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Survivin antisense compound inhibits proliferation and promotes
apoptosis in liver cancer cells
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Abstract

AIM: To evaluate the effects of survivin on cell proliferation
and apoptosis in liver cancer.

METHODS: MTT assay was used to generate and optimize
phosphorothioate antisense oligonucleotides (ODNs)-
LipofectamineTM2000 (LiP) compound by varying ODNs (g):
LiP (L) ratios from 1:0.5 to 1:5. Then, liver cancer cells
(HepG2) were transfected with the compound. By using
RT-PCR and Western blot, the expression levels of survivin
mRNA and proteins were detected in HepG2 cells treated
with antisense compounds (ODNs:LiP = 1:4), and compared
with those treated with sense compounds (1:4) as control.
MTT assay was applied to the determination of cell proliferation
in HepG2 cells. Active caspase-3 was evaluated by flow
cytometric analysis. The morphological changes were
assessed by electron microscopy. Laser scanning confocal
microscopy was performed to detect the subcellular
localization of survivin proteins in treated and untreated cells.

RESULTS: Antisense compounds (1:4) down-regulated
survivin expression (mRNA and protein) in a dose-dependent
manner with an IC50 of 250 nmol/L. Its maximum effect
was achieved at a concentration of 500 nmol/L, at which
mRNA and protein levels were down-regulated by 80%.
The similar results were found in MTT assay. Antisense
compound (1:4)-treated cells revealed increased caspase-
3-like protease activity compared with untreated cells.
Untreated cells as control were primarily negative for the
presence of active-caspase-3. As shown by transmission
electron microscopy, treated cells with antisense compounds
(1:4) resulted in morphological changes such as blebbing
and loss of microvilli, vacuolization in the cytoplasm,
condensation of the cytoplasm and nuclei, and fragmented
chromatin. Immunofluorescence analysis confirmed the
presence of survivin protein pool inside the cytoplasm in
untreated cells. Labeled-FITC immunofluorescence staining

of survivin clearly showed that survivin was distributed
mainly in a spotted form inside the cytoplasm. Whereas
cells treated with antisense compounds were rare and weak
inside the cytoplasm.

CONCLUSION: Down-regulation of survivin expression
induced by the antisense compounds reduces tumor growth
potential, promotes apoptosis and affects the localization
of survivin proteins in HepG2 cells. Furthermore, survivin
protein is a key molecule associated with proliferation and
apoptosis, and antisense oligonucleotides targeting survivin
have a bright prospect in the therapy of liver cancer.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Diminished apoptosis plays a critical role in tumor initiation,
progression, as well as in cancer therapy[1]. Several proteins
that inhibit apoptosis have been identified, including bcl-2 family
members bcl-2, bcl-xl and IAP[2]. Certain members of the latter
family directly inhibit terminal effector caspases engaged in
the execution of cell death[3]. Among molecules of the IAP
family, survivin is unique in having a single baculovirus IAP
repeat (BIR) and extended C-terminal x-helix[4] and dimeric
architecture that is essential for the inhibition of apoptosis [5,6].
Although survivin protein lacks the ability to directly inhibit
caspase-3[7], it binds quantitatively to a new IAP-inhibiting
protein, Smac/Diablo[8,9], raising the possibility that it might
suppress caspases indirectly by freeing other IAP family
members from the constraints of protein. Taken together, these
studies support the notion that survivin exerts an anti-apoptotic
effect. Survivin is expressed during embryonal development but
lacks expression in terminally differentiated adult tissues[2,4].
Interestingly, it becomes reexpressed in transformed cell lines
and in a variety of human tumors[3,4]. Survivin is expressed in
the G2/M phase of the cell cycle and associates with microtubules
of the mitotic spindle in a specific and saturable reaction that is
regulated by microtubule dynamics[10]. This implies that
overexpression of survivin has oncogenic potential because it
may overcome the G2/M phase checkpoint to enforce progression
of cells through mitosis, thus promoting proliferation. Recent
studies suggest an alternative distribution of survivin localized
to kinetochores of metaphase chromosomes, and to
microtubules of the central spindle midzone at anaphase[11-13].
Approximately 80% of the total cellular survivin content in
mitotic cells is bound to centrosomes and microtubules of the
metaphase and anaphase spindles[10]. These studies reveal that
survivin could connect the cell cycle with apoptosis, thus



