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Histone deacetylase 3 promotes pancreatic cancer cell
proliferation, invasion and increases drug-resistance
through histone modification of P27, PS3 and Bax
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Abstract. Pancreatic cancer is one of the most aggressive solid
malignancies with a dismal survival rate. Recent studies have
shown that high expression levels of histone deacetylase 3
(HDAC3) correlate with malignant phenotype. However, the
expression patterns and biological role of HDAC3 in pancre-
atic cancer remain unclear. In this study, our data showed
that a higher level of HDAC3 protein expression was found
in pancreatic cancer as compared to paired paracancerous
tissues. Consistently, higher expression level of HDAC3 was
found in all of the eight pancreatic cancer cell lines relative to
human pancreatic ductal epithelial cells (HPDE). In addition,
further function analysis revealed that HDAC3 can function
as oncogenic protein, which could promote pancreatic cancer
cell proliferation, migration and invasion, and may increase
drug resistance. Moreover, the functional involvement of
HDACS3 was partially correlated with post-induction repres-
sion of P53, P27 and Bax gene transcription, acting via H3K9
deacetylation. Taken together, our data suggest that HDAC3
participates in the pathogenesis and progression of pancreatic
cancer through histone modification, which might be a pivotal
epigenetic target against this devastating disease.

Introduction

Pancreatic cancer is a devastating disease with the worst prog-
nosis among all the major human malignancies. Long-term
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prognosis remains poor with a 5-year survival rate of <5%
after the initial diagnosis (1). One of the major hallmarks of
pancreatic cancer is its extensive local tumor invasion and
drug resistance, but the molecular events underlying this
remain mysterious (2).

The alterations of the chromatin structure by histone
acetylases (HATSs) and histone deacetylases (HDACs) are
involved in the regulation of gene transcription and also in
the process of tumorigenesis. The deacetylation of lysine resi-
dues by HDACs can lead to chromatin compaction and gene
inactivation (3). Recently studies showed that elevated levels
of HDAC3 expression and activity caused epigenetic altera-
tions associated with malignancies (4,5). However, the role of
HDACS3 in pancreatic cancer has not been well elucidated.

In this study, the potential effects of HDAC3 on pancre-
atic cancer were investigated. We found that HDAC3 was
overexpressed in pancreatic cancer as compared to paired
paracancerous tissues. Consistently, all of the eight pancreatic
cancer cell lines had higher level of HDAC3 relative to human
pancreatic ductal epithelial cells (HPDE). Further function
analysis revealed that high HDAC3 expression could promote
cancer cell proliferation, migration and invasion, and may
increase drug resistance. Moreover, the functional involve-
ment of HDAC3 was partially correlated with post-induction
repression of P53, P27 and Bax gene transcription, acting via
H3KO9 deacetylation.

Materials and methods

Patients and tissue samples. Four cases of pancreatic cancer
and paired paracancerous fresh tissues were obtained from
Department of General Surgery, First People's Hospital,
School of Medicine, Shanghai Jiao Tong University. For the
use of all clinical materials for research purposes, prior written
informed consent from all the patients and approval from the
Ethics Committees of the First People's Hospital, School of
Medicine, Shanghai Jiao Tong University were obtained.

Immunofluorescence. The experimental steps were performed
as previous described (6). Pancreatic cancer tissue specimens
stored at -80°C were moved to -20°C to equilibrate to the
temperature of the cryostat. Sections were cut of the 7-8-ym
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thickness, placed on slides and dried overnight at room
temperature. Slides were then fixed by immersion in cold
acetone (-20°C) for 5 min, air dried at room temperature and
exposed to microwave for 15 min. The prepared frozen tissue
sections were either subjected to immunostaining or stored at
-20°C.

The frozen tissue slices were re-fixed with paraformalde-
hyde at room temperature for 10 min. After four rinses, the
slices were blocked with 5% BSA and 5% goat serum for
60 min at 37°C. Properly diluted primary antibody against
HDAC3 (Abcam, dilution 1:2,500) was applied to frozen
sections at 4°C overnight, followed by four rinses. The slides
were stained with Dylight 546-conjugated goat anti-rabbit
antibody (Jackson, dilution 1:100) for 1 h at room temperature.
Finally, slides were stained with DAPI (Sigma) for 15 min and
mounted in Antifade medium (Beyotime).

