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Survivin is the smallest member of mammalian IAP (inhibitor of apoptosis) family. It is ubiquitous during embryonic de-
velopment but is not expressed in normal post-natal tissues, except the thymus, colonic epithelial cells and CD34+
hematopoietic stem cells. However, its expression is upregulated during neoplastic transformation in both solid organ and
hematological malignancies, including leukemia and lymphoma. In this study, we used RNA interference with short hairpin
RNA (shRNA) technique to inhibit survivin expression in a Burkitt’s lymphoma cell line Raji and validated its effects on
apoptosis and cell proliferation.

A survivin-shRNA expression vector were constructed and introduced into Raji cells. Expression of survivin mRNA and
protein was assessed by RT-PCR and western blot analysis. Apoptosis index of transfected cells was quantified by flow
cytometry and cell proliferation was enumerated by trypan blue exclusion.

In Raji cells treated with survivin-shRNA expression vector, survivin mRNA levels were significantly reduced by
67.14% (transient transfection) and 64.28% (stable transfection) respectively, compared with control-shRNA treated group
and PBS treated group (p<0.05). The levels of survivin protein were significantly reduced by 62.50% (transient transfection)
and 60.93% (stable transfection), compared with the two control groups (p<0.05). Apoptosis index was significantly in-
creased during transient transfection and stable transfection, respectively 31.20±2.45% and 29.40±1.72% (p<0.05).
Survivin-shRNA inhibited the proliferation of Raji cells of stable transfection.

In conclusion, the vector-based survivin-shRNA can effectively reduce the expression of survivin gene and induce
apoptosis and growth inhibition of transfected Raji cells. We suggest that survivin can be regarded as an ideal target for new
anticancer intervention of NHL.
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Survivin is the smallest member of the mammalian inhibi-
tors of the apoptosis protein (IAP) family. It is undetectable
in most normal adult tissues, but abundantly expressed in
most solid tumors and hematological malignancies, includ-
ing leukemia and lymphoma [1]. Furthermore, expression of
survivin has been detected in a number of preneoplastic le-
sions including breast adenoma, polyps of colon, hypertro-
phic actinic keratosis and Bowen’s disease, and its expres-
sion increases from pre-cancerous to cancerous lesion [2, 3]
suggesting that it may be involved during early malignant
transformation. Survivin suppresses apoptosis induced by
Fax, Bax, caspases and anticancer drugs [4] and it blocks the

common downstream component of two major apoptosis
pathways: the mitochondrial and the death receptor path-
ways, through inhibition of terminal effecter caspase-3 and
caspase-7 [5]. Its expression is directly related to the grow in-
dex and inversely related to apoptotic index of tumor.
Survivin regulates the G(2)/M phase of the cell cycle by asso-
ciating with mitotic spindle microtubules. Over-expression
of survivin is associated with carcinogenesis, histological
classification of carcinoma, metastasis, poor prognosis, resis-
tance to x-irradiation or chemotherapeutic drugs, as well as
short patient survival [6, 7]. As a result of its selective expres-
sion in malignant but not normal tissues, survivin has been
regarded as “an ideal target gene” for anticancer therapy.

Previous studies showed that de-regulation of apoptosis
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plays an important role in malignant lymphopoiesis. Defects
in pathways that regulate apoptosis can promote develop-
ment of lymphomas [8, 9]. Survivin was upregulated in
non-Hodgkin’s lymphoma (NHL) and its over-expression
was correlated with the aggressiveness of B-NHL [10, 11].
Over-expression of survivin has also been determined in
most human leukemia/lymphoma cell lines. Therefore, we
regarded survivin as an ideal target gene for anticancer ther-
apy of NHL.

RNA interference (RNAi) is a genetic interference phe-
nomenon directed by the double-stranded RNA (dsRNA). It
could specifically and efficiently degrade mRNA, resulting
in post-transcriptional gene silencing (PTGS). It is a con-
served mechanism that mediates resistance to endogenous
parasitic and exogenous pathogenic nucleic acids, and it reg-
ulates the expression of protein-coding genes. Inhibition of
gene expression by RNAi has been successfully observed in
both rat and human cells in vitro [12]. Currently, two kinds of
RNAi technology – chemically synthesized small interfering
RNA (siRNA) and vector-mediated expression of short hair-
pin RNA(shRNA) are mainly used to block gene expression
in mammalian cells [13, 14]. Both of them have their respec-
tive particularities. According to previous study [15], chemi-
cally synthesized siRNA is more easily transfected into can-
cer cell lines and is apparently more effective in silencing
targeted genes, compared with shRNA vectors. But siRNA
synthesized in vitro suppresses gene expression for only a
short period (less than a week) and is often limited to cells
that are easily transfected. However, shRNA expression vec-
tors can be used to transcribe and generate shRNA in vivo and
its advantage is that the expression of target genes can be re-
duced for weeks or even months, which allows analysis of the
consequences of stably silencing gene [16]. Therefore, the
approach of shRNA expression vectors would bring a longer
period for further investigations and provide extensive uses
for functional analysis of genes and anticancer therapy.

