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Abstract. The aim of the present study was to examine the 
effect of fatty acid binding protein-5 (FABP-5) gene on the 
proliferation, apoptosis and invasion of human gastric cancer 
SGC-7901 cells. The viability, apoptosis and cell invasion of 
SGC-7901 cells before and after FABP5 knockdown were 
taken as the study objects, design and synthesis of siRNA 
interference sequence were conducted according to FABP-5 
mRNA coding sequences, and SGC-7901 cells were transiently 
transfected. The human gastric cancer SGC-7901 cells were 
divided into three groups: FABP-5 siRNA group, negative 
control group and blank control group. FABP-5 gene mRNA 
and protein expression levels were detected by RT-PCR and 
western blot analysis. The CCK-8 assay was used to detect 
in vitro cell proliferation, flow cytometry (FCM) was used 
to detect changes in cell cycle and apoptosis in each group, 
TUNEL staining was used to detect apoptosis in each group, 
and the cell invasion chamber assay was used to detect cell 
invasiveness in each group. Each test was repeated three times. 
The results of the RT-PCR and western blot analysis showed 
that, expression of FABP-5 mRNA and protein in the FABP-5 
siRNA group was significantly decreased compared with 
the negative and blank control groups. The cell growth rate 
in the FABP-5 siRNA group was significantly retarded, cell 
cycle was arrested in G0/G1 phase, the number of cells in 
S phase was reduced, and compared with the negative and 
blank control groups, the apoptotic rate in the FABP-5 siRNA 
group was significantly increased (P<0.01), while proliferation 
and invasiveness were significantly decreased (P<0.05). In 
conclusion, specific FABP-5 gene silencing may reduce the 

invasiveness of gastric cancer cells, inhibit cell proliferation, 
and arrest cell cycle in G0/G1 phase, resulting in a significant 
increase in apoptosis.

Introduction

Gastric cancer is one of the most common malignant tumors, 
and although chemotherapy and neoadjuvant chemotherapy 
have been widely used in the treatment of gastric cancer, 
the prognosis of gastric cancer is poor, especially for 
patients with clinical metastasis and tumor recurrence (1,2). 
Epidermal-type fatty acid binding protein-5 (FABP-5) gene is 
a fatty acid binding protein found in epidermal cells. It is a 
key molecule in tumor development. In a variety of tumors, 
the tumor-associated epithelial cell adhesion molecule upregu-
lates the expression of FABP-5 gene. Tumor cells with a high 
expression of FABP-5 gene can affect cell signal transduction 
function by fatty acid metabolites (3-6). At present, there 
is no relevant report regarding the role of FABP-5 gene in 
gastric cancer. In order to further study the mechanism of 
FABP-5 gene in gastric cancer, this study employed RNA 
interference technology to silence FABP-5 gene in human 
gastric SGC-7901 cancer cells, and the effect on tumor cell 
proliferation, apoptosis and invasiveness was observed.

