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Abstract As important regulators of chromatin, histone
deacetylases (HDACs) are involved in silencing tumor sup-
pressor genes. HDAC2, a member of HDACs, has been
demonstrated to be implicated in the development and pro-
gression of various human malignancies; however, its expres-
sion and role in human primary gallbladder carcinoma (PGC)
are not fully understood. Therefore, we conducted this study
to address this problem. The subjects were 136 patients un-
derwent resection for PGC. Immunostainings for HDAC2
were performed on these archival tissues. The correlation of
HDAC?2 expression with clinicopathological characteristics
including survival was analyzed. HDAC2 was positively
expressed in the nucleus of tumor cells in 86.0 % (117/136)
of PGC but not in the normal epithelium of the gallbladder.
Additionally, there was a significant difference in the inci-
dence of positive nodal metastasis between high and low
HDAC?2 expression groups (P=0.001). The incidences of
advanced clinical stage (P=0.005) and pathologic T stage
(P<0.001), and higher histologic grade (P<0.001) were
respectively higher in the high HDAC2 expression group
than in the low group. Moreover, univariate and multivar-
iate analyses revealed the high HDAC2 expression to be
an independent prognostic factor for both overall and
disease-free survival of patients with PGC. High HDAC2
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expression was correlated with a high incidence of lymph
node metastasis and aggressive tumor progression of PGC.
It also was an independent prognostic factor for poorer
overall and disease-free survival in patients. Therefore, detec-
tion of HDAC2 expression may help us screen patients at
increased risk of malignant behavior for PGC.
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Disease-free survival

Introduction

Primary gallbladder carcinoma (PGC) represents one of the
most common biliary tract carcinomas in China. The complete
surgical resection at the early stage is the most effective
therapy to cure this disease. However, many PGC patients
initially present with unresectable tumors, because there are
no typical symptoms or signs at the early stages. Thus, the
clinical outcome of PGC patients remains poor, with a 30 % 5-
year survival rate for lesions confined to the gallbladder
mucosa and a 10 % 1-year survival rate for advanced disease
[1, 2]. Currently, the clinic-pathologic TNM staging system
has been served as the standard for determining prognosis of
patients with PGC, but it is probably an imprecise predictor of
the prognosis of an individual patient because of the hetero-
genicity of this tumor [3, 4]. Therefore, it is important to
identify effective prognostic biomarkers for PGC in order to
better predict the individual prognosis at the time of the
surgery and greatly facilitate therapeutic decision-making.
Histone deacetylases (HDACs) are major enzymes in-
volved in the acetylation of histones and non-histone pro-
teins, which plays an important role in the regulation of gene
expression and cell signaling [5]. The modification of acet-
ylation has already been demonstrated to be implicated in
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tumor progression and metastasis [6]. Especially in tumor
cells, HDACs can change the nucleosomal conformation via
post-translational deacetylation of the core histones [7]. The
aberrant activation of HDACs may result in transcriptional
repression of various genes mainly involved in the regulation
of tumor cells’ proliferation, differentiation, angiogenesis and
invasion, as well as migration and metastasis [8]. Recent
studies are focusing on the potential of HDAC inhibitors which
are a group of recently discovered targeted anti-cancer agents
[9, 10]. In tumor cells, HDAC inhibitors may lead to cell cycle
inhibition, activation of extrinsic and intrinsic apoptotic path-
ways, autophagic cell death, and mitotic cell death. A wide
body of literature provides evidence for effective treatment of
different tumor cells using HDAC inhibitors in vitro and in
vivo. To our interests, Xu et al. [11] in 2008 found that one
HDAC inhibitor trichostatin A could inhibit the growth of
cholangiocarcinoma and gallbladder carcinoma cell lines in
vitro and in vivo; Yamaguchi et al. [12] in 2009 demonstrated
another HDAC inhibitor suberoylanilide hydroxamic acid
treatment to be able to arrest cell growth of gallbladder carci-
noma cell lines in vitro; in 2012, Kitamura et al. [13] further
confirmed the therapeutic effect of another histone deacetylase
inhibitor PCI-24781 on BKS5.erbB2 mice with PGC. In
humans, there are 18 HDAC isoforms which are generally
divided into four classes based on sequence homology to yeast
counterparts [14]. HDAC2, together with HDAC1 and
HDACS3, belongs to class I [15]. Evidence has shown that
HDAC?2 plays a role in the development and progression of
various human malignancies, such as breast cancer, ovarian
and endometrial carcinomas, oral cancer, lung cancer, gastric
cancer, colorectal cancer, hepatocellular carcinoma, prostate
cancer and renal cell cancer [16-20]. However, its expression
and role in human PGC are not fully understood. Therefore, we
conducted this study to address this problem.

