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Abstract Survivin, an important inhibitor of apoptosis,

has been found to play an important role in the initiation,

progression, and chemoradioresistance of human malig-

nancies. Previously, we have reported that upregulation of

survivin in oral squamous cell carcinoma correlates with

poor prognosis and chemoresistance. The aim of this study

was to assess prognostic significance of survivin protein

expression in RCC and analyze its correlation with radio-

sensitivity of RCC cells. RT-PCR and Western blot assays

were performed to detect survivin mRNA and protein

expression in normal human kidney epithelial cell line

(HKEC) or RCC cell lines. The expression of survivin

mRNA in RCC and corresponding nontumor kidney tissues

was also detected by RT-PCR. Immunohistochemistry was

performed to determine survivin protein expression in 75

cases of RCC tissue samples. Moreover, the association of

survivin protein expression with clinicopathogical factors

and prognosis of RCC patients was statistically analyzed.

Small interfering RNA was used to knockdown the

endogenous survivin expression in RCC cell line (ACHN)

and evaluate the effects of survivin knockdown on prolif-

eration, apoptosis, and radiosensitivity of RCC cell line.

RCC cells showed sufficient expression of survivin mRNA

and protein, but the expression of survivin gene was not

detected in normal HKEC. Moreover, the expression level

of survivin mRNA in RCC tissues was significantly higher

than that in corresponding nontumor kidney tissues. The

immunostaining of survivin protein was mainly located in

cytoplasm of RCC tumor cells. Tumor pathological stage

(P = 0.028), grade (P = 0.004), and lymph node metas-

tasis (P = 0.017) of RCC patients were significantly cor-

related with survivin protein expression. In addition,

patients with high survivin levels had a significantly shorter

overall survival than those with low levels (P \ 0.001),

and the expression of survivin protein was an independent

prognostic factor for RCC patients (P = 0.008). The

expression of survivin gene could be reduced in RCC cell

line and survivin knockdown could inhibit growth and

enhance in vivo radiosensitivity of RCC cell line by

inducing apoptosis enhancement. Taken together, the status

of survivin protein expression may be an independent

factor for predicting the prognosis of RCC patients and

tumor-specific survivin knockdown combined with radio-

therapy will be a potential strategy for RCC therapy.
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Introduction

Renal cell carcinoma (RCC) is a type of kidney cancer in

which the cancerous cells are found in the lining of very

small tubes in the kidney [1]. RCC has become the most

common type of kidney cancer in adults, responsible for

approximately 80% of cases. In spite of the advances made

in clinical treatment including radical or partial nephrec-

tomy, targeted cancer therapies, immunotherapy and

chemo- or radiotherapy, the prognosis of RCC patients

especially with metastasis is still very poor [2]. Renal

tumorigenesis is a complex and a multistep process
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determined by environmental and genetic factors. Thus, it

is essential to identify novel molecular markers underlying

the development of RCC and predicting its prognosis,

which will help us to explore additional prognostic factors

to identify RCC patients at high risk of tumor progression

and develop more effective therapeutic strategies.

Survivin, a member of the family of inhibitors apoptosis

proteins (IAPs), is a bifunctional protein that suppresses

apoptosis and regulates cell division [3]. IAPs are a family

of proteins containing one or more characteristic BIR

domains. Among the several IAPs, survivin is the smallest

member, a 16.5-kDa protein that contains only a single BIR

and no RING domain. The overexpression of survivin has

been found in a variety of human malignancies, such as

hepatocelluar carcinoma, colorectal cancer, lung cancer,

pancreatic cancer, and osteosarcoma [4–8]. Moreover, the

overexpression of survivin expression has been found to be

correlated with radioresistance of human cancers [9, 10].

Thus, survivin might play important roles in malignant

transformation and development.

In previous reports, we showed the status of survivin

mRNA expression was a potential prognostic factor for oral

squamous cell carcinoma (OSCC) patients and siRNA-

mediated survivin downregulation could become a novel

strategy for chemosensitization of human OSCCs, but the

clinical significance of survivin protein expression in RCC

has not been systematically investigated. The aim of this

study was to investigate the expression of survivin protein

in RCC cells or tissues and determine its prognostic sig-

nificance and in clinical CRC. Meanwhile, we also evaluate

the association of survivin protein expression with radio-

sensitivity of RCC cell lines.