providing a death switch for the termination of defective mitosis.
These lines of evidence make survivin an attractive therapeutic
target in cancer treatment.
     Liver cancer is a leading cause of cancer death, and its
incidence continues to rise. The main reasons for the unfavorable
prognosis of these tumors are their propensity to metastasizing
early and developing resistance to a wide range of functionally
anticancer agents. Recent studies show that expression of
survivin is not only detected in stomach cancer[14,15], non-small
cell lung cancer[16], breast cancer[17], esophageal cancer[18], colon
cancer, ovarian carcinoma[19], but also in HepG2, Huh7, sk-
Hep1 cell lines and hepatocellular carcinoma tissues, and it
has a close correlation with apoptosis and proliferation of liver
cancer[4,20]. In addition, skin cancer HaCat cells transfected with
antisense oligonucleotide down regulate expression of survivin,
promote apoptosis and diminish proliferation[21]. Consequently,
targeting expression of survivin has a potential value in cancer
therapy. Although antisense oligonucleotide has been widely
recognized as an efficient tool for the inhibition of gene
expression in a sequence specific way, during practical
application of antisense approach, many key problems need to
be solved, such as to find an effective targeting site of survivin
mRNA that is likely to be accessible to antisense oligonucleotides,
to select an adaptable vector combined with antisense
oligonucleotides in the formation of a potent compound to
facilitate apoptosis of tumor, to optimize transfection conditions
in a cell line with high expression of survivin.
    In the present study, we generated a series of antisense
compounds, with the strongest efficient antisense oligonucleotides
designed by Olie et al[22] and highly efficient vector Lipofecta-
mine 2000. Using MTT assay and the survivin-overexpressing
liver cancer cell line HepG2, one antisense compound was
identified that could most efficiently down-regulate survivin
expression levels (mRNA and protein) and directly induce
apoptosis. Furthermore, in a double immunofluorescence
staining experiment with FITC-labelled antibody against
survivin and Allexa-labelled concanavalin A, evidence is
provided that antisense mediated down-regulation of survivin
has the potential to affect subcellular localization of survivin
proteins in HepG2 cells.

MATERIALS AND METHODS

Antisense oligonucleotides
According to the method of Olie et al[22], antisense and sense
oligonucleotides for survivin were designed. The antisense
oligonucleotides targeting nucleotides 232-251 revealed the
strongest effect and were used in the following experiments.
Their sequences are shown in Table 1. Phosphorothioate
oligonucleotides ODNs were purchased from Sangon
(Shanghai, China), and delivered in the form of complex with
Lipofectamine 2000 (Lip) (Invitrogen, USA).

Table 1  Sequences of oligonucleotides for survivin

Antisense 5'-CCCAGCCTTCCAGCTCCTTG-3'

Sense 5'-CAAGGAGCTGGAAGGCTGGG-3'

Cell line
Liver cancer cell line HepG2, which was reported to express
high levels of survivin[19], was obtained from Shanghai Institute
of Cell Biology. Cells were grown in DMEM (Gibco, USA)
supplemented with 10% heat-inactivated fetal bovine serum
(Sijiqing, Hangzhou, China). Cells were maintained in monolayer
cultures at 37 ℃ in a humidified atmosphere consisting of
5 mL/L CO2 and 95% air.

Generation and optimization of phosphorthioate antisense
oligonucleotides (ODNs)-Lipofectamine 2000 (LiP) compound
To obtain the highest transfection efficiency and low non-specific
effects, transfection conditions were optimized by varying
ODNs, LiP concentrations and cell density. Cells should be
greater than 80% confluence and ODNs (g):LiP (L) ratios
were varied from 1:0.5 to 1:5. ODNs were diluted in the
appropriate amount of DMEM without serum, at the final
concentration of 0.2 g/25 L, and they were mixed gently. LiP
was gently mixed before use, then diluted in an appropriate
amount of DMEM without serum at the final concentrations
of 0.1 g/25 L, 0.2 g/25 L, 0.4 g/25 L, 0.6 g/25 L,
0.8 g/25 L, 1 g/25 L. These ODNs solutions were gently
mixed and incubated for 5 min at room temperature. After
incubated for 5 min, the diluted ODNs were mixed with the six
different concentrations of diluted LiP (1:0.5-1:5), and
incubated for 20 min at room temperature to form the ODNs-
LiP compounds. Fifty microliters of ODNs-LiP compounds was
added to each well (96-well plates) containing cells and media,
gently mixed again by rocking the plate back and forth, the
cells were incubated at 37 ℃ in a CO2 incubator for 48 h. Then,
MTT assay was performed.

