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Abstract: Aim: To investigate the effect of trichostatin A (TSA) on gastric cancer cell line BGC-823, and identify
the differentially expressed genes induced by TSA, which might participate in the progression of gastric cancer.
Methods: MTT, fluorescence microscopy, and flow cytometry were used to detect the effect of TSA on growth inhibi-
tion and apoptosis of BGC-823 cells. Using gene microarray, we analyzed the changes in gene expression. Change
in growth differentiation factor-15 (GDF-15) was verified by gRT-PCR and Western blotting. The expression of GDF-15
in gastric cancer and adjacent normal tissues was detected by immunohistochemistry. Results: Apoptosis of BGC-
823 cells induced by TSA (75 ng/mL for 48 h) was demonstrated by flow cytometry. There were significant variations
between TSA treated groups and control groups (P = 0.02). Nuclear chromatin condensation and fluorescence inten-
sity were observed by fluorescence microscopy. GDF-15 gene expression and protein level were significantly reduced
in the TSA treated group (75 ng/mL for 48 h). Immunohistochemistry demonstrated that the expression of GDF-15
in gastric adenocarcinoma was significantly higher than in the surrounding normal tissues (P < 0.05). Conclusion:
Lower GDF-15 gene expression due to TSA-induced apoptosis was found in gastric cancer cell line BGC-823. Higher
GDF-15 gene expression was seen in gastric adenocarcinoma tissues.
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Introduction immunohistochemical assay to understand the
mechanism by which TSA induces apoptosis in
Gastric cancer is a major threat to human gastric cancer.
health [1] with a low 5-year survival rate due to
local invasion and metastasis. Epigenetics is a
research hotspot and genetic changes in regu-
latory regions have been reported to play an
important role in the susceptibility to certain
type of diseases [2, 3]. Trichostatin A (TSA), a
potent inhibitor of histone acetylases and

deacetylases (HDAC), could inhibit proliferation

Material and methods
Reagents and antibodies

Jing xin ® cDNA amplification tag kit and 22K
Human Genome Array were obtained from
CapitalBio Corporation (Beijing, China). TSA,

and induce apoptosis of tumor cells [4-6].

Given that TSA can induce apoptosis in differ-
ent cell types, we examined its apoptotic poten-
tial in the human gastric cancer cell line BGC-
823. We also investigated the changes in gene
expression in BGC-823 cells using gene micro-
array and real-time PCR analyses. Gene expres-
sion in human gastric adenocarcinoma tissue
and normal adjacent tissue was examined by

propidium iodide (Pl) and Hoechst 33342 were
purchased from Sigma-Aldrich (United King-
dom). High Capacity Reverse Transcriptase kit
and ExScript™ RT-PCR kit were purchased from
Applied Biosystems (USA). Anti-GDF-15 and
anti-rabbit antibodies were purchased from
Biosynthesis Biotechnology Co., Ltd (Beijing,
China). Dimethylthiazol diphenyltetrazolium bro-
mide (MTT) and 0.02% 3-amino-9-ethylcarba-
zole (AEC) were obtained from Zhongshan
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Figure 1. After 48 h, BGC-823 cells treated with (75 ng/mL) or without TSA were stained by Hoechst 33342 to test
nuclear morphology. The result indicated that nuclei of most control group cells were stained into average slightly
blue (A), while cells treated with TSA were stained into highly condensed, brightly staining nucleus (B). TSA treat-
ment (75 ng/mL/48 h) sensitively induced apoptosis of BGC-823 cells, which was demonstrated by the increment
of apoptosis rates in flow cytometric. Apoptotic cells were increased from 0.07% (C) to 13.27% (D) in TSA treated

group as compared to the control group.

Goldenbridge Biotechnology Co., Ltd (Beijing,
China).

Cell culture and treatments

Human gastric epithelial carcinoma cell line
BGC-823 was provided by the Institute of Tumor
Research of Heilongjiang Province, and cul-
tured in RPMI-1640 medium supplemented
with 10% (v/v) fetal calf serum, 100 units/mL
penicillin and 100 pg/mL streptomycin at 37°C
in humidified 5% CO,,.
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MTT assay

The number of living cells with or without TSA
treatment was detected by MTT assay. Cells
were seeded in 96-well plates at an optimal
density to ensure exponential growth for the
duration of the assay. Six duplicate wells were
set up for each sample. Treatment was con-
ducted for 12 h, 24 h, 36 h, 48 h and 72 h with
final TSA concentrations of 37.5 ng/mL and 75
ng/mL, respectively. MTT (6 g/L) 10 uL was
added to each well for 4 h. After removal of the

Int J Clin Exp Pathol 2015;8(7):8136-8142



Apoptosis and gene expression in gastric cancer

ssese seccenes
e LE

“8888 ssscesss
.

