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Abstract

Background Epithelium-specific ETS 3 (ESE3) is down-regulated frequently in several malignancies and involved in car-
cinogenesis and progression. However, ESE3 expression pattern and its relationship with clinical features and prognosis in
hepatocellular carcinoma (HCC) are still largely unknown.

Methods ESE3 expression was analyzed by quantitative real-time PCR and western blotting in HCC cell lines, and then,
it was analyzed by immunohistochemistry in HCC tissues and peritumoral normal tissues from total 94 HCC patients. The
relationship between ESE3 expression and clinical features was investigated to illustrate the potential prognostic value in
HCC. ESE3 roles on HCC progression were evaluated in vitro and vivo by MTT assay and mice tumor model, respectively.
Results ESE3, mainly located in the cytoplasm, was remarkably down-regulated in HCC tissues and cell lines. Low ESE3
expression was positively associated with tumor progression and metastasis features. Kaplan—Meier analysis demonstrated
that low ESE3 expression contributed to poor recurrence-free survival (RFS) and overall survival (OS) (both p <0.01) of
patients, and maintained its prognostic value in predicting poor RFS and OS of “Early-stage” HCC patients regardless of
clinical features being studied. Multivariate survival analysis was also identified ESE3 as an independent prognostic factor
for RFS (p=0.05 for marginal significance) and OS (p=0.031). ESE3 expression restoration in cells led to a significant
inhibition in HepG2 cell proliferation in vitro and vivo (both p <0.001).

Conclusions Down-regulated ESE3 expression in HCC tissues could serve as a potential therapeutic target against HCC and
appears to be as a poor prognostic indicator for prognosis, especially in “Early-stage” HCC patients.

Keywords Epithelium-specific ETS 3 - Hepatocellular carcinoma - Therapeutic target - Prognostic indicator - Tissue
microarray

Introduction

Hepatocellular carcinoma (HCC), the most frequent primary

liver tumor, accounts for the third leading cause of cancer-
related deaths [1]. Despite technological advances in early
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diagnosis and improvements in the therapy (e.g., surgical
tumor resection and liver transplantation), the prognosis of
HCC remains poor and the average survival time since diag-
nosis onset is less than 5 years [2]. Therefore, identification
of a potential therapeutic target and prognostic biomarker
for HCC is an urgent need for improving the therapeutic
outcomes [3, 4].

The ETS family, one of the largest families of transcrip-
tional regulators, is composed of nearly 40 distinct members
[5, 6]. Al ETS genes process a highly conserved sequence,
the ETS domain, which recognizes and binds to a GGAA/T
core sequence (ETS-Binding Site, EBS) in the promoter
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and enhancer region of target genes [7, 8]. ETS factors are
shown to act as regulators of target genes that involved in
multiple biological processes, such as cellular proliferation,
differentiation, carcinogenesis, and tumor metastasis [5, 9].
One subset of ETS factors named as epithelium-specific
ETS factors (ESE), including ESE1 (ERT), ESE2 (ELFY),
ESE3 (EHF), and PDEF (PSE), are expressed in epithelial
tissues [9, 10]. Among the ESEs’ subset, abnormal expres-
sion of ESE3 proteins has been reported to be involved in
carcinogenesis and progression of many human cancers
[11-16]. Recently, Zhao et al. have reported the decreasing
of ESE3 expression can promote pancreatic cancer migra-
tion and invasion by downregulating E-cadherin expression
[12]. Research on prostate cancer also indicated that ESE3
was down-regulated by promoter methylation and acted as
tumor suppressor gene [14, 15]. Additionally, ESE3 acts as
a tumor suppressor gene in the esophageal squamous cell
carcinoma (ESCC) carcinogenesis through changes in sub-
cellular localization in ESCC [13]. However, limited inves-
tigation has been carried out about characterization of ESE3
expression pattern in HCC, and its role in HCC development
and progression still remains unclear.

In this regard, the aim of this study is to investigate the
expression pattern of ESE3 in cell lines and liver tissues of
HCC patients using immunohistochemistry stain and qRT-
PCR analysis. Furthermore, the expression level of ESE3
was compared with patients’ clinical features and outcomes
to examine its prognostic values. The roles of ESE3 on HCC
progression are also investigated in vitro and vivo, respec-
tively. To our knowledge, this study is the first report on the
effects of ESE3 in the HCC development and progression.