Materials and methods

Materials. The human gastric cancer cell line (SGC-7901) 
was purchased from Shanghai Ji Kai Gene Technology 
Co., Ltd. (Shanghai, China). shRNA target designed 
recombinant FABP-5 gene silencing lentiviral particles 
LV-shRNA-FABP-5 and the control empty vector lentiviral 
particles (LV-shRNA-NC) were provided by the Shanghai 
Bio-engineering Co., Ltd. (Shanghai, China). DMEM, phos-
phate buffer (phosphatic buffered saline, PBS), and fetal bovine 
serum were purchased from Hyclone; GE Healthcare (Logan, 
UT, USA). TRIzol was purchased from Invitrogen; Thermo 
Fisher Scientific (Waltham, MA, USA) and the reverse tran-
scription kit was purchased from Fermentas; Thermo Fisher 
Scientific (Waltham, MA, USA). A fluorescence quantitative 
PCR kit was purchased from Takara Biotechnology Co., Ltd. 
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(Dalian, China); DNA marker was purchased from Guangzhou 
Dongsheng Biotech Co., Ltd. (Guangzhou, China); western 
blot analysis and IP cell lysate, phenylmethylsulfonyl (phenyl-
methanesulfonyl fluoride, PMSF), loading buffer (5X) on 
SDS-PAGE protein, BCA protein concentration of the test kit 
(Enhanced), 20X TBS buffer were purchased from Jiangsu 
Pik days Biotechnology Research Institute (Nanjing, China); 
PVDF membrane was purchased from Merck Millipore 
(Billerica, MA, USA); propidium iodide (PI) and RNase 
enzymes were purchased from Fermentas; Thermo Fisher 
Scientific; flow cytometry was purchased from BD Biosciences 
(Franklin Lakes, NJ, USA); fluorescence microscope was 
purchased from Olympus Corp. (Tokyo, Japan); apop-
tosis kit was purchased from eBioscience company (Vienna, 
Austria); and the cell invasion assay was purchased from 
cell Invasion Assay Kit (Chemicon International (Billerica, 
MA, USA); cat. no. ECM550). The primers for the FABP-5 
and GAPDH gene sequence were produced and verified by 
Shanghai Bio-engineering Co. Ltd., the same to a previous 
report (5). Rabbit anti-human FABP-5 monoclonal antibody 
was purchased from Abcam (Cambridge, UK); and mouse 
anti-human GAPDH monoclonal antibodies were purchased 
from Beijing Zhongshan Golden Bridge Biotechnology Co., 
Ltd. (Beijing, China).

Methods. Cell culture and transfection. Gastric cancer 
SGC-7901 cells were cultured with DMEM medium containing 
10% fetal calf serum and 100 U/ml levofloxacin in a sealed 
incubator (37˚C, 5% CO2). Cells in the logarithmic growth 
phase were randomly selected: the FABP-5-shRNA group was 
treated with Lv-shRNA-FABP-5, the negative control group 
was treated with (LV-shRNA-NC), and the control group 
was routinely cultured. At 12 h before transfection, human 
gastric cancer SGC-7901 cells in the logarithmic phase were 
digested with trypsin and prepared into cell suspension. The 
cells were seeded in 6-well plates (5x104) and cultured in 
a 37˚C, 50 ml/l CO2 incubator until cell confluence was up 
to 20-30%. Transfection was performed, and polybrene and 
infection enhancement solution were added to each well, 
with multiplicity of infection (MOI) being 10. Three repli-
cate wells were set for each group. The LV-shRNA-FABP-5 
target sequence was 5'-TGGGAAGGAAAGCACAATA-3', 
while the target sequence for the NC (negative control) was 
5'-TTCTCCGAACGTGTCACGT-3'. The cells were harvested 
3 days after transfection. The same amount of medium instead 
of the transfection system was used for the blank control group. 
Cells continued to be cultured in the 37˚C, 5% CO2 humidified 
incubator.

RT-PCR to detect FABP-5 mRNA expression. At 72 h after 
transfection, total RNA of SGC-7901 cells (4x105 cells) 
was extracted using the TRIzol kit. Quantitation cDNA 
was then synthesized according to the reverse tran-
scription kit protocol. Primer 5.0 software was used to 
design primers as follows: FABP-5 upstream primer: 
5'-TGAAGGAGCTAGGAGTGGGAA-3', downstream 
primer: 5'-TGCACCATCTGTAAAGTTGCAG-3', amplified 
fragment 212 bp; internal reference GAPDH upstream primer: 
5'-TGACTTCAACAGCGACACCCA-3' downstream primers: 
5'-CACCCTGTTGCTGTAGCCAAA-3', amplified fragment 

121 bp. Total RNA of five groups of cells was extracted using 
TRIzol reagent and reverse transcribed to cDNA, after which 
three replicate wells were set for each group. PCR primers 
were designed and synthesized by Shanghai Sangon Biological 
Engineering Technology & Services Co., Ltd. (Shanghai, 
China), and three replicate wells were set for each group. Each 
experiment was repeated three times.

The RT-PCR reaction conditions used were: 95˚C denatur-
ation for 5 min, 95˚C denaturation for 30 sec, 60˚C annealing 
for 30 sec, 72˚C extension for 60 sec, a total of 40 cycles. PCR 
products were subjected to 1.2% agarose gel electrophoresis, 
and a gel imager was used to observe results. The UVI gel 
imaging system was used to capture pictures. Image-Pro 
Plus 7.0 software was used to analyze the gray values, with the 
FABP-5/GAPDH ratio as the FABP-5 mRNA relative expres-
sion level.

