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Abstract: Approximately 50% of patients with hepatocellular carci-

noma (HCC) reside in China. HCC is associated with very high

mortality compared with other cancers. Although numerous factors

influence the survival of patients with HCC who undergo liver resection,

the role of the tumor biomarker histone methyltransferase (G9a) is

unknown.

We enrolled 350 patients with HCC who underwent liver resection

and followed them for 40 months. Patients’ clinicopathologic charac-

teristics were acquired from medical records, and overall survival was

determined using multiple methods. We conducted an immunohisto-

chemical analysis of study G9a expression in HCC tissues. We used x2

test to evaluate the significance of the relationships between G9a and

other factors and Cox proportional hazards regression to estimate the

hazard ratios and 95% confidence intervals.

The levels of alpha-fetoprotein were significantly higher in patients

with G9a-positive tumors. TNM stage, elevated alpha-fetoprotein level,

and G9a overexpression were associated with worse outcomes.

High expression of G9a was associated with worse outcomes,

indicating that G9a may serve as a prognostic biomarker for patients

with HCC who undergo surgical resection. Because of its role in cell

proliferation, G9a represents a potential therapeutic target.

(Medicine 95(2):e2493)

Abbreviations: AFP = alpha-fetoprotein, G9a = G9aHistone

methyltransferase, HCC = heptaocellular carcinoma, IHC =

immunohistochemistry.

INTRODUCTION

H epatocellular carcinoma (HCC) is associated with very
high mortality compared with other malignancies and is

the third leading cause of cancer deaths worldwide.1 The
incidence of HCC is significantly higher in males and residents
uang, MD, Jianwe
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patients with hepatitis B and C viruses, as well as the con-
sumption of food containing aflatoxins.2 Approximately 50% of
patients with HCC live in China, which is attributed to the 7%
rate of HBV infection of the general population as well as
excessive consumption of alcohol. HCC is therefore a pressing
public health problem that places a heavy burden on the
country’s healthcare system and on patients’ families.

Many factors may alter the survival of patients with HCC,
including residual liver function, tumor size, disease stage, and
the efficacy of treatment.3 Moreover, treatments such as liver
resection and transcatheter arterial chemoembolization, and
particularly the latter, provide options for the patients with
unresectable tumors.4 Liver resection is considered the first-line
treatment for patients with resectable HCC and is first line
therapy.5 However, liver resection incurs a high risk of undesir-
able outcomes for patients with coexisting liver cirrhosis and
large tumors.

Certain biomarkers can facilitate the management of
patients with diverse tumors. For example, euchromatic histone
lysine N-methyltransferase 2 (EHMT2) (also known as histone
methyltransferase G9a, referred to here as G9a) is associated
with risk and progression of cancers of the breast cancer,6 lung,7

and ovary.8 However, there are few reports focused on the role
of G9a in disease progression or the survival of patients with
HCC.9 Therefore, to investigate the significance of G9a expres-
sion in patients with HCC after liver resection, we conducted an
immunohistochemical and clinicopathologic study of the
association between G9a expression and patient survival. More-
over, this is the first study, to our knowledge, to follow this
population of patients for as long as 40 months.

METHODS

Patients
We enrolled 350 consecutive patients with pathologically

confirmed primary HCC who underwent liver resection at
Fuzhou General Hospital (a Class A, tertiary care hospital).
Because the hospital is located in the provincial capital, the
patients represented all 9 cities of Fujian province. The first and
last patients underwent liver resection in January 2004 and
December 2012, respectively. Subjects’ clinicopathological
characteristics including age, sex, tumor histological grade,
tumor size, TNM stage, and preoperative serum alpha-fetopro-
tein (AFP) levels were acquired from the hospital’s database.
Information regarding survival was obtained from medical
records, telephone interviews, and the Index System of Social
Security Death. Duration of survival was calculated from the
day of liver resection to the termination date of follow-up (May,
ed from 93 to 3038 days (median, 1278
stological-grade stages were determined
he TNM Classification of Malignant
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Tumors and the World Health Organization Classification of
Tumors, respectively. This study conforms to the ethical prin-
ciples contained in the Declaration of Helsinki and the policy of
the Ethics Committee of Fuzhou General Hospital.

Determination of G9a Expression by
Immunohistochemical Assay

The immunohistochemistry (IHC) was employed to evalu-
ate G9a expression in the primary hepatocellular carcinoma
tissue samples acquired from 350 subjects. The samples were
fixed in 4% paraformaldehyde and paraffin embedded by
standard methods. Antigen retrieval was performed with citrate
buffer (10 mM citric acid-0.05% Tween 20, pH 6.0), and sec-
tions were stained by standard immunohistochemistry tech-
niques, using antibodies as indicated and 1 g/L hematoxylin
solution for counterstaining. Primary antibodies used were
rabbit monoclonal G9a antibody (1:100 dilution; ab133482,
Abcam, Cambridge, MA, USA), ll goat anti-rabbit biotinylated
IgG in phosphate-buffered saline containing 1% bovine serum
albumin for 30 min at ambient temperature, and then incubated
with ABC reagent for 30 min. Immunostaining was visualized
using 3,30-diaminobenzidine. Slides were dehydrated through
graded alcohol to xylene and mounted with coverslips. Haema-
toxylin was used for nuclear counterstaining.