Materials and methods

Cell lines

Three human renal cell cancer cell lines (ACHN, 769-P

and 786-O) were obtained from Institute of Cell Biology

(Shanghai, China). A normal human kidney epithelial cell

line (HKEC) was established and preserved in our lab. All

cell lines were cultured in RPMI 1640 (Invitrogen, Inc.)

supplemented with 10% fetal bovine serum (FBS) in an

atmosphere containing 50 ml/l CO2 at 37�C.

Collection of tissue samples

A total of 75 primary RCC and 20 corresponding nontumor

tissues were collected from the Department of Urology in

Xi Jing Hospital. All patients approved of this study under

documented informed consent, and underwent operation at

our institute between 2000 and 2002. None of them

received preoperative treatments such as chemotherapy and

radiotherapy. Clinicopathologic factors were shown in

Table 1. Written informed consent was obtained from all

patients. Every patient was definitively identified as having

RCC based on their clinicopathologic findings. All patients

were regularly followed up, and survival data were ascer-

tained through patient records. This study was approved by

the Ethics Committee of Shannxi Province Medical Asso-

ciation. All tissue samples were immediately frozen in

liquid nitrogen and kept at -80�C.

RT-PCR analysis of survivin mRNA expression

Total RNA was isolated for Trizol reagent according to the

instructions and cDNA was reversibly transcribed from the

isolated mRNA using an MMLV reagent kit (Clontech, USA)

following the manufacturer’s instructions. The primers of

survivin gene were designed as follows: sense, 50-ATG

GGTGCCCCGACGTTG-30; reverse: 50-AGAGGCCTCAA

Table 1 Relation between surviving protein expression and clinico-

pathological factors

Variables Survivin protein expression P value

Low (n = 35) High (n = 40)

Age 0.687

\50 15 19

C50 20 21

Sex

Female 17 22 0.578

Male 18 18

Tumor size 0.852

\4 cm 12 13

4–7 cm 11 14

C7 cm 12 11

Pathological stage 0.028*

pT1/pT2 22 15

pT3/pT4 13 25

Tumor grade 0.004*

G1/G2 24 14

G3/G4 11 26

Histology 0.892*

Clear cell RCC 25 28

Chromophobe RCC 10 12

Lymph node metastasis 0.017

N0 21 13

N1/N2 14 27

Distant metastasis 0.323

No 11 17

Yes 24 23

* P \ 0.05
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TCCATGG-30. As an internal control, b-actin primers were

designed as: sense, 50-GTGCGTGACATTAAGGAG-30;
reverse, 50-CTAAGTCATAGTCCGCC-30. The amplification

conditions: denaturing at 94�C for 3 min, 45 cycles at 94�C for

5 s and at 57�C for 5 s. The amplification products were

visualized by electrophoresis on a 1.5% agarose gel stained

with ethidium bromide.

Western blot analysis

Cells were lyzed in buffer containing 50 mM Tris–HCl (pH

7.4), 125 mM NaCl, 0.1% Triton-X (Wako Pure Chemical

Industries, Osaka, Japan) and 5 mM EDTA containing both

1% (v/v) protease inhibitor and 1% (v/v) phosphatase

inhibitor cocktail II (Sigma). Forty micrograms of each

extracted protein was separated by sodium dodecyl sulfate–

polyacrylamide gel electrophoresis (SDS-PAGE), followed

by electrotransfer onto a PVDF membrane (Millipore,

Bedford, MA, USA). Rabbit polyclonal antibody to survi-

vin (Upstate, Charlottesville, VA, USA) was used for the

primary antibody. As a control, an antibody to b-actin

(Santa Cruz Biotechnology, Santa Cruz, CA, USA) was

also used. Horseradish peroxidase-conjugated sheep anti-

rabbit IgG antibody (Boster, Wuhan, China) was used as a

secondary antibody for enhanced chemiluminescence using

a chemiluminescence kit (NENTM Life Science Products

Inc, Boston, MA).