Cancer cell lines. Human pancreatic ductal epithelial cells
(HPDE), pancreatic cancer cells BxPC-3, PANC-1, AsPC-1,
HPAC, CFPAC-1, HS-766T, HPAF-II and SW1990 were
obtained from Shanghai Institute for Life Science, Chinese
Academy of Sciences. PANC-1 and HPAC were grown in
5% CO, saturated humidity, at 37°C and cultured in DMEM
(Gibco, USA) supplemented with 2 mmol/l glutamine
and 10% FBS (Gibco) and subcultured by harvesting with
trypsin-EDTA. HPDE, BxPC-3, AsPC-1, CFPAC-1, HS-766T,
HPAF-II and SW1990 cells were cultured in RPMI-1640
(Gibco) supplemented with 10% FBS.

Knockdown and overexpression of the HDAC3 gene. Human
HDAC3 cDNA (NM_003883) was amplified by RT-PCR with
the RNA extracted from PANC-1 cells, and then cloned into
pLV4 vector. HDAC3 were searched for suitable siRNA target
sequences, three siRNA sequences were designed, synthe-
sized, and confirmed by sequencing, respectively. Preliminary
experiments picked out the most efficient siRNA sequences of
knockdown from the above three candidate siRNAs. siRNA
sequences: 5'-GCCUCAUCGCCUGGCAUUGATdT-3' (sense),
5'-CAAUGCCAGGCGAUGAGGCATAT-3' (antisense); with a
negative control siRNA sequence: 5'-UUCUCCGAAC
GUGUCACGUATAT-3' (sense), 5-ACGUGACACGUUCGGA
GAAdTdT-3' (antisense). Lentivirus particles were produced
by co-transfecting expression vector pLV4-HDAC3 cDNA,
pLV4-HDAC3 shRNA or pLV4-vector with viral particle
packaging helper vector into 293T cells. Titer of viral particles
was determined by limited serial dilution. PANC-1 cells or
HPAC cells were infected with the lentivirus with the
pLV4-HDAC3 cDNA, pLV4-HDAC3 shRNA or pLV4-vector.
The efficiency of knockdown or overexpression of HDAC3
was determined by western blot analysis.

Cell proliferation assay and cytotoxicity studies. Cell prolif-
eration was determined from three separate experiments using
MTT (3-(4,5-dimethylthiazol-2-yl-2,5-diphenyltetrazolium
bromide) assays (7). Briefly, the medium was removed and
replaced by 200 pul fresh medium with 500 pg/ml MTT per
well. The cells were incubated for 4 h. The medium was
then removed and 200 pl of DMSO was added to each well.
The absorbance value of each well was determined spectro-
photometrically at 570 nm on a Microplate ELISA Reader
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(Bio-Tek Instruments). The cell growth inhibitory effect of
72-h gemcitabine exposure was studied as described previ-
ously (8). The 50% inhibitory concentration (ICs,) of cell
growth for each cell line was determined by non-linear least
squares curve fitting (GraphPad PRISM, Intuitive Software for
Science). The experiment was performed in triplicate. Each
experiment was repeated three times.

In vitro invasion assay and migration assay. MilliCell (12-mm
diameter with 8-ym pores) chambers (Millipore, Bedford,
MA, USA) were pre-coated with Matrigel (BD, Bedford, MA,
USA) on the upper side. A total of 1x10° pancreatic cancer
cells were added to the upper compartment in medium supple-
mented with 0.1% serum, and the chambers were placed into
24-well plates with medium containing 10% serum. After
24 h at 37°C, cells on the upper side of the membrane were
wiped off, invaded cells on the lower membrane surface were
fixed and stained with DAPI (Sigma). Invasive activity was
quantified by counting 10 high-power fields (HPFs, x200) per
chamber. Mean values were obtained from at least three indi-
vidual chambers for each experimental point per assay. The
migration assay is the same with invasion assay excepting no
Matrigel was used and the permeating time for cells was 16 h.

