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Histone deacetylases 3 (HDAC3) is highly expressed  
in cervical cancer and inhibited by siRNA 
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Abstract: Objective: To detect the expression of histone deacetylase 3 (HDAC3) in cervical cancer tissue and inves-
tigate the inhibition of HDAC3 by Small Interference RNA (siRNA) on the effect of HDAC3 in Hela cell line of cervical 
cancer. Methods: The expression of HDAC3 in 12 specimens of normal cervical tissues, 21 specimens of moderate 
to severe cervical intraepithelial neoplasia and 64 specimens of cervical carcinoma were measured by reverse 
transcription-Polymerase Chain Reaction (RT-PCR) and immunohistochemistry (IHC). RT-PCR and Western blotting 
were used to detect the expression of HDAC3 in Hela after transfected with siRNA and control RNA. Results: The 
expression levels of HDAC3 mRNA in normal cervical epithelia, CIN II~III and cervical cancer were (0.110±0.020), 
(0.756±0.065) and (0.310±0.021) respectively. The rate of HDAC3 positive expression in normal cervical epithelia, 
CIN II~III and cervical cancer were 8% (1/12), 38% (8/21), 94% (60/64) respectively. Significant down-regulation 
of the expression of mRNA and protein levels of HDAC3 was found following transfection of the HDAC3 siRNA. The 
results of IHC revealed that there were relationship between the expression of HDAC3 protein and the degree of 
tumor differentiation, myometrial invasion and lymph node metastasis. Conclusions: HDAC3 may play an important 
role in the course of cervical cancer. The in vitro transient transfection of synthesized HDAC3-siRAN on the Hela 
cell line can down-regulate the expression of mRNA and protein levels in the cells. siRNA is likely to be a new way to 
treating the cervical cancer.

Keywords: Cervical carcinoma, histone deacetylase 3 (HDAC3), Hela cell lines, small Interference RNA (siRNA)

Introduction

Cervical carcinoma is one of the most widely 
female genital neoplasms and occupies lead-
ing causes of female deaths in developing 
country. Cervical carcinoma is characterized as 
substantial morbidity, easily metastasis and 
easily recurrence [1]. As popularization of gyne-
cologic examination rising incidence of cervical 
carcinoma is detected by examination, which 
brings huge pressure on family and society. 
Although a multitude of studies had carried out 
to investigate the happen of cervical carcino-
ma, the exact mechanism remains to be eluci-
dated. Molecular biotechnology had revealed 
the complex process in formation of cervical 
carcinoma, which involves a variety of tumor 
related molecular [2]. Histone deacetylases 
(HDACs), a potential target against many 
tumors, is associated with regulation of gene 
expression in a slice of tumor cells [3, 4]. HDACs 

isoforms are known that could be classified into 
four classes in which HDAC3 belongs to I type 
[5]. Up to now few studies have investigated the 
association between HDAC3 expression and 
pathological characteristic of cervical carcino-
ma thereby in this study we detected HDAC3 
expression by RT-PCR and immunohistochemi-
cal to get comparisons in normal cervical tis-
sue, cervical intraepithelial neoplasia tissue 
(CIN) and cervical carcinoma tissues respec-
tively. Subsequently using RNA interference we 
transfected HDAC3 is into Hela cells to deter-
mine if the interference with HDAC3 could 
inhibit Hela cells. 

Materials and methods

Tissue sample 

64 pathological specimens that had been diag-
nosed as cervical carcinoma were selected 
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from outpatient surgery and receiving opera-
tion between Jan 2012 and Dec 2013. The 
ages of patients selected ranged from 26 to 71 
years (mean, 46.8±11.6 years). In the same 
period, 21 pathological specimens that had 
been pathologically confirmed as CIN were also 
enrolled with ages ranging from 24 to 65 years 
(mean, 41.7±10.9 years). 12 cervical speci-
mens drawing from hysterectomy due to uter-
ine benign disease were selected as control 
group, of which ages ranged from 28 to 61 
years (mean, 45.8±9.2 years). None of the 
patients had received any tumor-specific thera-
py including operation, radiotherapy or chemo-
therapy before obtaining specimens and didn’t 
contain other tumors.  