Western blot analysis to detect FABP-5 protein expression. At 
72 h after transfection, the total protein of cells was extracted 
in each experimental group and the protein concentration 
was determined using the BCA kit. Total protein (50 µg) was 
subjected to 8% SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred to PVDF membranes by the 
wet transfer method. After film transfer, the membrane was 
blocked with 10% non-fat dry milk at room temperature for 
2 h. Subsequently, rabbit polyclonal FABP-5 antibody (dilu-
tion, 1/500; cat. no. ab37267) and rabbit polyclonal GAPDH 
antiboody (dilution, 1:500, cat. no. ab37168) purchased from 
Abcam (Cambridge, MA, USA) were added. They were 
placed on a shaker and incubated overnight at 4˚C. The 
next day, the membrane was washed by (triethanolamine 
buffered saline solution) TBS-T three times for 10 min each 
time. Then secondary goat anti-rabbit (HRP) IgG antibody 
(dilution, 1:2,000 (Abcam); cat. no. ab6721) was added after 
washing the membrane. The membranes were then exposed in 
the dark. Ultra-sensitive ECL chemiluminescence was used to 
detect protein bands, images were captured and striped gray 
value analyzed. The relative expression of the target protein 
was calculated as: gray value of target protein bands/gray 
value of internal reference protein bands.

CCK8 assay to detect SGC-7901 cell proliferation. SGC-7901 
cells were seeded in 96-well culture plates at 4x103/well and 
cultured with 200 µl DMEM medium containing 10% fetal 
calf serum. Each group set five wells and separate blank wells 
were set as the control. CCK-8 (20 µl) was added into each 
well. After incubation for 4 h, the absorbance at 490 nm was 
detected by a microplate reader, the average of five wells was 
calculated, and the growth curve was drawn.

Transwell chamber invasion assay. The polycarbonate 
membrane filter was capped with 50 µg Matrigel per well 
in a well-polymerized lower chamber, after which 10% fetal 
bovine serum was added as conditioned medium. Then, 
100  µl SGC-7901 cell suspension of the three groups (3x105/l) 
was added in the upper chamber, placed in an incubator for 
24 h and fixed with 4% paraformaldehyde for 10 min prior to 
staining with hematoxylin for 20 min. The cells on the lower 
surface of membrane were counted under a light microscope 
(BX-42, Olympus Corp.). Penetrating cells in five random fields 
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were counted for each film, and the average was calculated. 
Each group set three chambers in parallel. Experiments were 
repeated three times. The cell invasion rate (%) was calculated 
as the total number of penetrating cells/total number of cells 
seeded in the upper chamber x 100%.

Cell cycle detection. Three groups of cells were trypsinized 
and washed with PBS twice and fixed with 1 ml pre-chilled 
70% ethanol at 4˚C overnight. The cells were washed with 
PBS twice and measured for 1.0x105/ml cell suspension. After 
mixing, an appropriate amount of PI solution (cell suspension, 
PI=1:1) was added. The cells were incubated for 30 min at 4˚C 
in the dark. A 300 mesh screen filter was used to filter the cell 
suspension and remove adhesion cells. Flow cytometry was 
used to analyze DNA content, and the software was used to 
analyze the cell number in G0/G1, S, G2/M phases and the 
proportion.

Cell apoptosis detected by flow cytometry. At 72 h after trans-
fection, the cells in each group were collected and digested by 
EDTA-free trypsin. Then they were transferred into a 1.5 ml 
sterile Eppendorf tube. The centrifugation was performed at 
4˚C, 1,650 x g for 5 min. The supernatant was discarded and 
the cells were washed with PBS twice, and 500 µl binding 
buffer was added to re-suspend cells. Annexin V-FITC (5 µl) 
and PI (5 µl) were added at room temperature in the dark. 
After reacting for 5-15 min, the cells were detected by flow 
cytometry within 1 h. The excitation wavelength (Ex) was 
488 nm, and the emission wavelength (Em) was 530 nm.