Reverse transcription gPCR analysis. Total RNA was
extracted from the cells with RNAiso (Takara) according to
the manufacturer's protocol. For mRNA detection, reverse
transcription was performed according to the protocol of
RevertAid™ First Strand cDNA Synthesis kits (Fermentas);
gPCR was performed with SYBR premix Ex Taq (Takara) on
an Applied Biosystems 7500 Real-Time PCR system supplied
with analytical software (Applied Biosystems, USA). GAPDH
mRNA was used to normalize RNA inputs. Primers used
were as follows: P27 [5'-GCAACCAATGGATCTCCT CCT-3'
(sense) and 5'-GGGGAGAAAAACACCCCGAA-3' (anti-
sense)], P53 [(5"TGACACGCTTCCCTGGATTG-3' (sense) and
5'-TCCGGGGACAGCATCAAATC-3' (antisense)], Bax
[(6'-GTGGTTGGGTGAGACTCCTC-3' (sense) and 5'-GCA
GGGTAGATGAATCGGGG-3' (antisense)], Bim [(5-TTGAT
TCTTGCAGCCACCCT-3' (sense) and 5'-CGCAGGCTGC
AATTGTCTAC-3' (antisense)], GAPDH [(5'-CTCTGCTCCT
CCTGTTCGAC-3' (sense) and 5'-GCGCCCAATACGACCAA
ATC-3' (antisense)]. Data were processed by using the 2-44C
method. The results are represented as the means + SE of three
independent experiments.

Western blotting. Cells were lysed with lysis buffer (Beyotime)
containing PMSF. Lysates was centrifuged at 12,000 g at 4°C
for 10 min, and the supernatant was collected and preserved
at -80°C for later use. Protein concentrations were determined
using BCA Protein Assay kit (Beyotime). Proteins were
subjected to one-dimensional SDS-PAGE and transferred
to PVDF membrane (Millipore) by using a transfer appa-
ratus according to the manufacturer's protocols (Bio-Rad,
Richmond, CA, USA). Membranes were blocked with non-fat
dry milk in TBST buffer (10 mM Tris-HCI, pH 8.0, and
150 mM NacCl) containing 0.1% Tween-20, washed in the same
buffer and probed with the following antibodies: anti-HDAC3
(Abcam), anti-histone H3 (Millipore Biotechnology), anti-
acetyl-histone H3 (Millipore Biotechnology) and anti-f3-actin
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Figure 1. The levels of HDAC3 protein expression in pancreatic cancer. (A) HDACS3, histone H3 and acetylated histone H3 (AcH3) protein expression were
detected by western blot analysis in tumor (T) and paracancerous tissues (N) from pancreatic cancer patients. (B) HDAC3 protein expression was detected
by immunofluorescence (x40). (C) The protein levels of HDAC3 expression were compared between pancreatic cancer cell lines and human pancreatic ductal

epithelial cells (HPDE).

antibodies (Cell Signaling Technology) at 4°C overnight. Then
the membranes were washed in TBST buffer and incubated
with respective secondary antibody. The infrared fluorescence
image was obtained using Odyssey infrared imaging system
(Li-Cor Bioscience). Data were obtained from at least three
independent experiments.

Chromatin immunoprecipitation. Chromatin immunopre-
cipitation (ChIP) was performed using the Upstate
Biotechnology ChIP kit and following a modified protocol
from the manufacturer. Briefly, tissues was fixed in 1% form-
aldehyde and cell lysates were sheared by sonication in 1%
SDS lysis buffer to generate chromatin fragments with an
average length of 200-1,000 bp. The chromatin was then
immunoprecipitated overnight at 4°C with antibodies specific
to HDAC3 (Abcam), AcH3, AcH3K9 and AcH3K14
(Millipore Biotechnology) or an equivalent amount of control
IgG. Protein-DNA-antibody complexes were precipitated
with protein A-agarose beads for 2 h at 4°C. Input or DNA in
the complex was subjected to quantitative PCR with specific
primer for P27 promoter [(5'-GGCTCACAAGTTAGAGA
CAA-3' (sense) and 5'-GCAGAAGGAATTAGCAAGTG-3'
(antisense)],P53 promoter [(5'-CACAGGAACAGACGACAA-3'
(sense) and 5'-TGGACACGGCTAAGTAGA-3' (antisense)],
Bax promoter [(5'-TCTTACTATTGGTTGCTCTAGG-3'
(sense) and 5'-AGGTCTCGGTTCTGTCTG-3' (antisense)],
Bim promoter [(5'-CTTAGAAGAATGGTGGAGTTG-3'
(sense) and 5'-CATAGACAAGTGTTCAGATGG-3' (anti-
sense)].

