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ABSTRACT. We elucidated the expression of ciclosporin protein B 
(cyclophilin B) in stomach cancer tissue and the correlation between 
cyclophilin B and clinicopathological parameters, and determined the 
effect of cyclophilin B on growth and proliferation of stomach cancer 
cells. Pathological sections of stomach cancer and paracancerous 
tissue were collected for detecting the expression and distribution 
of cyclophilin B, using immunohistochemistry, and for analyzing 
the relationship between the expression levels of cyclophilin B in 
stomach cancer and the clinical pathological parameters of the patients. 
A cyclophilin BsiRNA lentiviral (LV-cyclophilin B-siRNA) and 
corresponding control vector (LV-siRNA-con) were constructed. MTT 
and cell cycle assays were used to detect the effect of downregulation of 
cyclophilin B expression on in vitro growth and proliferation and clone 
formation capacity of BGC823 and SGC7901 cells. The cyclophilin 
B-positive rate of stomach cancer tissue was 84.29% (59/70) and 
that of paracancerous tissue was 56.00% (28/50). The expression of 
cyclophilin B in stomach cancer tissue was significantly higher than 
that in paracancerous tissue (P < 0.05). Staining for cyclophilin B was 
primarily present in the cytoplasm and was seldom present in the cell 
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nuclei. Downregulation of cyclophilin B significantly inhibited growth 
and proliferation of stomach cancer cells, cell cycle progression, and in 
vivo tumorigenicity capacity. Cyclophilin B has a high diagnostic value 
for stomach cancer and its downregulation can effectively inhibit the 
growth of stomach cancer cells. Thus, cyclophilin B may be a potential 
therapeutic target for stomach cancer treatment.
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INTRODUCTION

Stomach cancer impacts human health severely, with more than 100 cases of 
stomach cancer newly diagnosed globally every year. Stomach cancer ranks fourth in 
morbidity and third in mortality among tumors (Liu et al., 2013). The effect of therapy in 
stomach cancer is closely correlated with the stage of the disease, the therapeutic method 
used, and the administration of therapy. More than 90% of patients diagnosed with early 
gastric cancer can survive for more than 5 years or undergo cure, whereas the survival rate 
of patients with late stomach cancer is less than 5% over 5 years (Ferronha et al., 2012). 
Thus, early diagnosis is crucial for improving the curative effect of therapy in stomach 
cancer and for elevating the survival rate. The majority of stomach cancer patients report 
to a doctor when they feel physically uncomfortable. Stomachoscopy is not generally 
used, but most stomach cancer patients only show symptoms in the middle and advanced 
stages. Currently, the tumor markers that are clinically used for stomach cancer screen-
ing primarily include CEA, CA19-9, CA72-4, and ELCOX; however, these markers have 
certain limitations (Gan et al., 2013). Therefore, it is important to develop new serological 
tumor markers for stomach cancer.

Ciclosporin protein B (cyclophilin B) was so named because it binds to cyclosporin A 
(CsA), which facilitates immunosuppression (Väkevä et al., 2008). Cyclophilin B is a secreted 
protein and can be detected in vivo in prokaryotic and eukaryotic organisms (Li et al., 2013). 
In recent years, this protein has been shown to be highly expressed in breast, liver, colon, and 
pancreatic cancer and to play an important role in the malignant progression of tumors (Kim 
et al., 2012). To date, there have been no reports on cyclophilin B in stomach; hence, we here 
aimed to investigate its expression and role in stomach cancer and to explore its potential 
value in diagnosing or treating stomach cancer.

MATERIAL AND METHODS

Reagent and instruments

The anti-cyclophilin B antibody (Fusheng Biotech, Shanghai, China); the Real Envi-
sion Detection kit (Boyan, Shanghai, China); DMEM and RPMI 1640 (Ruixiang, Beijing, 
China); fetal bovine serum (Biowish, Hangzhou, China); carbon dioxide incubator (South-
North Instrument & Equipment, Zhengzhou, China); ELISA monitor (PeproTech,USA); flow 
cytometer (Hach,USA); the optical microscope (Olympus, Japan).
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Tissue specimens

Paraffin sections (70, 50, and 30 samples of stomach cancer tissue, paracancerous tis-
sue, and normal gastric tissue) were obtained from the Pathology Department of Jinan Sixth 
Hospital, from January 2013 to December 2013. Of the 70 stomach cancer patients, 43 were 
men and 27 were women.