Figure 2. Microarray hybridization pseudo color
chart. (Red: expression increased; green: expression
decreased). Each array contained 25122 probes, of
which 20449 correlated with unique genes. Expres-
sion of 82 genes was decreased in BGC-823 cells
after treatment with 75 ng/mL TSA for 48 hours,
of which GDF-15 expression was significantly low-
ered. The mean fold change in GDF-15 was 0.4583
(0.4448, 0.4534, 0.4632, respectively). P-value was
0.0218.

medium, MTT stabilization solution (dimethyl-
sulphoxide: ethanol = 1:1) was added to each
well, and shaken for 10 min until all crystals
were dissolved. Optical density (OD) was detect-
ed at 550 nm wavelength using an ELISA micro-
plate reader. Each assay was performed in trip-
licate. Data analyses were performed with
AVONA. P < 0.05 was considered to be statisti-
cally significant.

Detection of chromatin condensation

Chromatin condensation was detected by
nuclear staining with Hoechst 33342. BGC-
823 cells were pelleted by centrifugation (500
x g for 5 min at 4°C) and washed twice with
PBS. Cells were fixed in 10% formaldehyde and
stored at 4°C. For analysis, cells were washed
in PBS, and Hoechst 33342 (5 mg/L) was
directly added to the medium with gentle shak-
ing at 4°C for 5 min. Stained nuclei were visual-
ized with a Zeiss Axiophot fluorescence micro-
scope at 400 x magnification with an excitation
wavelength of 355-366 nm and an emission
wavelength of 465-480 nm. Four independent
replicates were performed.
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Apoptosis assay

To detect apoptosis, cells were trypsinized,
washed and fixed in ice-cold ethanol at 4°C for
at least 12 h. The cells were permeabilized,
stained with Pl for 20 min, and subjected to
FACS analysis using FACSCalibur Analytic flow
cytometer.

Microarray

Total RNA from BGC-823 cells treated with or
without TSA was isolated with Trizol according
to the manufacturer’s protocol, and then used
for microarray analysis with LuxScan 10KA two-
channel laser scanner and LuxScan image
analysis software 3.0 (CapitalBio Corporation,
Beijing, China). Microarray experiments were
repeated three times. Each array contained
25122 probes, of which 20449 correlated with
unique gene symbols. Data obtained from the
microarray were analyzed by Significance
Analysis of Microarrays (SAM), ArrayVision 7.0
software (Stanford University). False discovery
rate (FDR) control was within 5%. P < 0.05 was
considered to be statistically significant.

Reverse transcription (RT) and quantitative
polymerase chain reaction (qPCR)

Total RNA was transcribed to cDNA with Applied
Biosystems High Capacity Reverse Tran-
scriptase kit. Primers for gPCR were designed
using Primer-BLAST (www.ncbi.nlm.nih.gov/
tools/primer-blast) and synthesized by Gene-
chem chemical technology Co., LTD (Shanghai,
China). The primers were as follows: GDF-15:
5-GTTGCGGAAACGCTACGA-3’ (F), 5’AACAGAG-
CCCGGTGAAGG-3’ (R); GAPDH: 5-TGACTTC-
AACAGCGACACCCA-3’ (F), 5-CACCCTGTTGCTG-
TAGCCAAA-3’ (R). Amplicon sizes were 210 bp
and 121 bp, respectively. The PCR reaction mix
per reaction contained 5 ul of Applied Bio-
systems SYBR ® green PCR master mix, 2.5 pl
of 3 uM forward and reverse primer mix, 0.5 pl
RNAse-free H,0, and 2 pl of 2 ng/ul cDNA.
Reactions were seeded in a 384-well optical
reaction plate (Applied Biosystems) and fluo-
rescence was quantified in real-time with the
7300 Real-Time PCR System (Applied
Biosystems, USA) under the following condi-
tions: 50°C for 2 min, 95°C for 10 min, (95°C
for 15 sec, 60°C for 30 sec) x 45 cycles. Melt
curves were calculated for every reaction.
Relative mRNA expression was calculated by
the comparative AACt method using GAPDH as
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Figure 3. qRT-PCR and Western blot data shown expression of GDF-15 was

autoradiography film.

Immunohistochemistry

decreased with TSA group (75 ng/mL for 48 h) in BGC-823 cell. qRT-PCR

data analyses shown that 2%2° average value was 1.000 in control and
0.430 in TSA-treated group (P < 0.05) (A). Western blot data shown The ex-
pression of GDF-15 gene was decreased from 1.00 + 0.20 to 0.59 + 0.10 in
control group, as compared to TSA treated group (F = 6.214, P = 0.0018) (B).

a reference transcript. Statistical differences in
MRNA levels were determined with an unpaired,
two-tailed Student’s t-test using Graphpad
Prism 4.0. P < 0.05 was considered to be sta-
tistically significant.