Treatment of HepG2 cells with survivin oligonucleotides
One day before transfection, HepG2 cells were plated in 96-,
24-, or 6-well tissue culture plates. Oligonucleotides were
delivered in the form of compound LiP as described above.
After a 24-h transfection, the transfection medium was replaced
by medium without transfection reagents. HepG2 cells were
harvested 24, 48 or 72 h after the start of transfection.

Measurement of cell growth
Growth inhibition in HepG2 cell line was determined by a
colorimetric MTT assay. HepG2 cells were cultured in 96-well
plates with an initial concentration of 1×104 cells/well in DMEM
supplemented with 10% fetal bovine serum. ODNs were
delivered in the form of compound LiP, as described above.
Briefly, after transfection for 48 h at 37 ℃, 20 L of MTT reagent
(Sangon, Shanghai, China) was added and allowed to react for
4 h at 37 ℃. Subsequently, the MTT was discarded, 150 L of
DMSO reagent (Sangon, Shanghai, China) was added and
allowed to react for 15 min at 37 ℃. Substrate cleavage was
monitored at 570 nm by a microplate reader (Tosoh, Yamaguchi,
Japan) and the rate of inhibition was calculated. Experiments
were repeated three times.

RNA extraction
Total cellular RNA was extracted using RNeasy Plant Mini kit
reagent according to the manufacturer’s recommendations
(QIAGEN, Germany). The quantity and quality of RNA were
assessed spectrophotometrically at 260 nm and 280 nm (the
A 260 to A280 ratio of pure RNA was approximately 2).

RT-PCR
RT-PCR amplification product was synthesized with 0.1 g of
total RNA using OneStep RT-PCR kit (QIAGEN, Germany)
according to the manufacturer’s instructions. Primers used for
amplification were human survivin sense primer corresponding
to nucleotides 47-66 (5’-GGCATGGGTGCCCCGACGTT-3’),
and antisense primer complementary to nucleotides 466-485
(5’-AGAGGCCTCAATCCATGGCA-3’). Amplification of
human -actin served as an internal control, -actin sense primer
was corresponding to nucleotides 578-609 (5’-ATCTGGCACC
ACACCTTCTACAATGAGCTGCG-3’), and antisense primer
was complementary to nucleotides 1 415-1 384 (5’- CGTCATA
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CTCCTGCTTCCTGATCCACATCTGC-3’). Optimization
conditions were as follows: reverse transcription for 30 min at
50 ℃, initial PCR activation step for 15 min at 95 ℃. Three-step
cycling was denaturation for 1 min at 94 ℃, annealing for 1 min
at 62 ℃,extension for 1 min at 72 ℃, and a final extension for 10
min at 72 ℃ using the Eppendorf PCR System (Eppendorf,
Germany). PCR products were analysed on a 2% agarose gel by
electrophoresis and the bands were visualized by ethidium
bromide staining.

