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Histone deacetylase inhibitor enhances the anti-tumor
effect of gemcitabine: A special reference to gene-
expression microarray analysis
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Abstract. Histone deacetylase (HDAC) is strongly associated
with epigenetic regulation and carcinogenesis, and its inhibitors
induce the differentiation or apoptosis of cancer cells. Valproic
acid (VPA) is one of the clinically available HDAC inhibitors.
We investigated the anticancer effects of VPA in combination
with gemcitabine (GEM) in the human cholangiocarcinoma cell
line HuCCT1, and explored the mechanisms of the anticancer
effects using microarray analysis. The anticancer effects of VPA
or gemcitabine (GEM), and the effects of VPA combined with
GEM, were studied by a cell proliferation assay. A microarray
analysis was performed and the genes were picked up using
GeneSpring GX11.5, followed by Ingenuity Pathways Analysis
(IPA) and determination of gene expression by RT-PCR. GEM
(5 nM) and VPA (0.5 mM) reduced proliferation by 23%,
which significantly augmented the anticancer effect of GEM
alone or VPA alone (P<0.01). Using microarray analysis, 43
genes were identified with the comparison between the GEM
group and the GEM plus VPA combination group. Interactions
were identified between genes of the ‘Cellular Development’
network relevant to the differentiation of cancer cells using
IPA. Furthermore, GEM combined with VPA up-regulated the
HLA-DRA expression compared to the single agents (P<0.01).
VPA augmented the effects of GEM by enhancing the gene
network mainly including HLA-DRA, possibly through the
modification of cancer cell differentiation.

Introduction

Cholangiocarcinoma is a cancer arising from bile duct epithe-
lium. This cancer is one of the most difficult diseases to treat and
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no standard chemotherapy has been established (1,2). Widely
used chemotherapeutic regimens include gemcitabine (GEM),
a nucleoside analogue of cytidine (2',2'-difluorodeoxycytidine;
dFdC), which has a response rate of <30% (3). New agents and
innovative therapeutic approaches are being investigated. Our
group has researched the resistance of chemotherapy in biliary
tract cancers (4).

Alterations in the epigenetic modulation of gene-
expressions have been implicated in cancer development
and progression. Histone acetylation is a post-translational
modulation of the nucleosomal histones that affects chromatin
structure and modulates gene-expression. Histone deacety-
lases (HDACs) comprise an ancient family of enzymes that
play crucial roles in numerous biological processes (5) and
expressions of HDACs are up-regulated in many tumor types
(6,7). We reported that the survival rate for pancreatic cancer
patients that were HDACI1-positive was significantly lower
than for those that were HDAC1-negative and HDAC1 was
considered to be a promising therapeutic target in pancreatic
cancer (8). HDAC inhibitors induce the differentiation or
apoptosis of cancer cells (9,10). Therefore, HDAC inhibitors
are promising novel anticancer agents. In this study, we used
valproic acid (VPA), which has been shown to have anticancer
effects in various cancer models (11-13). However, no reports
have focused on the alteration of gene-expression related to the
anticancer effect of VPA in a bile duct cell line using micro-
array analysis.

The goal of this study was to investigate the anticancer
effect of VPA in combination with GEM in a cholangiocar-
cinoma cell line and to identify the molecular mechanisms of
the anticancer effect using microarray analysis.

Materials and methods

Cell lines and culture conditions. HuCCT1 (STR: http:/
www2.brc.riken.jp/lab/cell/str_start.shtml?cell_no=RCB1960)
was provided by the RIKEN BRC through the National
Bio-Resource Project of the MEXT, Japan. All cell lines were
grown in RPMI-1640, supplemented with 10% fetal bovine
serum (FBS), 70 ug/ml penicillin, 100 xg/ml streptomycin
(complete medium) and maintained at 37°C in a humidified
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incubator with 5% CO, in the air. The cells were maintained
for no longer than 12 weeks after recovery from frozen stock.

Reagents. Valproic acid was purchased from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan), kept at 4°C and
diluted in PBS as necessary at the time of use. Gemzar
(gemcitabine hydrochloride) was purchased from Eli Lilly and
Co. (Indianapolis, IN) and made fresh in 0.9% NaCl on the
day of use.

Cell proliferation assay. All of the tumor cells (5x10%) were
seeded into 38-mm? wells of flat-bottomed 96-well plates in
quadruplicate and allowed to adhere overnight. The spent
medium was then removed and the cultures were re-fed
with new medium (negative control) or medium, containing
different concentrations of VPA and GEM. Incubation was
continued for 72 h prior to adding the Cell Counting Kit-8.
After 2 h, the optical density was measured at 450 nm with a
microplate reader (Multiskan JX; Lab Systems).