Materials and Methods
Patients and Tissue Samples

The study was approved by the Research Ethics Committee
of Department of general surgery, Tangdu Hospital, Fourth
Military Medical University, Xi’an, P.R.China. Informed
consent was obtained from all of the patients. All specimens
were handled and made anonymous according to the ethical
and legal standards.

Prospectively collected data of 136 patients (60 men and 76
women), who underwent surgery for PGC between November
1997 and November 2006, were reviewed. The mean age of
the patients was 66 years (range, 30-87 years). A curative
resection (R0O) was defined as negative resection margins by
light microscopical examination. For each patient prospective-
ly registered clinicopathological variables were extracted from
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the electronic clinical records: demographic data (age, gender),
presenting symptoms, biochemistry, and surgical therapy. All
the pathology slides were reviewed by two pathologists with
special attention for tumor growth pattern and differentiation,
the pathologic margin status, the presence of lymphovascular
invasion, perineural invasion and the total number and status of
regional and distant lymph nodes harvested. Tumor stage was
classified according to the American Joint Committee
on Cancer system. For histologic grading, the PGC specimens
were examined by routine hematoxylin and eosin staining.
The specimens were graded into well (G1), moderately (G2),
poorly differentiated (G3), and undifferentiated (G4) adeno-
carcinoma according to the World Health Organization clas-
sification. The clinicopathological features of the patients are
summarized in Table 1.

Follow-up data were recorded from the patient’s medical
records and completed by a telephone survey performed on
July 2011. Overall survival (OS) was defined as the time
(months) from the date of surgery to the date of death by
PGC. Disease-free survival (DFS) was defined as the
time (months) from the date of surgery to the date of
the first recurrence confirmed by imaging modalities.
Median post-operative follow-up was 12.8 months
(range: 22 days~126.3 months). During the follow-up period,
32 patients (23.5 %) were still alive, but 104 patients (76.5 %)
died. The overall mean + SEM survival time of the 136 patients
was 29.6+1.8 months. There was no perioperative mortality.

Immunohistochemical Staining and Assessment

For immunohistochemical staining, formalin-fixed paraffin-
embedded tissue was cut into 4-um sections. Commercially
available rabbit anti-human polyclonal antibody against HDAC2
(1:500 dilution; #ab12169, Abcam plc, Cambridge, UK) was
used. The specificity of the primary antibody against HDAC2
has been demonstrated by the previous study of Quint et al [18].
Immunohistochemical staining was carried out on sections using
the avidin-biotin method and a commercially available kit (Vec-
tastain Elite ABC kit, Vector Laboratories, Burlingame, CA).
Deparaffinized sections were treated with methanol containing
3 % hydrogen peroxide for 10 min before conducting antigen
retrieval using a microwave oven at 95 °C for 5 min and cooling
at 25 °C for 2 h. After washing with PBS, blocking serum was
applied for 10 min. The sections were incubated with anti-
HDAC?2 polyclonal antibody overnight at 4 °C. After washing
in PBS, a biotin-marked goat anti-rabbit secondary antibody was
applied for 10 min followed by a peroxidase-marked strepta-
vidin for an additional 10 min. The reaction was visualized by
using 3, 3’-diaminobenzidine tetrahydrochloride. The nuclei
were counterstained with hematoxylin. Positive and negative
immunohistochemistry controls were routinely used. Repro-
ducibility of staining was confirmed by reimmunostaining via
the same method in multiple, randomly selected specimens.
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Table 1 Association of HDAC2 expression with the clinicopatholog-
ical features of 136 patients with primary gallbladder carcinoma