Immunostaining of survivin protein expression

Tissues were fixed in formalin, embedded in paraffin and cut

into 3-lm sections. The sections were deparaffinized in

xylene, dehydrated in a graded ethanol series, and then

immersed in methanol with 0.3% hydrogen peroxide for

15 min to inhibit endogenous peroxidase activity. Thereaf-

ter, the sections were immunostained using two types of

rabbit polyclonal antibody against human survivin (1:500

dilution; Santa Cruz Biotechnology, Santa Cruz, CA, USA),

rinsed five times with PBS, and then incubated with perox-

idase-conjugated anti-rabbit IgG (Boster, Wuhan, China).

The sections were then developed with 3,30-diaminobenzi-

dine tetrahydrochloride and counterstained with hematox-

ylin. Slides were read independently by two observers using

light microscopy. Tumors were scored on a four tiered

system, with 0–10% of carcinoma cells staining called

negative, 10–25% positively scored as 1?, 26–50% scored

as 2?, 51–75% scored as 3?, and 76–100% scored as 4?.

Plasmids construction and transfection

DNA oligonucleotides targeting human survivin gene

(GenBank NM_001168) were synthesized as the following:

shRNA/survivin, sense: 50-GATCCACTGGACAGAGAAA

GAGCCTTCAAGAG-AGGCTCTTTCTCTGTCCAGTTTTT

TTGTCGACA-30; shRNA/control, sense: 50-GATCCGACT-

TCATAAGGCGCATGCACTTCAAGAGAGTGCATGCGC

CTTATGAAGTCTTTTTTGTCGACA-30. Then, these DNA

oligonucleotides were inserted into the BamHI and HindIII

sites of pSilencer4.1-CMVneo according to the manufac-

turer’s instructions (Ambion Inc., Austin, Texas, USA). All

the inserted sequences were verified by DNA sequencing.

Each vector (pSil-shRNA/survivin and pSil-shRNA/con-

trol) contains the SV40 early promoter to provide G418

resistance in mammalian cells. Renal cell cancer cell

(ACHN) was transfected with different vectors (pSil-

shRNA/survivin and pSil-shRNA/control) using Lipofect-

AMINE 2000 (Invitrogen, USA) according to the manu-

facturer’s instructions. Then, 72 h later after transfection,

the cells were collected and used to for next experiments.

Cell proliferation assay

Seventy-two hours later after transfection, a total of

5.0 9 103 mock or transfected ACHN cells/well were

seeded into a 24-well plate for 48 h. Then, they were

treated with trypsin and stained with trypan blue. Viable

cells, which excluded trypsan blue dye, were counted in

quadruplicate with a Countess (Invitrogen, USA). The

relative number of viable cells was calculated as percent-

age of mock ACHN cells.

Colonogenic survival assay

Seventy-two hours later after transfection, a total of

5.0 9 105 mock or transfected ACHN cells were plated in

six-well plates for 48 h in complete medium, then cells

were irradiated using a 6-mV X-ray with a linear acceler-

ator (Elekta, Stockholm, Sweden). The medium was then

replaced with fresh medium and incubated for 14 days.

Colonies were stained with PBS containing 0.04% crystal

violet and 0.5% paraformaldehyde for about 10 min.

Staining liquid was aspirated and colonies counted. The PE

represents the percentage of cells seeded that grow into

colonies under a specific culture condition of a given cell

line. The clonogenic survival is PE-normalized percentage

of irradiated cells seeded that grow into colonies. The

survival fraction, expressed as a function of irradiation,

was calculated as: survival fraction = colonies counted/

(cells seeded 9 PE/100).

