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Effect of trichostatin a on SGC-7901 gastric cancer cells
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Abstract: Aim: To explore Trichostatin A (TSA) effect on SGC-7901 gastric cancer cells. Methods: MTT, fluorescence 
microscopy, and flow cytometry were used to assess TSA effect on cell growth and apoptosis in SGC-7901. Immu-
nocytochemistry was used to evaluate the expression of acetylated histone H4 in SGC-7901 cells.Gene expression 
profile was determined by microarray assays. Glycoprotein hormones alpha subunit (CGA) gene and protein expres-
sions in SGC-7901 cells were evaluated by Real-time PCR and Western blot, respectively. In addition, CGA protein 
levels in gastric adenocarcinoma and normal adjacent tissues were assessed by immunohistochemistry. Results: 
TSA inhibited SGC-7901 cell growth. In addition, cell proliferation was significantly decreased (P = 0.02) in TSA treat-
ment groups (0.93 ± 0.07) compared with controls (1.15 ± 0.07). Apoptosis related morphological changes, includ-
ing nuclear chromatin condensation and fluorescence strength, were observed by fluorescence microscopy. These 
findings corroborated the increased expression of acetylated histone H4 observed in TSA treated cells compared to 
controls, as determined by immunocytochemistry. Interestingly, treatment of SGC-7901 cells with TSA (75 ng/ml) 
resulted in CGA gene down-regulation (P = 0.0381). Accordingly, CGA protein levels were decreased in TSA treated 
SGC-7901 cells. Finally, immunohistochemistry analysis showed that CGA expression was significantly higher in gas-
tric adenocarcinoma tissues than normal adjacent tissues (P = 0.001). Conclusion: TSA induces cell apoptosis and 
increases the levels of acetylated histone H4 in SGC-7901 cells. In addition, TSA treatment decreases the expres-
sion in gastric cancer cells of the CGA gene, which is upregulated in gastric adenocarcinoma tissues.
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Introduction

Gastric cancer is one of the most malicious dis-
eases and constitutes a serious threat to 
human health [1]. Most cases are diagnosed in 
advanced stages, which results in poor progno-
sis. Trichostatin A (TSA), one of the most potent 
histone acetylase and deacetylase (HDAC) 
inhibitors, has recently attracted increasing 
attention. Indeed, TSA has been shown to inhib-
it the proliferation of tumor cells and induce 
cancer cell apoptosis [2-4]. Considering that 
TSA induces apoptosis in different cell types, 
this study aimed to assess its effect on apopto-
sis and acetylated histone H4 expression in 
SGC-7901 gastric cancer cells. In addition, the 
gene expression profile of SGC-7901 cells was 
determined after treatment with TSA by micro-
array experiments and real-time PCR. Furth- 
ermore, CGA protein expression was assessed 
by immunohistochemistry in gastric carcinoma 
and normal adjacent tissues, to determine the 

mechanisms by which TSA induces apoptosis in 
SGC-7901 gastric cancer cells.

Materials and methods

Reagents and antibodies

TSA (Sigma-Aldrich, United Kingdom) stock 
solutions were prepared in ethanol and stored 
at -20°C. Dimethylthiazol diphenyl tetrazolium 
bromide (MTT) and propidium iodide (PI) were 
from Zhongshan Golden Bridge Biotechnology 
(Beijing China), and Hoechst 33342 was pur-
chased from Sigma-Aldrich. Anti-GAPDH and 
Anti-acetyl-histone H4 antibodies were pur-
chased from Upstate Biotechnology (Upstate 
Biotechnology, USA). The Jing Xin ® cDNA ampli-
fication tag kit and 22 k Human Genome Array 
were obtained from Capital Bio Corporation 
(Beijing, China). Trizol was purchased from 
Invitrogen (USA), while the Applied Biosystems 
High Capacity Reverse Transcriptase and 