Western blotting

Cells were harvested in 5 ml medium, pelleted
by centrifugation (1000 x g for 5 min at 4°C),
washed twice with ice-cold PBS and lysed in
ice-cold HEPES buffer [50 mM HEPES (pH 7.5),
10 mM NaCl, 5 mM MgCl,, 1 mM EDTA, 10%
(v/v) glycerol, 1% (v/v) Triton X-100, a cocktail of
protease inhibitors and 1 ug/mL TSA] on ice for
30 min. Lysates were clarified by centrifugation
(15000 x g for 10 min at 4°C) and the superna-
tants were either analyzed immediately or
stored at -80°C. Equivalent amounts of protein
(50 pg) from total cell lysates were resolved by
SDS-PAGE using precast 12% Bis-Tris gradient
gels and transferred onto polyvinylidene difluo-
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One hundred cases each of
advanced gastric adenocarci-
noma and normal gastric tis-
sue within 5 cm of carcinoma
specimens were obtained
from the pathology department of the Affiliated
Hospital of Harbin Medical University from the
archived surgical specimens from 2011 to
2013. All samples were fixed in 10% formalde-
hyde and embedded in paraffin. Each hema-
toxylin and eosin (H&E) stained sample was
reviewed by two board-certified pathologists to
confirm the specimen’s histological consisten-
cy with advanced gastric adenocarcinoma or
the absence of tumor cells in the adjacent nor-
mal specimens. The staining was performed
according to the SP immunohistochemical
staining procedure. GDF-15 staining was mainly
seen in the cytoplasm. Positioning results was
based on the assessment of positive cells by
semi-quantitative method [7], as confirmed by
positive cell percentage and staining intensity.
According to the percentage of positive tumor
cells, < 5% was 0 point, 5-25% was 1 point,
26-50% was 2 points, 51-75% was 3 points, >
75% was 4 points; According to staining inten-
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Figure 4. Expression of GDF-15 was higher in gastric adenocarcinoma tissues than that in normal tissues (magnifi-
cation x 400). A GDF-15-negative case containing only rare positive cells (Scores < 2) is shown in (A). (B) Shows a
positive cases (Scores > 2), in which definitive cytoplasm staining was detectable.

Table 1. Inhibition effect of different concentrations of TSA conducted on BGC-823 gastric cancer
cells. A. Cell proliferation of BGC-823 incubated with various concentrations of TSA for 72 h (mean +
SD). B. Cell proliferation of BGC-823 (37.5 ng/ml, 75 ng/ml) for12, 24, 48, and 72 h (mean * SD)

A.

TSA 1 2 3

4 5 Control

BGC-823 0.81+0.07* 0.75+0.08" 0.72+0.09'

0.14+0.03%>  0.14+0.022 1.13+0.07

1P=0.02 vs. control; 2P=0.005 vs. control. 1: 37.5 ng/ml; 2: 75 ng/ml; 3: 150 ng/ml; 4: 300 ng/ml; 5:600 ng/ml.

B.

TSA 12 h 24 h 48 h 72h Control
37.5 ng/ml 1.13+0.08 1.13+0.06 1.12+0.06  0.82+0.061 1.14+0.04
75 ng/m' 1.12+0.05 1.12+0.02 0.86+0.041 0.75+0.101

1P=0.02 vs. control.

sity rating, no color was O point, pale tan was 1
point, tan was 2 points, deep palm red was 3
points. For scores, < 2 score was negative, > 2
score was positive. Qualitative data were ana-
lyzed using x? test. P < 0.05 was considered to
be statistically significant.

Results

TSA inhibited the proliferation of BGC-823
cells

BGC-823 cells were treated with 37.5 ng/mL or
75 ng/mL of TSA for 12 h, 24 h, 36 h, 48 h or
72 h, respectively. MTT assay showed a decline
in live cell number with increasing concentra-
tion of TSA. The inhibition of cell growth was
more obvious with 75 ng/mL TSA for 48 h, and
the live cell number was 0.86 + 0.04 as com-
pared to the control group (1.14 + 0.04, P <
0.05) (Table 1).
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TSA induced apoptosis in BGC-823 cells

To investigate the effects of TSA on cytotoxicity,
morphological changes of apoptosis were
observed with fluorescence microscopy. At 48
h, BGC-823 cells treated with or without TSA
were stained with Hoechst 33342 to test the
nuclear morphology. The cells treated with TSA
showed highly condensed, brightly stained
nuclei; while the control group cells showed
normal, slightly blue nuclei (Figure 1A, 1B). TSA
treatment (75 ng/mL for 48 h) induced apopto-
sis of BGC-823 cells, as demonstrated by the
increase in apoptosis rates (from 0.07% to
13.27%) by flow cytometry analysis (Figure 1C,
1D).