In this study, we utilized vector-based shRNA technique
and constructed a recombinant plasmid pSilencerTM

4.1neo-CMV-survivin-shRNA with a RNA Pol II-mediated
promoter, then transfected the vector-based survivin-shRNA
to Burkitt’s lymphoma Raji cells in which survivin is
over-expressed and explored the following effects on cell
apoptosis and proliferation.

Material and methods

Cell culture. The following human cell line was used: Raji,
derived from a Burkitt lymphoma. Cell line was purchased
from the American Type Culture Collection (ATCC) and cul-
tured in RPMI 1640 medium (GibcoBRL, USA) containing
10% heat-inactivated fetal calf serum (FBS; HyClone, USA),
2 mmol/l glutamine and 50 µg/ml penicillin-streptomycin, at
37 °C in a humidified atmosphere containing 5% carbon di-
oxide.

ShRNA design and construction of recombinant plasmid

expressing survivin-shRNA. A shRNA target sequence was
designed to be homologous to wild-type survivin cDNA
sequence (GenBank accession NM_001168) by the
shRNA Target Finder and Design Tool system at
http://www.ambion.com. The selected sequence was submit-
ted to BLAST search to assure the only selected gene was tar-
geted. The forward and reverse chains of survivin-shRNA
gene were chemically synthesized (Shanghai Sangon,
China). Each chain was respectively flanked with BamHI at
5’ and HindIII (Takara, Biochem. Japan) at 3’ end for a clon-
ing purpose.

Forward chain sequence of survivin-shRNA:
5’-GATCCGGCTGGCTTCATCCACTGCTTCAAGAGAG
CAGTGGATGAAGCCAGCCTCA-3’.

Reverse chain sequence of a survivin-shRNA:
5’-AGCTTGAGGCTGGCTTCATCCACTGCTCCTTGAA
GCAGTGGATGAAGCCAGCCG-3.

A pair of complementary oligos were synthesized and an-
nealed to form a double-stranded fragment. The complemen-
tary oligos encoded a hairpin structure with a 19-mer stem
derived from the mRNA target site. A 9-bp loop sequence
“TTCAAGAGA” separated the two complementary do-
mains. The 5’ end of the two oligonucleotides was BamHI

and HindIII restriction site overhangs (Fig. 1). This comple-
mentary oligos was then cloned into vector pSilencerTM

4.1-CMVneo (Ambion, Inc. USA) completely digested with
BamHI and HindIII (50 ng linearized vector, 1 µl shRNA,
1 µl T4 DNA ligase and 2.5 µl 10x ligase buffer were incu-
bated at 16 °C overnight) to obtain the final construct sur-
vivin-shRNA, which could produce the designed shRNA in
mammalian cells. The clone of survivin-shRNA was con-
firmed by DNA sequence. An insignificant control-shRNA
was purchased from Ambion and was used as a control as
well as PBS reagent.

Transfection with the shRNA expressing vector. 8 µl
OPTI-MEM (Invitrogen Life Tech. USA) containing 1.0 µl
lipofectamine 2000 reagent (Invitrogen) was mixed with
42 µl OPTI-MEM containing 5 µl survivin-shRNA express-
ing plasmid DNA in 6 of a 24 wells plate at room temperature
for 30 minutes, with another 4 wells respectively containing
Control-shRNA and PBS reagent as negative controls. Raji
cells were maintained in RPMI 1640 supplemented with 10%
FBS, and incubated in a humidified incubator containing 5%
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CO2 at 37 °C. Cells were washed by OPTI-MEM for 3 times
to replace the culture medium and 1x105 cells/200 µl were
seeded respectively in each well. The plate was incubated at
37 °C in a moist atmosphere containing 5% CO2 for 4 hours,
then 750 µl RPMI containing with 20% FBS, 1 µl PHA and
PMA were added into each well. Transiently transfected cells
were harvested at 48 h after transfection and analyzed by
RT-PCR, western blot analysis and flow cytometric assays.
Cells stably expressing shRNA were established by selection
with medium first containing 500 µg/ml geneticin (G418;
Invitrogen). The medium was renewed every 3 days. After
15–20 days selection, the resistant colonies were combined
in pools in selective medium. Then, the resistant colonies
were further selected by huge dose G418 (2000 µg/ml) for
one week in order to exclude the possibility of non-trans-
fected but G418-resistant colonies. After huge dose selection
of G418 and 10–20 days amplifying cultured, the colonies of
stably transfected with G418-resistantance were obtained
and also analyzed by RT-PCR, western blot and flow
cytometric assays.