TUNEL assay

Apoptotic cells were detected by terminal deoxynucleoti-

dyl transferase (TdT)-mediated deoxyuracil triphosphate

(dUTP) nick-end labeling (TUNEL), using an in situ cell

death detection kit (Boehringer Mannheim, Mannhiem,
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Germany). The assay was performed as per the manufac-

turer’s instructions, with minor modifications. Briefly, after

routine deparaffinisation and treatment with 3% H2O2,

sections were digested with proteinase K (20 mg/ml;

15 min) and incubated with the reaction mixture (1:100;

30 min) at 37�C. Incorporated fluorescein was detected

with horse-radish peroxidase (POD) after a 30-min incu-

bation at 37�C and subsequent dyed with DAB.

Statistical analysis

All statistical analyses were performed using the SPSS 13.0

statistical software. Student’s t-and Mann–Whitney U-tests

were used to analyze the correlation between survivin

expression and clinicopathologic factors. Survival curves

were plotted by the Kaplan–Meier method and compared

by the log-rank test. Prognostic factors were evaluated by

univariate and multivariate analyses. P \ 0.05 was con-

sidered statistically significance.

Results

Detection of survivin mRNA and protein expression

in cell lines

RT-PCR and Western blot assays were performed to detect

the expression levels of survivin mRNA and protein in three

human RCC cell lines (ACHN, 769-P and 786-O) and a

normal HKEC, respectively. As shown in Fig. 1a, we found

sufficient expression levels of survivin mRNA in three RCC

cell lines, but the expression of survivin mRNA in HKEC cell

line was not detected. The results of Western blot analysis

were consistent with the results of RT-PCR (Fig. 1b).

Detection of survivin mRNA expression in tissue

samples

Then, RT-PCR assay was performed to detect the expres-

sion of survivin mRNA in 20 RCC and corresponding

nontumor kidney tissues. As shown in Fig. 2, the averaged

level of survivin mRNA expression in RCC tissues

(0.85 ± 0.11) was significantly higher than that in corre-

sponding nontumor tissues (0.08 ± 0.02; P \ 0.05).

Therefore, it was concluded that survivin might play an

important role in progression of RCC.

Immunostaining of survivin protein expression in RCC

tissue samples

Immunohistochemistry was performed to detect the

expression and subcellular localization of survivin protein

in RCC tissues. The positive staining of survivin protein

was mainly found in the cytoplasm of RCC tumor cells

(Fig. 3). An intensity score of C2 was used to classify

tumor patients with high survivin expression group, and\2

Fig. 1 Analysis of survivin mRNA and protein expression in cell

lines by RT-PCR (a) and Western blot (b) assays. To normalize

survivin mRNA and protein expression, b-actin was used as an

internal control. Normal human kidney epithelial cell line: 1 HKEC;

RCC cell lines: 2 769-P; 3 786-O; 4 ACHN

Fig. 2 Analysis of survivin mRNA expression in tissue samples by

RT-PCR assay. The averaged level of survivin mRNA expression in

RCC tissues (0.85 ± 0.11) was significantly higher than that in

corresponding nontumor tissues (0.08 ± 0.02; P \ 0.05). b-actin was

used as an internal control
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intensity score was used to classify tumor patients with low

survivin protein expression group. Thirty-five of 75 cases

(46.7%) was considered as survivin-low group, while forty

of 75 cases (52.3%) was considered as survivin-high

group.

Relations between survivin expression

and clinicopathological factors

Relationships between survivin protein expression and

clinical factors were analyzed. Table 1 summarized rela-

tionships between survivin protein expression and patho-

logical factors. Tumor pathological stage (P = 0.028),

grade (P = 0.004), and lymph node metastasis

(P = 0.017) were significantly correlated with the expres-

sion of survivin protein. However, there was no association

between the expression of survivin protein and other fac-

tors including age, sex, tumor size, histology and distant

metastasis (P = 0.687, 0.578, 0.852, 0.892, and 0.323,

respectively).