TSA treatment could inhibit GDF-15 expression

Decreased expression of 82 genes was seen in
BGC-823 cells treated with 75 ng/mL TSA after

Int J Clin Exp Pathol 2015;8(7):8136-8142
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48 h by microarray (Figure 2). GDF-15 gene
expression in BGC-823 cells was significantly
decreased. Mean fold change in GDF-15 gene
was 0.4583 (0.4448, 0.4534, 0.4632, respec-
tively) and Q-value was 0.0218. P < 0.05 was
considered to be statistically significant.

To verify the changes in GDF-15 expression
with TSA treatment, we performed gRT-PCR
with BGC-823 cells after 75 ng/mL TSA treat-
ment for 48 h. Significant downregulation of
GDF-15 gene expression was detected. 2-AACt
average values were 1.000 vs 0.430 (control
group vs TSA treated group) and P = 0.0085 by
t-test (Figure 3A). Downregulation of GDF-15
protein expression was found in BGC-823 cells
after 75 ng/mL TSA treatment for 48 h by
Western blotting (1.00 + 0.20 vs 0.59 + 0.10, F
= 6.214, P = 0.0018) (Figure 3B), which con-
firmed that TSA could inhibit GDF-15
expression.

Expression of GDF-15 was increased in gastric
carcinoma

Positive expression of GDF-15 was found in 78
out of 100 (78%) gastric adenocarcinoma tis-
sues. In the adjacent normal tissue, 25 out of
100 (25%) cases showed positive expression.
GDF-15 was significantly higher in gastric ade-
nocarcinoma than in normal tissue (x? value
10.020, P < 0.05) (Figure 4).

Discussion

TSA can regulate gene expression by modulat-
ing the chromatin structure. It is known to
induce growth arrest and apoptosis in cancer
cells [8]. TSA is also an antifungal antibiotic and
a specific inhibitor of HDAC activity. It has a
tubular structure with a zinc atom at its base
and it fits into this structure with the hydroxam-
icmoiety of the inhibitor binding to the zinc. TSA
can regulate gene transcription by changing the
histone acetylation level [9].

Our study showed that TSA could induce apop-
tosis of BGC-823 cells. Microarray was used to
study the changes in gene expression of BGC-
823 cells. Among the differentially expressed
genes, GDF-15 was chosen for qRT-PCR and
western blotting, which showed that GDF-15
gene expression was significantly decreased in
BGC-823 cells after treatment with TSA.
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GDF-15, also known as macrophage inhibitory
cytokine-1 (MIC-1) and anti-inflammatory drug-
activated gene-1 (NAG-1), is a member of the
transforming growth factor-f3 (TGF-B) superfam-
ily [10-12]. The members of GDF are regulators
of cell growth and differentiation in embryonic
and adult tissues. GDF-15 plays a role in the
regulation of cellular responses to stress sig-
nals and inflammation, and tissue repair after
acute injuries. The dysregulation of GDF-15
expression and signaling pathways is associat-
ed with diverse human diseases and cancer
progression. However, little is known about the
interaction between GDF-15 and immune cells
in the tumor microenvironment. GDF-15 is high-
ly expressed in various malignant cancers, and
is associated with the proliferation, metastasis
and prognosis of colon cancer, ovarian cancer,
oral squamous cell carcinoma, melanoma, and
prostate cancer [13-17]. GDF-15 inhibits the
ability of dendritic cells (DCs) to activate cyto-
toxic T lymphocyte (CTL) killing. CTLs can effi-
ciently kill tumor cells. GDF-15 is known to
inhibit the function of DCs serving as antigen
presenting cells (APCs) that activate T cells.
These DCs with functional defects may induce
T cell tolerance and dysfunction, which sup-
presses the tumor-specific immune response
suggesting a possible role of GDF-15 in tumor
immune evasion. Our study showed that GDF-
15 gene expression was significantly higher in
advanced gastric carcinoma tissue than in the
normal adjacent tissue suggesting that GDF-15
may play a role in gastric cancer. Apoptosis of
BGC-823 cells and the inhibition of GDF-15
gene expression induced by TSA could be
related.

In conclusion, GDF-15 may play a role in gastric
cancer, and its overexpression may inhibit the
apoptosis of BGC-823 cells. Future studies
should aim to clarify the underlying
mechanism.
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