Methods
Cell line culture and culture conditions

The human HCC cell lines HepG2, Huh7 and Hep3B, one
normal human liver cell line L-02 and human pancreatic
carcinoma cell line BxPC-3 were obtained from Cell bank
of Chinese Academy of Science or were kindly provided by
Prof. Bo Zhang (Shanghai Harmonious One Biotech Co.,
Ltd, Shanghai, China). These cells were maintained in Dul-
becco’s modified Eagle’s medium (DMEM; Gibco Labora-
tories) containing with 10% fetal bovine serum (FBS) (Life
Technologies, Grand Island, NY) and penicillin—streptomy-
cin, at 37 °C in 5% CO, and 95% air condition.

Western blot analysis
The protocols for western blot were well described previ-

ously [17, 18]. In brief, cells grown to~60% confluence
were harvested. Whole protein lysates were prepared

according to the standard protocol using RIPA buffer (Cell
signaling, Danvers, MA). Equal amounts of protein were
located on 10% SDS-PAGE gels and transferred to nylon
membranes and incubated with primary antibodies against
ESE3 (Thermo Fisher Scientific, Fremont, CA, USA, Cat
No. PA5-30716) and p-tubulin (Santa Cruz Biotechnol-
ogy, USA). Protein bands were detected using an enhanced
chemiluminescence regent (Sigma, USA). B-tubulin was
used as reference proteins. Relative densities (RD) was cal-
culated by normalizing the IOD density of each blot with
that of p-tubulin.

Immunofluorescence staining

To evaluate the subcellular location of ESE3 expression,
HCC cell line Hep3B and human pancreatic carcinoma cell
line BXxPC-3 were seeded onto glass slides, fixed with 4%
paraformaldehyde for 30 min, permeabilized with 0.2%
Tween-X100 for 5 min, and blocked with 3% BSA in PBS
for 1 h. The rabbit polyclonal anti-ESE3 (Thermo Fisher
Scientific, Fremont, CA, USA, Cat No. PA5-30716) was
applied and incubated at 4°C, overnight. Slides were washed
twice with PBS and incubated with FITC-conjugated anti-
rabbit IgG or TRITC-conjugated anti-rabbit IgG (both from
Zhongshan Biotechnology Co. Ltd., Beijing, China). Nuclei
were mounted with 4,6-diamidino-2-phenylindole (DAPI).
The slides were viewed under a Leica fluorescent micro-
scope. Negative controls were treated identically with the
primary antibodies omitted.

Quantitative real-time PCR (qRT-PCR)

Total RNA from HCC cell lines was extracted by TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) according to its
protocol. cDNA was synthesized from 2 pg RNA using
a Reverse Transcription Kit (Toybo Co. Ltd., Osaka,
Japan). The accession number of ESE3 RNA sequence is
NM_001206616. Primer pairs were as follows: ESE3: for-
ward 5'-CATGAGTTTGCAGGAGTTCACC-3', reverse
5'-GGTGTTCATGATGGAAGGCTC-3'; B-actin: forward
5" TGACGTGGACATCCGCAAAG-3', reverse 5'-CTG
GAAGGTGGACAGCGAGG-3'. The qRT-PCR ampli-
fication cycling was follows: predenaturation at 95 °C for
10 min, followed by 40 PCR circulation of 95 “C for 10 s,
annealing at 60 “C for 20 s, and extension at 72 °C for 15s. A
melting-cure analysis was performed at the end of amplifica-
tion to verify its specificity.

mRNA levels of target genes were normalized to the
internal control B-actin. The relative ESE3 mRNA expres-
sion level was determined using the comparative (2724¢T)
method and normalized to the internal control B-actin. The
data are representative of three independent experiments.
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Patients, specimens, and follow-up

A total of 94 patients with primary HCC who underwent
hepatectomy at Shandong Provincial Hospital Affiliated to
Shandong University between November 2011 and Septem-
ber 2012 were enrolled. The criteria for curative resection
were described previously [19]. All features of tumor (e.g.,
tumor size, Edmondson Grade, and capsular and vascular
invasion, etc.) were defined independently by two patholo-
gists (Jia-wen Xu and Ai-ju Fang). Tumor differentiation
grade was based on the Edmondson grading system. All
patients had not received anticancer treatment before sur-
gery in this study. HCC was staged according the Barcelona
Clinic Liver Cancer (BCLC) staging system [20]. There
were 83 males and 11 females with ranging in age from 37
to 78 years (average, 54.2 years). 74 HCC patients have the
cirrhosis background, and the etiology of the liver disease
was hepatitis B virus (HBV) in 75 patients, hepatitis C virus
(HCV) in 8 patients, and non-HBV non-HCV (NBNC) in 11
patients. The patients’ histopathologic and clinical features
are summarized in Table 1.

