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ABSTRACT

Statins are cholesterol-lowering drugs with multiple activities including anti-cancer effects. The objectives of this study were to examine 

the effects of simvastatin on gastric cancer cells in vivo. The mice models for gastric cancer cells SGC7901 were divided into two groups, 

control and experimental group. Simvastatin was administered orally to the experimental group, while saline given to the control group. We 

measured the volume and weight of tumors, and calculated RTV (relative tumor volume), T/C (relative added value of tumor) and the inhibi-

tion rate. The data was compared using t test (p< 0.05 was considered as statistically siginificant). Then the expression levels of PCNA, 

VEGF and Survivin in gastric cancer tissues were examined immunohistochemically. Our results showed that the volumes of tumors of the 

mice in control and experimental group were 1.943±0.500cm3, 1.227±0.623 cm3 respectively (p< 0.05), while RTV was 28.833±5.988 

cm3, 18.842±7.401 cm3 respectively (p< 0.01). T/C, an indication of anti-tumor, was 65.35%. The weights of tumors of the mice in control 

and experimental group were 1.820±0.550 g, 1.320±0.500 g respectively (p< 0.05). The inhibition rate was 27.47%. The weight of mice 

in two groups had no significant differences. The PCNA index in the simvastatin group was 41.32±8.24%, while in the control group was 

89.25±7.69%. The PCNA, VEGF and Survivin index of simvastatin group was much lower (p< 0.01). We concluded that simvastatin inhib-

ited the growth of gastric cancer cells.
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ÖZET

Simvastatin Gastrik Kanser Hücrelerini İnhibe Etti
Statininler, kolesterol düşürücü etkilerinin yanı sıra anti-kanser gibi birçok etkiye sahiptirler. Bu çalışmanın amacı simvastatin’in kanser 
hücreleri üzerine etkisinin in vivo olarak araştırılmasıdır. Mide kanseri için modellenmiş fareler (SGC7901), kontrol ve deneysel grup olarak 
ikiye ayrıldı. Deney grubuna simvastatin oral olarak verilirken, kontrol grubuna serum fizyolojik uygulandı. Tümör volümü, ağırlığı, RTV 
(relatif Tümör volümü), T/C (relatif toplam tümör değeri) ve inhibisyon oranı ölçüldü. Veriler t-testi kullanılarak karşılaştırma yapıldı (p<0.05 
altında olan değerler istatistiksel olarak anlamlı kabul edildi). Mide dokusunda PCNA, VEGF ve Survivin’in immün-histokimyasal ekspresyon 
seviyeleri incelendi. Sonuçlarda kontrol kolu ve deneysel kolda tümör volümü sırası ile 1.943±0.500cm3 ve 1.227±0.623 cm3 idi (p< 
0.05). RTV ise kontrol kolunda ve deneysel kolda sırası ile 28.833±5.988 cm3 ve 18.842±7.401 cm3 idi (p< 0.01). Antitümör indikasyonu 
(T/C) %65.35 idi. Kontrol ve deneysel kolda tümör ağırlıkları sırası ile 1.820±0.550 gr ve 1.320±0.500 gr idi (p< 0.05). İnhibisyon oranı ise 
%27.47 idi. İki gruptaki farelerin ağırlıkları arasında istatistiksel bir fark yoktu. Simvastatin grubunda PCNA indeksi %41.32±8.24 iken kontrol 
grubunda bu oran %89.25±7.69 idi. PCNA, VEGF ve Survivin indeksi simvastatin grubunda belirgin olarak düşüktü (p< 0.01). Sonuç olarak 
simvastatin’in gastrik kanser hücrelerini inhibe ettiği sonucuna vardık. 
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INTRODUCTION
In recent years, increasing attentions had been paid to 
the relationship of cholesterol and cancer. Studies had 
found that malignant tumors required large amount of 
cholesterol to proliferate, and the level of cholesterol 
was lower than normal people in patients suffering 
with malignant tumor. Simvastatin was an effective 
cholesterol-lowing drug by inhibiting HMG-CoA 
reductase. Giving animal models of gastric cancer 
simvastatin, we investigated whether the growth of 
gastric cancer cells was inhibited.   

MATERIALS AND METHODS
Simvastatin was purchased from Jingxin pharmaceu-
tical Co., Ltd in Zhejiang, and was dissolved in saline 
when used.
Cell culture: The gastric cancer cells SGC7901 in 
the logarithmic phase, supplied by NANJING KEY-
GEN BIOTECH Co., Ltd were prepared into suspen-
sion that contained 1  x 107 cells per ml under sterile 
conditions. Female BALB/c mice (age: 4-5 weeks; 
weight: 12-15 g) were purchased from Nanjing Key-
gen Biotech Co., Ltd.
The gastric cancer cells SGC7901 (1*107 cells in 1 
ml) were injected subcutaneously into the right axil-
lary of the female BALB/c mice. After 8 days, when 
the tumors grew to 50-75 mm3, the mice were ran-
domly divided into two groups comprising 8 mice 
each. Saline (0.4 ml/kg/d) was administered orally to 
the first group once a day for 19 days using 20 mm 
feeding needles, which was defined as the control 
group, whereas simvastatin (200 mg/kg/d) was ad-
ministered to the experimental group once a day for 
19 days. 
We measured the length and width of tumors with cal-
ipers in the two groups once a day. Then TV (tumor 
volume), RTV(relative tumor volume), T/C(relative 
added value of tumor) could be calculated using the 
following formulas:
TV=  1 / 2 × a × b2   
a:  the length of tumor; b: the width of tumor
                      RTV = Vt / V0

