Tumor Biol. (2014) 35:6373-6381
DOI 10.1007/s13277-014-1841-0

RESEARCH ARTICLE
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Abstract Gastric cancer is still the second leading cause of
cancer-related death worldwide, even though its incidence and
mortality have declined over the recent few decades. Epigenetic
control using histone deacetylase inhibitors, such as trichostatin A
(TSA), is a promising cancer therapy. This study aimed to assess
the messenger RNA (mRNA) levels of three histone deacetylases
(HDACI, HDAC2, and HDAC3), two histone acetyltransferases
(GCN5 and PCAF), and two possible targets of these histone
modifiers (MYC and CDKNIA) in 50 matched pairs of gastric
tumors and corresponding adjacent nontumors samples from
patients with gastric adenocarcinoma, as well as their correlations
and their possible associations with clinicopathological features.
Additionally, we evaluated whether these genes are sensitive to
TSA in gastric cancer cell lines. Our results demonstrated down-
regulation of HDAC1, PCAF, and CDKNIA in gastric tumors
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compared with adjacent nontumors (P<0.05). On the other hand,
upregulation of HDAC2, GCN5, and MYC was observed in
gastric tumors compared with adjacent nontumors (P<0.05).
The mRNA level of MYC was correlated to HDAC3 and
GCN5 (P<0.05), whereas CDKN1A was correlated to HDACI
and GCN5 (P<0.05 and P<0.01, respectively). In addition, the
reduced expression of PCAF was associated with intestinal-type
gastric cancer (P=0.03) and TNM stages /Il (P=0.01). The
increased expression of GCN5 was associated with advanced
stage gastric cancer (P=0.02) and tumor invasion (P=0.03).
The gastric cell lines treated with TSA showed different patterns
of histone deacetylase and acetyltransferase mRNA expression,
downregulation of MYC, and upregulation of CDKNIA. Our
findings suggest that alteration of histone modifier genes play
an important role in gastric carcinogenesis, contributing to MYC
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and CDKNIA deregulation. In addition, all genes studied here are
modulated by TSA, although this modulation appears to be
dependent of the genetic background of the cell line.

Keywords Gastric cancer - Acetylation - Histone
acetyltransferase - Histone deacetylase - Gene expression

Abbreviations

GC Gastric cancer

HATs Histone acetyltransferases

HDACs Histone deacetylases

MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide, RQ, Relative quantification

RT-gPCR Reverse transcription quantitative polymerase
chain reaction

TNM Tumor—node—metastasis

TSA Trichostatin A

Introduction

Despite the fact that overall rates of gastric cancer (GC)
continue to decline worldwide, the majority of patients are
still diagnosed with advanced disease in Western countries
[1-3]. In these cases, surgical resection of the primary tumor
offers limited value for a cure and has high morbidity rates [3].
New strategies for early diagnosis and new therapeutic
methods in GC continue to be explored.

Epigenetic mechanisms have increasingly drawn attention in
cancer studies with therapeutic purposes [4]. Acetylation of the
amino-terminal tails of nucleosomal histones is the best char-
acterized posttranslational modification of the chromatin struc-
ture [5]. Reversible (de)acetylation of chromatin plays a crucial
role in the regulation of gene transcription by the activity of two
specific enzymes, histone acetyltransferases (HATs), and his-
tone deacetylases (HDACs). The presence of acetylated lysine
in histone tails is associated with a more relaxed chromatin state
and gene transcription activation, while the deacetylation of
lysine residues is associated with a more condensed chromatin
state and transcriptional gene silencing [6]. In addition, HATs
and HDACs participate in protein—protein interactions, as
coactivators/adaptors or corepressors, respectively, in regula-
tion of transcription [5, 7, 8]. Changes in the expression pattern
of HDACs and HATs have the potential to affect the structure
and integrity of the genome, which have been described in
several human tumors [9-13]. Although regulation of gene
expression is an important form of regulating enzyme activity,
little is known regarding the role of HAT and HDAC messenger
RNA (mRNA) expression in GC. To the best our knowledge,
only two studies have reported the expression pattern of
HDACI and HDAC?2 in GC [14, 15]. Moreover, only one study
reported the expression of HAT 77P60 in GC [16].
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HDAC inhibitors are a class of anticancer drugs that have
been used in clinical treatment of solid tumors, although in-
creasing evidence has shown their worth in hematological
malignancies [4, 17]. In cancer, global hypoacetylation induces
repression of tumor suppressor genes, and HDAC inhibitors are
considered highly effective in upregulating tumor suppressor
gene expression [18]. Trichostatin A (TSA) is one of the most
potent HDAC inhibitors, acting specifically in HDAC classes [
(HDACI1-3 and 8) and I (HDAC4-7, 9, and 10). In GC cell
lines, as in other tumor cells, TSA may inhibit cell growth and
induce apoptosis through modulation of genes involved in these
processes [19-21]. Moreover, TSA appears to increase the
chemosensitivity of anticancer drugs in GC cell lines [22].
Despite the knowledge regarding the biological effects of
TSA in cancer, the exact mechanism of its action is not fully
understood. Furthermore, there is no information on HDAC
and HAT expression in response to TSA in GC cells. Determi-
nation of differences in HDAC and HAT mRNA expression
upon treatment with TSA may help understand the mechanism
of regulation of these genes and of the drug action in GC cells.