Microarray analysis. Total RNA was isolated from both the stim-
ulated and unstimulated cells (HuCCT1) using the RNeasy Mini
kit (Qiagen, Valencia, CA). Relative purity was examined using
an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara,
CA, USA). RNA expression was analyzed using the GeneChip®
Human Gene 1.0 ST Array (Affymetrix, Santa Clara, CA,
USA), containing 28,869 oligonucleotide probes for known and
unknown genes. First strand cDNA was synthesized from 300 ng
of total RNA by using the GeneChip Whole Transcript (WT)
cDNA Synthesis and Amplification kit (Affymetrix) according
to the manufacturer's instructions. cRNA (10 xg) was input
into the second-cycle cDNA reaction. cDNA was fragmented
and end-labeled with the GeneChip WT Terminal Labeling kit
(Affymetrix). Approximately 5.5 ug of fragmented and labeled
DNA target was hybridized to the Affymetrix GeneChip Human
Gene 1.0 ST Array at 45°C for 17 h in a GeneChip Hybridization
Oven 640 (Affymetrix) according to the manufacturer's recom-
mendation. Hybridized arrays were washed and stained on
a GeneChip Fluidics Station 450 and scanned on a GeneChip
Scanner 3000 7G (Affymetrix) and CEL files were then gener-
ated for each array. The microarray data were normalized by
the GeneSpring GX 11.5 software (Agilent). The cut-off value
was set at 0.5-2.0 for the ratio (>2.0, up-regulation; 0.5-2.0, no
change; <0.5, down-regulation). The complete datasets were
deposited in the Gene Expression Omnibus database (accession
no. GSE27036).

Gene Ontology (GO) was analyzed using the GeneSpring
GX 11.5 software (Agilent) and a P-value <0.05 was used
for significance. The Ingenuity Pathway Analysis (IPA) 8.7
(http://www.ingenuity.com) was then used to determine the
functional pathways associated with the set of differentially
expressed genes between genotypes. IPA utilizes the knowl-
edge in the literature about biological interactions among
genes and proteins.

RNA isolation and quantitative real-time RT-PCR. The extracted
RNA was reverse transcribed with the High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems). Quantitative
real-time RT-PCR was performed using the Applied Biosystems
7500 Real-Time PCR System, TagMan Gene Expression
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Figure 1. The effect of GEM (A), VPA (B) and the combination of GEM
(5 nM) and VPA (0.5 mM) (C) on inhibiting cell proliferation of the human
cholangiocarcinoma cell line, HUCCT1 *P<0.05; "P<0.01; NS, not significant.
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Figure 2. The gene-expressions of HDACI of human cholangiocarcinoma
cell line, HuCCT1, in the combination of GEM (5 nM) and VPA (0.5 mM)
“P<0.01.
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Figure 3. GO analysis with the comparison between GEM (5 nM) alone and GEM (5 nM) + VPA (0.5 mM) combination.

Table I. Differentially expressed genes by microarray analysis (GEM vs. GEM+VPA).

Genes

Up-regulated (n=37)

ANKRDI,ANKRD22,CPM, LRRC49, CALB2, SERPINB7, CCDC88A,IQGAP2, CAMK4, ENPPI,

PRKAR2B, SGCE, LRRCC1, HLA-DRA, HLA-DRB1, HLA-DRB3, HLA-DPBI1, SELL, PLCEI,
CNTN1, ARHGDIB, SILV, PHOSPHO1, PSG4, ATP6V1C2, MBOAT2, CALCRL, SPP1, SEPP1,
SSBP2, CTGF, TSPAN13, PEG10, CD274, TSPAN7, FHL1, TMPRSS11E

Down-regulated (n=6)

HIST2H2BE, DPEP1, LGALS9, ABCA12, LCN2, NMI

Assays-on-demand and the TagMan Universal Master mix
(Applied Biosystems). The following assays were used: HDAC1
(no. Hs00606262_m1), HLA-DRA (no. Hs00219575_m1l). The
TagMan Human ACTB endogenous control (4326315E) was
used as a control gene. The thermal cycler conditions were as
follows: 2 min at 50°C, 10 min at 95°C, 40 cycles of 15 sec at
95°C, and 1 min at 60°C. Amplification data were analyzed with
an Applied Biosystems Prism 7500 Sequence Detection system
version 1.3.1 (Applied Biosystems).

Statistical analyses. Statistical comparisons of mean values were
conducted using one-way ANOVA. All the results are presented
as mean + SD. Statistical analysis was performed using StatView
5.0 J Software (SAS Institute, Inc., Cary, NC, USA). A P-value of
<0.05 was considered to be statistically significant.

Results

In the GEM alone group, no effect of GEM was observed
in the dose of 5 nM. Proliferation-inhibitory effects (16 and
43%) were observed at doses of 10 and 50 nM (Fig. 1A). In the
VPA alone group, no effect of VPA was observed in the dose

of 0.5 mM. Proliferation-inhibitory effects (12, 35 and 67%)
were observed in doses of 1.0, 5.0 and 10 mM, respectively
(Fig. 1B). GEM (5 nM) combined with VPA (0.5 mM) reduced
proliferation by 23%, which significantly augmented the anti-
cancer effects of GEM alone or VPA alone (P<0.01) (Fig. 1C).
In regard to HDACI1 expression, GEM combined with VPA
reduced the HDACI expression compared to GEM alone or
VPA alone with real-time RT-PCR (Fig. 2).