Immunohistochemical staining

The tissue sections were dewaxed, hydrated, washed with phosphate-buffered saline 
(PBS) for 5 min, thrice, incubated for 30 min in 80% methanol containing 3% H2O2, in the 
dark. Sections were then blocked in 2% normal goat serum at 37°C for 1 h, and then overnight 
at 4°C after drop-wise addition of anti-cyclophilin B polyclonal antibody (diluted 1:250). 
Subsequently, sections were incubated for 30 min at room temperature with Solution A (sec-
ondary antibody) of the Real Envision Detection System. To determine the degree of staining, 
50-100 μL of freshly prepared DAB solution was added to the sections drop-wise, after which 
the sections were washed for approximately 15 min under tap water to terminate staining. Sec-
tions were then restained with hematoxylin, washed for approximately 15 min under tap water, 
dehydrated with a graded alcohol series, clarified with dimethylbenzene solution, sealed, and 
then examined under the microscope.

Immunohistochemical staining evaluation and statistical analysis

The immunohistochemical results of the tissue sections were evaluated by two pa-
thologists blinded to the clinical pathological data. Under the microscope, 5200 fields of view 
were taken randomly. The percentage of positive staining was obtained by calculating the ratio 
between the positive tumor cells and all tumor cells throughout the whole section. Each speci-
men was scored as Grade 0-4, with 0 indicating negative; 1 indicating positive staining from 1 
to 25%; 2 indicating positive staining from 26 to 50%; 3 indicating positive staining from 51 to 
75%; and 4 indicating positive staining from 76 to 100%. The staining intensity was quantified 
as 1 (negative), 2 (weakly positive), 3 (moderately positive), and 4 (strongly positive). The 
staining for each section was evaluated on the basis of the sum of the two parameters given 
above and 0 was evaluated as negative (-), 1-2 was evaluated as weakly positive (±), 3-5 as 
positive (+), and 6-8 as strongly positive (++). The positivity rate referred to the ratio of the 
sum of the weakly positive, positive, and strongly positive cases to the total number of cases 
(Li et al., 2014).

Construction of cyclophilin BsiRNA lentiviral vector

The cyclophilin BsiRNA primer sequence was 5'-AGACAGGTGGAGAGTTCACCA-3' 
and the vector was GV115. A single-stranded DNA oligonucleotide containing an interference 
sequence was first synthesized chemically. Then, a double-stranded oligonucleotide was 
generated after annealing and pairing. This was cloned into the digested RNAi lentiviral vector 
via the AgeI and EcoRI sites. The ligation products were transferred to appropriately prepared 
bacterial competent cells; positive clones were identified by PCR and sequenced. Construction 
of lentiviral vectors was carried out as previously described (McIntosh et al., 2012).
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Establishing a stable cell line with a low expression level of cyclophilin B

Cells (3 x 103) were seeded on a 96-well microplate. The stock solution of virus, at 
a titer of 108, was diluted 10X and 100X. Of these three virus solutions, 10 μL was added to 
3 individual wells, representing MOIs of 100, 10, and 1, respectively. Fluorescence intensity 
was observed after 72 h to confirm that the MOI used in the experiment was 10.

SGC7901 and BGC823 cells were inoculated on a 24-well microplate, at 4 x 104 cells/
well. The virus was centrifuged and diluted 10X. Of this diluted virus solution, 10 μL was 
added (MOI = 10); as a control, virus from the culture solution was used. The culture solution 
was replaced after the cells were incubated overnight. After reaching confluence, the cells 
were passaged to a 6-well microplate, transferred to a 25-cm culture flask, and eventually 
cryopreserved for later use. The stable cell lines obtained in this way are termed SGC7901-
siRNA, SGC7901-con, BGC823-siRNA, and BGC823-con.