Western blot
Cells were collected on ice and centrifuged at 1 500 rm for 5 min
at 4 ℃. The cells were resuspended and washed with ice-cold
PBS and centrifuged again at 1 500 rm for 5 min at 4 ℃.
Supernatants were discarded and cell pellets were lysed in 2× cell
lysis buffer [2% Triton X-100, 300 mmol/L NaCl, 20 mmol/L
Tris-Cl pH 7.2, 10% glycerol and 4% SDS] and heated to 95 ℃
for 10 min. The lysates were centrifuged at 14 000 rm for 30 min
at 4 ℃ and the protein supernatants were collected and stored
at -20 ℃. The protein concentrations were determined by BCA
assay according to the manufacturer’s instructions (Pierce Co).
Equal quantities of proteins (20 g/well) were separated on
7.5-12% sodium dodecyl sulfate polyacrylamide gel
electrophoretic gels for the detection of survivin. Following
electrophoretic transfer of protein onto nitrocellulose membranes,
immunoblots were sequentially incubated in 5% skimmed milk
blocking solution at room temperature for 2 h. The membranes
were incubated in a solution containing antihuman survivin
antibody (1:800; Oncogene, USA) overnight at 4 ℃. After
washed three times with 1% PBS-Tween solution at room
temperature for 1 h, the membranes were incubated with
horseradish peroxidase-conjugated secondary antibodies
(1:2 000; Oncogene, USA) at room temperature for 2 h. Finally,
after the membranes were washed for 1 h, protein bands were
detected by using the ECL system according to the manufacturer’s
instructions (Amersham Life Sciences). -actin was used as a
protein loading control.

Measurement of caspase activation
Caspase-3-like protease activity in cells was analyzed by flow
cytometry (FACS Calibur, Bection Dikinson, USA) using a PE-
conjugated polyclonal rabbit anti-active caspase-3 antibody
kit (Becton Dickinson, USA). Zero, 24, 48, 72 h after antisense
compound induction respectively, cells were harvested and
washed twice with PBS, fixed in ice-cold 70% ethanol and stored
at 4 ℃. Prior to analysis, cells were again washed with PBS.
Cytometric analyses were performed using a flow cytometer
and Cell Quest software. Approximately 20 000 cells were
calculated for each determination.

Electron microscopic examination
Cells were seeded into 30-mm dishes, treated as described above,
collected on ice with media by gently scraping, and washed
three times in ice-cold PBS. The cell pellets were fixed with a
solution of 2% formaldehyde and 3% glutaraldehyde in 0.1 mol/L
sodium cacodylate buffer (pH 7.4) for 1 h at 48 ℃. The fixed
cells were washed three times in cacodylate buffer (pH 7.2)
containing 0.2 mol/L sucrose, postfixed with 1% osmic acid in
0.3 mol/L cacodylate buffer, dehydrated in a graded series of
acetone, and embedded in epoxy resin. Ultrathin sections were
cut, stained with uranyl acetate and lead citrate, and assessed
by using a TECNA10 electron microscope (Philips, Holand).

Immunofluorescence and confocal laser scanning microscopy
Cells were cultured on microscope slides, then treated or
untreated with antisense compounds (1:4) for 48 h. Cells were

washed three times with PBS for 15 min and fixed in ice-cold
paraformaldehyde for 30 min. Cells were fixed in ice-cold CAM
(chloroform:acetone:methanol = 1:1:2) at -20 ℃ for 30 min,
and washed three times with PBS for 15 min. Cells were incubated
overnight at 4 ℃ with polyclonal anti-survivin (1:400 diluted;
rabbit polyclonal IgG; Oncogene, USA), washed three times
with PBS for 30 min, incubated for 2 h at room temperature with
fluorescein (FITC)-conjugated anti-rabbit-IgG (1:1 000;
Oncogene, USA). After a further washing step, cell membranes
were stained for 2 min with a 5×10-3% (w/v) solution of Alexa-
labelled concanavalin A (MoBiTec, Gottingen, Germany) in BPS.
Finally, the cells were embedded in a gel containing 22.73% (w/w)
glycerine, 9.1% (w/w) Mowiol4-88 (present from Ningbo
Institute of Microcirculation and Henbane), 22.73% (w/w)
double-distilled water, 45.45% (w/w) 0.2 mol/L Tris buffer,
pH 8.5, and 2.5% (w/w) DABCO (present from Ningbo Institute
of Microcirculation and Henbane) as an antifading agent. After
12 h, confocal microscopy was performed with a microscope
(TCS-SP2, Leica, Germany) equipped with an argon/krypton
laser. Two-channer image recording at 488 nm and 633 nm laser
excitation was used. Optical filters were chosen for the FITC
and TRLTC range. All optical sections were recorded with the
same laser and detector settings using software (Leica Confocal,
Germany). Further image processing was performed with
software (Leica Confocal, Germany) on a computer system.
Confocal stacks of green and red fluorescence were visualized
in section view mode.