Statistical analysis. All statistical analyses were performed
using SPSS 10.0. Data are expressed as mean + SEM. The
statistical correlation of data between groups was analyzed
by one-way analysis of variance (ANOVA) and Student's t-test
as appropriate. In vitro cell growth assay was tested using
factorial design ANOVA. P-values of <0.05 were considered
statistically significant.

Results

HDACS3 protein is overexpressed in human pancreatic cancer.
Four samples of pancreatic cancer tissues and paired para-
cancerous tissues were collected. Protein levels of HDAC3
were detected by western blot analysis. In comparison with
paired paracancerous tissues, HDAC3 protein expression
was significant higher in pancreatic cancer tissues. Next, we
detected protein levels of histone H3 and acetylated histone H3
(AcH3). While total levels of histone H3 were similar, levels
of AcH3 were significantly higher at paracarcinoma tissues as
compared to tumor tissues (Fig. 1A). The results suggested that
HDACS3 overexpression could lead to decreased level of AcH3
in pancreatic cancer tissues. In addition, immunofluorescence
results confirmed that HDAC3 protein expression was higher
in pancreatic cancer (Fig. 1B). Furthermore, we compared
the expression of HDAC3 between human normal pancreatic
ductal epithelial cell (HPDE) and pancreatic cancer cell lines.
Interestingly, consistently higher expression level of HDAC3
was found in all the eight pancreatic cancer cell lines relative
to the HPDE (Fig. 1C). Taken together, it is suggested that
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Figure 2. Effects of HDAC3 expression on pancreatic cancer cell proliferation, migration and invasion, and drug resistance in vitro. (A) Protein expression of
HDAC3 was detected in HDAC3-knockdown and HDAC3-overpression stable transfected cells, TSA treatment and negative control. (B) In vitro cell prolifera-
tion was analyzed by MTT assay (P<0.05). (C) Capabilities of migration and invasion were analyzed by Transwell assay (migration, without Matrigel; invasion,
coated by Matrigel). Values represent the number of migratory/invasive cells per 5 high power fields (x200). (D) The 50% inhibitory concentration (ICs,) of
gemcitabine was compared. Data are representative or expressed as the mean = SEM of three independent experiments. "P<0.05 or ““P<0.01, compared with

control group.

upregulation of HDAC3 is a frequent event in human pancre-
atic cancer.

HDAC3 promotes pancreatic cancer cell proliferation,
migration and invasion, and increases drug resistance
in vitro. In order to investigate the biological function involved
in pancreatic cancer, we knocked down or overexpressed

HDAC3 gene expression in PANC-1 and HPAC cells through
lentivirus-mediated constructs. In addition, TSA, an inhibitor
of HDACs, was used to inhibit HDAC3 activity. As shown
in Fig. 2A, comparing to the control, cells transfected with
shRNA-HDACS3 or treatment with TSA had decreased levels
of HDAC3 protein, and HDAC3 overexpression was able to
upregulate HDAC3 protein level significantly.
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Figure 3. Effects of HDAC3 expression on gene transcriptional regulation. (A) Reverse transcription gPCR analysis of P53, P27, Bax and Bim mRNA
expression. (B) The recruitment levels of HDAC3, AcH3 and SMRT to P27, P53, Bax and Bim gene promoter were determined by ChIP assay in pancreatic

cancer (T) and paracancerous tissues (N). (C) The levels of HDAC3, AcH3 and
HDACS3 expression in pancreatic cancer cell lines PANC-1 and HPAC. Data are
“P<0.01, compared with control group.

To detect the effect of HDAC3 expression on pancreatic
cell proliferation, we investigated the proliferative activities
by MTT assays. As a result, it was found that HDAC3 down-
regulation significantly reduced the proliferative activities
of pancreatic cancer cell lines, while HDAC3 upregulation
increased the cell proliferation (Fig. 2B).