Factor NO. HDAC?2 expression (n, %) P
Low High

Gender

Male 60 18 (30.0) 42(70.0) NS

Female 76 26 (34.3) 50(65.7)

Age

<66 years 65 21 (32.3) 44(67.7) NS

>66 years 71 23 (32.4) 48(67.6)

Tumor size

<2.5 cm 72 23 (31.9) 49(68.1) NS

>2.5 cm 64 21 (32.9) 43(67.1)

Histological grade

Gl 18 18 (100.0) 0(0) <0.001

G2 72 22 (30.6) 50(69.4)

G3 33 3(9.1) 30(90.9)

G4 13 1(7.7) 12(92.3)

Pathologic T stage

Tl 22 19 (86.3) 3(13.7) <0.001

T2 60 18 (30.0) 42(70.0)

T3 36 5(13.9) 31(86.1)

T4 18 2 (11.1) 16(88.9)

Clinical stage

1 46 28 (60.8) 18(39.2) 0.005

11 52 10 (19.2) 42(80.8)

11 18 4(22.2) 14(77.8)

v 20 2 (10.0) 18(90.0)

Nodal metastasis 0

Negative 92 41 (16.3) 51(83.7) 0.001

Positive 44 3 (40.9) 4109.1)

Distant metastasis

Negative 112 36 (32.1) 76(67.9) NS

Positive 24 8 (33.3) 16(66.7)

Venous/lymphatic invasion

Negative 82 27 (32.9) 55(67.1) NS

Positive 54 17 (31.5) 37(68.5)

Perineural invasion

Negative 79 28 (35.5) 51(64.5) NS

Positive 57 16 (28.1) 41(71.9)

‘NS’ refers to ‘No statistic significance’

Immunoreactivity was assessed by two investigators
who were blinded to clinicopathologic data. Discrepan-
cies were resolved by simultaneous reexamination of the
slides by both investigators using a double-headed mi-
croscope. The percentage scoring of immunoreactive
tumor cells was as follows: 0 (0 %), 1 (1-10 %), 2
(11-50 %) and 3 (>50 %). The staining intensity was
visually scored and stratified as follows: 0 (negative), 1
(weak), 2 (moderate) and 3 (strong). A final immunore-
activity scores (IRS) was obtained for each case by multiplying

the percentage and the intensity score. The expression levels of
HDAC?2 were further analyzed by classifying IRS values as
low (based on a IRS value less than 5 that was the median of
IRS values of HDAC2 in all PGC specimens) and as high
(based on a IRS value greater than 5). The protocol was done in
triplicates.

Statistical Analysis

SPSS13.0 software for Windows (SPSS Inc, USA) was used
for statistical analysis. Continuous variables were expressed
as X £ s. Group comparisons of categorical variables were
evaluated using the Fisher’s exact or Pearson’s chi-square test.
Kaplan-Meier method was used for the question of survival.
Chiquest trend test and Cox regression analysis were per-
formed for ordinal datum and the multivariate analysis, re-
spectively. The p values of less than 0.05 were considered to
be statistically significant.

Results
Expression and Cellular Localization of HDAC2 in PGC

HDAC2 immunohistochemical expression was successfully
detected for PGC samples from 136 patients with PGC. The
positive immunostaining of HDAC2 was localized in the
cellular nuclei of tumor cells in PGC samples (Fig. la)
which was consistent with previous studies [18-20], and
varied in intensity and extent of staining in different tumors.
However, HDAC2 immunostaining was undetectable in the
normal epithelium of the gallbladder (Fig. 1b). Additionally,
HDAC?2 was positively expressed in 86.0 % (117/136) tumor
samples. Among these, 78.6 % (92/117) of cases displayed
high expression of HDAC2.

