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Abstract

Purpose: To determine the expression and function of Delta/Notch-like EGF-related receptor (DNER) in
hepatocellular carcinoma (HCC).
Methods: The expression of DNER in 84 HCC tissue samples and matched adjacent noncancerous specimens,
as well as HCC cells, were evaluated by quantitative real-time polymerase chain reaction (qRT-PCR) and
western blotting. Survival analysis was evaluated using Kaplan–Meier method. For experiments in vitro, cell
viability was measured by Cell Counting Kit-8 Assay and Colony Formation Assay. Furthermore, cell invasion
and migration assays were performed with Transwell Assay.
Results: The results showed that DNER was overexpressed in the tissues and cell lines of HCC (all, p < 0.05),
and the upregulated expression of DNER was significantly correlated with advanced pathologic stage
( p = 0.013) and pathologic-M1 ( p = 0.012) in HCC patients. Survival analysis revealed that patients with high
DNER levels had worse overall survival (OS) than those with low DNER levels ( p = 0.004). More importantly,
DNER could be an independent predictor of prognosis for OS (HR = 2.582, 95% CI 1.239–5.380, p = 0.011).
In vitro, knockdown of DNER significantly suppressed cell proliferation, colony formation, cell invasion, and
cell migration in HepG2 cells. Moreover, inhibition of DNER inactivated PI3K/AKT signaling pathway by
downregulating the expression of p-PI3K, p-AKT, and p-70s6k.
Conclusions: Taken together, DNER could promote proliferation, migration, and invasion of HCC cells by
regulating the activation of PI3K/AKT pathway, and it might act as a potential prognostic biomarker for HCC.
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Introduction

Hepatocellular carcinoma (HCC), the most common type
of primary liver cancers, is the third leading cause of

cancer mortality causing over 700,000 deaths annually.1,2

HCC is characterized by the high incidence of recurrence and
invasive ability,3 and its pathogenesis is the combination of
genetic and environmental factors, including genetic modi-
fication, infection with hepatitis B/C virus, and hepatic tox-
ins.4 To date, despite the significant advances in HCC
diagnosis and treatment, the prognosis of patients still re-
mains unsatisfactory due to the high probability of tumor
metastasis and recurrence.5 Thus, to improve the life quality
of HCC patients, there is an urgent need to understand the
molecular mechanisms of HCC and develop effective prog-
nostic biomarkers.

Delta/Notch-like EGF-related receptor (DNER), also
named BET and HE60, is a transmembrane protein found in
the central nervous system, hair cells in inner ear, and ol-
factory bulb.6,7 DNER has been reported to be involved in
the neural proliferation, differentiation, and development,8,9

and its deletion could lead to abnormalities and ataxia of
cerebellum.10 Actually, DNER is identified as the target of
anti-Tr.11 More importantly, it has also been reported that
DNER could serve as the oncogenic or antioncogenic fac-
tors by regulating cellular proliferation, invasion, and me-
tastasis.7,12 However, whether DNER plays a role in the
development of HCC still remains unclear.

In this study, the authors investigated the expression of
DNER and its prognostic effect in HCC. Furthermore, the
authors studied the function of DNER on cell proliferation,
colony formation, cell invasion, and cell migration.
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Materials and Methods

Patients and specimens

A total of 84 paired cancerous and matched adjacent
normal tissue specimens were collected from patients who
were diagnosed with HCC by histopathology in Renmin
Hospital of Wuhan University from 2008 to 2012. Tissue
samples were collected immediately in liquid nitrogen and
then stored in -80�C for further test. This study was ap-
proved by the Ethics Committee of Renmin Hospital of
Wuhan University, and informed consent was obtained from
all patients. Clinicopathological features of all patients are
summarized in Table 1.

