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Abstract: Survivin, a member of the inhibitor of apoptosis gene family regulates two critical processes in neoplastic
transformation, namely, cell proliferation and apoptosis. This study aimed to detect the effect of survivin on tumor
growth of colorectal cancer (CRC) in vivo. We found that inhibition of survivin by interference decreased the sizes
and weights of xenografts in nude mice. The number of apoptotic cells of the shRNA survivin group was higher than
that of the black group and the shRNA control group. The downregulated expression of survivin decreased the expression levels of bcl2 and ki67. Our results indicated that inhibition of survivin significantly enhanced the inhibition
of tumor growth and induced apoptosis. Survivin is an attractive target for CRC treatment.
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Introduction
Colorectal cancer (CRC) is one of the most common digestive malignant tumors. In the United
States, the incidence and mortality of CRC rank
third in both men and women [1]. In China, the
incidence and mortality of CRC are increasing
rather rapidly because of the improvement in
people’s living standards, dietary changes, and
increase in the aging population. Early symptoms of CRC are usually not detected. When
diagnosed, CRC is often in the advanced stage,
occasionally with metastatic spread to the liver
(15%-25%). The median survival time of metastatic CRC is less than two years. The principle
therapeutic method is surgery, assisted by
radiotherapy and chemotherapy. Although surgical techniques have rapidly developed during
the past few years, the five-year survival rate of
CRC has not significantly increased. Recurrence
and metastasis are the major causes of death
in CRC. Non-surgical treatment, such as chemotherapy and radiotherapy, lack sensitivity
and specificity, and result in toxicity and side
effects. Therefore, investigations on the molecular mechanisms of CRC, novel biomarkers,