Cell migration and invasion are important processes of
tumor development and metastasis. Therefore, we evalu-
ated the effects of HDAC3 on the migration and invasion
of PANC-1 and HPAC by the Transwell assay. The results
revealed that migration/invasion capability of PANC-1 and

SMRT recruited to P27, P53, Bax and Bim gene promoter were affected by
expressed as the mean + SEM of three independent experiments. “P<0.05 or

HPAC cells were significantly decreased by HDAC3 knock-
down or treatment with TSA, and increased by HDAC3
upregulation (Fig. 2C).

To screen the effect of HDAC3 on drug resistance, we
investigated the impact gemcitabine on the proliferation of
PANC-1 and HPAC cells, and calculated the half inhibi-
tion concentration (ICs,). The results are shown in Fig. 2D,
compared to control, HDAC3 knockdown or TSA treatment
decreased ICs, of gemcitabine (PANC-1, 5.04+1.04/4.11+1.14
vs. 14.40+2.21 nmol/l; HPAC, 4.93+1.41/6.17+1.48 vs.
9.74+1.52 nmol/l), and HDAC3 overexpression increased
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Figure 4. The recruitment of HDAC3 to gene promoter mediates tran-
scriptional repression via H3K9 deacetylation. (A) The modulation of
histone H3K9 and H3K 14 acetylation at the P27, P53, Bax and Bim promoters
were examined by ChIP assay in pancreatic cancer (T) and paracancerous
tissues (N). (B) The recruitment levels of histone H3K9 acetylation to P27,
P53 and Bax gene promoter were affected by HDAC3 expression in pancre-
atic cancer cell lines PANC-1 and HPAC. Data are expressed as the mean
+ SEM of three independent experiments. "P<0.05 or “P<0.01, compared
with control group.

IC,, significantly (PANC-1, 26.13+8.16 vs. 14.40+2.21 nmol/l;
HPAC, 20.62+9.61 vs. 9.74+1.52 nmol/l).

The recruitment of high level of HDAC3 to P27, P53 and Bax
gene promoter mediate transcription suppression. Elevated
levels of HDACs expression among malignancies caused
transcriptional repression of a diverse set of genes, involved
in tumor progression (5). Previous reports suggested that
P27, P53, Bax and Bim played important roles in pancreatic
cancer progression. The P53 tumor suppressor gene encodes
a nuclear protein that plays a crucial role in cell cycle regu-
lation and major early events in pancreatic cancer (9). P27
(Kipl/CDKNIB) is a member of the Cip/Kip family of
cyclin-dependent kinase inhibitors, which can induce cell
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cycle arrest and serve as tumor suppressors. Moreover, P27
and P53 provide independent prognostic or predictive infor-
mation in pancreatic cancer (10). Bax and Bim belong to the
BCL-2 family forming hetero- or homodimers and acting as
anti- or pro-apoptotic regulators that are involved in a wide
variety of cellular activities. Bax (11) and Bim (12) function
as an apoptotic activator regulated apoptosis signaling in
pancreatic cancer. To investigate the possible mechanisms of
HDAC3-mediated biological function in pancreatic cancer, we
analysed the effects of HDAC3 expression on P27, P53, Bax
and Bim mRNA. The results revealed that expression of P27,
P53 and Bax mRNA was upregulated by HDAC3 knockdown,
and significantly downregulated by HDAC3 overexpression.
However, no changes of the expression level of Bim gene
mRNA was observed (Fig. 3A). Therefore, we hypothesized
that recruitment of high level of HDAC3 to the above gene
promoters in pancreatic cancer led to transcription suppres-
sion. The ChIP result revealed that, compared to paired
paracancerous tissues, higher level of HDAC3 was recruited
to P27, P53 and Bax promoter in pancreatic cancer. In addi-
tion, there was no statistically significant difference for Bim
gene. Accordingly, the recruitment of AcH3 was significantly
diminished because of the higher level of HDAC3 (Fig. 3B).

Specifically, HDAC3 negatively regulates the transcription
of genes by directly interacting with co-repressors recruited to
target gene promoters by various transcription factors (13). The
silencing mediator of retinoid and thyroid receptor (SMRT)
is a nuclear receptor corepressor that binds and enhances the
HDAC activity of HDAC3 (14). ChIP experiments with SMRT
antibodies indicated increased recruitment in the P27, P53
and Bax promoter region in pancreatic cancer (Fig. 3B), thus
confirming a functional involvement of HDAC3 in the post-
induction repression of gene transcription.