Cell culture and transfection

Human HCC cell lines, HepG2, SMMC-7721, HHCC, and
Hep3B, and the normal liver cell line HL7702 were obtained
from the Chinese Academy of Sciences (Shanghai, China)
and cultured in Dulbecco’s modified Eagle’s medium
(DMEM-1640) at 37�C in a humidified atmosphere contain-
ing 5% CO2. The medium was supplemented with 10% fetal
bovine serum, 0.1 mg/mL streptomycin, and 100 U/mL peni-
cillin. After entering the logarithmic period, HepG2 cells
were plated in six-well plates and then transfected with two
DNER-siRNAs (siRNA1: 5¢-AACAGGGCAGAAAGUU
GUA-3¢; siRNA2: 5¢-AUGAAAUGGGAUCAAGUGG-3¢;
siRNA3: 5¢-ACUUUCUGCCCUGUUUUCGGC-3¢) using Li-
pofectamine 2000 according to the manufacturer’s instructions.

RNA extraction and quantitative real-time
polymerase chain reaction

Total RNA was extracted from tissue samples using TRI-
zol reagent (Invitrogen, Carlsbad, CA) according to the
manufacturer’s instructions, and the quality of RNA was as-
sessed with NanoDrop 2000. Complementary DNAs were
synthesized by Reverse Transcriptase (Invitrogen). Quanti-
tative real-time polymerase chain reaction (qRT-PCR) was
performed using the ABI 7900 (Life Technologies). Glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) was used as
the internal reference, and primers were as follows: DNER:
forward, 5¢-CAGGGACCTCGTTAATGGCT-3¢, reverse, 5¢-
CCGTTCAGACAGCTGACGTT-3¢; GAPDH: forward, 5¢-
GGAGCGAGATCCCTCCAAAAT-3¢, reverse, 5¢-GGCTGT
TGTCATACTTCTCATGG-3¢. Relative expression level of
DNER was calculated by the 2-DDCt method. Each experi-
ment was performed in triplicate.

Western blot

After 48 h of transfection, the cell lines were lysed using
RIPA lysis buffer for protein extraction, and the concentra-
tion of protein was evaluated with the BCA assay. For
western detection, protein lysates were separated on a 10%
sodium dodecyl sulfate–polyacrylamide gel electrophoresis
(SDS-PAGE) gel and transferred onto the polyvinylidene
fluoride (PVDF) membranes. Following blocking in 5%
nonfat milk for 1 h, the membranes were incubated with
primary antibodies at 4�C overnight. Next, the membranes
were incubated with secondary antibody at room temperature
for 1 h. Signal was visualized using the ECL blotting analysis
system, and GAPDH was used as the internal control.

Cell Counting Kit-8 Assay

After 24 h of transfection, HepG2 cells were plated in
96-well plates at a density of 1 · 103 cells. To test the prolif-
eration rate, the Cell Counting Kit-8 (CCK-8) was performed
per 24 h according to the manufacturer’s instructions. The
absorbance was detected at the wavelength of 450 nm using the
Microplate Reader.

Wound-healing assay

Scratch-healing assay was used to assess the cell migration.
Briefly, HepG2 cells transfected with siRNA were cultured in
six-well plates. Scratch wounds across each well were made
when the cells grew to 90% confluence, and photographs were
taken at 0 and 24 h, respectively.

Transwell assay

Cell invasion and cell migration were assessed using a
Transwell Assay. Briefly, for cell invasion assay, 100 lL
Matrigel was added to the top chamber of transwell with
24-well plates, and the lower chamber was filled with 500 lL
of serum-free medium. After 24 h of transfection, the cells
(1 · 105) in 100 lL were placed onto the top chamber. After
incubation overnight, the cells on the upper chamber of the
filter were removed with a cotton swab, while the invading
cells adhered to the underside of the membrane were fixed
with 4% paraformaldehyde for 30 min and stained with 0.1%
crystal violet solution for 20 min. The cells were counted