The purpose of this study was to assess the mRNA levels of
three HDACs (HDACI, HDAC2, and HDAC3), two HATs
(GCNS5, also known as KAT2A, and PCAF, also known as
KAT2B), and two possible targets of these histone modifiers
(MYC and CDKNIA, also known as p21) in matched pairs of
gastric tumors and corresponding adjacent nontumor tissues, as
well as their correlations and their possible associations with
clinicopathological features. In addition, we evaluated whether
these genes are sensitive to TSA treatment in two GC cell lines.

Methods
Tissue specimens

Fifty matched pairs of GC and corresponding adjacent
nontumor tissues were obtained from patients with gastric
adenocarcinoma who underwent gastric resection and were
used in the analysis of the expression of histone modifier genes
HDACI1, HDAC2, HDAC3, GCN5, and PCAF. Of the 50 pairs
of gastric tissues, 43 and 46 pairs were evaluated for the
expression of possible targets of these histone modifiers, MYC
and CDKNIA, respectively. The gastric samples were obtained
from Jodo de Barros Barreto University Hospital (HUJBB) and
Sao Paulo Hospital (HSP), Brazil, from 2009 to 2013. None of
the patients had a history of exposure to either chemotherapy or
radiotherapy before surgery, and there was no other co-
occurrence of diagnosed cancers. Written informed consent
with approval of the ethics committees of HUJBB and HSP
was obtained from all patients prior to sample collection.
Gastric tumors were classified according to Lauren and
were staged using criteria by tumor—node—metastasis (TNM)
staging [23]. The presence of Helicobacter pylori, a class 1
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carcinogen, in tumor and nontumor samples was detected by
polymerase chain reaction (PCR). A 150-bp fragment corre-
sponding to 16S-rRNA from H. pylori was amplified as
previously described [24] using DNA purified simultaneously
with RNA. In each PCR experiment, positive and negative
controls were included. Table 1 shows the clinicopathological
characteristics of the patients diagnosed with GC.

Cell lines and TSA treatment

The ACP02 and ACPO3 cell lines used in this study were
previously established by our research group from primary
gastric adenocarcinomas classified as diffuse and intestinal
types, respectively [25]. The cell lines were cultured at
37 °C in RPMI media 1640 (GIBCO®, Grand Island, NY,
USA) supplemented with 10 % fetal bovine serum (GIBCO)
and 0.02 mg/mL kanamycin (GIBCO).

Before cell line treatment, we first evaluated the best dos-
age of TSA using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) assay. Briefly, cells were seed-
ed in duplicate on 96-well plates, and after they reached 80 %
confluence, they were incubated with 250, 350, or 500 nM of
TSA (Sigma-Aldrich, St. Louis, MO, USA) for 24 h. Untreat-
ed cells were used as controls. The cells were then incubated
with 100 puL of 0.5 mg/mL MTT (Invitrogen, Eugene, OR,
USA) for 3 h at 37 °C. After removal of MTT, 100 pL
dimethylsulfoxide (Mallinckrodt, Phillipsburg, NJ, USA)
was added and homogenized for 10 min. Optical density
was detected in the NanoDrop ND-1000 (Thermo Scientific,
Wilmington, DE, USA) using the UV/VIS absorbance module
with 595 nm in A1/Absl and 600 nm in A2/Abs2. Average
optical density of the untreated cells was considered 100 %
survival. The cell viability in treated cells was expressed as a
percentage relative to the untreated cells.

All of the three tested doses resulted in reduction of the cell
populations compared with the respective controls (Fig. 1).
Both cell lines showed a decrease in cell viability of approx-
imately 70 % when treated with 250 nM of TSA. Therefore,
this dose was selected for the evaluation of effects of TSA in
the ACP02 and ACPO3 cell lines.