Flow cytometric analysis. Cells of Control-shRNA treated
group, PBS-treated group, survivin-shRNA treated (48 h)
and survivin-shRNA treated (stable-over 30 days) were har-
vested by centrifugating at 1,000xg for 5 min and washed
with PBS 3 times to remove the culture medium. Cell suspen-
sion was fixed in ice-cold 70% ethanol in PBS, and stored at
4 °C. Prior to analysis, the cells were washed and resuspend-
ed in PBS, and incubated with 1 g/l of RnaseI and 20 g/l of
propidium iodide (PI) at 37 °C for 30 min. Apoptosis was an-
alyzed with flow cytometer (Coulter. Co, USA). For each
sample, at least 1x104 cells were analyzed by flow cytometry.
Cell cycle distributions were determined by measuring the
cellular DNA content using flow cytometry. The percentage
of apoptotic cells in sub-G1 phase was calculated using
Multicycle Software.

Assay of cell proliferation. For evaluation of cell prolifera-
tion, cells were stained with trypan blue and counted using a
hemocytometer. Cell numbers of survivin-shRNA stably
treated group, control-shRNA treated group and PBS-treated
group were detected on day 1 to 7. Each experimental condi-
tion was performed six times and all data presented as the
mean ±S.E. for each group was determined to compose the
growth curve.

RT-PCR analysis. Total RNA was extracted from Raji cells
using the Trizol reagent (GibcoBRL, USA) according to the
manufacturer’s instructions. Complementary DNA (cDNA)
was generated from total RNA using Reverse Transcription
kit (Ferment AG, Switzerland). Taq DNA polymerase,
dNTPs, DNA Marker DL-2000, λDNA/Ecol301, T4 DNA
ligase were bought from Takara. PCR of the cDNA was per-
formed in a final volume of 50 µl containing 25 µl Premix
Taq (Taq DNA polymerase 1.25u, dNTP Mixture 0.04 mM,
Ex Taq Buffer 4 mM), 2 µl cDNA, 1 µl of each primer, and
21 µl H2O. The samples were amplified 35 cycles at 94 °C for
1 min, at 58 °C for 30 s, at 72 °C for 45 s, and finally at 72 °C

for 10 min. The PCR products were separated by electropho-
resis on 1.5% agarose gels and visualized by ethidium
bromide staining. Sense primer of wild type survivin gene
was 5’-CCA GAT GAC GAC CCC ATA GA-3’, and its
antisense primer was 5’-CCT CTG GTG CCA CTT TCA
AG-3’. The length of amplified fragments was 401 bps. Am-
plification of human GAPDH gene served as a control to as-
sure the accuracy for a sample loading and integrity. The up-
stream and downstream primers were 5’-TCC ATG ACA
ACT TTG GTA TCG TG-3’ and 5’-TGC AGC GTA CTC
CCC ACA T-3’, respectively. The length of amplified frag-
ments was 208 bps. Normal Human Peripheral blood lym-
phocytes were used as negative control for survivin mRNA
expression. Signal intensities were quantified in a densitome-
ter system by Gene tools from Syngene.