Acetylation and gene expression in gastric cancer

1959	 Int J Clin Exp Med 2014;7(8):1958-1966

ExScriptTM RT-PCR kits were from Applied 
Biosystems (USA). Antihuman Glycoprotein hor-
mones alpha subunit (CGA) polyclonal and sec-
ondary antibodies were purchased from Abcam 
Corporation (United Kingdom). The enhanced 
SABC immunocytochemical detection kit and 
AEC (0.02% 3-amino-9-ethylcarbazole) were 
purchased from Biosynthesis Biotechnology 
Co., Ltd (Beijing, China) and Zhongshan Golden 
Bridge Biotechnology Co., Ltd (Beijing, China), 
respectively.

Cell culture and treatments

The human gastric epithelial cell line SGC-7901 
was provided by Heilongjiang Institute of 
Cancer Research. SGC-7901 cells were cul-
tured in RPMI-1640 supplemented with 10% 
(v/v) fetal calf serum, 100 units/ml penicillin 
and 100 μg/ml streptomycin at 37°C in humidi-
fied environment containing 5% CO2. 

MTT assay

The MTT assay was used to assess cell viabili-
ty. Cells were seeded in 96-well plates at prede-
termined optimal density to ensure exponential 
growth for the assay duration. Four wells were 
set up for each treatment, and untreated cells 
served as control. Treatment was carried out 
for 12, 24, 48 and 72 h with TSA at final con-
centrations of 37.5 and 75 ng/ml, respectively. 
At each time point, 10 μl MTT (6 g/L) was added 
per well, followed by incubation for 4 h at 37°C. 
After careful removal of the medium, the MTT 
solubilization solution (dimethylsulphoxide: eth-
anol, 1:1) was added and shaken for 10 min 
until complete dissolution of the crystals. 
Finally, optical density (OD) was measured on 

Detection of chromatin condensation

Chromatin condensation was detected by 
nucleus staining with Hoechst 33342. SGC-
7901 cells were collected by centrifugation 
(500 g for 5 min at 4°C) and washed twice with 
PBS. Then, cells were fixed in 10% formalde-
hyde 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 
shaking at 4°C for 5 min. The stained nuclei 
were visualized on a Zeiss Axiophot fluores-
cence microscope at 400 × magnification with 
excitation at 355-366 nm and emission at 
465-480 nm. Four independent replicates 
were assessed per treatment. 

Cell apoptosis assays 

To assess apoptosis, cells were trypsinized, 
washed and fixed in ice-cold ethanol at 4°C for 
at least 12 h. Immediately before flow cytome-
try analysis, cells were permeabilized and 
stained with propidium iodide for 20 min. FACS 
analysis was carried out on a FACSCalibur 
Analytic Flow cytometer.

Immunocytochemistry

Immunocytochemical detection was carried 
out by the SABC method. Cells were cultured in 
six well plates containing sterile cover glass. At 
each time point, the culture medium was aspi-
rated and cells were fixed with 4% formalde-
hyde at room temperature for 30 minutes. After 
3 washes in PBS, nuclei staining was carried 
out with acetylated histone H4 antibodies. 
Positive staining appeared explicitly in nuclei as 
tan or brown signals. For analysis, 10 high mag-

Table 1A. SGC-7091cell proliferation in presence of various concentrations of TSA for 72 h (Mean ± 
SD)
TSA 1 2 3 4 5 control
SGC-7091 1.11 ± 0.081 0.76 ± 0.091 0.72 ± 0.102 0.15 ± 0.032 0.15 ± 0.022 1.15 ± 0.05
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.