For both cell lines, TSA treatment was performed in dupli-
cate. In each replicate, cells in the same passage were culti-
vated in 75-cm? cell culture flasks until they reached 80 %
confluence. The growth medium was then replaced with a
medium containing 250 nM of TSA (Sigma-Aldrich). Un-
treated cells were used as controls. After 24 h, the cells were
trypsinized and washed twice with phosphate-buffered saline
(GIBCO).

RNA extraction and cDNA synthesis

Total RNA was extracted from the tissue samples and cell
lines using the AllPrep DNA/RNA/Protein Kit (Qiagen,

Hilden, Germany) and the RNeasy Plus Mini Kit (Qiagen),
respectively, according to the manufacturer’s instructions. The
RNA concentration and quality were measured using the
Nanodrop ND-1000 (Thermo Scientific). The integrity of
RNA was assessed by gel electrophoresis. The complementa-
ry DNA (cDNA) was synthesized using High-Capacity®
cDNA Reverse Transcription (Life Technologies, Foster City,
CA, USA) by following the manufacturer’s protocol.

Reverse transcription quantitative PCR

The reaction to detect the expression levels of HDACI
(Hs02621185_s1), HDAC2 (Hs00231032 m1l), HDAC3
(Hs00187320 ml), GCN5 (Hs00221499 ml), PCAF
(Hs00187332 ml), MYC (Hs00153408 ml), and CDKNIA
(HS00355782 m1l) was performed in triplicate using
TagMan® hydrolysis probes purchased as Assays-on-
demand (Life Technologies, Foster City, CA, USA) and the
Applied Biosystems 7500 fast real-time PCR system (Foster
City, CA, USA). The reference genes GAPDH+B2M were
used for analysis of tissue samples, and ACTB+B2M were
used for analysis of cell lines, as previously determined [26].
The relative quantification (RQ) of mRNA expression in
tissue samples and cell lines was determined according to
Pffafl [27] and Livak e Schmittgen [28], respectively. A
sample of a patient without cancer and the respective
nontreated cell lines were designated as calibrators.

Statistical analysis

We first evaluated the distribution of data using the Shapiro—
Wilk test to determine subsequent appropriate tests for statis-
tical comparison. No data were normally distributed. There-
fore, the Wilcoxon and Mann—Whitney U tests were used to
compare the expression data between the studied groups and
clinicopathological features, respectively. The correlations be-
tween genes expression in tumor samples were analyzed by
the Spearman test, in which a value below 0.40 was deter-
mined as a weak correlation, 0.40-0.59 as a moderate corre-
lation, 0.6-0.79 as a strong correlation, and >0.80 as a very
strong correlation. Differences were considered significant at
P<0.05. In gastric cancer cell lines treated with TSA, in-
creased or decreased mRNA expression was determined when
RQ was>or<1.0, respectively.

Results and discussion
Gene expression in tissue samples
Upregulation of class I HDAC has been described in different

tumors [29-31]. High levels of HDAC genes and aberrant
enzyme recruitment can repress the transcription of tumor
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Fig. 1 Percentage of living cells in ACP02 and ACPO03 cell lines treated
with TSA. Different TSA concentrations were given for 24 h. Each point
represents the mean=standard error of two different experiments

suppressor genes, resulting in tumor onset and progression
[6]. In our study, we observed that gastric tumors had in-
creased HDAC?2 expression compared with adjacent
nontumor tissues (1.31+0.98 vs 1.03+1.08, Z=—2.23, P=
0.02; Fig. 2a). To the best of our knowledge, we have shown,
for the first time, that HDAC2 mRNA levels were increased in
primary GC samples, which is consistent with some previous
HDAC?2 protein findings [32-34].

In addition to repression of tumor suppressor genes by
upregulation of HDAC:s, the loss of class I HDAC activity
also contributes to cancer development by inducing oncogene
expression [6]. In our study, we observed that gastric tumors
had decreased HDAC! expression compared with adjacent
nontumor tissues (0.76+0.61 vs 1.27+1.23, Z=-2.45, P=
0.01; Fig. 2b). Consistent with the notion that HDACs can
also function as a tumor suppressor, downregulation of
HDACI has been described in colorectal cancer and leukemia
[35, 36]. Moreover, we found a direct correlation between

HDACI and CDKNI1A4 (p=0.32, P=0.04; Table 2). A de-
creased expression of CDKN/A was also indentified in gastric
tumors compared with adjacent nontumor tissues (1.23+0.98
vs 1.45+1.41; Z=-2.54; P=0.01). CDKNIA is a cyclin-
dependent kinase inhibitor implicated in cell cycle regulation
[37] and was previously reported as a tumor suppressor in GC
[38]. We hypothesize that downregulation of HDACI may
contribute to the overexpression of a CDKNIA transcriptional
inhibitor, resulting in CDKN1A downregulation in GC. There-
fore, selective therapeutics targeting HDAC! may be useful
for induction of CDKNIA expression in this neoplasia.