Western blotting analysis. 2x106 cells were washed 3 times
with phosphate-buffered saline (PBS) and lysed at 150 µl
cold buffer (50 mmol/l Tris-HCL PH 7.4, 150 mmol/l NaCl,
1% Triton X-100, 1% deoxycholie acid, sodium salt, 0.1%
SDS, 100 µg/ml phenylmethylsulfonyl fluride, 1 µg/ml
aprotinin and 1 mmol/l DTT) for 30 min, and scraped. Cells
extract were centrifuged at 20,000 x g at 4 °C for 30 min and
supernatant was used for western blot analyses. Up to 50 µg
of total protein from each sample was heated at 95 °C for 5
min after mixing with an equal volume of 2x SDS loading
buffer. Samples were separated on 12% SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) and electrotransferred to
PVDF membranes. The membrane was blocked in 5%
Skimmed milk in TBST buffer (20mM Tris-HCL, PH 7.5,
0.05% TWEEN 20) at room temperature for 1 to 2 h with a
gentle shaking, and then incubated overnight at 4 °C in TBST
buffer containing 5% BSA and survivin polyclonal antibody
(1:500, Santa Cruz, Biotech., USA). After washing with
TBST, the membrane was incubated in 5% skimmed milk in
TBST buffer containing goat anti-rabbit IgG (1:5000, Santa
Cruz) for 60 min at room temperature. Protein level was de-
tected by an ECL Test Kit and enhanced chemiluminescent
agent (Sigma, Co. USA) and visualized by autoradiography.
For normalization of protein loading, the membranes were
stripped by stripping buffer (100 mM 2-mercaptoethanol, 2%
SDS, 62.5 mM Tris-HCl, PH 6.7) and used for western blot
analysis with a monoclonal antibody against β-actin (1:2000,
Santa Cruz) as reference. The density of the bands on the
membrane was scanned and analyzed with an image analyzer
system of Gene tools from Syngene.

Statistical analysis. The software package SPSS 11.0 was
used for statistical analysis. Values were expressed as mean
±S.E. and statistical analysis of the data was carried out by
Student’s t-test. p<0.05 were considered significant.

Results

Effect of survivin-shRNA treatment on survivin mRNA ex-

pression. Survivin mRNA expression was examined by the
methods of RT-PCR. As shown in Figure 2A, Raji cells of
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both transient (48 h) and stable transfection with sur-
vivin-shRNA exhibited significantly decreased survivin
mRNA content, compared with Control-shRNA and PBS
treated control groups which presented almost the same
brightness strip at 408 bps. Analyzed by Gene tools from
Syngene (Fig. 2B), mRNA expression was significantly re-
duced by 67.14% (transient transfection) and 64.28% (stable
transfection) respectively, compared with two control groups
(p<0.05). There was no significant difference in reduction of
survivin mRNA expression between transient transfection
and stable transfection.

Effect of survivin-shRNA treatment on survivin protein ex-

pression. The effect of survivin-shRNA on survivin protein
expression was evaluated by Western blot analysis. As

shown in Figure 3A, protein levels of survivin in
Control-shRNA treated group and PBS-treated group were
almost similar, but significant reductions in survivin protein
were observed in cells both transiently and stably transfected
with survivin-shRNA. Analyzed by Gene tools from
Syngene (Fig. 3B), survivin protein expression was signifi-
cantly reduced by 62.50% (transient transfection) and
60.93% (stable transfection), compared with two control
groups (p<0.05). There was no significant difference in re-
duction of survivin protein expression between transient
transfection and stable transfection.

Effect of survivin-shRNA treatment on apoptosis by flow

cytometry. Raji cells transitorily (48 h) and stably (over
30 days) transfected with survivin-shRNA showed a signifi-

KNOCKDOWN OF SURVIVIN GENE 209

M 1 2 3 4 5

Survivin 401 bp

GAPDH 208 bp

500 bp

250 bp

M
a
rk

e
r

P
B

S
-t

re
a

te
d

C
o
n
tr

o
l-
s
h
R

N
A

tr
e
a
te

d

S
u
rv

iv
in

-s
h
R

N
A

(4
8

h
)

S
u
rv

iv
in

-s
h
R

N
A

(s
ta

b
le

)

N
e

g
a

ti
v
e

c
o

n
tr

o
l

O
.D

.
fo

ld
s

v
s
.

