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Figure 3: HEY2 expression is associated with overall survival of subgroups of HCC patients in training and validation 
cohorts. The connection of HEY2 expression and overall survival of HCC patients with multiple HCC A&D. large HCC B&E. and high 
serum AFP level C&F. in both cohorts was determined by stratified survival analysis (log-rank test).
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In this study, we found that in two independent cohorts, 
HEY2 expression was markedly increased. High HEY2 
expression was significantly correlated with advanced 
stage and poor tumor differentiation. Furthermore, HEY2 
served as an independent factor for overall outcome of 
patients in HCC.

In human cancers, HEY2 overexpression exerts 
pro-oncogenic activities. Qu et al. showed that decrease 
of HEY2 mediated by Notch2 depletion contributed 
to the attenuation of cell proliferation and migration 
in salivary adenoid cystic carcinoma [14]. HEY2 
increase induced by Notch activation contributed to the 
acquisition of chemoresistance in gastric cancer [15]. 
Our data demonstrated that overexpression of HEY2 
increased cell viabilities, colony formation and cell 
migration, whereas knockdown of HEY2 resulted in the 
opposite phenotypes. This indicates that HEY2 functions 
as an oncogene in HCC by promoting cell proliferation 
and migration. Our data was supported by the other 
studies. Gao et al. reported that HEY2 upregulated by 
hepatocyte growth factor (HGF) promoted femoral 
artery endothelial cell growth [16]. Wu et al. reported 
that HEY2 was capable of modulating the expression 
of MMP10 [17]. Wöltje and colleagues reported that 
HEY2 expression was induced by serum stimuli via the 
activation of BMP-Smad signaling which might promote 
HCC cell growth [18, 19]. The interactions of HEY2 
with Stat3 [20] and Id4 [21] that play important roles in 

tumorigenesis, also confirm the oncogenic role of HEY2 
in human cancers.

HEY2 plays an important role in cell 
differentiation. HEY2 ortholog gridlock was induced 
by Sox7 and Sox18 during zebrafish arteriovenous 
differentiation [22]. Rowlinson et al. showed HEY2 was 
required for the formation of hematopoietic stem cell 
via acting as the upstream of Notch [23]. In the present 
study, HEY2 expression was associated with tumor 
differentiation. High expression of HEY2 was presented 
in all of the undifferentiated HCC, indicating that 
HEY2 may block the cell differentiation. This may be 
supported by the study that showed HEY2 was capable 
of maintaining the stem cell characteristics of neural 
precursors [24].

HEY2 was revealed as a direct target of miR-
137 that is frequently downregulated in human cancers 
including HCC. In HCC samples, HEY2 expression was 
inversely correlated to miR-137 expression. To date, 
another four genes (FOXO1 [25], AKT2 [26], CDC42 
[27] and EDIL3 [28]) have been shown to be inhibited 
by miR-137. Interestingly, these five genes (HEY2, 
FOXO1, AKT2, CDC42 and EDIL3) were implicated 
in PI3K/Akt pathway. Whether HEY2 could interact 
with the other proteins required further investigations. 
Furthermore, miR-137 has been demonstrated to inhibit 
neuronal maturation and dendritic morphogenesis 
[29], and to associate with unfavorable prognosis 

Table 2: Univariate and multivariate analysis of HEY2 expression and outcomes of HCC patients in training cohort 
(n=351)

Variables Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age (≤ 47 vs. > 47 years) 0.796 (0.642-0.988) 0.138

Gender (female vs. male) 0.846 (0.593-1.207) 0.357

HBsAg (positive vs. negative) 1.175 (0.870-1.587) 0.294

Tumor size (≤ 5 vs. > 5 cm) 1.374 (1.069-1.765) 0.013 1.316 (1.007-1.719) 0.045

Tumor multiplicity (single vs. 
multiple) 1.215 (0.974-1.517) 0.085

Tumor capsule 0.648 (0.521-0.807) 0.000 0.706 (0.558-0.895) 0.004

Liver cirrhosis (yes vs. no) 0.698 (0.514-0.950) 0.022 0.765 (0.558-1.048) 0.095

AFP (≤ 20 vs. > 20 ng/mL) 1.388 (1.086-1.773) 0.009 1.159 (0.899-1.495) 0.254

LNM (Yes vs. no) 1.816 (1.213-2.717) 0.004 1.588 (1.042-2.420) 0.032

Tumor differentiation 1.431 (1.202-1.704) 0.000 1.266 (1.055-1.521) 0.011

TNM (I vs. II vs. III vs. IV) 1.237 (1.123-1.362) 0.000 1.081 (0.967-1.209) 0.172