Table 1B. SGC-7091 cell proliferation (37.5 and 75 ng/ml) for 12, 24, 48, 
and 72 h (Mean ± SD)
TSA 12 h 24 h 48 h 72 h control
37.5 ng/ml 1.14 ± 0.12 1.13 ± 0.04 1.12 ± 0.03 1.11 ± 0.06 1.15 ± 0.07
75 ng/ml 1.12 ± 0.06 1.09 ± 0.08 0.93 ± 0.071 0.75 ± 0.132

1p = 0.02 vs control; 2p = 0.005 vs control; The treatment with TSA at 75 ng/ml for 48 and 
72 h resulted in a significant decrease in SGC-7901 cell viability compared to the control 
group.

an ELISA microplate 
reader at 550 nm. 
Data analysis was 
performed with the 
SPPS statistical soft-
ware (Version 13.0). P 
< 0.05 was consid-
ered statistically sig- 
nificant.
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nification fields were randomly selected and 
the percentage of positive cells was determine 
during UTHSCSA Image Tool version 3.0. Data 
expressed as mean ± standard deviation (

_
x  ± 

S) were analyzed using F test, with the SPPS 
statistical software (Version 13.0). P < 0.05 
was considered statistically significant.

RNA isolation

Total RNA was extracted with the Trizol one-
step extraction kit, according to the manufac-
turer’s protocol. Then, RNA concentrations and 
integrity were assessed spectrophotometri- 
cally.

Microarray assays

Microarray experiments were carried out by 
CapitalBio Corporation (Beijing) on LuxScan 10 

Ka two-channel laser scanner (CapitalBio 
Corporation). Microarray data were obtained 
using LuxScan image analysis software 3.0 
(CapitalBio Corporation). Microarray experi-
ments were repeated 3 times. Data analysis 
was performed by SAM (Significance Analysis 
of Microarrays) software (CapitalBio Corpor- 
ation), with FDR (False discovery rate) control 
within 5% and q < 0.05 considered significant 
for differentially expressed genes.

RT-qPCR

First strand cDNA synthesis was performed 
with the Applied Biosystems High Capacity 
Reverse Transcriptase kit (Applied Biosystems, 
Foster City, CA). Subsequently, quantitative 
PCR (qPCR) was carried out using primers 
designed with Primer-BLAST (www.ncbi.nlm.
nih.gov/tools/primer-blast).

Figure 1. TSA induced apoptosis in SGC-7901 cells. A, B: Nuclei of most SGC-7901 cells treated with TSA were highly 
condensed and brightly stained; while the cells in the control group mostly appeared slightly blue. C, D: TSA treat-
ment (75 ng/ml for 48 h) overtly induced apoptosis in SGC-7901 cells, with rates increasing from 9.25% (control 
group) to 22.01% (TSA group) as shown by flow cytometry.
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All primers were synthesized by Genechem 
chemical technology co., LTD (Shanghai, China). 
Primer sequences were as follows: (1) CGA 
Forward: 5’- CACATTGTCGGTGTTTCT -3’; CGA 
Reverse: 5’- ACCTTAGTGGAGTGGGATA -3’. (2) 

GAPDH Forward: 5’- TGACTTCAACAGCGACACC- 
CA -3’, GAPDH reverse: 5’- CACCCTGTTGCT- 
GTAGCCAAA -3’. Amplicon sizes were 161 and 
121 bp, respectively. Each PCR reaction mix 
contained 5 μl Applied Biosystems SYBR ® 
green PCR master mix, 2.5 μl of 3 μM forward 
and reverse primer mix, 0.5 μl RNAse-free H2O, 
and 2 μl of 2 ng/μl cDNA. Reactions were added 
to a 384-well optical reaction plate (Applied 
Biosystems) and fluorescence was quantified in 
real-time on an Applied Biosystems 7300 Real 
Time PCR System (Foster City, CA) under the fol-
lowing conditions: 50°C for 2 min, 95°C for 10 
min, and 45 cycles of 95°C for 15 s and 60°C 
for 30 s. Melting curves were obtained for each 
reaction, and relative mRNA expression was 
determined by the comparative ΔΔCt method, 
using GAPDH as internal control. Statistical dif-
ferences in mRNA amounts were assessedby 
unpaired, two-tailed Student’ t-test, using 
Graphpad Prism 4.0. p < 0.05 was considered 
statistically significant.