Correlation between survivin expression and patients’

survival

The correlation between the survivin expression and

patients’ survival was explored by the Kaplan–Meier

analysis. Patients with high survivin levels had a signifi-

cantly shorter overall survival than those with low levels

(log-rank test, P \ 0.001) (Fig. 4). Then, univariate and

multivariate regression analyses were performed with the

Cox proportional hazards regression model to analyze the

independent factors related to prognosis (Table 2). By

univariate Cox regression analysis, high pathological stage

and grade, lymph node metastasis, distant metastasis, and

higher survivin expression were significantly correlated

with poor overall survival (P = 0.032, 0.009, 0.016, 0.028,

and 0.032, respectively). By multivariate Cox regression

analysis, high survivin protein expression, lymph node

metastasis, and distant metastasis were independent prog-

nostic factors for overall survival (P = 0.008, 0.005, and

0.013, respectively).

Fig. 3 Immunostaining of

survivin protein expression in

RCC tissues. The

immunostaining of survivin

protein was mainly located in

the cytoplasm of RCC tumor

cells. a Negative expression

(-, 9200); b weak expression

(1?, 9200); c moderate

expression (2?, 9200); and

d strong expression (3?, 9200)

Fig. 4 Kaplan–Meier overall survival of patients with RCC who had

survivin-high and survivin-low character. A significant difference was

observed between two groups (P \ 0.001)
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Knockdown of survivin expression by RNAi in human

RCC cell line (ACHN)

To investigate the biological role of survivin in RCC pro-

gression, small hairpin RNA was employed to knockdown

endogenous survivin gene expression in the human RCC

cell line ACHN, which has been shown to have robust

expression of survivin. Compared with those in mock or

pSil-shRNA/control-transfected ACHN cells, the levels of

survivin mRNA and protein expression in pSil-shRNA/

survivin-transfected ACHN cells were significantly down-

regulated by approximately 44.5% and 50.6%, respectively

(Fig. 5; P \ 0.05). It was shown that most survivin mRNA

or protein could be degraded by anti-survivin siRNA in

RCC cell line.

Knockdown of survivin expression by RNAi could

inhibit growth of RCC cells

MTT assay was performed to investigate the effect of

survivin knockdown on cellular proliferation of ACHN

cells. ACHN cells were transfected with pSil-shRNA/sur-

vivin, pSil-shRNA/control or medium alone, and the pro-

liferation of cells was evaluated. At day 5, ACHN cells

transfected with pSil-shRNA/survivin displayed a signifi-

cant reduction in cell proliferation by 57.3 ± 3.6%

(P \ 0.01). A slight decrease in cell proliferation was also

observed in ACHN cells transfected with pSil-shRNA/

control, but these differences were not statistically signif-

icant compared with the mock-treated ACHN cells

(P [ 0.05) (Fig. 6a).

Table 2 Univariate and multivariate analysis of prognostic variables by Cox regression analysis

Variables Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Pathological stage (pT3 ? pT4/pT1 ? pT2) 1.68 (1.21–2.66) 0.032 1.77 (0.88–3.24) 0.145

Tumor grade (G3 ? G4/G1 ? G2) 4.26 (1.73–6.16) 0.009 2.43 (0.69–2.88) 0.087

Lymph node metastasis (N1 ? N2/N0) 3.89 (2.11–4.76) 0.016 3.02 (2.33–5.85) 0.005

Distant metastasis (Yes/No) 2.55 (1.08–5.83) 0.028 4.19 (3.67–7.18) 0.013

Suvivin expression (High/Low) 1.78 (1.25–2.90) 0.032 2.43 (1.18–4.72) 0.008

HR Hazard ratio, 95% CI 95% confidence interval

Fig. 5 RT-PCR and Western blot analysis of survivin mRNA and

protein expression in ACHN cells with different treatments. The

levels of survivin mRNA and protein expression in pSil-shRNA/

survivin-transfected ACHN cells were significantly lower than those

in mock or pSil-shRNA/control-transfected ACHN cells. b-actin was

used as an internal control

Fig. 6 Effects of RNAi-mediated survivin knockdown on prolifera-

tion and apoptosis of ACHN cells. a MTT analysis of cell viability.