All study participants were examined via tumor biomark-
ers and abdominal ultrasonography every 4 months for the
first-year postoperation and every 6—7 months afterward dur-
ing the follow-up periods.

A computed tomography (CT) scan of the abdomen was
performed every 6 months. If recurrence was suspected, CT
scan was performed immediately. Treatment modalities after
recurrence, radiofrequency ablation, and selected transcath-
eter arterial chemoembolization were administered depend-
ing on the patients’ individual situation [21].

The mean follow-up was 40 months. The main outcomes
of the study were overall survival (OS) and recurrence-free
survival (RFS), which were calculated from the date of oper-
ation to the date of death or recurrence [22]. If recurrence
was not diagnosed at the time of study, the survivors were
censored on the date of death or the last date of follow-up.

Tissue microarray construction, immunohistochem-
istry, and assessment

Tissue microarrays were prepared as described previously
[19]. Ninety-four pathology-proven HCC tissues and 51
peritumoral normal tissues (at least 5 cm from the tumor
edge, only matched HCC tissues of Edmondson Grade II
and III) were collected. After examining HE-stained slides
for the location and differentiation of HCC tissue and normal
tissues, tissue microarray (TMA) slides (collaborated with
Shanghai Biochip Company, Ltd., Shanghai, China) were
constructed.

Immunohistochemistry (IHC) stain was performed
using a DAB substrate kit (Maxin) as described previ-
ously [19]. Signal was detected by a standard streptavidin
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Table. 1 Relationship between ESE2 expression in HCC tissues and
clinical features

Features  No. of patients (%)
Cases (n) ESE3 low ESE3 high x2 )4
expression expression
n (%) n (%)

Total 94 43 51

Gender
Female 11 6 (6.4%) 5(5.3%) 0.389 0.533
Male 83 37 (39.4%) 46 (48.9%)

Age (years)
<54 44 23 (24.5%) 21 (22.3%) 142 0.233
>54 50 20 (21.3%) 30 (31.9%)

Liver cirrhosis
No 20 10 (10.6%) 10 (10.6%) 0.185 0.667
Yes 74 33 (352%) 41 (43.6%)

Etiology
HBV 75 40 (53.3%) 35 (46.6%) 1.274  0.529
HCV 8 3 (37.5%) 5(62.5%)
NBNC 11 7 (63.6%) 4 (36.4%)

Tumor size (cm)
<5 32 12 (12.8%) 20 (21.2%) 1.329 0.249
>5 62 31 (33%) 31 (33%)

Vascular invasion
No 52 19 (20.2%) 33 (26.6%) 3.974  0.046*
Yes 42 24 (34.1%) 18 (19.1%)

Tumor number
Single 55 18 (19.1%) 37 (39.4%) 9.051 0.003*
Multiple 39 25 (26.6%) 14 (14.9%)

Capsular invasion
No 49 18 (19.1%) 31 (33%) 3.348 0.067*
Yes 45 25 (26.6%) 20 (21.3%)

BCLC stages
0+A 30 6 (18.0%) 24 (38.3%) 11.767 0.001*
B+C 64 37 277%) 27 (16.0%)

Edmondson grade
I 10 0 (0%) 10 (11.0%) 11.229 0.004*
I 60 29 (30.0%)  31(33.0%)
I 24 15 (16.0%) 9 (10.0%)

HBYV Hepeatitis B virus, HCV Hepeatitis C virus, NBNC non-HBV non-
HCYV, BCLC barcelona clinic liver cancer, ESE3 epithelium-specific
ETS

*p <0.05 by statistical analysis using Pearson’s chi-square test

“for marginal significance

immunoperoxidase reaction, followed by chromagen detec-
tion with diaminobenzidine. Negative control sections were
incubated with normal rabbit serum in place of primary
antibody (both from Zhongshan Biotechnology Co. Ltd.,
Beijing, China). Two pathologists evaluated the immunore-
activity independently without knowledge of clinical data.
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Immunohistochemical staining was also evaluated using
Image-Pro v6.2 software (Media Cybernetics Inc., Bethesda,
MD, USA) as previously described [19]. Integrated optical
density (IOD) was measured in each field, and ESE3 den-
sity was formulated as ratio IOD/the total area of each field.
The results were log transformed before statistical analysis.
Sections were assigned a score by a first observer that was
confirmed by a second observer.

Construction of recombinant ESE3 over-expressed
lentiviruses

The full-coding sequence of human ESE3 gene was syn-
thesized from Haro Biothech (Shanghai, China) and direc-
tionally cloned into pLVX-IRES-Puromycin vector (pLVX-
puro-ESE3) by Xho I and Bamh I restriction endonuclease
enzymes, and the recombinant ESE3 over-expressed lentivi-
rus was constructed successfully. The mock vector (pLVX-
puro) used as control.