Furthermore, the recruitments of HDAC3 and SMRT to
the promoters of P27, P53 and Bax gene were significantly
diminished by knockdown of HDAC3 or TSA administra-
tion, and increased by HDAC3 overexpression. Inversely,
HDAC3 knockdown or treatment with TSA could increase the
recruitment of AcH3, and HDAC3 overexpression resulted in
decreased level of AcH3 recruitment (Fig. 3C).

H3K9 deacetylation is directly correlated with the recruitment
of HDAC3 to P27, P53 and Bax gene promoters. Genome-
wide analyses of histone acetylation have demonstrated that
the acetylation of individual lysines in histone H3 and H4 tails
and more specifically histone H3 acetylation at lysines K9

Hi?tone Transcription factor
tai

HATs = HDACs HATs < HDACs

Figure 5. Proposed model of HDAC3 in regulation of the repression of gene transcription. HATSs, histone acetylases; HDACs, histone deacetylases.
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(H3K9) and K14 (H3K14) correlates with the active state of
gene transcription (15,16). To further understand the involve-
ment of histone acetylation in regulating gene expression,
the modulation of histone H3K9 and H3K14 acetylation at
the P27, P53 and Bax promoters were examined. Compared
to the constitutive levels detected in paired paracancerous
tissues, decreased H3K9 acetylation by 2-3-fold was detected
in pancreatic cancer tissues (Fig. 4A). However, for H3K14
acetylation, no significant difference was detected (Fig. 4A).
These results indicated H3K9 deacetylation correlates directly
with the recruitment of HDACS3 to the above gene promoters,
thus providing a mechanism to maintain controlled expression
of genes.

Furthermore, ChIP assay was carried out to determine the
levels of H3K9 acetylation at the gene promoter in PANC-1 and
HPAC with stable transfection of HDAC3 or siRNA-HDACS3.
The recruitment levels of H3K9 acetylation were significantly
diminished by HDAC3 overexpression, and increased by
knockdown of HDAC3 or treatment with TSA (Fig. 4B).

Taken together, these results indicated that recruit-
ment of HDAC3 to P27, P53 and Bax gene promoters led to
histone H3K9 deacetylation and post-inductional inhibition of
gene transcription in pancreatic cancer.

Discussion

Within tumor cells, aberrant deacetylation of histones due to
enhanced HDAC:s activity results in conformational changes
within the nucleosome that lead to transcriptional repression
of genes involved in differentiation and negative regulation of
cell proliferation, invasion and metastasis (Fig. 5). Increased
expressions of HDAC3 have been found closely associated
with many malignancies (5). In several studies analyzing
patient cancer samples, overexpression of HDAC3 was found
in hepatocellular (17), lung (18) and prostate carcinomas (19)
and in most of the cases HDAC3 upregulation associates with
poor prognosis. Also it was proposed to serve as a candidate
biomarker (20). However, the contributions of HDAC3 to
pancreatic cancer remain incompletely understood.

In the present study, we firstly analyzed HDAC3 expres-
sion in pancreatic cancer and paired paracancerous tissues
as a control. The result showed higher HDAC3 expression in
pancreatic cancer tissues. Consistently, all the eight pancreatic
cancer cell lines had high level of HDAC3. In addition, our data
suggested that elevated expression of HDAC3 in pancreatic
cancer led to reduced level of histone H3 acetylation. To the
best of our knowledge, this is the first report that demonstrates
higher level of HDAC3 expression in pancreatic cancer.