In contrast to our results that showed a significant reduction
in HDAC1 expression in GC, a previous study reported up-
regulation of HDAC! in this neoplasia by semiquantitative
RT-PCR assay, as well as by immunoblot analysis [14]. How-
ever, mRNA levels can vary among gastric samples. In our
study, we observed downregulation of HDAC!I in most GC
samples, but 36 % (18 out of 50) of tumors showed upregu-
lation of this gene in relation to their matched nontumor
samples. The expression of HDACI, as well as for the other
studied genes, is probably related to the cellular context and
molecular background of gastric cells.

On the other hand, HDAC3 expression did not differ in
gastric tumors compared with adjacent nontumor tissues (0.71
+0.68 vs 0.87+0.74, Z=—1.90, P=0.05; Fig. 2c). However, a
significant correlation between HDAC3 and MYC was found
(p=0.34, P=0.03; Table 2). An increased expression of MYC
was also indentified in gastric tumors compared with adjacent
nontumor tissues (1.24+1.46 vs 1.0+£0.89, Z=—2.66, P=
0.008). Our research group has previously reported that
MYC gene and protein overexpression is a common finding

(o HDAC3

T N T
F PCAF
I —
[ Non-tumor
%
49 —— & Tumor
3
—
c
* 74

-
f

o
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A HDAC2 B HDAC1
25+ 251
204 x 201
1.5 o 154 |
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1.0 1.0
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00 r 00 .
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Fig. 2 Relative quantification of histone modifier genes in gastric sam-
ples. a HDAC?2 expression, b HDACI expression, ¢ HDAC3 expression,
d GCN5 expression, e PCAF expression, and f comparison of PCAF
expression between tumor samples classified as intestinal and diffuse

T Intestinal Diffuse

histological types and their respective adjacent nontumoral samples. Data
are expressed as median+interquartile range. RQ, relative quantification;
7, tumor gastric sample; N, nontumor gastric sample. *P<0.05 (differen-
tially expressed between groups)
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Table 2 Correlation between histone deacetylase, acetyltransferase, MYC, and CDKNIA gene expression

HDACI HDAC2 HDAC3 GCNS PCAF MYC CDKNI1A4
HDACI p 1
P value -
HDAC?2 p 0.49%* 1
P value 0.0001 -
HDAC3 p 0.45%* 0.49%* 1
P value 0.001 0.0001 -
GCN5 p 0.69** 0.54%* 0.59%** 1
P value 0.0001 0.0001 0.0001 -
PCAF p 0.35* 0.27 0.49** 0.28* 1
P value 0.013 0.06 0.0001 0.04 -
MYC p 0.20 0.10 0.34%* 031* 0.26 1
P value 0.19 0.52 0.027 0.046 0.093 -
CDKNIA p 0.32* -0.10 0.14 0.06 0.53** 0.24 1
P value 0.037 0.511 0.367 0.689 0.0001 0.145 -

p Spearman’s correlation coefficient
*P<0.05; **P<0.01

in GC samples from Northern Brazilian population, as
well as in some preneoplastic gastric lesions [25,
39-47]. In addition to transcription activation, MYC
represses gene activation by recruitment of HDAC3
[48]. Among the several factors influencing the ability
of MYC to regulate expression of genes required for
cell growth and proliferation, the mRNA level of
HDAC3 may participate of this process in GC.