3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetra-
zolium bromide (MTT) Assay

The HepG?2 cells, which stably transfected with these two
types of lentivirus, were prepared. MTT assay was used to
evaluate the cell proliferation. Briefly, HepG2 cells were
seeded in 96-well plates at a rate of 2.6 x 10* cells/well and
cultured for 24, 48, 72, 96, and 120 h. Then, 10 pl MTT
(Solarbio, Beijing, China) was added to each well to dis-
solve the formazan crystals. The absorbance at 490 nm was
detected using a spectrophotometer (TECAN Nanoquant,
Switzerland).

Xenograft nude mice tumor model

All animal experiments were performed in the animal labo-
ratory center, and in accordance with guidelines of the insti-
tutional Animal care and Use Committee and approved by
the Medical Ethics Committee of Shandong Province Hos-
pital Affiliated to Shandong University. The 5-week-old
nude mice were purchased from Shanghai Laboratory Ani-
mal Center (Shanghai, China). HepG2 cells (1 x 107) stably
transfected with the recombinant ESE3 over-expressed lenti-
virus or mock control were subcutaneously injected into the
flanks of 5-week-old male BALB/c nude mice (n=6 mice/
group) The tumor volumes were measured every 3 days
for 30 days. Following resection, the tumor weights were
detected.

Statistical analysis

For ESE3, The cut-off value for definition of subgroups was
the median value. All data were expressed as Mean + SD.

Analyses were performed using software package SPSS
V.15.0. Chi-square test was applied to compare qualita-
tive variable. Quantitative variables were analyzed using
Student’s t test and one-way analysis ANOVAs for com-
parison between groups. Survival curves as analyzed by
Kaplan—Meier method and comparison between subgroups
were examined by the log-rank test. Multivariable analysis
was performed with the Cox regression model. A value of
p <0.05 was taken as being significant.

Results

ESE3 is mainly located on the cytoplasm
and down-regulated in human HCC

As shown in Fig. 1a, ESE3, a protein band of approximately
34 kDa, was detected in L-02 cell line, with human pan-
creatic carcinoma cell line BxPC-3 used as positive con-
trol [12]. ESE3 was also detected in three HCC cell lines
at various levels. The results of relative densities (RD) by
normalizing with B-tubulin showed that the ESE3 expres-
sion level in these HCC cell lines was remarkably lower
than that of L-02 (*p <0.05, **p <0.001 vs. L-02, Fig. 1b).
Consistent with the ESE3 protein expression pattern, the
gRT-PCR results also confirmed the low expression of ESE3
mRNA in HCC cell lines studied (*p <0.05, **p <0.001
vs. L-02, Fig. 1c). In addition, immunofluorescence analy-
sis was performed to characterize the subcellular localiza-
tion of ESE3 in HCC cell lines. These results showed that
ESE3 was mainly located on the cytoplasm of HCC cell line
Hep3B and the nucleus of pancreatic carcinoma cell line
BxPC-3 respectively, whereas the negative control showed
the absence of specific fluorescence signal (Fig. 1d).

To further confirm the subcellular localization and
expression level of ESE3 in HCC tissues, we next performed
IHC analysis in HCC TMA (including 51 matched pairs of
HCC tissues and corresponding peritumoral normal tissues,
see “Methods” for detail). In Fig. 2a, b, in accordance with
the previous studies [12, 13], the ESE3 protein was mainly
located in nucleus of pancreatic cancer and normal pancreas
tissue. On the contrary, except for weakly positive staining
in cytoplasm of HCC cells in HCC parenchyma (Fig. 2c),
positive staining for ESE3 was located predominately in
the cytoplasm of hepatocytes in peritumoral normal tissues,
while specific immunoreactivity was absent in all infiltrating
lymphocytes and neutrophils (Fig. 2d).