MTT experiment

Single-cell suspensions of BGC823-si, BGC823-con, BGC823, SGC7901-si, 
SGC7901-con, and SGC7901 cells were prepared in RPMI 1640 medium containing 10% 
fetal bovine serum. These cell solutions were placed in the wells of a 96-well microplate, with 
1000 cells/well, in a volume of 200 μL. MTT solution (20 μL of 5 mg/mL solution) was added 
to each well after the cells had been cultured for 3 days. The cultures were then incubated at 
37°C for 4 h, after which the supernatants were carefully removed. Dimethyl sulfoxide solu-
tion (150 μL) was added to each well and the plates agitated for 10 min to ensure that the 
formazan crystals dissolved completely. The light absorption value of each well was deter-
mined using an ELISA reader at a wavelength of 490 nm. The growth curves of various groups 
of cells were plotted, with time as the abscissa and the average absorption value of 3 triplicate 
wells as the ordinate (Yang et al., 2013a).

Analysis of cell cycle

Experimental cells (transfection group, control group, and blank group; 1 x 106 

cells) were incubated on a 60-mm microplate, digested with pancreatic enzyme, and the 
products collected after 48 h. Samples were washed twice with cold PBS and mixed by 
pipetting, after which the supernatant was discarded and 1 mL of 70% pre-cooled al-
cohol was added. Samples were then refrigerated at 4°C for more than 12 h. The cells 
were washed with PBS to remove alcohol, centrifuged at 1000 rpm for 5 min, and then 
again washed twice. The cells were subsequently re-suspended in 0.5 mL PBS. Propidium 
iodide and RNaseA were added to a final concentration of 50 g/mL. The mixture was 
incubated in a warm bath at 37°C for 30 min. Cell cycle was then detected using a flow 
cytometer (Martin et al., 2007).

Statistical analysis

The SPSS 16.0 software was used for statistical analysis. The c2 test was used to ana-
lyze the relationship between immunohistochemical staining and clinical pathological factors. 
P < 0.05 indicated that the difference was significant statistically.
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RESULTS

Immunohistochemical staining results

Immunohistochemical staining indicated that cyclophilin B was primarily present in 
the cytoplasm and was seldom present in the cell nuclei. In normal liver tissue, cyclophilin B 
stained weakly positively or negatively in the cytoplasm and karyon. However, there was par-
tial positive staining for cyclophilin B in inflammatory cells in the interstitial tissue (Figure 1).

Figure 1. Cyclophilin B staining in stomach cancer and paracancerous tissues. A. Normal tissue; B. paracancerous 
tissue; C. stomach cancer tissue.

A			            B				         C

Expression of cyclophilin B in stomach cancer, paracancerous tissues, and normal 
gastric tissue

Immunohistochemical staining indicated that the level of cyclophilin B varied in 
stomach cancer and paracancerous tissues. Of the 70 stomach cancer tissue specimens, 11 
were negative for cyclophilin B expression, 18 were weakly positive, 26 were positive, and 
15 were strongly positive. The positivity rate for cyclophilin B in stomach cancer tissue was 
84.29% (59/70). Of the 50 paracancerous tissue specimens, 22 were negative, 9 were weakly 
positive, 13 were moderately positive, and 6 were strongly positive for cyclophilin B expres-
sion. The positivity rate for cyclophilin B in paracancerous tissue was 56.00% (28/50). The 
expression of cyclophilin B in stomach cancer tissue was statistically significantly higher than 
that in paracancerous tissue (P < 0.05; Table 1).

Clinicopathological parameters of patients

Expression of cyclophilin B and the clinicopathological data of 70 patients with stom-
ach cancer were analyzed for correlation. The expression levels of cyclophilin B in stomach 
cancer tissue was associated with T staging and lymphatic metastasis of stomach cancer, but 

Table 1. Expression of cyclophilin B in stomach cancer and paracancerous tissues.