The viability of ACHN cells was significantly reduced by pSil-

shRNA/survivin. * P \ 0.05 and ** P \ 0.01 versus mock or pSil-

shRNA/control-transfected ACHN cells. b TUNEL analysis of cell

apoptosis. The apoptotic rate of pSil-shRNA/survivin-transfected

ACHN cells was significantly higher than that of mock or pSil-

shRNA/control-transfected ACHN cells (P \ 0.05)
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Knockdown of survivin expression by RNAi could

induce apoptosis of RCC cells

To investigate whether RNAi-mediated survivin knock-

down could induce apoptosis of RCC cells, TUNEL assay

was performed to analyze the apoptosis of mock or trans-

fected ACHN cells. As shown in Fig. 6b, the apoptotic

rate of pSil-shRNA/survivin-transfected ACHN cells

(18.4 ± 3.2%) was significantly enhanced in comparison

with those of mock or pSil-shRNA/control-transfected

ACHN cells, which were 6.8 ± 1.2% and 8.5 ± 2.3%

(P \ 0.05). Therefore, the growth inhibition of ACHN

cells induced by survivin knockdown might be correlated

with increased apoptosis.

Knockdown of survivin expression by RNAi could

enhance in vitro radiosensitivity of RCC cells

Some studies have shown that the overexpression of sur-

vivin is associated with radioresistance of human cancers,

but the role of survivin expression in radiosensitivity of

RCC cells is still unclear. To ascertain if siRNA-mediated

attenuation of survivin expression leads to a subsequent

sensitizing effect to irradiation, cellular radiosensitivity

was assessed by colonogenic survival assay (Fig. 7a). The

ACHN cells transfected with pSil-shRNA/survivin dis-

played significantly increased sensitivity to irradiation. The

surviving fraction of ACHN cells transfected pSil-shRNA/

survivin at 2.0 and 6.0 Gy was decreased by 13.4 ± 2.5%

(P \ 0.05) and 32.6 ± 1.4% (P \ 0.01), respectively.

Next, we investigated the possible mechanisms of radio-

sensitivity enhancement by pSil-shRNA/survivin. As

shown in Fig. 7b, pSil-shRNA/survivin combined with

irradiation could significantly enhance apoptosis of ACHN

cells, compared with mock treatment or pSil-shRNA/con-

trol combined with the same dose of irradiation. Therefore,

RNAi-mediated survivin knockdown enhances radiosensi-

tivity of RCC cells by inducing apoptosis enhancement.

Discussion

Renal carcinogenesis is a complex and incompletely

understood process which is determined by environmental

and genetic factors [11]. Up to now, the molecular mech-

anisms underlying the development of RCC are still poorly

understood. Therefore, it is crucial to exploit molecular

markers that can accurately represent biological features of

tumors and predict the outcome, which will help us to

perform tailored therapy for individual cases.

Many studies have documented the overexpression of

anti-apoptotic factors such as the inhibitors of apoptosis

proteins (IAPs) in a variety of solid tumors [12, 13]. The

IAPs, which are widely expressed in all kinds of malig-

nancies, are encoded by the highly conservative anti-

apoptosis gene family and play important roles in the

regulation of apoptosis [14]. Survivin, a new member of

IAP gene family that has been found recently, inhibits

apoptosis via its baculovirus inhibitor of apoptosis repeat

(BIR) protein domain by either directly or indirectly

interfering with the function of caspases [15, 16]. The

overexpression of survivin has been detected in many

human solid tumors. Furthermore, in several tumors, sur-

vivin overexpression has been reported to be associated

with poor prognosis of tumor patients. Nouraee et al.