Vascular invasion (Yes vs. No) 1.808 (1.393-2.346) 0.000 1.215 (0.911-1.621) 0.185

HEY2 expression (low vs. high) 1.753 (1.401-2.193) 0.000 1.645 (1.309-2.067) 0.000

HR, hazard ratio; CI, confident interval; AFP, alpha-fetoprotein; HBsAg, hepatitis B surface antigen; LNM, lymph node 
metastasis.
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Figure 4: HEY2 promotes cell proliferation and migration in HCC cells. A. Cells transfected by HEY2 overexpression vector 
(HepG2 and QGY-7404) or HEY2 siRNA (QGY-7703 and Bel-7402) were cultured for 5 days. The cell viabilities were determined by 
MTT assays. The fold changes of cell growth were calculated and indicated by curves. B. Colony formation was used for determination 
of HEY2-mediated cell proliferation. Stable cell lines with HEY2 overexpression or knockdown were incubated for 14 days. The number 
of colonies were counted and shown by histogram. C. Cells were injected into the right flank of mice. The tumor size was measured every 
other day. The tumor growth was indicated by curves. D. Transwell assays were performed to evaluate the effect of HEY2 on cell migration 
in vitro. Stable cells were cultured for 48 hours. The number of migrated cells were counted and shown. All data are mean ± SEM. *P<0.05, 
**P<0.01.
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[26]. It should be of clinical significance to assess the 
prognostic implication of the combination of miR-137 
and HEY2 expressions. Our study therefore suggests 
HEY2 as a promising biomarker for unfavorable 
outcomes and a novel therapeutic target for the clinical 
management of HCC.

MATERIALS AND METHODS

Patients and tissue specimens

A training cohort consisting of 351 paraffin-
embedded tissues and complete clinical and pathological 
data were collected from HCC patients who received 
surgical resection at The Third Affiliated hospital of Sun 
Yat-sen University, Guangzhou, China, between March 
2008 and April 2010. A validation cohort containing 
169 patients with HCC and the corresponding clinical 
data were collected at The Affiliated Hexian Memorial 
Hospital of Southern Medical University, between Jan 
2005 and Dec 2011. All the tissues in both cohorts were 
used for the construction of tissue microarray (TMA), 
according to our previous study [30]. Another 18 pairs 

of fresh HCC tissues and the corresponding adjacent 
nontumorous tissues were obtained for qRT-PCR and 
Western blot. None of the patients had received adjuvant 
therapies before surgery. This study was approved by 
the Institute Research Medical Ethics Committee of The 
Third Affiliated hospital of Sun Yat-sen University. No 
informed consent (written or verbal) was obtained for use 
of retrospective tissue samples from the patients within 
this study, since this was not deemed necessary by the 
Ethics Committee.

Quantitative reverse-transcription PCR  
(qRT-PCR)

Total mRNA extracted from the fresh samples was 
reversed to cDNA by M-MLV Reverse Transcriptase 
(Promega Inc., USA). Levels of HEY2 and β-actin 
were measured by SYBR green-based real-time PCR 
using the Stratagene Mx3000P Real-Time PCR system. 
Primers were designed as follows: HEY2, forward: 
5′- TGGGGAGCGAGAACAATTAC-3′ and reverse: 
5′-TTTTCAAAAGCTGTTGGCACT-3′; β-actin, forward: 
5′-TGGCACCCAGCACAATGAA-3′ and reverse: 5′-CT

Figure 5: HEY2 expression is inhibited by miR-137 in HCC cells. A. Sequence of 3′-UTR of HEY2 promoter and the matched 
7-bp sequence were shown. The schematic constructions of wild-type and mutant pGL3-HEY2 vectors were indicated. B. The relative 
luciferase activities modulated by miR-137 were analyzed in Bel-7402 cells. C. miR-137 was overexpressed in QGY-7703 and Bel-7402 
cells for 48 hours. The mRNA and protein levels of HEY2 were examined by qRT-PCR and Western blot. D. The inhibitor of miR-137 was 
introduced into HepG2 and QGY-7404 cells for 48 hours. The mRNA and protein levels of HEY2 were determined. E. The correlation of 
miR-137 and HEY2 mRNA in 18 fresh HCC tissues were calculated and indicated. All data are mean ± SEM. **P<0.01.
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AAGTCATAGTCCGCCTAGAAGCA-3′. The relative 
expression of HEY2 was normalized to the β-actin, using 
the comparative threshold cycle (2-ΔCt) method.