The expression of G9a was determined by 2 pathologists
without any previous knowledge of subjects’ information. The
positive G9a expression cells exhibited to have brownish-yellow
granules in their nucleus. G9a expression was graded on the
basis of the following standards: cancer cells were unstained or
stained <10% were classified as negative, and cancer cells with
stained �10% were identified as positive.

Statistical Analysis
We analyzed the association of patient survival with

demographic and clinical characteristics such as age and sex,
G9a expression, tumor size, AFP level, and TNM stage. These
variables were included in the survival analysis, and we used the
Cox proportional hazard regression model to calculate hazard
ratios and 95% confidence intervals. Factors identified as
statistically significant (P< 0.05) were further subjected to
multivariate analysis. All statistical analyses were 2-sided
and were performed using SPSS version 19.0 (SPSS Inc,
Chicago, IL).

RESULTS

Patients’ Demographic and Clinical
Characteristics

Of the 350 patients with HCC who underwent liver resec-
tion, 53.7% and 46.3% were �55 years or �55 years of age,
respectively; 87.7% and 12.3% were men or women, respect-
ively; 56.6% and 43.4% were classified with stage I–II or stage
III–IV disease, respectively; and approximately 50.9% and
49.1% had tumors �5 cm or �5 cm, respectively. After liver
surgery, the AFP levels of 66.0% and 34.0% of patients
were<4000 or>4000 ng/mL, respectively. Immunohistochem-
ical analysis revealed that G9a was expressed in approximately
50.3% of liver samples and was undetectable in 49.7%
(Figure 1). The frequency of G9a-positive tumors was signifi-
cantly higher when AFP levels were >4000 ng/mL. Otherwise,
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there were no significance differences between the other vari-
ables. At the end of follow-up, 303 subjects were deceased
because of their tumors (Table 1).
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Association of TNM Stage and the Levels of AFP
and G9a With Shorter Survival

Univariate analysis revealed that subjects who with TNM
stage III–IV, tumors >5 cm, AFP levels >4000 ng/mL, and
G9a-positive experienced relatively poor overall survival.
Further, age and sex were not significantly associated with
survival. Multivariate analysis identified TNM stage, AFP
levels, as factors significantly associated with overall survival,
in contrast to tumor size (Table 2, Figure 2).

G9a Expression Is an Independent Predictor of
Worse Survival

Cox regression analysis revealed an association between
G9a-positive tumors and TNM stage and tumor size (Supple-
mentary Material 1). When we performed the analysis after
stratification according to these variables, we found that G9a-
positive tumors correlated significantly with worse survival of
patients with all TNM stages and tumor sizes. Independent of
stratification, the hazard ratio for G9a-positive tumors was the
highest for patients with stage III–IV disease. A similar associ-
ation was detected for patients with larger tumors (see Table 3).

DISCUSSION
Here, we show that advanced TNM stage, larger tumor

FIGURE 1. Immunohistochemical analysis of G9a expression.
A, G9a-positive. B, G9a-negative. �100 magnification.
size, serum AFP level, and detection of G9a expression were
associated with worse survival of patients with HCC after liver
resection. Although it is generally acknowledged that stage is
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TABLE 1. Demographic and Clinical Characteristics of Study Subjects by Survival Status and G9a Results

Survival Status G9a

Variable Alive Deceased Negative Positive Total Number (%)

Age, yr
�55 yr 21 (11.2) 167 (88.8) 93 (49.5) 95 (50.5) 188 (53.7)
>55 yr 26 (16.0) 136 (84.0) 81 (50.0) 81 (50.0) 162 (46.3)

Sex
Male 44 (14.3) 263 (85.7) 147 (47.9) 160 (52.1) 307 (87.7)
Female 3 (7.0) 40 (90.3) 27 (62.8) 16 (37.2) 43 (12.3)

TNM stage
Stage I–II 27 (13.6) 171 (86.4) 103 (52.0) 95 (48.0) 198 (56.3)
Stage III–IV 20 (13.2) 132 (86.8) 71 (46.7) 81 (53.3) 152 (43.4)

Tumor size
�5 cm 23 (12.9) 155 (87.1) 96 (53.9) 82 (46.1) 178 (50.9)
>5 cm 24 (14.0) 148 (86.0) 78 (45.3) 94 (54.7) 172 (49.1)

AFP level
�4000 ng/mL 32 (13.9) 199 (86.1) 126 (54.5) 105 (45.5) 231 (66.0)
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the key prognostic factor for HCC, liver function and tumor size
play an important role in survivals, and our study reveals that
tumors larger than 5 cm were associated with worse outcomes,
which is consistent with the findings of a previous report.10 A
study conducted in Korea of 2558 patients with HCC indicates
that there is a linear relationship between increased tumor size,
shorter overall survival, and disease-free survival and that
tumors larger than 5-cm serve as an independent prognostic