Although we demonstrated that HDAC3 functioned as
a stimulus in pancreatic cancer, the function of HDAC3 in
tumor is still very controversial. Various researchers have
viewed HDAC3 as an oncogenic protein. SIRNA-mediated
knock-down of HDAC3 in HeLa cells resulted in inhibition
of cell proliferation (21). Inhibition of HDAC3 in glioma cell
lines could suppress proliferation and tumor sphere forma-
tion, induce GO/G1 arrest and apoptosis, and suppress the
migration of glioma cells in comparison with controls (22).
However, it has also been reported as a tumor suppressor
protein (23). To further understand the biologic function of
HDACS3, pancreatic cancer cell lines PANC-1 and HPAC with
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stable overexpression and knockdown HDAC3 gene were
constructed by lentivirus-mediated methods. Our data showed
that knock-down of HDAC3 expression could suppress
pancreatic cancer cell proliferation, migration and invasion,
and reduce drug-resistance of gemcitabine, consistent with
TSA administration, an inhibitor of HDAC(s). Accordingly,
HDAC3 overexpression promoted cell proliferation, migra-
tion and invasion, and increased drug-resistance. Our study
revealed that HDAC3 may function as an oncogenic protein
in pancreatic cancer cells, which was in agreement with
previous findings in other cell types (22,24). Together, these
results suggested that the role of HDAC3 in pancreatic cancer
may mainly lie in tumor growth, invasion and metastasis.

Previous studies suggested that P27, P53, Bax and Bim
played major roles in pancreatic cancer progression, which
could be regulated by HDAC and/or histone deacetylase
inhibitors (HDACI). HDACI activated P53, and entinostat-
induced cytotoxic effects partially depended on P53 in colon
cancer cell lines (25). Valproic acid and TSA affect acety-
lation status of p53 and induce apoptosis in ERG-positive
prostate cancer cells (26). In human lung cancer cell lines,
HDAC inactivation results in the induction of apoptosis via
p53 and Bax activation (27). P27, which inhibits CDK4- and
CDK2-containing complexes, was induced by vorinostat
and/or TSA, in leukemia cells (28) and breast cancer cells
(29). In addition, HDACi could upregulate pro-apoptotic
proteins of Bcl-2 family, such as Bax, Bim, Bmf, Bak and
Bik (30,31), which mediated the intrinsic apoptosis pathway.
Moreover, HDAC3 played a role in cell cycle processes and
DNA damage response (32). Therefore, we hypothesized the
functional involvement of HDAC3 in pancreatic cancer were
possibly correlated with the post-induction repression of gene
transcription, including P27, P53, Bax and Bim. Firstly, our
results showed that P27, P53 and Bax mRNA expressions
were upregulated by HDAC3 knockdown, and downregu-
lated significantly by HDAC3 overexpression. Further ChIP
analysis revealed that, compared to paracancerous tissues,
higher level of HDAC3 and HDAC3 corepressors SMRT were
recruited to P27, P53 and Bax promoter in pancreatic cancer,
leading to the decreased AcH3 at gene promoter. In regulation
of Bim gene expression, other mechanisms may also exist.
Together, the above data suggest that the functional involve-
ments of HDAC3 in pancreatic cancer were possible partially
associated with the transcription repression of P27, P53
and Bax genes. However, the detail mechanisms of HDAC3
regulating histone modifications and key factors in pancreatic
cancer still need further exploration.

Furthermore, histone H3 acetylation at lysines K9 (H3K9)
and K14 (H3K14) were directly correlated with the active
state of gene transcription (16). In order to identify which
lysines acetylation/deacetylation of histone H3 was respon-
sible for regulating genes expression, ChIP assays with H3K9
and H3K 14 antibodies were performed. The results indicated
that inhibition of P27, P53 and Bax gene transcription in
pancreatic cancer were related to inhibition of histone H3K9
acetylation in the gene promoters. Knockdown of HDAC3
expression or treatment with TSA resulted in increase of
H3K9 acetylation, whereas the levels of H3K14 acetylation
were unaffected. Accordingly, HDAC3 overexpression led to
decrease of H3K9 acetylation. Taken together, the functional
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involvement of HDAC3 in the post-induction repression
of regulated gene transcription, were directly correlated to
histone H3K9 deacetylation.

In conclusion, our findings reveal strong expression of
HDACS3 in patients with pancreatic cancer, and demonstrate
that the functional involvement of HDACS3 is partially related
to post-induction repression of P53, P27 and Bax gene tran-
scription, acting via H3K9 deacetylation. HDAC3 participates
in the pathogenesis and progression of pancreatic cancer,
which might be a pivotal epigenetic target against this devas-
tating disease.
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