In addition to HDAC deregulation in tumors, HATs have
been described to play crucial and complex roles in cancer
development. GCN5 and PCAF function as cofactors for
several proto-oncoproteins. We observed increased GCN35
expression in gastric tumors compared with adjacent
nontumor tissues (1.38+1.81 vs 1.08+1.21, Z=-2.03,
P=0.04; Fig. 2d). GCNS5 may promote cell growth and can-
cerous transformation through its association with transcrip-
tion factors, such as E2F1 and MYC [13, 49-51]. Our results
revealed a significant correlation between GCN5 and MYC
mRNA levels (p=0.31, P=0.046; Table 2). However, consid-
ering only intestinal-type tumors, a moderate correlation was
identified between the expression level of these genes
(p=0.46, P=0.01), confirming the previous findings reported
by our research group that MYC protein expression is more
frequently observed in intestinal than diffuse-type gastric tu-
mors [47, 52]. The oncogenic transformation carried out by
MYC is not a result of the protein per se, but rather depends on
its physical and functional interaction with GCNS complexes
[50]. In addition, the acetylation of MYC by GCN5 leads to an
increase in protein stability [53]. Interestingly, MYC appears
to affect the global chromatin structure through a direct path-
way, recruiting HAT complexes to its numerous binding sites,
and an indirect pathway, activating GCNJ transcription [49].

@ Springer

Therefore, elevated expression of GCN5 seems to be associ-
ated with MYC overexpression, a frequent finding in GC in
our population [52], and it may also contribute to its oncogen-
ic role. In the current study, we also observed that high
expression of GCN5 was associated with advanced stages
GC (U=56.5, P=0.02; Table 1) and tumor invasion (U=
153, P=0.03; Table 1). Upregulation of GCN5 has also been
reported in lung cancer, and it is associated with tumor size
and a poor outcome [13]. Therefore, upregulation of GCN5
may have prognostic significance in GC.

Another HAT studied, PCAF, showed lower expression in
gastric tumors compared with adjacent nontumor samples
(0.76+0.78 vs 1.55+1.61, Z=-4.46, P<0.001; Fig. 2e¢). In
addition, a moderated correlation between PCAF and
CDKNIA mRNA levels was detected (p=0.53, P<0.001;
Table 2). PCAF plays an important role in cell cycle arrest
and differentiation by activating CDKNIA expression through
acetylation of the transcription factors p53 and MyoD [54-56].
Therefore, PCAF is considered a potential tumor suppressor
and was found to be downregulated in a subset of intestinal-
type gastric carcinoma [57, 58]. In the present study, intestinal
and diffuse histological types showed downregulation of
PCAF in gastric tumors compared with adjacent nontumor
tissues (P<0.001 and P=0.01, respectively; Fig. 2f). Howev-
er, the intestinal type had a significantly lower level of PCAF
expression than the diffuse-type (U=165, P=0.03; Table 1),
supporting the hypothesis that these two histological GC
subtypes follow different genetic pathways and are two dis-
tinct entities [59]. In addition, reduced PCAF expression was
observed in TNM stages I/II compared with that in stages I1I/
IV (U=180, P=0.01; Table 1). However, PCAF expression
did not differ between TNM stages III/IV and nontumor
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samples, suggesting that downregulation of PCAF may be a
necessary step for tumor initiation.

In the present study, we detected a significant positive
correlation among mRNA levels of the HDACs and HATs in
tumor samples (P<0.05; Table 2), except for between HDAC?2
and PCAF expression levels. However, only HDACI and
GCN5 mRNA levels were strongly correlated (p=0.69). There
is a fine balance between acetylation and deacetylation for
regulating cellular function of several important acetylated
factors, such as IRF, IFN, STAT, HSF, SMAD, MYC, and
the E2F family of proteins. Therefore, the smallest change in
this balance can alter the life span of the cell [50]. We hypoth-
esize that a dynamic regulation of histone modifier gene
expression may occur to allow the survival of GC cells and
proliferation in response to different intrinsic and extrinsic
factors.

Gene expression modulation by TSA treatment in GC cell
lines

Some HDAC inhibitors have been used in preclinical and
clinical trials in cancer therapies [4]. In our study, deregulation
of HDACI, HDAC2, GCN35, and PCAF appeared to play an
important role in gastric carcinogenesis. Therefore, modula-
tion of the expression of these HDACs and HATs may be an
interesting anticancer strategy.

The ACP02 and ACPO3 cell lines represent interesting
models of gastric carcinogenesis in our population. Our re-
search group previously demonstrated that these cell lines
retain, in vitro, genetic alterations present in their parental
primary tumors. In addition, these cell lines have genetic
alterations commonly detected in GC samples [25, 60].