>4000 ng/mL 15 (12.6) 104 (87.4)
factor for patients with HBV-related HCC.11

AFP is the most common HCC biomarker used in clinical
practice, and a level of AFP>400 ng/mL in adults may indicate

TABLE 2. Overall Survival Analysis on the HCC Cases After Liver

Uni

Variable Number of Subjects HR

Age, yr
�55 yr 188 1.00 (
>55 yr 162 0.95

Sex
Female 43 1.00 (
Male 307 1.06

TNM stage
Stage I–II 198 1.00 (
Stage III–IV 152 1.41

�

Tumor size
�5 cm 178 1.00 (
>5 cm 172 1.43

�

AFP level
�4000 ng/mL 231 1.00 (
>4000 ng/mL 119 1.48

�

G9a
Negative 174 1.00 (
Positive 176 2.27

�

�
P< 0.05.
yAdjusted for age and sex.
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HCC. Moreover, high AFP levels are associated with reoccur-
rence and metastasis after treatment,12 which is consistent with
the present findings. Furthermore, AFP levels serve as an
independent prognostic factor of different treatment regi-
mens.13 For example, the findings of a retrospective study of
patients with HCC who received liver transplants suggest that
patients with a high tumor burden survive if they have low AFP
levels.14 Because serum AFP levels vary dramatically among

48 (40.3) 71 (59.7) 119 (34.0)
HCC patients, a cutoff value is difficult to define, and different
studies employ different cutoff values. For example, a study that
used 400 ng/mL as the cutoff value to predict overall survival of

Resection

variate Analysis Multivariate Analysis

95% CI HRy 95% CI

Ref.) –
0.76–1.20

Ref.) –
0.76–1.48

Ref.) – 1.00 (Ref.) –
1.12–1.77 1.37

�
1.07–1.75

Ref.) –
1.14–1.79

Ref.) – 1.00 (Ref.) –
1.17–1.88 1.31

�
1.02–1.69

Ref.) – 1.00 (Ref.) –
1.79–2.88 2.32

�
1.82–2.94
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226 patients with HCC shows that preoperative AFP levels
are associated with long-term outcomes.15 Furthermore,
liver cirrhosis can lead to elevated AFP levels, and this con-

FIGURE 2. Kaplan–Meier analysis. A, AFP levels. B, G9a expressio
founding factor potentially influences the accuracy of AFP
levels to predict survival. The results of a study that focused
on HCC patients without cirrhosis suggest that preoperative

TABLE 3. Stratification Analysis on G9a by TNM Stage and Tum

Subgroup Univariate Analysis

TNM stage HR 95%
Stage I–II 2.02

�
1.47–

Stage III–IV 2.69
�

1.87–
Tumor size
�5 cm 1.95

�
1.40–

>5 cm 2.71
�

1.91–

�
P< 0.05.
yAdjusted for age and sex.
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AFP levels correlate with poorer survival as well as those with
cirrhosis.16

We focused here on G9a, which catalyzes the dimethyla-

, TNM stage. D, Tumor size.
tion of lysine residue 9 of histone H317 because it mediates cell
differentiation, proliferation, and gene expression as well as
patients’ responses to drugs. Because of its vital role in cell

or Size

Multivariate Analysis

CI HRy 95% CI
2.77 2.00

�
1.45–2.76

3.88 2.69
�

1.85–3.90

2.71 1.94
�

1.38–2.71
3.84 2.70

�
1.89–3.86
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proliferation, we reasoned that G9a is involved in tumorigen-
esis. Moreover, G9a is expressed at higher levels in cancer
tissues compared with the corresponding normal tissue. For
example, elevated transcription of EHMT2 is detected in colon,
prostate, lung, and liver cancers,18 and knockdown of G9a
expression inhibits cell growth and apoptosis of bladder and
lung cancer cell lines.19 We show here that high expression of
G9a is associated with poorer outcomes compared with patients
with low expression, indicating that G9a may serve as a
prognostic biomarker for HCC after surgical resection. More-
over, we found that detection of G9a expression is associated
with AFP, indicating that G9a promotes metastasis and vascular
invasion of HCC. For example, high expression of G9a is
associated with shorter survival of 135 patients with esophageal
squamous cell carcinoma,20 which is consistent with our find-
ings. Moreover, the unique aspect of the present study is the
identification of G9a as an independent risk factor of poor
prognosis of patients with HCC who underwent liver resection.

The underlying mechanism of promoting tumor invasion and
metastasis may be linked to the suppression of the activity of
epithelial adhesion molecule (EPCAM), because the expression
of EPCAM in primary lung cancer tissues inversely correlates
with that of G9a.7 Furthermore, RNAi-mediated knockdown of
G9a in vitro inhibits the migration and invasiveness of a lung
cancer cell line.7 These studies and ours suggest that G9a is
associated with cancer progression and prognosis and may serve
as a novel therapeutic target. However, the role of G9a in HCC is
unknown and will therefore be the subject of future investigations.
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