Vt: the volume measured once a day; 
V0: the volume when the mice were grouped.
T/C (%)=  TRTV / CRTV × 100
TRTV: RTV of experimental group; CRTV: RTV of 
control group 

Immunohistochemistry: Tissue sections were cut at 
5 µm from paraffin blocks. There was one section for 
each mouse. Dewaxing and rehydration of sections 
were performed according to standard procedures. 
The sections were placed in 3% H2O2 for 10 min 
to inhibit the endogenous peroxide activity, washed 
three times with phosphate-buffered saline (PBS) 
buffer for 5 min and placed in normal horse serum 
as blocking antibody at room temperature for 30 min. 
The primary antibody anti-PCNA (Proliferating Cell 
Nuclear Antigen) (clone PC10, Abcam, United States, 
1: 100) was used.  After incubation at 40C for 24 h, 
then incubation for 2 hours at 370C, sections were 
washed three times with PBS buffer for 5 min.  Bioti-
nylated anti-mouse immunoglobulin was used as the 
second antibody. After incubation at 370C for 30 min, 
sections were washed three times with PBS buffer for 
5 min. After incubation with the S-A/ HRP at 370C 
for 30 min, sections were washed with PBS buffer for 
5 min. Coloration with 3,3-diaminobenzidin (DAB), 
kept at room temperature without light for 10 min, 
finished with the distilled water. The sections were 
counterstained with hematoxylin. Three high power 
fields were randomly selected for each tissue section. 
PCNA index was determined by the percentage of 
the cells positively stained that was tan or brown by 
PCNA in the nucleus.
The VEGF (vascular endothelial growth factor) in-
dex and Survivin(also called baculoviral inhibitor of 
apoptosis repeat-containing 5 or BIRC5) index were 
obtained by the same method. 

Statistical analysis: The volume, weight and PCNA, 
VEGF, Survivin index of tumors in control and ex-
perimental groups were compared using t test. P< 
0.05 was considered as statistically significant.

RESULTS
Simvastatin reduced the volume of gastric cancer. Af-
ter 17 days, the volume of tumors of the mice in con-
trol and experimental group was 1.943±0.500 cm3, 
1.227±0.623 cm3 respectively (p< 0.05), while RTV 
was 28.833±5.988cm3, 18.842±7.401cm3 respective-
ly (p< 0.01). T/C, an indication of anti-tumor, was 
65.35%.
Simvastatin reduced the weight of gastric cancer.The 
weights of tumors of the mice in control and experi-
mental group were 1.820±0.550g, 1.320±0.500g re-
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spectively (p< 0.05). The inhibition rate was 27.47%.
There were no significant differences in the mice 
weight between two groups. The PCNA, VEGF 
and Survivin index in the simvastatin group was 
32.35±6.43%, 28.26±4.23% and 23.96±3.87%, while 
in the control group was 91.24±6.59%, 89.35±3.28% 
and 90.35±5.64%. The PCNA, VEGF and Survivin 
index of simvastatin group were much lower (p< 
0.01). 

DISCUSSION
Despite a temporal decrease in the incidence rates, 
gastric cancer remains a major clinical burden. It is 
the fourth most common human malignant cancers 
in the world, with more than 900,000 new cases di-
agnosed every year and the second common case of 

cancer related death, about 700,000 die from gastric 
cancer.1 Looking for a new therapy for gastric can-
cer is very important for human. In recent years, re-
searches about relationship of cholesterol and gastric 
cancer were popular. Studies found that the level of 
cholesterol was significantly lower in cancer-suffer-
ing patients than normal people, and was related to 
the course and prognosis of the disease.2 Studies also 
found in some tumors, such as human myeloid leu-
kemia, endometrial cancer, choriocarcinoma, liver 
cancer, colon cancer and breast cancer, levels of se-
rum cholesterol were lower than normal people.3-7 In 
our past studies, we also found the similar results in 
gastric cancer.8,9 When the level of cholesterol was 
reduced, the growth of cancer cells may be inhibited.
Cholesterol was essential for the membrane-integrity 
and biological functions of cells, and was precursors 

Table 1. Comparison of simvastatin and control groups

Groups Animals Initial volume Terminal volume RTV Terminal weight Weight of

  tumors cm3 tumors cm3  of mice (g) tumors (g)