Image Pro Plus v6.2 software was used to analyze immuno-
reactivity of ESE3 in the TMAs. The scores for ESE3 expres-
sion was significantly lower than those in corresponding peri-
tumoral tissues (mean score 4.723+0.243 vs. 4.829 +0.114;
p=0.004, Fig. 2e). Using 4.758 as cut-off value, we found that
the proportion of low ESE3 expression in the HCC tissues
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Fig.1 Expression level and subcellular localization of ESE3 in
cell lines. a Western blot was performed to detect the ESE3 protein
expression in three HCC cell lines, one human hepatocyte cell line
L-02 and pancreatic carcinoma cell line BXPC-3. b Distribution of
ESE3 relative densities (RD) in these cell lines studied. ¢ The ESE3
mRNA expression in panel of HCC cell lines and L-02 was analyzed

(39.2%, 20/51) was significantly higher than that in corre-
sponding peritumoral normal tissues (19.6%, 10/51) (p=0.03,
Table 2). The scores of ESE3 expression of Edmondson grade
THCC tissues were significantly higher than those of Edmond-
son grade IT or I1I (4.735+0.166 vs. 4.854 +0.031; p=0.028;
4.625+0.306 vs. 4.854+0.031; p<0.05). Some representative
immunohistochemistry images are displayed in Fig. 2f.

In addition, using western blot, expression of ESE3 pro-
tein was further demonstrated in five paired fresh samples
tested. Despite some interindividual variations, the expres-
sion of ESE3 protein was significantly lower in HCC than
that in normal liver tissue (Fig. 2g) and suggested that
down-regulated expression of ESE3 was involved in HCC
progression.

Low ESE3 expression is correlated with aggressive
clinical features of HCC patients

To better evaluate the clinical relevance of ESE3 expres-
sion in HCC, we investigated the relationship between ESE3
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by qRT-PCR. d Immunofluorescence signal of ESE3 protein was
observed in Hep3B cell (red arrow), but not in negative control, while
BxPC-3 was used as positive control (yellow arrow). Data are repre-
sentative of three independent experiments (*p < 0.05,**p < 0.001
vs. L-02).

expression and clinicopathologic features in HCC TMA,
and the results are summarized in Table 1. We found that
patients with low ESE3 expression in HCC was positively
correlated with the aggressive clinical feature, such as pres-
ence of vascular invasion (p =0.046), capsulation invasion
(p=0.067 for marginal significance), multiple tumor number
(»=0.003), low BCLC stage (»=0.001), and high Edmond-
son grade (p=0.004). No statistical relationship was found
between ESE3 expression and patient’s age, gender, liver
cirrhosis, or tumor size (all p > 0.05).

Low ESE3 expression in HCC tissues indicated poor
prognosis in HCC patients

At the final investigation, the follow-up rate was 95.8%
(4 patients were lost to follow-up). 77 (81.9%) patients
had recurrence and 55 (58.5%) patients died, including 2
patients died from liver failure without tumor recurrence
and 4 patients died from the massive upper gastrointestinal
hemorrhage.
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ESE3 staining 10D (log) Value

Fig.2 Immunohistochemistry for ESE3 in HCC tissues and peri-
tumoral normal tissues. Positive staining of ESE3 in the nucleus of
pancratic cancer tissues (blue arrow) (a) and normal pancreas tis-
sue (black arrow) (b). Negative staining of ESE3 in the nucleus of
in HCC tissues (red arrow) (c) but positive in the cytoplasm of peri-
tumoral normal tissue (green arrow) (d). Analysis of ESE3 expres-
sion in the TMA specimens according to the intergral optical density
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(I0D) value (*p < 0.05 vs. peritumoral normal tissues) (e). Immuno-
histochemistry for ESE3 in TMAs including three Edmondson grades
tissue and normal tissues (f). Western blot was performed to detect
the ESE3 expression in 5 paired human HCC tissues (T) and matched
peritumoral normal tissues (N), *p<0.05 vs. peritumoral normal tis-
sues (g).

Table.2 Expression of the

Feat No. of patients (%

ESE3 in HCC tissues and cature o- of patients (%)

peritumoral normal tissues HCC tissues Peritumoral normal tissues x2 p
ESE3 value (Log n51 % 100 n5l1 % 100
10D)
Low 20 39.2 10 19.6 4.722 0.03*
High 31 60.8 41 80.4

HCC hepatocellular carcinoma, ESE3 epithelium-specific ETS

*p <0.05 by statistical analysis using Pearson’s chi-square test

Univariate survival analysis showed that ESE3 expres-
sion, tumor size, BCLC stage, and vascular invasion were
significantly associated with RFS and OS. Low Edmondson
grade has prognostic significance for poor RFS (Table 3).
Above all, Kaplan—Meier analysis showed that HCC patients
in the low ESE3 expression group have worse RFS and OS
than did those in the high ESE3 expression group. The
3-year RFS and OS rate in the low ESE3 expression were
only 13.5% and 59.4% compared to RFS of 45.8% and OS

of 85.8% in the high ESE3 expression group, respectively
(both p <0.05; Fig. 3a).