C
o

n
tr

o
l

A

B

Figure 2. Effect of shRNA on survivin mRNA expression. Survivin

mRNA levels were quantified by RT-PCR. (A) RT-PCR analysis of

survivin mRNA levels in Raji cells treated with PBS reagent, con-

trol-shRNA (stable), survivin-shRNA (48 h) and survivin-shRNA (sta-

ble). (Negative control-peripheral blood lymphocytes in normal per-

son). (B) Quantitative representation of survivin mRNA levels. Bands

corresponding to survivin and GAPDH were scanned and the intensity

was determined by optical density (O.D.) measurements. Data ex-

pressed as folds vs. control were the mean ±S.E. and analyzed by bars

with standard error.
*
p<0.05.
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Figure 3. Effect of shRNA on survivin protein expression. Survivin pro-

tein levels were quantified by Western blot. (A) Western blot analysis of

survivin protein levels in Raji cells treated with PBS reagent, con-

trol-shRNA (stable), survivin-shRNA (48 h) and survivin-shRNA (sta-

ble). (B) Quantitative representation of survivin protein levels. Bands

corresponding to survivin and ß-actin were scanned and the intensity

was determined by optical density (O.D.) measurements. Data ex-

pressed as folds vs. control were the mean ±S.E. and analyzed by bars

with standard error.
*
p<0.05.



cant increase in apoptosis indexes (AI), respectively
31.20±2.45% (p<0.05) and 29.40±1.72% (p<0.05), com-
pared with control-shRNA treated group and PBS treated
group, respectively 6.10±1.93% and 6.60±1.52%. There was
no significant difference in AI between transient and stable
transfection group (Fig. 4).

Anti-proliferative effect of survivin-shRNA treatment. Cell
proliferation was measured by counting the number of viable
cells using trypan blue staining. Because the silencing effect
of survivin expression by transient transfection may not be
last over 72 hours, we just evaluated the proliferative status
of Raji cells stably treated with survivin-shRNA, con-
trol-shRNA and PBS reagent. Cell numbers of sur-
vivin-shRNA stably transfected group, Control-shRNA
stably transfected group and PBS treated group were deter-
mined on days 1–7. The average values for each group ex-
pressed as mean ±S.E. were determined to compose the
growth curve. From cell growth curves (Fig. 5), sur-
vivin-shRNA stable treatment resulted in a marked inhibition
of cell proliferation over this 7-day period. Cell growth was

not influenced significantly by treatment with Con-
trol-shRNA and PBS reagent.

Discussion

Regulation of cell apoptosis and growth is critical for nor-
mal embryonic development and homeostasis in adult tis-
sues. In human cancers, malignant cells possess defects in
apoptotic cell death, with the consequence of increased resis-
tance to cell death, which plays a crucial role in tumori-
genesis. Therefore, promotion of spontaneous apoptotic cell
death of cancer cells by alternative ways may lead to tumor
growth inhibition and represent a significant approach to
anticancer therapy.

Survivin remains an attractive target for cancer gene ther-
apy because it is present in most malignant cells but undetect-
able in most normal cell. Thus, the differential expression of
survivin inhibitors may have relative specificity for malig-
nant cells. Nowadays, alternative strategies have been devel-
oped for triggering apoptosis in cancer and other human dis-
ease by counteracting survivin expression in tumor cells,
with the aim to inhibit cell growth through an increase in
spontaneous apoptosis as well as to enhance cell sensitivity to
apoptosis-inducing agents. It was reported that using various
survivin molecular antagonists, such as antisense oligo-
nucleotides [17, 18], dominant-negative mutants [19], ham-

210 GU, ZHU, MA, ZHANG, LIAO et al.

A
p

o
p

to
s
is

i
in

d
e

x

B

Apoptosis index of Raji cells with different treatments

Raji cells Apoptosis index (AI) by flow
cytometry analysis

PBS treated 6.60 ± 1.52%

Control-shRNA treated 6.10 ± 1.93%

Survivin-shRNA treated (48 h) 31.20 ± 2.45%

Survivin-shRNA treated (stable) 29.40 ± 1.72%

A

Figure 4. Effect of survivin-shRNA on cell apoptosis in Raji cells. A.
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merhead ribozymes [20], cyclin-dependent kinase inhibitors
[21] and siRNA [22] can trigger cell apoptosis, induce cell di-
vision defects, reduce tumor growth potential and also sensi-
tize tumor cells to chemotherapeutic drugs and x-irradiation.