Cell culture and treatment

Human cervical carcinoma cell lines HeLa  
(from shanghai institute of cell biology) were 
cultured in DMEM (Gibco, USA) with 10%  
fetal bovine serum (Gibco) and all cells were 
maintained at 37°C with 5% CO2.

siRNA interference

Hela cells were planked at density of 1×105 
cells per well into six-well plate with 2 ml DMEM 
containing 10% fetal bovine serum and incu-
bated until they reached 90% confluence. 
Simultaneously, mixture containing 0.4 ug  
DNA, DNA-condensation buffer and Buffer EC 
were incubated for 3~5 min at 37°C. After  

centrifugation 10 μl Effectence Transfection 
Reagent was added and vibrated for 10 s.  
After removal of medium well was washed  
with PBS then the mixture and 1.6 ml  
DMEM were put into wells. 6 h after incuba- 
tion at 37°C in a 5% CO2 humidified incubator, 
the serum-free medium was discarded and 
replaced with complete medium. 

Semi-quantitative RT-PCR

Cells were harvested 48 h after transfec- 
tion and wells were added in 500 μl Trizol. 
Spectrophotometer was used to measure the 
ratio of A260/280 in the 260/280 nm wave-
lengths. According to the protocol RNA was 
extracted and subsequently was reverse tran-
scribed into cDNA. Using semi-quantitative 
RT-PCR to amplify cDNA in which PCR primer 
sequence of HDAC3: F: 5’-CGTCCGAAATGT- 
TGC-3’, R: 5’-GAAGTTCCTCACTATGG-3’; frag-
ment length augmented was 432 bp. Gel 
Imaging System scanned detached DNA frag- 
ment.

Immunohistochemical staining and evaluation 
immunoreactivity

Tissue samples were cut into 5 μm slices and 
the slides were processed by microwave heat-
ing in 0.01 M sodium citrate (pH 6.0) for anti-
gen retrieval. After blockage with 5% milk slides 
were incubated with primary antibodies for 24 
h. The following secondary antibodies were 
added and then coloration with DAB and coun-
terstain with Mayer’s haematoxylin for 30 
seconds.

Western blotting

Proteins were extracted using Protein Lysis 
Buffer on ice for 30 min then was quantified  
by BCA quantification kit-rapid. After 100°C 
coction with 5 × loading buffer, proteins  
were transferred to SDS-PAGE electrophoresis 
for 40 min. After SDS/PAGE, proteins were 
transferred to a PVDF membrane and then fil-
ters were blocked with 5% BSA dissolved in 
PBS containing 0.18% Tween-20 by incubation 
overnight at 4°C. After washing in PBS-
Tween-20, the filters were probed with primary 
antibodies (HDAC3: 1:1000; β-actin: 1:5000) 
and then following secondary antibodies 
(1:5000) incubation for 2 h. Having been wash 
twice proteins were detected using enhanced 
chemiluminescence (ECL).

Figure 1. Expressions of mRNA in different cervical 
specimens: A: normal cervical specimens; B: CIN 
(II~III grade) specimens; C: cervical carcinoma speci-
mens. Every experiment was repeated three times. 
*, cervical carcinoma specimens vs. normal cervical 
specimens, P < 0.05; ▲, CIN (II~III grade) specimens 
vs. normal cervical specimens, P < 0.05. Error bars 
represent S.D.
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Statistical analysis

Data was analyzed using SPSS software (ver-
sion 16.0). Continuous variables were express- 
ed as mean ± SD and mean differences be- 
tween two groups were compared using 
Student’s t-test. ANOVA was used to analyze 
comparison between multiple samples. P < 
0.05 was considered as statistically signifi- 
cant.

Results

Comparison of HDAC3 mRNA expression in 
three groups of cervical specimens

Results of semi-quantitative RT-PCR demon-
strated that the expression of HDAC3 mRNA in 
cervical carcinoma specimens was more than 
CIN (II~III grade) specimens (0.756±0.065 vs. 

0.310±0.021, P < 0.01) and normal cervical 
specimens (0.756±0.065 vs. 0.110±0.020,  
P < 0.01). In the other hand, mRNA expre- 
ssion level of CIN (II~III grade) specimens was 
higher than normal specimens (0.310±0.021 
vs. 0.110±0.020, P < 0.01). Representative 
comparison of stripes was shown as Figure 1.