Additionally, according to the intensity of ESE3 stain-
ing in HCC tissues and corresponding peritumoral normal
tissues, the patients were classified two groups: the ESE3
loss group (ESE3; _ n, n=27) and ESE3 gain/retain group
(ESE3y 5 y, n=24), to further evaluate the significance
of ESE3 loss and gain in HCC tissues compared to peri-
tumoral normal tissues (Fig. 3b). As expected, ESE3 loss
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Table.3 Univariate and multivariate analyses of features associated with survival and recurrence

Features

RFS (O]

Univariate p Multivariate Univariate p Multivariate

Hazard Ratio 95% CI

P Hazard ratio 95% CI p

Gender: (female vs. male) 0.156 - - NA 0.462 - - NA
Age: (< 54 vs. > 54 years) 0.651 - - NA 0.136 - - NA
Liver cirrhosis: (No vs. yes) 0.159 - - NA 0.190 - - NA
Tumor size: (< 5 vs.>5 cm) 0.0001* 2.186 1.280-3.733  0.004* 0.003* 2.418 1.222-4.782 0.011*
Vascular invasion: (no vs. yes) 0.025%* 1.461 0.818-2.610 0.200  0.048* 1.229 0.634-2.381 0.542
Tumor number: (single vs. multiple) 0.806 - - NA 0.217 - - NA
Capsular invasion: (no vs. yes) 0.806 - - NA 0.607 - - NA
BCLC stage: (0+A vs. B+C) 0.015* 1.035 0.523-2.050 0.921 0.021* 1.149 0.532-2.482 0.724
Edmondson grade: (I vs. IT vs. III) 0.022%* 1.609 1.017-2.544 0.042* 0.214 - - NA
ESE3: (high vs. low) 0.0001* 0.595 0.354-1.000 0.05*  0.002* 0.528 0.296-0.942 0.031*

NA not adopted, BCLC Barcelona clinic liver cancer, ESE3 epithelium-specific ETS, RF'S recurrence-free survival, OS overall survival

*p <0.05 for significance

4p=0.05 for marginal significance

Recurrence free survival >

B
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normal tissues
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HCC tissues
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Fig.3 Prognostic

tive images in two patients’ subgroups. Kaplan—Meier curves analy-
sis for RFS and OS according to the ESE3 expression level of HCC
tissues in all patients (a). Representative immunohistochemistry

images of ESE3
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group exhibited the shorter RFS (median, 22 months) and
OS (median, 37 months) time, whereas the ESE3 gain/
retain group showed the longer survival time (RFS median,
31 months vs. OS median, 47 months, both p <0.05,
Fig. 3c).

Moreover, patients were stratified by primary clini-
cal features, including BCLC stage, tumor size, capsu-
lar invasion, tumor number, vascular invasion, as well as
Edmondson grade, to fully evaluate the prognostic value
of ESE3 in different clinical features being studied in this
study. The patients with one or more these features such
as BCLC stage (0+ A), tumor size <5 cm, no vascular/
capsular invasion, single tumor, or Edmondson grade (I +

BCLC Stage B+C
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IT) were recognized as “Early-stage” subgroup, or else be
recognized as “Late-stage” subgroup. In the “Late-stage”
subgroup, ESE3 expression level in HCC tissues did not
display a satisfying predictive value for prediction of RFS
and OS (Fig. 4a—f, all p>0.05, except for RFS in the
tumor size > 5 cm, multiple tumors, and Edmondson grade
III group, respectively, for which p <0.05). However, in
“Early-stage” subgroup, patients with low ESE3 expres-
sion exhibited a significantly poorer OS and RFS than did
those with high ESE3 expression regardless of clinical
features (Fig. Sa—f, all p <0.05). These results suggested
that ESE3 expression was a potential prognostic indicator

in “Early-stage” HCC patients.
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Low ESE3 expression in HCC tissues was an inde-
pendent prognostic factor

To investigate whether the low ESE3 expression in HCC tis-
sues was an independent prognostic factor for outcomes of
HCC, a multivariable analysis using Cox regression model
was performed. The tumor size (p =0.004), Edmondson
grade (p=0.042), and low ESE3 expression (p =0.05 for
marginal significance) were identified as independent risk
factors for RFS, while the low ESE3 expression (p=0.031)
and tumor size (p =0.011) were recognized as independ-
ent prognostic factors for OS. The hazard ratios for low
ESE3 expression for RFS and OS were 0.595 (95% CI
0.354-1.000) and 0.528 (95% CI 0.296-0.942), respectively
(Table 3).
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Restoration of the ESE3 expression reversed the pro-
liferation of HCC cells and shows antitumor activity
in xenograft nude mice tumor model

We have demonstrated that ESE3 expression was remark-
ably down-regulated in both HCC tissues and cell lines,
and low expression of ESE3 associated with HCC pro-
gression and metastasis features. To further verify the
role of ESE3 in the HCC progression, we restored the
ESE3 expression by infection with the recombinant
ESE3 over-expressed lentivirus in HepG2 cell lines and
measured the proliferation of cells in vitro. Significantly
elevated expression of ESE3 in the infected HepG2 cells
was confirmed by western blotting (Fig. 5a). Results
obtained from the MTT assay indicated that restored
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ESE3 expression in HepG2 cells significantly inhibited
the proliferation (Fig. 6b).