Fig. 1 Immunohistochemical staining of HDAC2 expression in human
primary gallbladder carcinoma (PGC, original magnification %200).
Strong nuclear expression of HDAC2 was detected at the tumor cells of
PGC tissues
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Correlation Between HDAC2 Protein Expression
and Clinicopathological Characteristics of PGC

Table 1 summarized the correlation between HDAC2 pro-
tein expression and various clinicopathological character-
istics of PGC patients. There was a significant difference
in the incidence of positive nodal metastasis between the
high and low HDAC2 expression groups (P=0.001). The
PGC tissues with high HDAC2 expression more frequently
showed positive nodal metastasis. The incidences of ad-
vanced clinical stage (P=0.005) and pathologic T stage
(P<0.001), and higher histologic grade (P<0.001) were re-
spectively higher in the high HDAC2 expression group than
in the low group. The PGC tissues with high HDAC2 expres-
sion tended to show advanced clinical and pathologic T stage,
and higher histologic grade. There was no significant associ-
ation with age, gender, or tumor size (Table 1).

Prognostic Value of HDAC2 Expression in PGC

To evaluate the prognostic value of HDAC2 protein expression
in PGC, the adequate clinical follow-up information of all 136
PGC patients were reviewed. The OS rates of low and high
HDAC?2 expression groups were respectively 47.4 % (9/19)
and 12.8 % (15/117), and the DFS rates of low and high
HDAC?2 expression groups were respectively 52.6 % (10/19)
and 14.5 % (17/117). Figure 2 showed the survival curves
according to HDAC2 immunohistochemical expression. The
analysis with Kaplan-Meier method clearly showed that PGC
patients with high HDAC2 expression had both increased OS

a
1.0

0843

: Low HDAC expression
06 %

0.4

Qverall survival

“ngh HDAC expression

0.2

004 p<p 001

1 1 1
0 10 20 30 40 &0 60 70
Months after surgery

Fig.2 Overall survival (a) and disease-free survival (b) in 136 patients
with human primary gallbladder carcinoma (PGC) according to the
immunohistochemical expression of HDAC2. The analysis with
Kaplan-Meier method clearly showed that PGC patients having tumors
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and DFS compared with patients with low HDAC2 expression
(P<0.001 and 0.008, Fig. 2a and b, respectively).

Then, we estimated the clinical significance of various
prognostic factors that might influence survival and recurrence.
As summarized in Table 2, the univariate analysis suggested
that advanced pathologic T stage (P=0.008), advanced clinical
stage (P<0.001), nodal metastasis (P=0.001), distant metasta-
sis (P=0.001), and high HDAC?2 expression (P<0.001) were
statistically significant risk factors affecting OS of patients with
PGC. In case of DFS, advanced pathologic T stage (P=0.02),
advanced clinical stage (P=0.001), nodal metastasis (P=
0.001), and high HDAC?2 expression (P=0.008) were statisti-
cally significant risk factors.

Furthermore, we evaluated the independent prognostic
impacts of these various factors. As summarized in Table 3,
the multivariate analysis using the Cox proportional hazards
model shown that advanced clinical stage (hazard ratio [HR],
8.862; 95 % confidence interval [CI], 1.328-26.523; P=
0.008) and high HDAC2 expression (HR, 8.221; 95 % CI,
1.293-23.128; P=0.008) were independent risk factors pre-
dicting short OS. In case of DFS, advanced clinical stage (HR,
3.391; 95 % CI, 1.183-9.923; P=0.02) and high HDAC2
expression (HR, 8.695; 95 %CI, 1.248-27.079; P=0.008)
were independent risk factors predicting short DFS (Table 3).