	 No. of cases		                                  Expression of cyclophilin B		  P value

		  −	 ±	 +	 ++

Stomach cancer tissue	 70	 11	 18	 26	 15	 0.017
Paracancerous tissue	 50	 22	   9	 13	   6
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not age, gender, and degree of differentiation. Indeed, the positive staining rate of cyclophilin 
B differed little in stomach cancer tissues with different degrees of differentiation. However, 
the positivity rate at Stage T3 was significantly higher than that at Stages T1 or T2 (P < 0.01). 
The positivity rate for cyclophilin B staining in the stomach cancer tissue with lymphatic node 
metastasis was also significantly higher than for that without lymphatic node metastasis. These 
correlations were statistically significant (P < 0.05; Table 2).

Table 2. Correlation between the expression levels of cyclophilin B and clinicopathological parameters of 
patients with stomach cancer.

Parameters			                          Immunohistochemical result		  P value

		  -	 ±	 +	 ++

Age	 <50 years	 6	 10	 15	   7	 0.625
	 ≥50 years	 5	   8	 11	   8
Gender	 Male	 4	   9	 12	   9	 0.539
	 Female	 7	   9	 14	   6
Differentiation	 Highly differentiated	 3	   5	   9	   5	 0.318
	 Moderately differentiated	 5	   7	   7	   6
	 Poorly differentiated	 3	   6	 10	   4
T Staging	 T1	 2	   3	   3	   2	 0.009
	 T2	 2	   4	   5	   3
	 T3	 7	 10	 18	 10
	 T4	 0	   1	   0	   0
Lymph node metastasis	 N0	 7	   3	   4	   4	 0.012
	 N1	 2	 13	 17	   9
	 N2	 1	   2	   4	   2
	 N3	 1	   0	   1	   0

Cell growth and proliferation as determined by MTT assay

After infection with the cyclophilin B-siRNA lentiviral vector, BGC823 and 
SGC7901 cells grew significantly slower from day 4 and day 5, respectively, as compared 
with the blank control group and the random sequence group (all P < 0.05). There was no 
statistically significant difference between the blank control group and the interference se-
quence group (Figure 2).

Figure 2 Cell growth and proliferation as determined by MTT assay. A. Cell growth after BGC823 cells were 
infected with cyclophilin B siRNA; B. cell growth after SGC7901 cells were infected with cyclophilin B siRNA. 
The cell growth rate slowed from days 4 and 5 for A and B, respectively, compared with the blank group and the 
negative control group (P < 0.05).
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Cell cycle

After BGC823 and SGC7901 cells had been transfected with cyclophilin BsiRNA, 
the proportion of cells at the G1/S stage decreased significantly, as compared with those 
transfected with cyclophilin B-con and the blank control group that had not been transfected 
with any vector (P < 0.05). Cyclophilin BsiRNA inhibited the progression of the cell cycle and 
caused arrest of stomach cancer cells at the G1/S stage, as shown in Figure 3.

Figure 3 Effect of cyclophilin B on the cell cycle. A. Effect on the BGC823 cell cycle after downregulation of 
cyclophilin B; B. effect on the SGC7901 cell cycle after downregulation of cyclophilin B. The proportion of the 
cells at the G1 stage was significantly higher than that in the blank group and the negative control group, while the 
cells at the S stage decreased significantly (P < 0.05) after downregulation of cyclophilin B.

DISCUSSION

Stomach cancer is one of the most common malignant tumors. Based on statistics 
from the World Health Organization, 70% of newly diagnosed stomach cancer cases and 
deaths resulting from stomach cancer occur in developing countries. The morbidity in male 
patients is twice that in female patients; and the death of 40% patients with stomach cancer is 
preventable (Mima et al., 2013). The regions with the highest morbidity of stomach cancer are 
East Asia, Eastern Europe, and South America, whereas it is very low in most areas in North 
America and Africa (Ji and Jiang, 2013). The regional differences in morbidity may be associ-
ated with dietary habits and Helicobacter pylori infection (Alfizah et al., 2013). Smoking, a 
high-salt diet, and smoked food are common life style and environmental factors that give rise 
to stomach cancer; overweight and obesity are also risk factors for stomach cancer (Navarro 
Silvera et al., 2014). Moreover, in recent studies, it has been reported that binge drinking is 
significantly associated with stomach cancer. In contrast, fresh vegetables and fruits have anti-
stomach cancer effects (Lee and Derakhshan, 2013; Zhang et al., 2013). A number of cancer 
prevention guides, changes in life style, and avoidance of the risk factors mentioned above 
seem to be the most effective and simplest methods for reducing the morbidity and mortality 
of stomach cancer (Ni et al., 2010).