Additionally, the xenograft nude mice tumor model
was also constructed. The mice were randomly divided
into the treatment group which received subcutaneous
injection of HepG2 stably transfected with the recom-
binant ESE3 over-expressed lentivirus and the control
group which received subcutaneous injection of HepG2
transfected with mock control (Fig. 6¢). Growth curve
of the formed tumor showed that ESE3 over-expressed
tumor has lower growth rate than the mock control group
(Fig. 6d). Analysis of the excised tumors showed that the
average weights and average volumes of the ESE3 over-
expressed tumor were lower than those of the mock con-
trol group (Fig. 6e—f). These data suggested that ESE3
shows antitumor effects by inhibiting tumor growth and
have potential to become a therapeutic target.
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Discussion

Epithelium-specific ETS factors (ESEs), a member of the
ETS family of DNA-binding proteins, play critical role in
differentiation and development programs for many epi-
thelial tissues [9]. Among the ESEs, increasing evidences
implicate that ESE3 can be directly involved in epithelial-to-
mesenchymal transition (EMT) [8], stem-like features [14,
15], and tumor progression [16, 23]. In the present study,
we certified that ESE3 expression, main located on the
cytoplasm of cells, was downregulated in HCC tissues and
involved with HCC progression as well as poor prognosis in
HCC patients. Additionally, restoration of the ESE3 expres-
sion was verified to inhibit cell proliferation and tumor grow
in vitro and vivo experiments. These data indicated that
ESE3 may be used as a potential predictive indicator and
therapeutic target of HCC treatment.

As a nuclear transcription factor, ESE3 was found in the
nuclei of normal pancreatic cells, and was down-regulated
and involved in pancreatic cancers’ invasion and metastasis
processes [12]. Wang et al. reported that comparing with

C Mouse Number

S 0.24
&
&
4+ 0.1
)
A
00— T T T T T
© o N X > $
S > w AV o o>
D . E F
500, — dkk 500 *kk
450 - pLVXpuro 3507  p——i o] —
w0l * PLVXpuro-ESE3 *kk 300 400
g 2 o w0
P E 200 £ a0
E £ 1501 25
< S 1004 S 200
2 (] 5
£ Z 504 S 150
= - 3
= g 107 g 0
: S o8 - E i%
2 = 064 = -
E 0.41 08
= 0.2 04
0.0- b
N
\)‘D %Q"
K@
oo — ST
s e oo e Py T
Q) N N
PR B P P P P \'\\’
N

Fig.6 Restored ESE3 expresssion inhibited the tumor growth in vitro
and vivo by MTT assay and xenograft nude mice tumor model.
The stably expression of ESE3 was confirmed by western blotting
in HepG2 cells (a). MTT assay was used to detecte cell prolifera-
tion in vitro (b). Images were presented to show the isolated tumors
from ESE3 over-expressed lentivirus infected group and mock con-

trol group (c). The tumor size was monitored every 3 days to draw
the growth curve of two group (d). The average tumor volume (e)
and weight (f) of the ESE3 over-expressed lentivirus infected group
compared with mock control group were statistically analyzed. *p<
0.05;**p< 0.01;***p<0.001.
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its expression in the nuclei of normal esophageal epithelial
cells, ESE3 was also mainly localized in the cytoplasm of
ESCC cells [13]. In this study, we present a detailed investi-
gation on the ESE3 expression pattern in both HCC cell lines
and tissues from HCC patients. Using pancreatic cancer and
corresponding peritumoral tissues as positive control, the
results of immunohistochemistry showed that ESE3 protein
is mainly located in the cytoplasm but not the nucleus of
HCC cell lines and tissues (Fig. 2¢). This expression pattern
was consistent with that observed in ESCC [13]. Meanwhile,
when we were concerned with the ESE3 expression pattern
in peritumoral normal liver tissues, cytoplasmic expression
pattern were also verified in hepatocyte (Fig. 2d). However,
the subcellular localization of ESE3 in esophageal epithe-
lial cells was found in the nucleus distribution and these
changes in localization from nucleus to cytoplasm may be
critical role in carcinogenesis of ESCC [13]. This difference
in localization of ESE3 in these cancer cells may derive from
tissue-specific change, and suggest that a different mecha-
nism could be involved in the hepatocytes carcinogenesis.
Further studies are needed to confirm the mechanism.