Studies have reported upregulation of HDAC genes in-
duced by TSA treatment [7, 61]. However, our study showed
a heterogeneous pattern of expression of HDAC and HAT
upon treatment with TSA (Fig. 3). GCN5 was the only gene
that showed increased expression in the ACP02 cell line
treated with TSA compared with nontreated cells (1.21-fold;
Fig. 3). While there are no studies demonstrating regulation of
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Fig. 3 Expression of histone deacetylase and acetyltranferase genes and
the possible targets of histone modifiers, MYC and CDKNIA, in two
TSA-treated gastric cancer cell lines. RQ, relative quantification of gene
expression in TSA-treated cell lines calibrated by respective nontreated

controls. Data are expressed as mean+standard deviation

GCNS5 by histone acetylation, we suggest a direct or indirect
effect of HDAC inhibition in promoting increased transcrip-
tion of this HAT gene. However, in the ACP03 cell line,
downregulation of GCN5 was observed upon treatment with
TSA (0.71-fold; Fig. 3), suggesting that there are different
genetic and epigenetic factors controlling this gene in our GC
cell lines. The other genes investigated (HDACI, HDAC?2,
HDAC3, and PCAF) were downregulated in both cell lines
treated with TSA compared with their respective nontreated
cells, except HDAC2 in ACPO2 cell line (Fig. 3). Downregu-
lation of histone modifier genes could result from a direct
effect of the absence of HDACs in histones that are insuffi-
ciently acetylated, resulting in reduction of transcription. Al-
ternatively, hyperacetylation could result in the transcription
of a regulatory factors that negatively regulates the histone
modifier genes [62]. In addition, the absence of altered
HDAC?2 expression in ACP02 cell line treated with TSA
compared with nontreated cells (1.04-fold; Fig. 3) suggests
differential cell sensitivity of our cell lines to TSA.
Considering the possible targets of histone modifiers stud-
ied here, MYC showed reduced expression in ACP02 and
ACPO3 cell lines upon treatment with TSA (0.85 and 0.73-
fold, respectively, Fig. 3). This finding is interesting once
MYC overexpression is a common finding in GC samples
from Northern Brazilian population. Corroborating the obser-
vation of a moderate correlation between GCN5 and MYC in
intestinal-type tumors, the marked decreased of GCNJ expres-
sion seems to collaborate with MYC downregulation in
ACPO3 cell line treated with TSA. On the other hand,
CDKNIA4 demonstrated increased expression in ACP02 and
ACPO3 cell lines after TSA treatment (1.18 and 1.23-fold,
respectively). CDKNIA is one of the major targets in the
studies involving cell cycle regulation through class I HDACs
inhibitors [63]. Downregulation of HDACI expression may
play a role in the reduction of cell proliferation in ACP02 and
ACPO3 cell lines upon treatment with TSA (Figs. 1 and 3).
The loss of HDAC1 alone or HDAC and HDAC2 may induce
cell cycle arrest and apoptosis via hyperacetylation of the
CDKNI4 promoter and increased p21 levels, as demonstrated
in osteosarcoma cell lines [64]. Moreover, a previous study
showed that PCAF appears to participate in HDAC| transcrip-
tional activation [65]. Considering the ACPO3 cell line, the
lower level of PCAF may have contributed to the marked
reduction in HDACI expression and increased CDKNIA ex-
pression compared with its expression in the ACPO02 cell line,
in which minor decrease in PCAF expression was observed.
An important limitation concerning the use of TSA as an
anticancer drug is the lack of specificity [4]. Most HDAC
inhibitors target a panel of HDAC superfamily members, and
individual HDAC members regulate diverse cellular pathways
[66]. In addition, proteins other than histones are targets of
these drugs [4]. The understanding of all genetic and epige-
netic factors involved in these processes and the use of this
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knowledge in cancer therapy are still a challenge. In the
current study, we showed that TSA modulates the genes that
encode HAT and HDAC enzymes, as well as MYC oncogene
and the CDKNIA tumor suppressor, in two GC cell lines.
These results suggest that HDACs and HATs control their
own and each other’s gene expression.

Conclusions

Our results show that alteration of the histone modifier genes
HDACI, HDAC2, GCN5, and PCAF play an important role in
gastric carcinogenesis, contributing to MYC and CDKNI1A4
deregulation. PCAF downregulation is associated with
intestinal-type GC, and its deregulation appears to be impor-
tant in the initial stages of this disease. However, upregulation
of GCNS is associated with a poor prognosis in GC. Our
findings also show that histone modifier genes HDACI,
HDAC2, HDAC3, GCN5, and PCAF, as well as MYC and
CDKNI1A4, are modulated by TSA in GC cell lines. However,
this modulation appears to be dependent of the genetic back-
ground of the cell line.
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