and optimized diagnosis and treatment program are essential. Survivin is an epigenetic
marker that has been the focus of numerous
tumor studies.
Survivin, a member of the inhibitor of apoptosis
protein (IAP) family, is on the telomeric position
of chromosome 17, and it encodes 16.5 kD protein of 142 amino acids [2]. Its function is related to cell proliferation, cell division, and cell
apoptosis [3-5]. Studies indicated that survivin
is found during embryonic development, and it
is completely downregulated and undetectable
in normal adult tissues. However, it becomes
prominently re-expressed in several human
malignancies, including cancers of the colon,
stomach, prostate, and breast [2]. Furthermore,
survivin plays an important role in cancer development and it is involved in the resistance of
tumor cells to both radiotherapy and chemotherapy [6]. Evidence from cDNA microarray
demonstrated that survivin also plays an important role in the pathogenesis of CRC [7]. A
recent meta-analysis showed that upregulation
of survivin is associated with poor prognosis in
patients with CRC [8].
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RNA interference (RNAi) technology has been
recently used for the efficient and rapid identification of gene function [9, 10]. Short hairpin
RNA (ShRNA) is a sequence of RNA that makes
a tight hairpin turn that can be used to silence
target gene expression via RNAi. The expression of shRNA in cells is accomplished by delivery of plasmids or through viral or bacterial vectors [11-13]. Given the ability of shRNA to provide specific and long-term gene silencing, the
use of shRNA for gene therapy applications has
attracted much interest [14]. In our study, our
results indicated that shRNA survivin could
actively inhibit tumor growth in vivo. The results
of the present study suggested that suppression of survivin expression by RNAi may induce
CRC apoptosis and provide a novel approach
for anticancer gene therapy.
In this study, after transfection with shRNA, low
expression of survivin inhibited tumorigenesis,
promoted the apoptosis of CRC in nude mice,
and inhibited the expression of downstream
molecules, such as ki67 and bcl2. These
results confirmed the role of survivin on tumor
growth of transplanted CRC.
Materials and methods
Cell culture and transfection
Human CRC cell line (SW1116) was cultured in
RPMI-1640 medium supplemented with 10%
fetal bovine serum, 100 units/ml penicillin, and
100 g/ml streptomycin at 37°C in a humidified
incubator with 5% CO2. Survivin shRNA plasmids were obtained from Santa Cruz Biotechnology. Cells were transfected using Lipofectamine 2000 (Invitrogen, USA).
Immunoblotting and RT-PCR analysis
Cells were lysed, and immunoblotting assay
was conducted according to standard methods. Antibodies against survivin, bcl2, ki67, and
β-actin were purchased from Cell Signaling
Technology. Total RNAs were isolated from cells
using TRIzol (Invitrogen, USA). cDNAs were synthesized using 1 g of total RNAs and Prime
ScriptTM RT reagent kit (KeyGen, China) and
then used for RT-PCR analysis with PCR
MasterMix (Toyobo, Japan). The expression levels of survivin were normalized to those of
GAPDH. Primers used in the study are listed in
Supplementary Table 1.
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In vivo tumor growth assay
Four-week-old nude mice [BALB/cA-nu (nu/nu)]
were purchased from Shanghai Experimental
Animal Center (Chinese Academy of Sciences,
China), maintained in pathogen-free conditions,
and sustained with standard diets. All procedures involving animals were approved by the
Institutional Committee on Animal Care, Anhui
Medical University. Fifteen mice were randomly
divided into three groups, with five mice per
group. SW1116 cells (1.0 × 106 cells in 100 μl)
expressing shRNA survivin was injected subcutaneously into nude mice. SW1116 cells and
SW1116 cells with shRNA control were used as
the negative control. Bidimensional tumor measurements were measured with calipers once
every two days. Tumor volumes were calculated
according to the formula: (width2×length)/2.
The mice were euthanized after 28 days, and
tumors were weighed.
TUNEL assay
Tumor samples were fixed in Bouin’s solution
and embedded in paraffin. Tumor sections at 5
mm were cut and deparaffinized. After incubation with PBS for 15 min, the sections were
washed with PBS buffer for three times. After
incubation with 1% Triton-100 for 15 min and
PBS for 5 min, the sections were washed with
PBS buffer for three times. Subsequently, 3%
hydrogen peroxide blocked endogenous peroxidase activity for 15 min. After washing for three
times, the sections were added with 100 µl of
TdT enzyme, and the mixture was incubated at
37°C for 1 h. After washing for three times, the
protein signals were detected using 3,39-diaminobenzidine (Gene Tech, Shanghai, China). The
nuclei of apoptotic cells were brown. The site of
intensive apoptosis was selected by two pathologists blinded to the study. They counted 5-10
high-power microscope field of vision to obtain
the number of apoptotic cells as a percentage
of total cell apoptosis index.
Results
Effect of shRNA survivin on tumor growth
After transfection, SW1116 cells were harvested. Results of Western blot (Figure 1A) showed
that the survivin expression levels of the shRNA
survivin group decreased compared with those
of the blank group and the shRNA control group.
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Figure 1. Roles of survivin on tumor growth. A. SW1116 cells were transfected, and immunoblotting was performed
to detect the expression levels of survivin in three groups. B. The blank SW1116 cells, shRNA control SW1116 cells,
and shRNA survivin SW1116 cells were implanted into nude mice. The xenograft volumes was calculated and presented as the mean ± SD (n = 5). C. Xenografts were obtained and photographed after implantation for 28 days.
D. Tumor weight was obtained and presented as the mean ± SD (n = 5). E. TUNEL method was used to detect the
apoptosis of tumor tissues.

We then studied the effects of survivin on
anchorage-independent growth. Blank cells,
shRNA control cells, and shRNA survivin cells
were trypsinized, resuspended, and implanted
into the right armpit of nude mice. The lengths
and widths of tumors were measured, and the
volumes were calculated (Figure 1B). As shown
in Figure 1C, the sizes of xenografts from the
blank group and the shRNA control group were
similar, whereas the sizes of xenografts from
the two control groups were much larger than
those from the shRNA survivin group. These
results indicated that the downregulated
expression of survivin in CRC cells reduced
tumor growth. Consistent with these results,
the downregulated expression of survivin
decreased tumor weight by 75% (Figure 1D).
TUNEL assay showed that the number of apoptotic cells of the shRNA survivin group was high-

er than that of the blank group and the shRNA
control group (Figure 1E).
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Effect of shRNA survivin on the expression of
downstream molecules (ki67 and bcl2)
To understand the regulation of survivin on its
downstream genes, we extracted RNA and proteins of the tumor tissues. RT-PCR and Western
blot showed that the RNA (Figure 2A and 2B)
and protein (Figure 2C and 2D) expression levels of bcl2 and ki67 decreased in the shRNA
survivin group in vivo compared with those in
the blank group and the shRNA control group.
Discussion
Apoptosis (programmed cell death) is a highly
conserved and strictly regulated biological process that is essential for the maintenance of
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Figure 2. Effects of survivin on the expression of downstream molecules. A and B. The expression levels of survivin,
bcl2, ki67, and β-actin were analyzed in the tumor tissues by RT-PCR. C and D. The expression levels of survivin,
bcl2, ki67, and β-actin were analyzed in the tumor tissues by Western blot.