Comparison of HDAC3 proteins expression in 
three groups of cervical specimens

Proteins expressed in three groups of cervical 
specimens were detected using immunohisto-
chemical staining. The highest expression level 
of HDAC3 was detected in cervical carcinoma 
specimens, next in the CIN (II~III degrade) spec-
imens and the lowest expression level in the 
normal cervical specimens (positive rates were 
98%, 38% and 8% respectively, P < 0.05, Figure 
2).

Figure 2. HDAC3 expression positively correlates with cervical cancer malignancy: HDAC3 in expression was de-
tected with Immunohistochemistry using rabbit anti-HDAC3. HDAC3 expression was different in A: normal cervical 
specimens; B: cervical carcinoma specimens; C: CIN (II~III grade) specimens. D: Plot representation of scores ac-
cording to immunohistochemical expression of HDAC3 in different cervical specimens. A total of 64 specimens were 
analyzed. The scores were calculated by intensity × percentage of stained cells. *, cervical carcinoma specimens 
vs. normal cervical specimens, P < 0.05; ▲, CIN (II~III grade) specimens vs. normal cervical specimens, P < 0.05. 
Error bars represent S.D.
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Association of HDAC3 proteins expression and 
pathological characteristics of cervical carci-
noma

As shown in Table 1, HDAC3 proteins expres-
sion are positively correlated with pathology 
grade, invasive depth of muscular layer and 
lymphatic metastasis (P < 0.05) but there is no 
significant correlation between HDAC3 proteins 
expression and ages of patients, invasive depth 
of vessel and clinical stages (P > 0.05).

HDAC3 siRNA interference for Hela cells

Hela cells were transfected with HDAC3 siRNA 
or vector siRNA, consequently mRNA and pro-
teins expression level was down regulation in 
Hela cells transfected with HDAC3 siRNA in 
comparison of vector siRNA group (0.887± 
0.035 vs. 0.093±0.005, P < 0.05, Figure 3). 

Discussion

Acetylation/deacetylation of histone is crucial 
in maintaining chromosome stability and regu-
lating genetic transcription [6]. Covalent modifi-
cation for N-terminal amino acid of histone 
includes acetylation, methylation and ubiquiti-
nation, of which acetylation/deacetylation play 
the most important role [7]. Interworking of his-
tone acetyltransferase (HAT) and histone de- 
acetylase (HDAC) regulate acetylation of his-
tone [8]. When deacetylation of histone enhanc-
ing chromosome turns to be compact, whi- 
ch lead to inhibition of transcription factor bind-

ing to DNA and in some situations induce tu- 
mor [9, 10]. HDACs isoforms are known that 
could be classified into four classes in which 
HDAC3 belongs to I type. Jian et al reported 
that HDACs lead to intestinal epithelium para-
plasm by inhibiting p21 [11]. Liby et al found 
expression of HDACs was positively correlated 
with malignancy grade of tumor [12].

Cervical carcinoma is one of the most wide- 
ly female genital neoplasms in all across  
the world. Statistical information indicates 
530,000 new cases of cervical carcinoma each 
year, which occupies 3% of new cancer cases. 
Furthermore cervical carcinoma possesses 
high case fatality rate in female genital malig-
nant that is attributed to fourth of all cancer 
deaths [13]. Thus searching an effective mark-
er to predict cervical carcinoma in the early 
stage is significant for female health. A slice of 
molecules have been reported to be related 
with cervical carcinoma such as FHIT, p53, Rb, 
c-fos, c-myc, VEGF [14-16], but the association 
of HDACs and cervical carcinoma elucidated. In 
this study, we investigated their relation by 
detecting mRNA, protein expressions of HDAC3 
and analyzed association of pathological fea-
ture and HDAC3 expression. Finally, we made 
siRNA interference trial to test the potential of 
HDAC3 siRNA inhibiting cervical carcinoma. 
Results demonstrate that HDAC3 expression is 
positively correlated with cervical carcinoma 
malignancy on matter in mRNA and protein 

Table 1. Clinical and pathological characteristics of cervical cancer sufferers (n=64)

Clinical and pathological characteristics Total cases 
(n)

Cases of HDAC3 up-regu-
lated expression (n)

Positive 
rate (%)