Using microarray analysis, 683 and 357 unique genes were
isolated in the GEM (5 nM) and VPA (0.5 mM) groups in
comparison to the control group (fold change >2.0), respec-
tively (data not shown). In addition, 43 differentially expressed
genes were isolated between the GEM alone group and the
GEM+VPA combination group (fold change >2.0) (Table I).

GO analysis revealed that the genes of the MHC class
IT protein complex showed significant different patterns
(P=0.04) between the GEM alone group and the GEM+VPA
combination group (Fig. 3). IPA-represented up-regulated
(red) and down-regulated (green) genes in the gene network
of the ‘Cellular Development’ contained the gene of the MHC
class II protein complex, HLA-DR A, among the isolated genes
between the two groups (Fig. 4).
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Figure 4. The gene network with the genes isolated from the comparison between GEM (5 nM) alone and GEM (5 nM) + VPA (0.5 mM) using IPA.
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Figure 5. The gene-expressions in the HLA-DRA of human cholangiocar-
cinoma cell line, HuCCT1, with the combination of GEM (5 nM) and VPA
(0.5 mM) "P<0.01.

Furthermore, up-regulation of the HLA-DRA expression
in the group of GEM combined with VPA was confirmed by
RT-PCR compared to the GEM alone or the VPA alone groups
(P<0.01) (Fig. 5).

Discussion

In the present study, we assessed the effects of VPA, an HDAC
inhibitor, in combination with GEM in the bile duct carcinoma
cell line. To the best of our knowledge, this is the first report
showing that VPA enhances the effects of GEM in a bile duct
carcinoma cell line.

HDAC inhibitors have been shown to be useful in cancer
therapy since they sensitize cancer cells to multiple chemo-
therapeutic agents (4,14). The HDAC inhibitor SAHA has been
reported to enhance the effects of GEM in non-small cell lung
cancer through the regulation of NF-xB (15). In the pancreatic
cancer cell line, SAHA has been shown to augment the effects
of GEM through up-regulation of p21 expression (16).

In this study, we utilized DNA microarray analysis and
IPA to investigate the molecular mechanisms of the anticancer
effects of VPA in combination with GEM. The microarray
analysis may identify potential target genes for therapy, while
IPA can be useful to understand the pathobiology at multiple
levels by integrating data from a variety of experimental plat-
forms and providing insight into the molecular and chemical
interactions, cellular phenotypes and disease processes. We
used IPA to analyze the gene network with the comparison
between GEM only and the GEM+VPA combination. Using
microarray analysis, VPA enhanced the anticancer effect of
GEM through the gene network of the ‘Cellular Development’
containing HLA-DRA.

MHC class I molecules (HLA-DR,HLA-DP and HLA-DQ
in humans) bind and display peptide antigens for recognition
by CD4* T lymphocytes. MHC class II molecules play an
important role in antitumor immunity (17,18). The expression
of HLA-DR antigen in various cancers has been reported to
influence carcinogenesis and prognosis (19-21) and the low
expression of HLA-DR is an independent risk factor in HCC
(22).

Furthermore, the expression of HLA-DR antigen in gastric
cancer is associated with the degree of tumor cell differentia-
tion (19,20). HDAC inhibitors can induce the differentiation of
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solid tumors and reduce cell proliferation (23-25). Inhibition
of the cell cycle is an essential event in cellular differentiation
and the cytostatic effects of HDAC inhibitors are important
for their anticancer activities. Apicidin, an HDAC inhibitor,
caused the induction of stem cell differentiation into all three
germ layers (26). In view of these findings, HDAC inhibi-
tors have the potential to be used as differentiation-inducing
therapy for cancer cells.

Many reports have documented the importance of histone
acetylation as a positive regulator of MHC class II transcrip-
tion (27,28) and HDAC inhibitors augmented the expression
of the tumor cell MHC class II (29). On the other hand,
HDAC activity repressed the MHC class II gene expression
(30). In this study, after comparing the GEM alone group to
the GEM and VPA combination group, the interactions were
shown between genes of the ‘Cellular Development’ network
containing the gene of the MHC class II protein, HLA-DRA.
The HLA-DRA expression was up-regulated in the GEM plus
VPA group. VPA may affect the differentiation of bile duct
carcinoma cells because of the close correlation already shown
between the expression of HLA-DR antigen and the differen-
tiation of tumor cells (19,20). However, some of the HDAC
inhibitors are of limited therapeutic use due to their toxic side
effects at high doses (31). VPA is widely used as a therapeutic
drug for epilepsy and its toxic profile and pharmacokinetic
properties are well established. Furthermore, in our study, the
promising dose of VPA was 0.5 mM, while the peak plasma
concentration in patients treated for epilepsy ranging between
0.5 and 1.2 mM (32). VPA, at a dose of 0.5 mM, may not cause
any serious side effects in clinical settings.

In conclusion, VPA augmented the therapeutic effects of
GEM, at least partially by increasing the HLA-DRA expres-
sion. These effects may be associated with the modification of
cancer cell differentiation.
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