Table 1. The Relationship Between DNER

Expression and the Clinicopathological

Characteristics in HCC

Characteristics n

Expression of DNER

pLow High

Age 0.275
<60 41 23 18
‡60 43 19 24

Gender 0.649
Female 30 14 16
Male 54 28 26

Grade 0.272
G1+G2 47 21 26
G3+G4 37 21 16

Pathologic stage 0.013*
I+II 53 32 21
III+IV 31 10 21

Pathologic-T 0.059
T1+T2 58 33 25
T3+T4 26 9 17

Pathologic-N 0.202
N0 78 41 37
N1 6 1 5

Pathologic-M 0.012*
M0 77 42 35
M1 7 0 7

*p < 0.05.
DNER, Delta/Notch-like EGF-related receptor; HCC, hepatocel-

lular carcinoma.
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using a microscope in five random fields. Similar to invasive
assay, the migration assay was performed without the treat-
ment of glue, and the suspension contained 5 · 103 cells.

Colony formation assay

The cells after transfection were seeded at a density of 1500
cells/dish and further cultured at 37�C in a humidified atmo-
sphere containing 5% CO2 for 1–2 weeks. When there were
visible colonies in culture dish, the media was removed, and
the colonies were fixed with 5 mL methanol for 30 min,
stained with 0.1% crystal violet for 30 min, and then counted.

Statistical analyses

All statistical analyses were performed with SPSS 22.0
software (SPSS, Inc., Chicago, IL) and GraphPad Prism 5

(GraphPad Software, Inc.). The association between DNER
expression and clinicopathologic parameters was evaluated
by chi-square test, and comparisons between two groups
were made by Student’s t-test. Survival analysis was per-
formed by Kaplan–Meier method with log-rank test. Uni-
variate and multivariate analyses were performed using the
Cox proportional hazards regression model. A p-value <0.05
was considered statistically significant.

Results

Upregulation of DNER and its correlation
with progression of human HCC

To examine the effect of DNER in the development of
HCC, the expression of DNER was determined by qRT-
PCR in 84 HCC and matched adjacent normal tissue sam-
ples. As shown in (Fig. 1), DNER expression in HCC at the
level of mRNA was significantly higher than that in normal
controls ( p < 0.0001).

In addition, to evaluate the clinical significance of DNER
in HCC patients, the authors assessed the relationship be-
tween DNER level and clinicopathological parameters.
Primarily, the authors divided the patients into two groups
according to low or high levels of DNER in HCC. The
results showed that high DNER expression levels signifi-
cantly correlated with advanced pathologic stage ( p = 0.013)
and pathologic-M1 ( p = 0.012). However, there was no
significant correlation between DNER expression levels and
other clinical characteristics such as age, gender, grade,
pathologic-T, and pathologic-N (all, p > 0.05; Table 1).
Taken together, these results indicate that aberrant expres-
sion of DNER might play a role in the progression of HCC
although serving as the carcinogen.

Prognostic significance of DNER in patients with HCC

To demonstrate the prognostic role of DNER in HCC, the
authors examined the correlation between DNER level and
overall survival (OS) of HCC patients. As shown in (Fig. 2),

FIG. 1. Relative DNER expression detected by qRT-PCR.
DNER expression was significantly upregulated in HCC
tissues compared to that in adjacent normal tissues
( p < 0.0001). DNER, Delta/Notch-like EGF-related recep-
tor; HCC, hepatocellular carcinoma; qRT-PCR, quantitative
real-time polymerase chain reaction.

FIG. 2. Survival analysis. Patients with
high DNER expression had worse OS com-
pared to those with low expression in HCC
( p = 0.004). OS, overall survival.

382 LIANG ET AL.



patients with high expression of DNER had shorter OS com-
pared to those with low level of DNER ( p = 0.004). Univariate
analysis revealed that DNER expression ( p = 0.005), gender
( p = 0.030), pathologic stage ( p = 0.021), and pathologic-T
( p = 0.031) were predictors for OS. Moreover, multivariate
Cox regression analysis suggested that DNER could be an in-
dependent predictor of prognosis for OS (HR = 2.582, 95% CI
1.239–5.380, p = 0.011; Table 2).