Western blot

Total proteins extracted from HCC fresh tissue 
were fractionated by SDS-PAGE, transferred to PVDF 
membrane, and then incubated with a primary specific 
antibody for HEY2 (1:1500, Simga: HPA030205) in 5% 
of non-fat milk, followed by a horse radish peroxidase 
(HRP)-conjugated anti-rabbit second antibody. ECL 
detection reagent (Amersham Life Science, Piscataway, 
NJ, USA) was used to show the results.

Immunohistochemistry (IHC)

TMA sections with a thickness of 4 μm were 
dewaxed in xylene and graded alcohols, hydrated, 
and washed in phosphatebuffered saline (PBS). After 
pretreatment in a microwave oven, endogenous peroxidase 
was inhibited by 3% hydrogen peroxide in methanol 
for 20 min, followed by avidin-biotin blocking using 
a biotin-blocking kit (DAKO, Germany). Slides were 
then incubated with HEY2 antibody (1:400, Simga: 
HPA030205), overnight in a moist chamber at 4°C, 
washed in PBS, and incubated with biotinylated goat anti-
rabbit antibody. Slides were developed with the Dako 
Liquid 3,′3-diaminobenzidine tetrahydrochloride (DAB) 
+ Substrate Chromogen System and counterstained with 
hematoxylin.

IHC evaluation

HEY2 protein level was determined by semi-
quantitative IHC detection, using the H-score method. 
The percentage of positively-stained cells was scored 
as “0” (0%), “1” (1%-25%), “2” (26%-50%), “3” (51%-
75%), “4” (76%-100%). Intensity was scored as “0” 
(negative staining), “1” (weak staining), “2” (moderate 
staining), and “3” (strong staining). The percentage 
score was multiplied by the staining intensity score. 
For each case, 1000 cells were randomly selected and 
scored. The scores were independently decided by 2 
pathologists (SG Su and D He). The median of HEY2 
IHC score, which was 2.5, was chosen as the cutoff 
value to identify high and low HEY2 expression in 
HCC tissues.

Luciferase reporter assay

For the binding of miR-137 to HEY2 3′ UTR, Bel-
7402 cells were co-transfected with miR-137 mimic or 
negative control and wild-type or mutant vectors for 36 
hours. The relative luciferase activity was analyzed with 
the Dual-Luciferase Reporter Assay System (Promega, 
CA, USA).

MTT

Cells with HEY2 overexpression or knockdown 
were cultured in 96-well plates for 5 days. At the 
indicated time, 100 μL of MTT was added for 2.5 
hours. 100 μL of DMSO was then added to solve the 
crystal. Finally, density was measured at 490 nm with 
background subtraction at 670 nm by Model 550 
Microplate Reader (Bio-Rad, Hercules, CA, USA). The 
fold change of cell growth was calculated based on the 
absorbance of 490 nm.

Colony formation

Cells were plated into 6-well plates at a density of 
500 cells per well. After 10 days of incubation in complete 
culture medium, the cells colonies were fixed and stained 
with crystal violet solution (0.1% crystal violet) for 10 
min, washed with PBS, and counted.

Transwell assay

Two thousands of cells were placed in the upper 
compartment of a Transwell chamber for migration assay. 
DMEM medium with 15% fetal bovine serum was filled 
into the lower chamber. After 48 hours, the cells on the 
upper surface of the membrane were removed, and the 
cells on the lower surface were fixed with methanol and 
stained with 0.1% crystal violet and counted. Six visual 
fields were randomly chosen.

Animal model

1x107 cells were injected into the right flank of 
4-week aged null mice. Tumors were measured every 
other day to estimate the volume from day 7 to day 
27 after injection. Tumor sizes were evaluated using 
the formula: Volume (mm3) = [width2 (mm2) × length 
(mm)]/2.

Statistical analysis

Statistical analyses were performed using the SPSS 
19.0 software (SPSS, Chicago, IL, USA). Wilcoxon 
matched paired test was used to determine the significance 
of HEY2 expression in fresh HCC and normal liver 
tissues. χ2 test was performed to analyze the correlation 
between HEY2 expression and clinicopathological 
parameters. Kaplan-Meier analysis (log-rank test) was 
utilized for survival analysis. Cox proportional hazards 
regression model was used to identify the independent 
prognostic factors. P<0.05 (two-tailed) was considered 
statistically significant.
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