, suppressed EPS8L3 reduced it,
(Figure 4B).This suggests that EPS8L3 enhances cell prolif-
eration via the AKT/FOXOL1 signaling pathway.

Furthermore, colony formation assay demonstrated that
although the Perifosine AKT inhibitor, (20 puM; Selleck,
Houston, Texas, USA), strongly reduces AKT phosphory-
lation levels (Figure 5A) and suppresses the elevated effect
of EPS8L3 on cell proliferation (Figure 5B), AKT restores
proliferation of EPS8L3-silenced cells (Figure 5C). These
combined results show that EPS8L3 enhances cell prolifera-
tion by activating the AKT signaling pathway which inhibits
FOXO1 transactivity. Moreover, AKT phosphorylation is
essential for HCC progression.

There is positive correlation between EPS8L3 and
p-AKT and Cyclin D1. Correlation examination of EPS8L3,
p-AKT and Cyclin D1 protein levels in 11 HCC tissues
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(Figure 6A) revealed positive correlation between EPS8L3
and Cyclin D1 (r=0.47, p<0.05) and p-AKT (r=0.71, p<0.05)
(Figure 6B).

Discussion

Herein, we established that EPS8L3 was significantly
elevated in HCC tissues and cell lines and that its ectopic
expression enhanced HCC cell proliferation. The underlying
molecular mechanisms include hyper-activation of the AKT
signaling pathway and subsequent inhibition of FOXO1
transcriptional activity. These alterations change the expres-
sion of genes involved in the cell cycle. Our results therefore
provide a new view on EPS8L3 function in the progression
of human HCC and they promote EPS8L3 as a novel HCC
therapeutic target.

We found that over-expressing EPS8L3 enhanced HCC
cell proliferation by stimulating AKT and FOXO1 phosphor-
ylation. This resulted in cytoplasm localization of FOXO1
and loss of cell cycle inhibition. FOXO1 has been reported
to be a tumor suppressor gene and it is decreased in multiple
cancers; including chronic myeloid leukemia and bladder,
endometrial and breast cancers [17-20]. FOXO1 also has
an important role in multiple signaling by transcriptionally
modulating downstream genes. An example is that FOXO1
inhibits cell proliferation by transcriptional induction of
P21t p275*t and p57%#2 which are cyclin-dependent kinase
inhibitors (CDK).

Phosphorylated FOXO1 transfers to the cytoplasm and
combines with 14-3-3 chaperone proteins, thus preventing
transcriptional induction of the above CDK inhibitors [20,
21]. FOXOL1 also inhibits Cyclin D1 expression through
crosstalk with other transcriptional regulators or by inducing
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Figure 5. AKT has a crital role in EPS8L3 promotion of cell proliferation. A) The phosphoralytion level of AKT in Hep3B-EPS8L3 treated with AKT
inhibitor, with a-tubulin as the loading control. B) The colony numbers in EPS8L3-over-expressing cells effect on the AKT inhibitor. C) The colony

numbers of EPS8L3-silencing cells from AKT participation.
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Figure 6. There is positive correlation between EPS8L3 and p-AKT or Cyclin D1 in 11 fresh HCC tissues. A) EPS8L3, p-AKT and Cyclin D1 protein
levels in 11 HCC tissues, with a-tubulin as the loading conrol. B) correlation analysis between EPS8L3 and Cyclin D1 (left panel; r=0.35, p<0.05) and

p-AKT (right panel; r=0.56, p<0.05).

FRE-independent FOXO-binding elements in the Cyclin D1
promoter.

Although the precise inhibition mechanism remains
unknown [22], this activity encourages anti-proliferation
of cells. Our results highlight that EPS8L3 over-expression
inhibits FOXO1 activity and increases Cyclin D1 expression
and EPS8L3 therefore plays a vital role in HCC cell prolif-
eration.

It is well documented that AKT regulates FOXOL1 activity
by phosphorylation [23, 24], and this supports our results;
where p-AKT and p-FOXO1 levels are both elevated in
EPS8L3 over-expression of cells but inhibited in EPS8L3-
silenced cells. Therefore, EPS8L3 can regulate FOXOL1
through AKT which is one of the major downstream genes
of the epidermal growth factor receptor (EGFR). EGFR is
ubiquitously expressed in human liver cells, and its signaling
cascade has been recognized as pivotal in all stages of liver
disease; from early inflammation and hepatocellular prolif-
eration to fibrogenesis and neoplastic transformation [25,
26]. Further reports that EPS8 is a EGFR kinase substrate [9,
27] strengthen our hypothesis that EGFR regulates EPS8L3.

This then alters phosphorylation in the AKT and FOXO1
downstream gene, thus modulating cell proliferation.
Proving this hypothesis is the intended object of our next
contribution.
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