TUNEL staining. At 72 h after grouping, the cells in each group 
were collected and MGC-803 glass slides were prepared. 
After aspirating the cultured medium, the cells were air dried, 
fixed with 4% paraformaldehyde, treated with fresh 3% H202 
at room temperature. Then, 0.1% Triton X-100 (dissolved in 
0.1% sodium citrate solution) was used for drilling. According 
to the TUNEL kit instructions, DAB staining and hematoxylin 
re-staining were performed. This was followed by gradient 
ethanol dehydration, xylene transparency and neutral gum 

sealing, after which the samples were observed under the 
microscope. Three horizons were observed in each slice, 
and 300 consecutive cells were counted in each field. The 
percentage of apoptotic cells was the apoptosis index (m), and 
was calculated as: AI (%) = number of apoptotic cells/total 
number of cells x 100%.

Statistical analysis. SPSS 16.0 statistical software (Chicago, 
IL, USA) was used for analysis. Apoptosis data of the two 
groups were compared using the t-test, and one-way ANOVA 
was used to determine the remaining measurement data among 
groups. Experimental data were presented as mean ± SD. 
P<0.05 was considered statistically significant.

Results

shRNA downregulated FABP-5 mRNA expression level 
in SGC-7901 cells. After RNA interference, RT-PCR 
results showed the FABP-5 mRNA level in SGC-7901 
cells (Fig. 1A and B). The relative expression level (0.12±0.03) 
was significantly reduced in the FABP-5-shRNA group 
compared with the negative control group (0.62±0.08%) and 
blank control group (0.57±0.11%) (P<0.01) and the inhibition 
rate was (70.27±1.38%). There was no significant difference 
in FABP-5 mRNA expression between the negative and blank 
control groups, suggesting that the interference sequence 
designed and produced in this study can specifically inhibit 
the expression of FABP-5 gene (Fig. 1).

shRNA down-regulated FABP-5 protein expression level 
in SGC-7901 cells. Western blot analysis revealed, after 
RNA interference, the FABP-5 protein level in SGC-7901 
cells (Fig. 2A and B). The relative expression level (0.32±0.03) 
was significantly reduced in the FABP-5-shRNA group 
compared with the negative control group (1.62±0.12) and 
blank control group (1.57±0.14) (P<0.01). The software Image J 
was used to analyze the gray values of bands and calculate the 
inhibition rate, which was (72.56±1.24%). By contrast, there 
was no significant difference in FABP-5 protein expression 

Figure 1. shRNA downregulated FABP-5 mRNA expression level in SGC-7901 cells. (A) FABP-5 mRNA expression in SGC7901 cells before and after FABP5 
shRNA transfection was determined by RT-PCR. (B) FABP-5 mRNA expression level was determined by quantitative RT-PCR.
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between the negative and blank control groups, indicating 
that the interference sequence designed and produced in 
this study can specifically inhibit the expression of FABP-5 
protein (Fig. 2).

CCK-8 assay to detect reduced SGC-7901 cell proliferation 
in FABP-5-shRNA group. CCK-8 test results showed that 
compared with the blank and negative control groups, A values 
at 490 nm in the FABP-5-shRNA group were lower at 24, 48, 
72, 96 and 120 h after transfection, and the differences were 
statistically significant (P<0.05). The growth curve showed 
that, the curve of FABP-5-shRNA group was significantly 
lower than that of the blank and negative control groups, and 
the difference was statistically significant (P<0.05). It indi-
cated that the cell proliferation in the FABP-5-shRNA group 
was significantly inhibited (Fig. 3; Table I).

Cell invasiveness was reduced in the FABP5-siRNA group. 
As shown in Fig. 4, the number of cells identified across the 
membrane in the blank and negative control groups were higher 

[(59.22±6.32) and (61.27±7.36)], the number of cells across the 
membrane in the FABP-5-shRNA group was significantly 
reduced (28.46±4.58), and the difference was statistically 
significant (P<0.01). The results showed that specifically inter-
fering with FABP-5 gene expression effectively reduces the 
invasiveness of SGC-7901 cells (Fig. 4).