Reduced expression of DNER suppressed cell
proliferation, colony formation, invasion, and migration

To further investigate the molecular function of DNER in
tumorigenesis of HCC, the authors detected its expression
level in human liver cell line HL-7702 and HCC cell lines. In
accordance with the results of HCC tissues, DNER expression
in HCC cell lines (HepG2, HHCC, and Hep3B) was signifi-
cantly increased compared with HL-7702 ( p < 0.05; Fig. 3).
Among HCC cell lines, DNER performed the highest ex-
pression in HepG2 cells, and thus, HepG2 cell line was chosen
for further functional investigation in vitro. Next, the authors
transfected HepG2 cells with siRNA1, siRNA2, and siRNA3
and found that siRNA2 and siRNA3 significantly decreased

the expression of DNER at mRNA and protein levels com-
pared with siRNA1 ( p < 0.05; Fig. 4), and therefore, siRNA2
and siRNA3 were selected for subsequent studies.

To understand the functional mechanism of DNER in the
carcinogenesis of HCC, the authors detected cell prolifera-
tion, colony forming ability, cell invasion, and cell migration.
By CCK-8 assays, the authors found that the proliferation rate
of HCC cells was significantly downregulated after the
knockdown of DNER at 72 or 96 h in both HepG2 cell
( p < 0.05; Fig. 5A) and HHCC cell ( p < 0.05; Fig. 5B). Si-
milarly, colony formation assay showed that the number of
colonies in HepG2 cells transfected with siDNER was lower
than that in controls, and the difference was significant
( p < 0.05; Fig. 5C). Consequently, the wound healing assay
showed that there was a significant reduction in wound clo-
sure in cells with decreased DNER expression compared
with control cells, and transwell assay demonstrated that
the number of invaded and migrated cells in HepG2 trans-
fected with siDNER was significantly reduced compared to
the controls ( p < 0.05; Fig. 6), suggesting that DNER could
increase the migration and invasive ability of HCC cells
significantly.

Downregulation of DNER could suppress the
activation of PI3K/AKT signaling pathway

PI3K signaling pathway is involved in tumor progression
with essential protein of PI3K and AKT, which has played
important roles in proliferation and metastasis of tumor
cells. In this study, western blot analysis demonstrated that
the phosphorylated PI3K, AKT, and 70s6k in cells trans-
fected with DNER-siRNA were significantly lower than in
cells transfected with negative control (all, p < 0.05; Fig. 7),
indicating that downregulated DNER expression could sig-
nificantly suppress the activation of PI3K/AKT pathway.

Discussion

Today, it has made HCC prognosis and treatment difficult
because of the lack of reliable potential prognostic bio-
markers and therapy target. In the present study, the authors
found that DNER was a potential prognostic biomarker for
HCC, and it altered the cell proliferation, migration, and
invasion ability in HCC by interacting with PI3K/AKT
signaling pathway.

Table 2. Univariate and Multivariate Analysis of Variables Associated with OS in Patients with HCC

Variables

Univariate analysis Multivariate analysis

p HR 95% CI p HR 95% CI

DNER expression (high/low) 0.005* 2.701 1.352–5.398 0.011* 2.582 1.239–5.380
Age (<60/‡60) 0.456 1.264 0.683–2.340
Gender (female/male) 0.030* 0.509 0.276–0.937 0.023* 0.480 0.254–0.906
Grade (G1+G2/G3+G4) 0.841 1.065 0.577–1.964
Pathologic stage (I + II/III+IV) 0.021* 2.054 1.113–3.789 0.701 0.739 0.157–3.472
Pathologic-T (T1+T2/T3+T4) 0.031* 1.981 1.066–3.680 0.296 2.266 0.489–10.506
Pathologic-M (M0/M1) 0.298 1.739 0.613–4.937
Pathologic-N (N0/N1) 0.076 2.996 0.891–10.067

*p < 0.05.
HR, hazard ratio; OS, overall survival.