We further try to study the association between the ESE3
expression and HCC progression and prognosis in HCC
patients. Our data confirmed that ESE3 was significantly
down-regulated in HCC tissue comparing with the adjacent
normal tissue. In addition, HCC patients with low expres-
sion of ESE3 were prone to have poor cancer differentia-
tion and more advanced clinicopathologic features. These
results indicated that downregulation of ESE3 was certainly
involved in HCC carcinogenesis and progression. ESE3 pro-
tein plays a key role in maintaining the epithelial phenotype
[5, 24]. Aberrant promoter methylation has been certified as
the cause of downregulation of ESE3 gene expression, and
further lead to loss of the epithelial properties, promotion of
aggressive behavior in some epithelial cell-derived cancers
carcinogenesis [12]. It was reported that ESE3 controlled
prostate epithelial cell differentiation and its loss led to pros-
tate tumors with mesenchymal and stem-like features [11].
According to the data of HCC in this study, we, therefore,
inferred that the above mechanism might also resident in
carcinogenesis and progression of HCC, and ESE3 might be
a new potential therapeutic target for HCC treatment. This
opinion was also supported by the findings of tumor growth
in xenograft nude mice tumor model. The findings showed
that restored ESE3 expression by infected with recombi-
nant ESE3 over-expressed lentivirus can significantly inhibit
the tumor growth comparing with the mock control group.
Nevertheless, the details of the mechanisms require further
study.

Various different kinds of aberrant gene expression are
indeed involved in individual carcinogenesis and progres-
sion. As showed in Table 2, in all 51 pairs of HCC tissues
and self-matched peritumoral normal tissues, we observed
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that ESE3 expression down-regulated in only 20 out 51 HCC
tissues and in 10 out 51 matched peritumoral normal tis-
sues. It was noted that the pattern of ESE3 low expression
in HCC tissues was not consistent in all pairs of samples.
Meanwhile, ESE3 expression was retained or even upregu-
lated in some HCC tissues compared with its expression in
matched peritumoral normal tissues. Therefore, based on
the results of immunohistochemistry stain scores in these
both tissues, we classified these 51 patients as “ESE3 loss
group”, whose ESE3 expression in HCC tissues was lower
than that in peritumoral normal tissue (ESE3} _  group)
and “ESE3 gain/retain group”, whose ESE3 expression in
HCC tissues was equal or higher than that in peritumoral
normal tissues (ESE3y . y group). The prognosis analysis
showed that ESE3 _ , group displayed poorer prognosis in
both RFS and OS. We can inferred that the ESE3 expression
change was likely to largely account for the HCC progres-
sion independently, and ESE3 might be a novel potential
therapeutic target.

Clinical stage is one of the key determining factors for the
prognosis of HCC patients [25]. The “Early-stage” subgroup
patients usually have one or more clinical features such as
early BCLC stage, single tumor, no vascular/capsular inva-
sion, or high Edmondson grade et al. [26]. These patients
commonly have opportunity to receive surgical tumor resec-
tion and better prognosis. Hence, it is important to iden-
tify reliable and valid measures for predicting prognosis. In
“Early-stage” subgroup of our study, down-regulated ESE3
expression in HCC tissues exhibited a significant predictive
value in discriminating between patients with and without
poor RFS and OS regardless of features being studied (Fig. 4
all p<0.05), and was proved to be an independent prognostic
indicator for prognosis of HCC in the multivariable analysis
(Table 3). These data indicated that down-regulated ESE3 in
HCC tissues could be a potential predictive indicator and can
be applied to indicating a worse prognosis in “Early-stage”
HCC patients, which would influence treatment decisions
regarding individual clinical therapy.

In conclusion, although the relationship between low
ESE3 expression and carcinogenesis in many types of
cancers has been previously reported [11, 12, 14, 15], the
significant aberrance of ESE3 in malignantly transformed
human hepatocyte was investigated for the first time in this
study. Our observations have provided evidence for the role
of ESE3 in the progression of HCC and the prognostic sig-
nificance in patients with HCC. Although the mechanism of
ESE3 function needs further experimental study, targeting
the ESE3 and its associated pathway may hold promise in
the treatment of HCC.
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