In this study, we used vector-based shRNA technique and
constructed the recombinant plasmid expressing sur-
vivin-shRNA to transfect Burkitt’s lymphoma Raji cells.
Based on the results of RT-PCR and western blotting, we
confirmed that the specific survivin-shRNA designed and
used in this study successfully reduced the expression of
survivin gene, with significant effects on inducing apoptosis
of both transitorily and stably transfected Raji cells, as well
as inhibiting the proliferation of stably transfected cells. In
several reports, survivin targeted siRNA/shRNA was intro-
duced into human cancer cell lines which highly express
survivin, including hepatocellular carcinoma cell line
SMMC-7721 [23], Hela cell line [24], colon tumor cell line
HCT116 [25], esophageal squamous cell carcinoma cell line
KYSE510 [26], melanoma cell lines [27] and a panel of hu-
man sarcoma cell lines [28, 29]. The results demonstrated
that survivin siRNA/shRNA markedly inhibited the expres-
sion of survivin mRNA and its corresponding protein prod-
uct, increased cell apoptosis and inhibited the growth of
transfected cells. Our results were consistent with these find-
ings. However, most studies only presented the data of tran-
sient transfection (24–48 h). In our study, both transient
(48 h) and stable transfection (over 30 days) with sur-
vivin-shRNA in Raji cells were studied and compared. In se-
lected cells with stably integrated shRNA expression vector
we did not observe dramatic reduction in the amount of
survivin mRNA and protein expression compared with tran-
sient transfection, and no significant differences on survivin
mRNAor protein expression were detected between transient
and stable transfection. This finding suggested that the
plasmid vector-based shRNA system can constitute a promis-
ing method to achieve persistent knockdown of survivin
mRNA and its corresponding protein product in human NHL
cells, together with the persistent effects on inducing cell
apoptosis and growth inhibition.

On the other hand, some evidences revealed that inhibition
of survivin gene can strongly inhibit the growth of tumor
cells, not only because it can inhibit apoptosis of tumor cells,
but also it plays a crucial role in tumor angiogenesis [30]. A
recent study showed that transfection of endothelial cells
with survivin specific siRNA induced a significant increase
of apoptotic rate, a dose-dependent inhibition of migration on
vitronectin and a decrease in capillary formation [31]. These
findings indicated that repression of survivin gene could lead
to hypersensitivity to anti-cancer treatment, not only through
direct interference with the apoptotic pathways in tumor cells
but also by intervention of apoptosis of newly formed tumor
vasculature.

In this study, we used pSilencerTM 4.1-CMVneo plasmid as
the vector for RNAi. Unlike many commonly used vectors of
U6 or H1 promoters (pol III promoters) used in most RNAi

studies [32, 33], the pSilencer 4.1-CMVneo vectors carry a
modified RNA polymeraseII-type CMV promoter (human
cytomegalovirus immediate-early promoter), an optimized
SV40 polyadenylation signal and an SV40 promoter which
expresses one of three antibiotic resistance genes (hygro-
mycin, neomycin, or puromycin) for stable transfections re-
quiring long-term antibiotic selection. For siRNA or shRNA
expression, the pol II-type CMV promoter has some advan-
tages over pol III promoters such as U6 or H1. For example,
pol II can tolerate strings of 4 or more U’s within the siRNA
or shRNA sequence, unlike pol III that will terminate tran-
scription after incorporation of a stretch of U’s. Furthermore,
CMV promoter does not interfere with other transcription
events, such as expression of the antibiotic resistance gene,
making it easier to perform long-term gene silencing studies.
In fact, it is possible to produce cell lines with reduced levels
of GAPDH mRNA and protein lasting over 8 months using
the pSilencer 4.1-CMV vector system [34]. Our results also
showed an evidence that pCMV vector expressing sur-
vivin-shRNA could effectively and significantly reduce the
expression of survivin mRNA and protein in Raji cells. Nev-
ertheless, further investigations remain to be done to validate
a both safe and efficient RNAi approach before it is consid-
ered to be clinical application.

In summary, this study demonstrated that using vec-
tor-based shRNA significantly suppresses the expression of
survivin mRNA and protein in Raji cells, with a marked in-
crease of apoptosis and growth inhibition of transfected cells.
These findings suggest that survivin gene can be regarded as
an ideal target for cancer genetic therapy in NHL. Further-
more, the application of shRNA expressing vector approach
could be a powerful tool for functional analysis of genes and
genetic therapy of cancers.

We would like to thank Drs. YUN JING-PING (Department of Pa-
thology, the Affiliated Tumor Center, Sun Yat-sen University) for
assistance with western blotting analysis.

References

[1] AMBROSINI G, ADIDA C, ALTIERI DC. A novel anti-apoptosis
gene, Survivin, expressed in cancer and lymphoma. Nat Med
1997; 3: 917–921.