In addition to these external factors, research has shown that multiple genes (activa-
tion of cancer-promoting genes, reduction of the expression of or loss of function of cancer-
suppressor genes) and abnormalities of various signal transduction pathways play an impor-
tant role in the occurrence, progression, invasion, and metastasis of stomach cancer (Akhtar 
et al., 2013; Wang et al., 2013). The vascular endothelial growth factor receptor (VEGFR) is 
closely associated with such biological behaviors, such as the occurrence, infiltration, endo-
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thelial cell proliferation, metastasis, etc., of tumor vessels (Hwang et al., 2013). In stomach 
cancer, the expression of VEGFR is also closely associated with lymph node metastasis. High 
levels of expression of this receptor in stomach cancer cells may predict a poor prognosis for 
the patient, while inhibition of its activity may serve as an important treatment approach for 
stomach cancer (Ozmen et al., 2011). Proteins related to regulation of the cell cycle also par-
ticipate in such processes as proliferation, differentiation, etc., of stomach cancer cells (Yang 
et al., 2013b). Cell cycle-dependent protein kinases (CDKs) include CDK1, CDK4, cyclinD1, 
cycline, etc.; these proteins regulate the cell cycle and may promote cell proliferation by regu-
lating shortening of the cell cycle (Zheng et al., 2013).

Cyclophilin was first identified as a protein binding to the immunosuppressive drug, 
CsA. The proteins belonging to this family contain two structural domains: one is the cy-
clophilin structural domain, which exists widely in the various family members, while the 
other, variable, structural domain exerts effects on subcellular positioning and division of roles 
between family members (Ishikawa and Bachinger, 2013). The Cyp family is highly conserved 
throughout evolution, which indicates that it plays an important role and is a housekeeping 
gene. Human cyclophilin includes 7 types: CypA, cyclophilin B, CypC, CypD, CypE, Cyp40, 
and CypNKCyp; these proteins are subcellularly widely distributed, including the cytoplasm, 
endoplasmic reticulum, mitochondria, and cell nucleus (Torresan et al., 2008). cyclophilin B is 
closely associated with the occurrence and progression of tumors. Research has demonstrated 
that cyclophilin B has a higher expression level in patients with colon cancer than in healthy 
people and it plays an important role in the early diagnosis of pancreatic cancer (Lim et al., 
2013). Both stomach cancer and pancreatic cancer are intestinal tumors, and may therefore 
share tumor markers. Our study also demonstrated that the expression level of cyclophilin B in 
stomach cancer is significantly higher than that in paracancerous tissue, indicating that it may 
be closely associated with the occurrence and progression of stomach cancer. In recent years, 
it has been found that cyclophilin B is overexpressed in liver, colon, pancreatic, and breast 
cancer (Chen and Wang, 2013; Wen et al., 2013).

The lentiviral vector allows highly efficient infection of cells, irrespective of whether 
they are at the division stage or not, and allows facile establishment of a stable transfected cell 
line (Qin et al., 2011). It has been reported that downregulation of cyclophilin B expression 
can inhibit the growth, proliferation, and metastasis of cells (Ada et al., 2010). In our study, 
BGG823 and SGC7901 were infected by constructing a lentivirus siRNA vector. MTT and 
cell cycle assays were conducted to evaluate the effect of downregulation of cyclophilin B 
expression on the growth and proliferation of stomach cancer cells. Our results showed that 
downregulation of cyclophilin B in this way slowed the growth and proliferation of stomach 
cancer cells, arresting the cell cycle; this would lead to a significant decrease in the in vivo 
tumorigenicity capacity of these cells.
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