P 
value

Age < 50 year 28 25 89.3 0.446
≥ 50 year 36 34 94.4

Clinical stage ≤ Ib2 33 24 72.7 0.479
≥ Ib2 31 20 64.5

Differentiated degree High 13 7 53.8 0.047
Moderate 32 26 81.2
Low 19 17 89.5

Vessel invasion Yes 45 34 75.6 0.314
No 19 12 63.2

Muscular invasion < 1/2 13 9 69.2 0.026
≥ 1/2 51 47 92.2

Lymphatic metastasis Yes 31 22 71.0 0.041
No 33 30 90.9

Pathological pattern Squamous cell carcinoma 43 39 90.7 0.549
Adenocarcinoma 21 18 85.7
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expression. Further investigation of pathologi-
cal feature indicates that HDAC3 proteins 
expression are positively correlated with pathol-
ogy grade, invasive depth of muscular layer and 
lymphatic metastasis but there is no significant 
correlation between HDAC3 proteins expres-
sion and ages of patients, invasive depth of 
vessel and clinical stages. With siRNA interfer-
ence HDAC3 expression of cervical carcinoma 
is significantly blocked.

Histone deacetylase inhibitors have been used 
in clinical therapy for many tumors and reveal 
their effectiveness. Borutinskaite et al had 
present the cell cycle blocking ability of BML-
210 against cancer cells [17]. Thus HDACs are 
considered to be a potential target for many 
tumors including cervical carcinoma. In order to 
verify this speculation, we investigated the 

interference ability using siRNA which is based 
on this principle that siRNA combines with sin-
gle stranded mRNA to induce post-transcrip-
tional gene silencing (PTGS) and following inhi-
bition of gene translation [18, 19] and results 
confirmed the effectiveness of HDACs siRNA 
down-regulating HDACs mRNA and protein ex- 
pression. Interference of siRNA provides poten-
tial means to inhibit cervical carcinoma.     

In brief, HDAC3 expression is related to cervical 
carcinoma malignancy and is associated with 
some pathological feature including pathology 
grade, invasive depth of muscular layer and 
lymphatic metastasis. This investigation indi-
cates a possibility of detecting HDAC3 as a 
marker of cervical carcinoma. Moreover siRNA 
interference with HDACs suggests an effective 
means to inhibit cervical carcinoma. 

Figure 3. HDAC3 siRNA interference for Hela cells: Hela cells were transfected with HDAC3 siRNA. 6 h later, the 
mRNA and protein expression of HDAC3 was detected by semi-quantitative RT-PCR and western blotting respec-
tively. A: mRNA expression of HDAC3; B: Plot representation of relative level of HDAC3 mRNA; C: Protein expression 
of HDAC3; D: Plot representation of relative ratio of HDAC3. Data were analyzed by Student’s t test. *, P < 0.05.



HDAC3 is highly expressed in cervical cancer

3605 Int J Clin Exp Pathol 2016;9(3):3600-3605

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Shuping Zhao, 
Department of Gynecology, Qingdao Woman and 
Children’s Hospital, Qingdao University, Qingdao 
266034, Shandong, P. R. of China. E-mail: zhaosh-
uping2015@126.com

References

[1] Arbyn M, Castellsagué X, de Sanjosé S, Bruni L, 
Saraiya M, Bray F, Ferlay J. Worldwide burden 
of cervical cancer in 2008. Ann Oncol 2011; 
22: 2675-2686.

[2] Tewari KS, Sill MW, Long HJ 3rd, Penson RT, 
Huang H, Ramondetta LM, Landrum LM, 
Oaknin A, Reid TJ, Leitao MM, Michael HE, 
Monk BJ. Improved survival with bevacizumab 
in advanced cervical carcinoma. New Engl J 
Med 2014; 370: 734-743.

[3] De Ruijter A ,Van Gennip A ,Caron H, Kemp S, 
van Kuilenburg AB. Histone deacetylases 
(HDACs): characterization of the classical 
HDAC family. Biochem J 2003; 370: 737-749.

[4] Peng L, Seto E. Deacetylation of nonhistone 
proteins by HDACs and the implications in can-
cer. Handb Exp Pharmacol 2011; 206: 39-56.