Flow cytometry to detect cell cycle. The proportion of cells 
in G1 phase in the FABP-5-shRNA group was reduced 
compared to the blank and negative control groups (P<0.05). 
Proportions of S-phase cells and G2/M-phase cells in the 
FABP-5-shRNA group increased compared with the blank and 
negative control groups (all P<0.05). In the FABP-5-shRNA 
group, cells in G1 phase decreased, and cells in S-phase and 
G2/M phase increased in the negative and blank control 
groups, and the difference was not statistically significant 
(P>0.05) (Table II; Fig. 5).

Apoptotic cells detected by flow cytometry. In the DNA histo-
gram of flow cytometry the SGC-7901 cell apoptosis rate of the 
FABP-5-shRNA group (4.76±0.16%) was significantly higher 
than that of the blank control group (2.13±0.36%) and the 
negative control group (2.13±0.36%), and the difference was 
statistically significant (P<0.05) (Fig. 6). RNA interference to 
silence FABP-5 gene can significantly promote apoptosis of 
SGC-7901 cells.

TUNEL staining to observe apoptosis. In the FABP-5-shRNA 
group, there were apoptotic cells with brown-stained 
nuclei (Fig. 7, arrow). A comparison of the negative and blank 
control groups showed the results for the apoptotic index were 
(5.86±1.23%), (6.26±1.75%) and (38.64±6.84%), and the differ-
ence was significant (P<0.01).

Discussion

FABPs are a group of small and highly-conserved cytoplasmic 
proteins, widely expressed in a variety of mammal cells, and 
which can bind to long-chain fatty acid cytoplasmic protein, 

Figure 2. shRNA downregulated FABP-5 protein expression level in SGC-7901 cells. (A) FABP-5 protein expression in SGC-7901 cells was examined. 
(B) Quantitative analysis of FABP-5 protein expression levels in the three groups. FABP-5, fatty acid binding protein-5.

Figure 3. Cell proliferation of SGC-7901 cells was detected by CCK-8 assay.
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playing an important role in the uptake, transport and metabo-
lism of long-chain fatty acids (7). FABPs are tissue-specific, 
named by the tissue from which they were initially isolated or 
identified. Currently, there are nine types of FABP, including 
the epidermal-relevant type FABP and myocardium-type 
FABP. The most basic function of FABPs is to be involved 
in the intake and intracellular transport of fatty acids (8). 
Expression of FABPs is increased in many types of cancer. 
FABPs affect tumor growth and progression by combining 
with transported fatty acids and their derivatives, hormones, 
steroids, carcinogens and other ligands (9,10). Recently, an 
increasing number of studies have shown that FABPs are 
expressed in different degrees in most malignancies, including 
breast, prostate, liver, lung and bladder epithelium cancer, and 
are associated with the incidence, metastasis, invasion, poor 
prognosis and resistance of malignant tumors (11-15).

FABP-5 is epidermal-relevant type, and the current study 
found that FABP-5 expressed by cells can combine with 
long-chain fatty acids, provide energy and raw materials for 
cell growth and participate in tumor growth-associated signal 
transduction. Fatty acid binding proteins are closely associ-
ated with tumors and a variety of other diseases (9,16). In 
breast cancer (17) and lung squamous cell carcinoma (18), 
FABP-5 gene was significantly upregulated to promote 
tumorigenesis. In primary NSCLC tissues, FABP-5 expression 
was associated with tumor grade and metastasis. The larger 
the tumor volume and the higher the tumor grade, the higher 
the expression of FABP-5, including patients with metas-
tasis (19). Celis et al found that the FABP-5 expression level 
was positively correlated with the degree of differentiation 
of bladder cancer (20). Additionally, the expression level of 
FABP-5 decreased as the degree of differentiation of bladder 
cancer decreased (20). In prostate cancer, in vivo experiments 
confirmed that FABP5 downregulation can reduce tumor 
cell metastasis and inhibit tumor growth (21,22). In intrahe-
patic bile duct cell carcinoma and squamous cell carcinoma, 
FABP-5 can promote the proliferation of tumor cells and 
enhance the invasion ability of cells (23,24). Zhou et al trans-
fected FABP-5-shRNA expression vector into human HepG2 
cells and found that FABP-5-shRNA can significantly promote 
tumor cell apoptosis, arrest the cell cycle in G2/M phase to 
inhibit the proliferation of liver cancer cells, and reduce the 
invasiveness of liver cancer cells (6). In addition, head and neck 
cancer (25), endometrial cancer (26) and melanoma (27) are 
closely associated with the expression of FABP-5. A previous 
study on pathological tissues of esophageal cancer showed 
that FABP-5 gene expression was significantly increased, 

Table I. Comparison of cell viability of three groups of cells at different time pointsa.