[2] ALTIERI DC. Survivin, versatile modulation of cell division
and apoptosis in cancer. Oncogene 2003; 22: 8581–8589.

[3] ADIDA C, CROTTY PL, MCGRATH J, BERREBI D, DIEBOLD J et
al. Developmentally regulated expression of the novel can-
cer antiapoptosis gene Survivin in human and mouse differ-
entiation. Am J Pathol 1998; 152: 43–49.

[4] TAMM I, WANG Y, SAUSVILLE E, SCUDIERO DA, VIGNA N et al.
IAP-family protein Survivin inhibits caspase activity and
apoptosis induced by Fas (CD95), Bax, caspases, and anti-
cancer drugs. Cancer Res 1998; 58(23): 5315–5320.

[5] LI F, AMBROSINI G, CHU EY, PLESCIA J, TOGNIN S et al. Con-
trol of apoptosis and mitotic spindle checkpoint by Survivin.
Nature 1998; 396(6711): 580–584.

KNOCKDOWN OF SURVIVIN GENE 211



[6] MONZO M, ROSELL R, FELIP E, ASTUDILLO J, SANCHEZ JJ et al.
A novel anti-apoptosis gene: Re-expression of Survivin mes-
senger RNA as a prognosis marker in non-small-cell lung
cancers. J Clin Oncol 1999; 17(7): 2100–2104.

[7] SWANA HS, GROSSMAN D, ANTHONY JN, WEISS RM, ALTIERI

DC. Tumor content of the antiapoptosis molecule Survivin
and recurrence of bladder cancer. N Engl J Med 1999;
341(6): 452–453.

[8] JACOBSON JO, WILKES BM, KWAIATKOWSKI DJ, MEDEIROS

LJ, AISENBERG AC et al. bcl-2 rearrangements in de novo dif-
fuse large cell lymphoma. Association with distinctive clini-
cal features. Cancer 1993; 72: 231–236.

[9] DIERLAMM J, BAENS M, WLODARSKA I, STEFANOVA-OUZOU-

NOVA M, HERNANDEZ et al. The apoptosis inhibitor gene
API2 and a novel 18q gene, MLT, are recurrently rear-
ranged in the t(11;18)(q21;q21) associated with mucosa-as-
sociated lymphoid tissue lymphomas. Blood 1999; 93:
3601–3609.

[10] ADIDA C, HAIOUN C, GAULARD P, LEPAGE E, MOREL P et al.
Prognostic significance of Survivin expression in diffuse
large B-cell lymphomas. Blood 2000; 96(5): 1921–1925.

[11] ANSELL SM, ARENDT BK, GROTE DM, JELINEK DF, NOVAK AJ

et al. Inhibition of Survivin expression surppresses the
growth of aggressive non-Hodgkin’s lymphoma. Leukemia
2004; 18(3): 616–623.

[12] CARTHEW RW. Gene silencing by double-stranded RNA.
Curr Opin Cell Biol 2001; 13(2): 244–248.

[13] PADDISON PJ, CAUDY AA, BERNSTEIN E, HANNON GJ,

CONKLIN DS. Short hairpin RNAs (shRNA) induce se-
quence-specific silencing in mammalian cells. Genes Dev
2002; 16: 948–958.

[14] BRUMMELKAMP TR, BERNARDS R, AGAMI R. A system for
stable expression of short interfering RNAs in mammalian
cells. Science 2002; 296: 550–553.

[15] XIANG LING, FENGZHI LI. Silencing of antiapoptotic Survivin
gene by multiple approaches of RNA interference technol-
ogy. BioTechniques 2004; 36: 450–460.

[16] CZAUDERNAF, FECHTNER M, AYGUN H, AMOLD W, KLIPPEL A

et al. Functional studies of the PI(3)-kinase signaling path-
way employing synthetic and expressed shRNA. Nucleic
Acid Res 2003; 31: 670–682.

[17] OLIE RA, SIMES-WÜST AP, BAUMANN B, LEECH SH, FABBRO D

et al. A novel antisense oligonucleotide targeting survivin
expression induces apoptosis and sensitizes lung cancer cells
to chemotherapy. Cancer Res 2000; 60: 2805–2809.

[18] AMBROSINI G, ADIDA C, SIRUGO G, ALTIERI, DC. Induction of
apoptosis and inhibition of cell proliferation by survivin
gene targeting. J Biol Chem 1998; 273: 11177–11182.