Western blotting 

Cells treated as indicated were harvested in 5 
ml medium, pelleted by centrifugation (1000×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 MgCl2, 1 
mM EDTA, 10% (V/V) glycerol, 1% (v/v) Triton 

Figure 2. Expression of acetylated histone H4 in SGC-7901. The expression of acetylated histone H4 was increased 
in the TSA group (25.43 ± 6.07) at 48 h compared with controls (7.12 ± 2.06) as detected by immunocytochemistry 
(×400). Acetylated histone H4 positive staining was localized in the nuclei and positive signals appeared tan or 
brown. A: Negative, B: Positive.

Figure 3. Microarray hybridization pseudo color 
chart. Each array contained 25122 probes of which 
20449 represented unique genes. The expression of 
201 genes decreased in SGC-7901 cells treated with 
75 ng/ml TSA for 48 hours. (red: increased expres-
sion, green: decreased expression).
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X-100, a cocktail of protease inhibitors and 1 
µg/mL TSA] on ice for 30 min. After lysate clari-
fication by centrifugation (15000×g for 10 min 
at 4°C) the supernatants were either analyzed 
immediately or stored at -80°C. Equal protein 
amounts (50 µg) from total cell lysates were 
resolved by SDS-PAGE using precast 12% Bis-
Tris gradient gels and transferred onto polyvi-
nylidene difluoride (PVDF) membranes. Then, 
membranes were blocked overnight at 4°C in 
blocking buffer [5% (v/v) nonfat dried milk, 150 
mM NaCl, 10 mM Tris (pH 8.0) and 0.05% (v/v) 
Tween 20]. After incubation with primary anti-
bodies at appropriate dilutions in blocking buf-
fer overnight at 4°C., membranes were washed 
with Tris-buffered saline (pH 7.2) containing 
0.5% Tween 20 (TBS-T) and incubated at room 
temperature with horseradish peroxidase-con-
jugated secondary antibodies. After extensive 
washing with TBS-T, bands were visualized by 

enhanced chemiluminescence followed by 
exposure to autoradiography films. 

Immunohistochemistry

100 tissue samples from advanced gastric 
adenocarcinoma cases and matching normal 
gastric tissue specimens adjacent to carcino-
ma were obtained from our pathology depart-
ment, from 2011 to 2013. Samples were fixed 
in 10% formaldehyde and embedded in paraf-
fin. Hematoxylin and Eosin (H & E) stained 
slides were reviewed by a board-certified 
pathologist to confirm histological consistency 
for advanced gastric adenocarcinoma and to 
verify that normal adjacent specimens con-
tained no tumor cells. Slides were analyzed by 
the SP immunohistochemical staining proce-
dure. CGA positive signals appeared mainly in 
the cytoplasm. Data were obtained based on 

Figure 4. CGA gene expres-
sion levels detected by RT-
qPCR. A: CGA gene amplifi-
cation curve; B: CGA gene 
melting curve; C: CGA gene 
expression; A statistically 
significant downregulation 
of CGA gene expression 
was detected in SGC-7901 
gastric cancer cells after 48 
h treatment with TSA at 75 
ng/ml. Indeed, ratio (2-ΔΔCt) 
values of 1.002 ± 0.0883 
and 0.445 ± 0.0261 were 
obtained for control and 
TSA groups, respectively (p-
value = 0.0381).
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the semi-quantitative method [5], taking into 
account the percentage of positive cells and 
staining intensity. According to the percentage 
of positive cells, < 5% was attributed 0 point; 
5% ~ 25% was represented by 1 point; 26% ~ 
50% counted for 2 points, 51% ~ 75% for 3 
points, and > 75% for 4 points. Based on stain-
ing strength, no color was rated 0 point; pale 
tan was represented by 1 point; tan was attrib-
uted 2 points, and deep palm red 3 points. 
Overall, two scores were obtained: ≤ 2 was con-
sidered negative, and > 2 was deemed posi-
tive. Qualitative data were analyzed using χ2 
test, with the SPPS statistical software (Version 
13.0). P < 0.05 was considered statistically 
significant.