Discussion

It is of great challenge for the clinicians on the management
of PGC to accurate risk stratification which may play an

Disease-free survival

0.0 p=0.008
| I I I |

1 I
0 10 20 30 40 50 60
Months after surgery

with strong HDAC2 expression (+++) had respectively decreased
overall (P<0.001) and DFS (P=0.008) compared with patients with
negative (-), weak (+) or moderate (++) HDAC2 expression
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Table 2 Univariate analysis of the association between prognosis and various clinicopathologic parameters in patients with PGC
Features Overall survival Disease-free survival

Hazard ratio 95 % CI P Hazard ratio 95 % CI P
Gender (male vs. female) 0.672 0.328-1.296 NS 1.007 0.426-2.335 NS
Age (<66 years vs. >66 years) 0.766 0.357-1.402 NS 0.890 0.368-1.563 NS
Tumor size (<2.5 cm vs. >2.5 cm) 0.819 0.334-1.628 NS 1.023 0.269-2.682 NS
Histological grade (G1-G2 vs. G3 + G4) 0.981 0.365-2.879 NS 1.107 0.319-2.989 NS
Pathologic T stage (T1+ T2 vs. T3 + T4) 3.387 1.528-8.336 0.008 3.072 1.269-8.668 0.02
Clinical stage (I + II vs. IIT + IV) 5.620 1.591-11.072 <0.001 4.863 1.893-10.651 0.001
Nodal metastasis (negative vs. positive) 4.701 1.310-8.543 0.001 4.663 1.700-10.253 0.001
Distant metastasis (negative vs. positive) 4.509 1.271-9.775 0.001 2.181 1.037-4.357 NS
Venous/lymphatic invasion (negative vs. positive) 2.687 1.190-5.053 NS 2.508 1.431-4.383 NS
Perineural invasion (negative vs. positive) 1.216 1.087-3.126 NS 1.246 1.507-3.608 NS
HDAC?2 expression (low vs. high) 9.921 1.601-22.158 <0.001 4.869 1.421-10.619 0.008

‘NS’ refers to ‘No statistic significance’

important role in decision making of patient tailored strate-
gy. In the present study, we detected the immunohistochem-
ical expression of the HDAC2 protein in a large number of
PGC tissues. There are four points of our findings. Firstly,
the HDAC2 protein was overexpressed in tumor cells of
PGC tissues, but not expressed in normal epithelium of
gallbladder; Secondly, the up-regulation of HDAC2 protein
in PGC tissues was significantly correlated with advanced
tumor progression and aggressive clinicopathological fea-
tures; Thirdly, the results of Kaplan-Meier analyses shown
that PGC tissues with high HDAC2 expression tend to have
decreased OS and DFS rates. Finally, both univariate and
multivariate analyses clearly demonstrated that the high
HDAC?2 expression was a statistically significant risk factor
affecting OS and DFS of patients with PGC, suggesting that
HDAC2 expression could be a useful marker to predict
patient survival.

HDACSs are enzymes that catalyze the removal of acetyl
moieties from lysine residues [21]. They were initially iden-
tified as histone deacetylating enzymes and regulators of

chromatin structure. In recent years, HDACs have been
demonstrated to be involved in various biological processes,
including proliferation and cell survival [22]. Especially,
HDAC: function as negative regulators of gene expression
and play important roles in tumorigenesis and tumor pro-
gression. The inhibition of HDACs’ activity may lead to
suppression of cell proliferation and apoptosis in neoplastic
transformed but not in normal cells. Thus, HDACs are
promising targets for anti-tumor drugs. According to molec-
ular structure, enzymatic activity, localization and expres-
sion pattern, HDACs are divided into four classes: class-I
(HDACI, 2, 3 and 8 have homology to yeast RPD3); class-
Ila (HDACs 4, 5, 7 and 9 have homology to yeast HDA1);
class-IIb (HDACs 6 and 10 have two catalytic sites) and
class-IV (HDACI1, has conserved residues shared with
both class-I and class-II deacetylases) [23]. Among the class
I enzymes, HDAC1 and HDAC?2 are shown to be highly
homologous. Both are ubiquitously expressed with nuclear
localization and are components of large protein complexes
with transcriptional repression activity, participating in the

Table 3 Multivariate analysis of the association between prognosis and various clinicopathologic parameters in patients with PGC