[19] MESRI M, WALL NR, LI J, KIM RW, ALTIERI DC. Cancer gene
therapy using a survivin mutant adneovirus. J Clin Invest
2001; 108: 981–990.

[20] PENNATI M, COLELLAG, FOLINI M, CITTI L, DAIDONE MG et al.
Ribozyme-mediated attenuation of survivin expression sen-
sitizes human melanoma cells to cisplatin-induced
apoptosis. J Clin Invest 2002; 109: 285–286.

[21] PENNATI M, CAMPBELL AJ, CURTO M, BINDA M, CHENG Y et
al. Potentiation of paclitaxel-induced apoptosis by the novel

cyclin-dependent kinase inhibitor NU6140: a possible role
for survivin down-regulation. Mol Cancer Ther 2005; 4(9):
1328–1337.

[22] CARVALHO A, CARMENA M, SAMBADE C, EARNSHAW WC,

WHEATLEY SP. Survivin is required for stable checkpoint ac-
tivation in taxol-treated HeLa cells. J Cell Sci 2003; 116:
2987–2998.

[23] SQ CHENG, WL WANG, WEI YAN, QL LI, LI WANG et al. Knock-
down of Survivin gene expression by RNAi induces
apoptosis in human hepatocellular carcinoma cell line
SMMC-7721. World J Gastroenterol 2005; 11(5): 756–769.

[24] CARVALHO A, CARMENA M, SAMBADE C, EARNSHAW WC,

WHEATLEY SP. Survivin is required for stable checkpoint ac-
tivation in taxol-treated HeLa cells. J Cell Sci 2003; 116(Pt
14): 2987–2998.

[25] WILLIAMS NS, GAYNOR RB, SCOGGIN S, VERMA U,

GOKASLAN T et al. Identification and validation of genes in-
volved in the pathogenesis of colorectal cancer using cDNA
microarrays and RNA interference. Clin Cancer Res 2003; 9
(3): 931–946.

[26] WANG Y, ZHU H, QUAN L, ZHOU C, BAI J et al. Downregulation
of Survivin by RNAi inhibits the growth of esophageal carci-
noma cells. Cancer Biol Ther 2005; 4(9).

[27] CHAWLA-SARKAR M, BAE SI, REU FJ, JACOBS BS, LINDNER DJ.

Downregulation of Bcl-2, FLIP or IAPs (XIAP and Survivin)
by siRNAs sensitizes resistant melanoma cells to
Apo2L/TRAIL-induced apoptosis. Cell Death Differ. 2004;
11(8): 915–923.

[28] KAPPLER M, BACHE M, BARTEL F, KOTZSCH M, PANIAN M et
al. Knockdown of Survivin expression by small interfering
RNA reduces the clonogenic survival of human sarcoma cell
lines independently of p53. Cancer Gene Ther 2004; 11(3):
186–193.

[29] KAPPLER M, TAUBERT H, BARTEL F et al. Radiosensitization,
after a combined treatment of survivin siRNA and irradia-
tion, is correlated with the activation of caspases 3 and 7 in a
wtp53 sarcoma cell line, but not in a mt-p53 sarcoma cell
line. Oncol Rep 2005; 13: 167–172.

[30] BLANC-BRUDE OP, MESRI M, WALL NR, PLESCIA J, DOHI T et
al. Therapeutic targeting of the survivin pathway in cancer:
initiation of mitochondrial apoptosis and suppression of tu-
mor-associated angiogenesis. Clin Cancer Res 2003; 9(7):
2683–2692.

[31] COMA S, NOE V, LAVARINO C, ADAN J, RIVAS M et al. Use of
siRNAs and antisense oligonucleotides against Survivin
RNA to inhibit steps leading to tumor angiogenesis. Oligo-
nucleotides 2004; 14: 100–113.

[32] YU JY, DERUITER SL, TURNER DL. RNA interference by ex-
pression of short-interfering RNAs and hairpin RNAs in
mammalian cells. Proc Natl Acad Sci USA 2002; 99:
6047–6052.

[33] SUI G, SOOHOO C, AFFAR B, GAY F, SHI F et al. A DNA vec-
tor-based RNAi technology to suppress gene expression in
mammalian cells. Proc Natl Acad Sci USA 2002; 99(8):
5515–5520.

[34] Database of pSilencerTM 4.1-CMVneo plasmid vector
[internet], Available from http://www.ambion.com.

212 GU, ZHU, MA, ZHANG, LIAO et al.