[5] Wilson AJ, Byun DS, Popova N, Murray LB, 
L’Italien K, Sowa Y, Arango D, Velcich A, 
Augenlicht LH, Mariadason JM. Histone 
deacetylase 3 (HDAC3) and other class I 
HDACs regulate colon cell maturation and p21 
expression and are deregulated in human co-
lon cancer. J Biol Chem 2006; 281: 13548-
13558.

[6] Espino PS, Drobic B, Dunn KL, Davie JR. His- 
tone modifications as a platform for cancer 
therapy. J Cell Biochem 2005; 94: 1088-1102.

[7] Rincon-Arano H, Halow J, Delrow JJ, Parkhurst 
SM, Groudine M. UpSET recruits HDAC com-
plexes and restricts chromatin accessibility 
and acetylation at promoter regions. Cell  
2012; 151: 1214-1228.

[8] Icardi L, De Bosscher K, Tavernier J. The HAT/
HDAC interplay: multilevel control of STAT sig-
naling. Cytokine Growth Factor Rev 2012; 23: 
283-291.

[9] Khan SN, Khan AU. Role of histone acetylation 
in cell physiology and diseases: An update. Clin 
Chim Acta 2010; 411: 1401-1411.

[10] Gong F, Miller KM. Mammalian DNA repair: 
HATs and HDACs make their mark through his-
tone acetylation. Mutat Res 2013; 750: 23-30.

[11] Tang J, Chen JX, Wan BS, et al. The association 
of histone deacetyltranferase 3 and P21 with 
colorectal carcinoma. Surgical Theory and 
Practice 2009; 14: 639-643.

[12] Libý P, Kostrouchová M, Pohludka M, Yilma P, 
Hrabal P, Sikora J, Brozová E, Kostrouchová M, 
Rall JE, Kostrouch Z. Elevated and deregulated 
expression of HDAC3 in human astrocytic glial 
tumors. Folia Biol (Praha) 2006; 52: 21-33.

[13] Forouzanfar MH, Foreman KJ, Delossantos 
AM, Lozano R, Lopez AD, Murray CJ, Naghavi 
M. Breast and cervical carcinoma in 187 coun-
tries between 1980 and 2010: a systematic 
analysis. Lancet 2011; 378: 1461-1484.

[14] Banzai C, Nishino K, Quan J, Yoshihara K, 
Sekine M, Yahata T, Tanaka K; Gynecological 
Cancer Registry of Niigata. Promoter methyla-
tion of DAPK1, FHIT, MGMT, and CDKN2A 
genes in cervical carcinoma. Int J Clin Oncol 
2014; 19: 127-132.

[15] Reschner A, Bontems S, Le Gac S, Lambermont 
J, Marcélis L, Defrancq E, Hubert P, Moucheron 
C, Kirsch-De Mesmaeker A, Raes M, Piette, 
Delvenne PJ. Ruthenium oligonucleotides, tar-
geting HPV16 E6 oncogene, inhibit the growth 
of cervical carcinoma cells under illumination 
by a mechanism involving p53. Gene Ther 
2013; 20: 435-443.

[16] Liu H, Xiao J, Yang Y, Liu Y, Ma R, Li Y, Deng F, 
Zhang Y. COX-2 expression is correlated with 
VEGF-C, lymphangiogenesis and lymph node 
metastasis in human cervical carcinoma. 
Microvasc Res 2011; 82: 131-140.

[17] Borutinskaite VV, Magnusson KE, Nava- 
kauskiene R. Histone deacetylase inhibitor 
BML-210 induces growth inhibition and apop-
tosis and regulates HDAC and DAPC complex 
expression levels in cervical carcinoma cells. 
Mol Biol Rep 2012; 39: 10179-10186.

[18] Xie Z, Wroblewska L, Prochazka L, Weiss R, 
Benenson Y. Multi-input RNAi-based logic cir-
cuit for identification of specific cancer cells. 
Science 2011; 333: 1307-1311.

[19] Martínez de Alba AE, Jauvion V, Mallory AC, 
Bouteiller N, Vaucheret H. The miRNA pathway 
limits AGO1 availability during siRNA-mediated 
PTGS defense against exogenous RNA. Nucleic 
Acids Res 2011; 39: 9339-9344.

mailto:zhaoshuping2015@126.com
mailto:zhaoshuping2015@126.com