Simvastatin 8 0.064±0.007 1.227±0.623* 18.842±7.401** 19.1±1.6 1.32±0.50*

Control 8 0.067±0.009 1.943±0.500 28.833±5.988 20.0±0.9 1.82±0.55

Data represent X±SD, n= 8

*p< 0.05; **p< 0.01 

After 17 days, the volume and weight of tumors in simvastatin group was smaller than the control group, and the difference was significant (p< 0.05), 

so was RTV (p< 0.01)  

	   	  

Figure 1. The tumors peeled off the mice of control group and experimental group
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of several physiological-active substances. Choles-
terol was synthesized by the mevalonate pathway, 
for which HMG-CoA reductase (3-hydroxy-9-meth-
ylglutaryl coenzyme A reductase) was a rate-limiting 
enzyme. By inhibiting HMG-CoA reductase, statins 
had been proven anti-tumor effects both in vitro and 
in vivo in multiple tumor types, such as breast can-
cer10, lymphoma11, colorectal cancer12, melanoma13. 

The mechanism might be that synthesis of lipid iso-
prenoid intermediates, including FPP (farnesyl py-
rophosphate) and GGPP (geranylgeranyl pyrophos-
phate), was inhibited. FPP activated the Ras GTPase 
family while GGPP activated the Rho/Rac family, 
they were essential for tumor’s growth. Cao et al.14  
found that atorvastatin inhibited hepatocellular car-
cinoma initiation and growth by blocking both MYC 

	   	  

	   	  

	   	  

Control group A                      

Figure 2.  PCNA staining shows that positive tumor cells in control group(A) are much more than in the simvastatin group(B).(400x, 
DAB served as chromogen)

Simvastatin group B

Figure 3. VEGF staining shows that positive tumor cells in control group (A) are much more than in the simvastatin group (B).(400x, 
DAB served as chromogen)

Figure 4. Survivin staining shows that positive tumor cells in control group (A) are much more than in the simvastatin group (B). (400x, 
DAB served as chromogen)

Control group A                      Simvastatin group B

Control group A                      Simvastatin group B
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phosphorylation and activation. Follet et al.15  found 
that lovastatin strongly suppressed expression of 
genes (p21) involved in cell division, and the inhibi-
tion was enhanced when docetaxel used together.  
In the experiment, after the mice were given simv-
astatin for 17 days, the volume and weight of gastric 
tumors in experimental group were smaller than the 
control group, and the differences were statistically 
significant.  Because lack of sufficient cholesterol for 
growth, cancer cells in experimental group growed 
more slowly. On the other hand, the weight of mice 
in two groups had no significant differences which 
showed that cholesterol was extremely important to 
cancer cells and simvastatin had little influence on the 
growth of normal cells,  that made the drug’s anti-
tumor effect more specifically. 
The proliferating cell nucleus antigen (PCNA), a 
36KDa molecular weight protein, played an impor-
tant role in DNA synthesis as a cofactor of polymer-
ase δ. The level of PCNA could reflect proliferation 
of gastric cancer cells.16 As the decreased apoptotic 
cells and the increased proliferating cells were ob-
viously related to the tumor genesis and tumor pro-
gression in gastric carcinoma, so the index of PCNA 
could be used as a prognostic factor in advanced gas-
tric cancer.17 In the study, we could see that the PCNA 
index in the simvastatin group was obviously lower 
than the control group. As PCNA index reflected the 
proliferation of gastric cancer cells, so the prolifera-
tion of cancer cells in simvastatin group was inhibited 
obviously.
Angiogenesis, the growth of new blood vessels, was 
an important aspect of tumorigenesis that not only 
provided tumor cells with nutrients and oxygen, but 
additionally served as a pathway for tumor cells to 
enter the circulatory system, where subsequent me-
tastasis may occur.18 VEGF, a glycoprotein with a 
molecular weight of 34-46 kDa, was the most potent 
and essential as regulator of angiogenesis. Increased 
VEGF expression has been measured in most human 
tumors.19 In gastric cancer, VEGF expression is re-
lated to tumor aggressiveness and is ultimately an in-
dicator for poor prognosis.20-22 In the study, we could 
see that simvastatin inhibited the level of VEGF in 
gastric cancer cells.
Survivin, as a newly identified bifunctional protein, 
suppressed cell apoptosis and regulated cell division. 
Based on the previously published studies, reactiva-
tion of survivin expression had been demonstrated in 

gastric cancer .23,24 The high expression rate in meta-
static lesions in gastric cancer suggested a possible 
role of survivin in cancer invasiveness and metasta-
sis.25 In the study, we could see that simvastatin inhib-
ited the level of survivin in gastric cancer cells 
We found simvastatin inhibited the growth of gastric 
cancer cells in vivo in this animal experiment. But the 
mechanism, VEGF and survivin may play an impor-
tant role, was unclear that would be the focus of our 
study in future. 
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