reported that overexpression of survivin and survivin-del-

taEx3 in bladder tumors correlates with poor prognosis of

bladder cancer [17]. Fields et al. also showed that survivin

expression correlates with poor prognostic parameters

(high nuclear and histologic grade, microvascular inva-

sion), increased proliferation (mitotic count, MIB-1), local

recurrence, and shorter disease-free survival of hepacelluar

carcinoma patients [18]. Additionally, Cohen and his study

groups found that the survivin expression correlates with

poor prognostic parameters (high grade, histologic type,

and p53 mutation) but not with survival of the majority of

ovarian carcinoma patients [19]. In our previous study, we

Fig. 7 Effects of RNAi-mediated survivin knockdown on in vitro

radiosensitivity of ACHN cells. a Colonogenic survival analysis of

cell radiosensitivity. The surviving fraction of pSil-shRNA/survivin-

transfected ACHN cells was significantly reduced at different doses of

irradiation. Colony efficiencies (determined by dividing the number

of survival colonies by the number of cells seeded) were plotted as a

function of each individual treatment. b TUNEL analysis of apoptosis

in ACHN cells with different doses of irradiation. The apoptotic rate

of pSil-shRNA/survivin-transfected ACHN cells was significantly

increased at different doses of irradiation. * P \ 0.05 and

** P \ 0.01 versus mock or pSil-shRNA/control-transfected ACHN

cells
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also found that the status of survivin mRNA could be an

independent prognostic factor for OSCC patients. Mean-

while, the prognosis of survivin expression has also been

evaluated in other human malignancies [20–22].

Chemo- or radioresistance is a major cause of treatment

failure in cancer patients. Many researches indicated that the

upregulated levels of survivin expression were significantly

associated with chemo- or radioresistance of human cancers

[23, 24]. Therefore, it was concluded that survivin would be a

potential molecular target for cancer therapy. Several novel

experimental therapeutic strategies developed to target sur-

vivin include vaccination strategies to generate an antigen-

specific immune response, the development of antisense

oligonucleotides, ribozymes, or siRNA molecules targeting

survivin; and small molecule inhibitors of survivin function

[25, 26]. At the same time, survivin inhibition could over-

come chemo- or radioresistance of human cancer cells. For

example, Kami et al. report that siRNA-mediated down-

regulation of survivin diminishes radioresistance of pan-

creatic cancer cells [27]. Shen et al. show that knockdown of

survivin expression by siRNAs enhances chemosensitivity

of prostate cancer cells and attenuates its tumorigenicity

[28]. In other reports, inhibition of survivin could enhance

the antitumor activity of several cytotoxics and targeted

therapies, such as topoisomerase inhibitors, alkylating

agents, tumor necrosis factor a-related apoptosis-inducing

ligand, and so on [29–31]. Thus, survivin might be an ideal

molecular target for cancer therapy. Although some studies

have shown that survivin played important roles in RCC

progression and development [32, 33], the prognosis sig-

nificance of survivin expression and its correlation with

radiosensitivity of RCC cells are still unclear.

In this study, we firstly found that the expression of

survivin gene was sufficient in different RCC cell lines at

both transcriptional and translational levels, but the

expression of survivin gene was not detected in normal

HKEC. Additionally, the level of survivin mRNA in RCC

tissues was also significantly higher than that in corre-

sponding nontumor kidney tissues. Then, we detected the

status of survivin protein expression in 75 RCC tissue

samples by immunohistochemistry and analyzed the cor-

relation between survivin protein expression and clinico-

pathologic factors or prognosis of RCC patients. From our

experimental results, high level of survivin expression was

significantly correlated with tumor pathological stage,

grade, and lymph node metastasis, but not with other

clinicopathological factors including age, sex, tumor size,

histology, and distant metastasis of RCC patients. Fur-

thermore, multivariate analysis showed that the status of

survivin protein expression might be an independent

prognostic factor for RCC patients. Meanwhile, we also

analyzed the correlation of survivin protein expression with

radiosensitivity of RCC cells. Results showed that RNAi-

mediated survivin knockdown could significantly inhibit

proliferation and enhance in vitro radiosensitivity of RCC

cells, which might be associated with increased apoptosis.

Whether survivin knockdown could enhance in vivo

radiosensitivity of RCC cells is under way and we will

publish our research in next article.

In conclusion, survivin is usually overexpressed in RCC

cells and high survivin protein expression might be an

independent prognostic factor for RCC. Moreover,

knockdown of survivin reduced growth, induce apoptosis

and enhance in vitro radiosensitivity of RCC cells.

Therefore, tumor-specific downregulation of survivin gene

may become a novel therapeutic strategy to RCC patients.
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