normal tissue homeostasis [15]. Abnormalities
in the control of apoptosis play an important
role in tumorigenesis, and inhibition of apoptosis is a common property of cancer cells,
increasing their survival and facilitating their
escape from immune surveillance and resistance to drug and radiation therapy [3].
Survivin, a member of the IAP family, has been
shown to be overexpressed in all human cancer
types’ studies, including CRC. Huang YJ. et al.
conducted a meta-analysis of 14 studies
including 1784 patients with CRC, and their
results showed that survivin overexpression in
patients with CRC is significantly associated
with poor overall survival and disease-free survival [7]. Previous studies indicated that survivin is a regulator of spindle microtubule function during mitosis and an inhibitor of apoptosis
[3]. The downregulation of survivin expression
by antisense oligonucleotides has been shown
to significantly inhibit cell growth and induce
apoptosis in melanoma [16] and endometrial
cancer [17]. In our study, to reveal the role of
survivin in the development of CRC, we inhibited survivin expression in human CRC cells by
RNAi. Transfection with survivin shRNA resulted in a decrease of 50%-60% in the expression
of both survivin mRNA and survivin protein,
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whereas transfection with the black group and
the shRNA control group failed to reduce the
expression of survivin mRNA or protein.
Meanwhile, in animal experiments, the sizes
and weights of xenografts from the two control
groups were much bigger than those from the
shRNA survivin group. TUNEL staining showed
that the number of apoptotic cells of the shRNA
survivin group was greater than that of the two
control groups. These data indicated that inhibition of survivin resulted in a rapid induction of
apoptosis and reduced cell proliferation in CRC
cells.
We found compelling evidence that the presence of survivin in CRC was strongly associated
with the expression of bcl2 and ki67. In our
study, RT-PCR and Western blot analysis
showed decreased bcl2 and ki67 levels in cells
transfected with shRNA survivin compared with
cells transfected with the black and shRNA survivin control. These results indicated that low
expression of survivin inhibited the expression
of bcl2 and ki67. Tanaka et al. used immunohistochemical analysis and Cox proportional hazard model to demonstrate that the expression
of survivin is significantly associated with bcl2
expression and reduced apoptotic indices,
which are strongly associated with poor prog-
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nosis in breast cancer [18]. Bcl2 was the first
protein shown to lead to tumor initiation and
progression by preventing apoptosis. The localization of bcl2 in normal colonic epithelium is
crypt bases, suggesting that bcl2 may be physiologically important for the viability of regenerating stem cells [19]. Hague A. et al. observed
overexpression of bcl2 in colorectal adenomas
and carcinomas, implying a role for this oncoprotein in apoptotic inhibition in colorectal neoplasia [20]. Both survivin and bcl2 genes are
regulated by TATA-less, GC-rich promoter sequence in similar manners, and both are markedly transcribed in actively proliferating cell
types [21]. However, our results suggested that
bcl2 may be a downstream gene of survivin.
Regardless of the pathway of co-expression,
survivin and bcl2 proteins may mediate nonoverlapping antiapoptotic mechanisms. In CRC
and in many of the other human cancers, the
expression of survivin plus other antiapoptotic
genes, such as bcl2, may cause more distinguished antiapoptotic effects. Recently, several in vitro studies showed that simultaneous
gene silencing of bcl2, survivin, and other antiapoptotic genes results in a significantly higher
induction of apoptosis and a decrease in tumor
growth in pancreatic cancer cells and bladder
cancer cells; these findings implied that survivin and bcl2 are interesting candidates for
target-directed molecular-based antitumor therapy [22, 23].
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Supplementary Table 1. List of primer sequences
Gene name Primer direction
GAPDH
F
R
survivin
F
R
ki67
F
R
bcl2
F
R

1

Primer sequence (5’‑3’)
AAGGTCGGTGTGAACGGATTT
AGATGATGACCCTTTTGGCTC
GAGGCTGGCTTCATCCACTG
CTTTTTGCTTGTTGTTGGTCTCC
GGACACCAGAGACCATGCAA
CCACGAGTTACCCTTGGCTT
GTTGGGATTCCTACGGATTGA
AATGCTGAAAGGTGAAGAGGC