Features Overall survival Disease-free survival

Hazard ratio 95 % CI P Hazard ratio 95 % CI P
Pathologic T stage (T1+ T2 vs. T3 + T4) 0.528 0.106-5.291 NS 1.066 0.281-6.893 NS
Clinical stage (I + IT vs. IIT + IV) 8.862 1.328-26.523 0.008 3.391 1.183-9.923 0.02
Nodal metastasis (negative vs. positive) 1.728 0.553-6.965 NS 1.625 0.685-7.097 NS
Distant metastasis (negative vs. positive) 1.763 1.128-6.553 NS 1.711 0.737-7.267 NS
Venous/lymphatic invasion (negative vs. positive) 2.181 1.018-8.106 NS 2.527 1.023-8.298 NS
Perineural invasion (negative vs. positive) 0.826 0.115-3.089 NS 0.908 0.259-3.765 NS
HDAC?2 expression (low vs. high) 8.221 1.293-23.128 0.008 8.695 1.248-27.079 0.008

‘NS’ refers to ‘No statistic significance’
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regulation of cell cycle, differentiation and development
[24, 25]. Especially, HDAC2 has a rather specific anti-
apoptotic function in tumor cells. Huang et al. [26] reported
that HDAC2 knockdown in tumor cells may lead to a more
differentiated phenotype and increased apoptosis caused by
augmented levels of p21. In breast cancer cells, Harms et al.
[27] also confirmed that HDAC2 knockdown may induce
the binding activity of p53 resulting in the inhibition of cell
proliferation and cellular senescence. In recent years, in-
creasing evidences have found the overexpression of
HDAC?2 in the oncogenic process of various human malig-
nancies. For instance, the increased HDAC2 expression was
detected in colonic, liver, gastric, pancreatic and cervical
cancers [16-20]; Zhu et al. [28] further demonstrated that
HDAC?2 expression was increased by the loss of APC in
human colorectal cancer; Chang et al. [29] found that
HDAC?2 expression elevated distinctly from epithelial dys-
plasia to oral squamous cell carcinoma, and cancer of ad-
vanced stage, with larger tumor size or positive lymph node
metastasis, had higher level of HDAC2 protein expression.
In agreement with these results, our data also showed that
the nuclear HDAC2 immunostaing was greatly increased in
PGC tissues compared with normal epithelium tissues of
gallbladder. To our knowledge, this is the first study to show
expression and localization of HDAC2 protein in PGC
tissues. Moreover, we also found that PGC tissues at ad-
vanced stage, with positive nodal metastasis, and in higher
histological grade, had higher HDAC2 immunohistochemi-
cal expression. These findings suggest that the prevalent
expression of HDAC2 in cancer cells may be closely related
to cell migration and invasion potential.

On the other hand, increasing numbers of studies suggest
that expression of HDAC?2 is associated with tumor prog-
nosis in several types of cancer. For instance, Chang et al.
[29] demonstrated that oral squamous cell carcinoma
patients with high HDAC2 expression had significantly
shorter overall survival than those with low HDAC2 expres-
sion; In prostate cancer patients, HDAC2 was associated
with PSA relapse-free survival; Quint et al. [18] indicated
that HDAC2 overexpression in hepatocellular carcinoma
was associated with poor outcome, both in the general
patient population, comparing all cases (HDAC low vs. high
expression) as well as in low-grade (G1) and early-tumor
stage (pT1/2) patients. Consistent with these findings, our
data also confirmed that the increased HDAC?2 expression in
PGC was associated with poor overall and disease-free
survival in patients. Therefore, HDAC2 expression may be
served as an adjuvant marker of unfavourable clinical outcome
in PGC patients.

In conclusion, high HDAC2 expression was correlated
with a high incidence of lymph node metastasis and aggres-
sive tumor progression of PGC. It also was an independent
prognostic factor for poorer overall and disease-free survival
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in patients. Therefore, detection of HDAC?2 expression may
help us screen patients at increased risk of malignant behav-
ior for PGC. However, the precise mechanism that HDAC2
is involved in the tumorigensis and tumor progression of
PGC remains unclear. The further prospective analysis
would be worth doing.

Conflict of interest statement None.
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