Groups 24 h 48 h 72 h 96 h 120 h

Blank control group 0.36±0.03 0.55±0.04 1.36±0.11 1.79±0.18 2.74±0.21
Negative control group 0.35±0.02 0.56±0.06 1.40±0.13 1.81±0.16 2.75±0.19
FABP-5-shRNA group 0.26±0.02 0.36±0.04 0.64±0.09 0.92±0.12 1.28±0.17

aAbsorbance, 490 nm (mean ± standard deviation, n=5). FABP-5, fatty acid binding protein-5.

Figure 4. FABP-5-shRNA inhibited cell invasion in SGC7901 cells. FABP-5, fatty acid binding protein-5.

Table II. Cell cycle distribution and apoptosis rate (%).

Groups G1 S G2/M

Blank 62.83±0.84 30.56±0.64 7.53±0.56
control group
Negative 63.46±0.79 29.17±0.46 7.49±0.73
control group
FABP-5-shRNA 32.75±0.56 48.34±0.96 18.84±0.57
group

FABP-5, fatty acid binding protein-5.
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Figure 5. Flow cytometry was used to detect the cell cycle distribution. (A) Blank control group; (B) Negative control group; (C) FABP-5-shRNA group; 
(D) Quantitative analysis showed that the proportion of G1 phase cells in the FABP-5-shRNA group was reduced, while the proportions of cells in S phase and 
G2/M phase increased. FABP-5, fatty acid binding protein-5.

Figure 6. FA-C flow cytometry was performed to detect apoptosis in each group. FABP-5 gene silencing can significantly promote apoptosis of EC9706 cells. 
FABP-5 gene, fatty acid binding protein-5 gene.

Figure 7. Cell apoptosis was detected by TUNEL staining. FABP-5-shRNA significantly promoted cell apoptosis, compared with the negative and blank 
control groups. FABP-5, fatty acid binding protein-5.
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suggesting that the upregulation of FABP-5 gene expression 
may contribute to the development of esophageal cancer (28). 

In the present study, we transfected FABP-5-shRNA 
expression vector into human gastric SGC-7901 cancer cells, 
and found that the relative expression levels of FABP-5 gene 
and protein in the FABP-5-shRNA group were significantly 
lower than those in the negative and blank control groups, 
indicating that the interference sequence designed and synthe-
sized in this study can specifically inhibit the expression of 
FABP-5 gene. CCK-8 detection results showed that compared 
to the blank and negative control groups, cell proliferation in 
the FABP-5-shRNA group was significantly inhibited. Flow 
cytometry and TUNEL staining showed that FABP-5 gene 
silencing can significantly promote SGC-7901 cell apoptosis. 
Flow cytometry showed that after FABP-5 gene silencing, 
the SGC-7901 cell cycle was arrested in G2/M phase, and 
the proliferation of SGC-7901 cells was inhibited. The cell 
invasion chamber assay showed that cell invasiveness in 
the FABP-5-shRNA group was significantly lower than that 
in the blank and negative control groups, suggesting that 
FABP-5 gene silencing reduced the invasiveness of gastric 
cancer cells.

In summary, using the lentivirus RNA interference to 
knockout FABP-5 gene can influence the proliferation of 
gastric cancer cells and induce apoptosis, and can inhibit 
the invasiveness of gastric cancer cells. These indicated that 
FABP-5 gene may be directly or indirectly involved in the cell 
cycle regulation and apoptosis of gastric cancer cells. These 
changes of the gene expression levels were closely associated 
with tumor cell invasiveness. Therefore, FABP-5 gene may 
become a target for the treatment of gastric cancer.
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