FIG. 3. DNER mRNA expression in HCC cell lines.
DNER levels in HepG2, HHCC, and Hep3B cell lines were
significantly increased compared with HL-7702 (*p < 0.05,
**p < 0.01).
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As a novel EGF-like repeat-containing single-pass trans-
membrane protein, DNER, on chromosome 2, was identified
to be linked to carcinogenesis.13 Wang et al.7 demonstrated
that DNER expression was upregulated in prostate cancer,
and the knockdown of DNER inhibited tumorigenesis in
PC-3 xenografts. In accordance with the previous research
findings, the authors found that the expression of DNER in
HCC tissues and HCC cell lines was significantly increased
compared with those in normal controls in the present study.
Moreover, their results suggested that patients with high
DNER expression had worse OS than those with low DNER
expression, and DNER could be a potential prognostic
biomarker for HCC, which has not been reported in other

studies till now. Previous studies revealed that the clinico-
pathological features of HCC, such as TNM stage, tumor
differentiation, and tumor size,14–16 were in connection with
the outcome of HCC patients. In the present study, high
DNER expression was significantly associated with the ad-
vanced pathologic stage and pathologic-M1. All these
studies indicated that DNER might play a role as a tumor
promoter in HCC.

DNER has been identified as the central nervous system-
specific ligand for the Notch receptors that are important for
cellular differentiation, growth, and cancer through mediating
plenty of cell signaling.17,18 For glioblastoma, DNER in-
hibited the growth of neurospheres and was involved in the

FIG. 4. The expression of DNER in HCC cells transfected with siRNA1, siRNA2, and siRNA3. DNER levels detected by
qRT-PCR (A) and western blotting (B). **p < 0.01.

FIG. 5. Knockdown of DNER inhibits proliferation ability of HCC cells. Cell proliferation detected by CCK-8 assay (A,
B) in HepG2 and HHCC cell lines and colony formation assay (C) in HepG2 line as indicated, **p < 0.01. CCK, Cell
Counting Kit.
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inhibition of their engraftment and growth as tumor xeno-
grafts.13 In addition, knockdown of DNER was also found to
play an important role in prostate cancer by inhibiting cell
proliferation, migration, and invasion.7 In the present study,
the authors demonstrated that knockdown expression of
DNER in HCC cells could significantly inhibit cell prolifer-
ation, colony formation, invasion, and migration.

DNER mediates notch signaling by affecting expression
of several notch pathway genes in pancreatic b-cells.19

Accumulating studies had found that PI3K/AKT signaling
pathway is closely involved in the carcinogenesis of can-
cers.20,21 Between notch and PI3K signaling pathway, Song
et al.22 revealed that inhibition of Notch signaling could
promote the Adipogenic Differentiation of Mesenchymal
Stem Cells by autophagy involving PTEN-PI3K/Akt/mTOR
pathway. Furthermore, the interplay between the Notch and

PI3K/Akt pathways was involved in high glucose–induced
podocyte apoptosis.23 At present, the enhancers of PI3K,
such as LAMP3,24 EDG2,25 and RAB27B,26 had been re-
ported to strengthen the PI3K/AKT signaling and improve
the growth of HCC. In the present study, the knockdown of
DNER resulted in the decreased level of p-PI3K, p-AKT,
and p-70S6K, indicating that siDNER-mediated suppression
of HCC cell proliferation, migration, and invasion might be
caused by the inactivated PI3K/AKT signaling.

Taken together, this study first reported that the expression
of DNER was upregulated in HCC tissues and a risk factor
for poor prognosis of HCC. Moreover, the decrease of DNER
expression could inhibit cell proliferation, colony formation,
cell invasion, and cell migration through interacting with
PI3K/AKT signaling pathway. However, further investigation
with larger samples is still required in the future.

FIG. 6. Knockdown of DNER inhibits migration and invasion ability of HCC cells. (A) Cell migration detected by wound
healing assay. (B, C) Cell invasion and cell migration were assessed using a transwell assay in HepG2 line as indicated.
**p < 0.01.

FIG. 7. Reduced DNER inhibits PI3K/
AKT signaling pathway in HepG2 cells.
Western blot analysis showed that reduced
DNER expression significantly decreased
the expression of phosphorylated PI3K,
AKT, and 70s6k. **p < 0.01.
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