Results

TSA inhibited SGC-7901 cell proliferation

As shown in Table 1A and 1B, treatment of 
SGC-7901 with TSA at 75 ng/ml for 48 and 72 
h resulted in significantly decreased cell viabil-
ity, compared to control cells (P < 0.05).

TSA induced apoptosis in SGC-7901 cells 

To further characterize the TSA induced cyto-
toxicity, the apoptosis related morphological 
changes were assessed by fluorescence 
microscopy. At 48 h, SGC-7901 cells treated 
with TSA were stained by Hoechst 33342, a 
classical method for identification of apoptotic 
cells based on nucleus morphology. The results 
indicated that the nuclei of most SGC-7901 
cells treated with TSA were highly condensed 

and brightly stained; while the cells in the con-
trol group appeared slightly blue. In addition, 
flow cytometry confirmed that TSA treatment 
(75 ng/ml at 48 h) overtly induced apoptosis in 
SGC-7901 cells, with rates increasing from 
9.25 to 22.01% in control and treatment 
groups, respectively (Figure 1).

Immunocytochemistry detection of histone H4 
acetylation

Histone H4 acetylation was detected by immu-
nocytochemistry. As shown in Figure 2, cells 
stained positive for acetylated histone H4 in 
the control group was 7.12 ± 2.06; this value 
was significantly increased after TSA treatment 
to 25.43 ± 6.07, indicating a statistically signifi-
cant difference between both groups (F = 
35.85, P < 0.01). 

Gene expression profile by microarray analy-
ses

Each array contained 25122 probes of which 
20449 represented unique genes. Differentially 
expressed genes were detected in SGC-7901 
gastric cancer cells after treatment with 75 ng/
ml TSA for 48 h (Figure 3). Interestingly, the 
expression of 201 genes decreased in SGC-
7901 cells in these conditions. Specifically, gly-
coprotein hormones alpha subunit (CGA) gene 
expression in SGC-7901 cells was significantly 
reduced: the mean value of CGA gene expres-
sion ratio was 0.4468 (0.4232, 0.4503, and 
0.4558 for individual replicates, respectively). 
The Q-value was 0.0372, indicating astatisti-
cally significant downregulation.

CGA gene expression assessed by RT-qPCR 
data

A statistically significant downregulation of CGA 
gene expression was observed in SGC-7901 
cells after 48 h treatment with TSA at 75 ng/ml. 
Indeed, ratio (2-ΔΔCt) values of 1.002 ± 0.0883 
and 0.445 ± 0.0261 were obtained for control 
and TSA groups, respectively (p-value = 0.0381) 
as shown in Figure 4.

CGA protein expression 

Protein levels were determined by western blot. 
In agreement with gene expression data, 
decreased CGA protein amounts were detected 
in SGC-7901 cells after 48 h incubation in pres-
ence of TSA at 75 ng/ml (Figure 5).

Figure 5. CGA protein levels detected by western blot. 
Cell lysates were analyzed by Western blot using anti-
GAPDH and Anti-CGA antibodies. A: CGA (56 KDa); 
B: GAPDH (loading control, 37 KDa). CGA protein ex-
pression was reduced in the TSA group at 48 h com-
pared with controls.
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Immunohistochemistry detection of CGA ex 
vivo

Positive expression of CGA was detected in 
74% gastric adenocarcinoma tissue samples. 
In normal tissues adjacent to carcinoma, only 
24% specimens exhibited positive CGA expres-
sion (Figure 6). These results indicated a sig-
nificant increase in CGA expression in gastric 
adenocarcinoma compared with normal tissue 
(χ2 value 10.454, P = 0.001).

Discussion

Regulation of acetylation is a balance between 
deacetylators and acetylators [6]. Histone 
deacetylases (HDACs) are a class of histone 
modifiers that remove acetyl units from lysine 
residues on histones. To date, 18 HDACs have 
been described and are classified into four 
groups (HDAC I, II, III and IV) according to their 
similarity, with reference to their analogues in 
yeast [7]. The overexpression of histone 
deacetylase (HDAC) and subsequent decrease 
in the acetylation levels of nuclear histones are 
frequently observed in cancer cells. Indeed, 
HDACs are particularly important in cancer biol-
ogy, promoting proliferation, angiogenesis, 
migration/metastasis, and resistance to che-
motherapy, and inhibiting apoptosis and differ-
entiation [8]. Generally it is accepted that his-
tone deacetylation suppresses the expression 
of bound genes. Therefore, it has been sug-
gested that HDAC might contribute to cancer 

cell survival [9-10]. Identification of HDAC inhib-
itors is therefore a new therapeutic approach to 
treat cancer [11]. Trichostatin A (TSA) is an anti-
fungal antibiotic and a specific inhibitor of 
HDAC activity that has been reported by numer-
ous studies to induce apoptosis in cancer cells 
[12-14]. 

Considering the ability of TSA to induce apopto-
sis in different cell types, we assessed apopto-
sis in SGC-7901 gastric cancer cells treated 
with TSA. We found that TSA significantly 
reduced cell growth and induced apoptosis in 
SGC-7901 tumor cells. Our study also demon-
strated that TSA increased the levels of acety-
lated histone H4 in SGC-7901 cells. In addition, 
several genes were found regulated in gene 
microarray experiments. Specifically, CGA 
(Glycoprotein hormones alpha subunit) gene 
expression was significantly decreased in SGC-
7901 gastric cancer cells after treatment with 
TSA. This was verified by Real-time PCR and 
Western blot data corroborated these findings. 
GCA codes for the common alpha subunit to 
the four glycoprotein hormones Hcg (human 
chorionic gonadotropin), LH (luteinizing hor-
mone), FSH (follicle-stimulating hormone) and 
TSH (thyroid-stimulating hormone). Most stud-
ies focusing on CGA gene expression in placen-
ta and pituitary tissues have suggested that 
the tissue-specific expression of the CGA gene 
is determined by a combination of several fac-
tors, some of which are common to all tissues 
and others specific to the given tissue. The 

Figure 6. CGA detection by immunohistochemistryin tissue specimens from gastric adenocarcinoma patients. Ex-
pression of CGA was mainly localized tothe cytoplasm. Based on a method combining the percentage of positive 
cells and signal intensity, 74% were positive for CGA expression in gastric adenocarcinoma tissue samples. In nor-
mal tissue specimens adjacent to carcinoma, only 24% were deemed positive. This indicates a significant difference 
in CGA expression between gastric adenocarcinoma than normal tissues (A: Negative, B: Positive; ×400).
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structure of the CGA promoter has been 
described [15], and an antisense sequence to 
the CGA gene was shown to inhibit the growth 
of tumor cells [16]. However, little is known 
about CGA involvement in carcinogenesis.

In order to understand CGA gene expression in 
vivo, clinical specimens from advanced gastric 
cancer patients were assessed. The results 
indicated a significantly higher CGA gene 
expression in advanced gastric carcinoma tis-
sues samples in comparison with normal tissue 
specimens adjacent to carcinoma. Our results 
might suggest a correlation between CGA gene 
expression and gastric cancer cell apoptosis. 
However, this hypothesis needs to be validated 
in further studies.

In summary, the CGA gene may play a role in 
the occurrence of gastric carcinoma, and its 
overexpression may be related to apoptosis in 
gastric cancer cells.
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