Statistical methods
All statistical analyses were performed by the SPSS11.0 software
package for Windows (SPSS Inc., Chicago, IL). The t test was
used to compare the distribution of individual variables. A two-
tailed P value less than 0.05 was considered statistically
significant.

RESULTS

Generation and optimization of antisense compound
With the aim of obtaining the highest transfection efficiency and
low non-specific effects, the compounds were generated using
the antisense phosphorothioate oligonucleotides (ODNs) and
highly effective Lipofectamine 2 000 (LiP) by varying ODNs
(g):LiP (L) ratios from 1:0.5 to 1:5. The ODNs designed by
Olie et al[22], which targeted nucleotides (232-251) revealed the
strongest effect. MTT was performed to test the effect of those
compounds in surviving-HepG2 high-expression cells. As
shown in Figure 1, the antisense compounds (1:4, 1:5) were
identified as the most potent compounds. There was no significant
difference in the effect between the compounds (1:4) and (1:5).
Because the antisense compounds (1:0.5-1:3) could not achieve
the best effect, and LiP had slight cytotoxicity, we only used the
antisense compounds (1:4) in the following experiments.

Figure 1  Generation and optimization of antisense compound.
Each value represents the mean±SD of three independent
experiments.
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Figure 3  Effect of antisense compound (1:4) on the growth and viability of HepG2 cells. A: Cells incubated with an increasing
concentration of antisense compound (1:4), 600 nmol/L sense compound (1:4), 600 nmol/L LiP, or 600 nmol/L (ODNs) for 48-h after
the start of transfection; B: untreated cells; C-E: photomicrographs of HepG2 cells after a 48-h transfection with (C) 600 nmol/L
antisense comound (1:4), (D) 600 nmol/L sense compound (1:4) or (E) 600 nmol/L LiP.

Figure 2  Survivin expression level (mRNA and protein) in HepG2 cells treated with antisense compound (1:4). A: Sensitivity of
survivin mRNA in RT-PCR assay; B: Level of survivin mRNA expression in HePG2; C and D: Western blot analysis of survivin
protein expression in HePG2 cells.
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Down-regulatory effects of antisense oligonucleotides on
survivin expression levels
To further characterize the potency of antisense compounds
(1:4) and their dose dependent effect on survivin expression
levels (mRNA and protein) in HepG2 cells, the cells highly
expressing survivin were transfected with different concentrations
of antisense compounds (100-600 nmol/L), whereas the cells
transfected with sense compound (600 nmol/L), LiP (600 nmol/L)
and untreated cells were used as controls. Forty-eight hours
after the start of transfection, the cells were examined by RT-
PCR and Western blot. As shown in Figure 2, antisense
compounds (1:4) down-regulated the survivin expression level
in a dose-dependent manner with an IC50 of about 250 nmol/L.
At a concentration of 500 nmol/L, a maximum down-regulation
to 20% of the initial mRNA level was achieved. A further increase
in oligonucleotide concentration did not result in increased
antisense efficacy. The sense compound (600 nmol/L), LiP
(600 nmol/L) and antisense compound controls without LiP
(600 nmol/L) did not down-regulate the survivin expression
level.

Inhibition of cell growth by antisense compound (1:4)
To analyze the biological effect associated with the down-
regulation of survivin expression, the growth of HepG2 cells
treated with antisense compounds was investigated by MTT
assay. As shown in Figure 3 A, 48 h after the start of transfection,
antisense compounds reduced the growth of HepG2 cells dose-

dependently, with an IC50 of 300 nmol/L. The unspecific growth-
inhibitory effect of the sense compound (600 nmol/L) control
was comparatively low, LiP (600 nmol/L) control had no growth-
inhibitory effect. Antisense compounds induced death in HepG2
cells, as revealed by detachment from the culture surface
(Figure 3: B, C, D, E).

Anti-active caspase-3 antibodies for measuring apoptosis by
flow cytometric analysis
Having demonstrated that down-regulation of survivin
expression reduced the viability of HepG2 cells, we analyzed
whether cell death was due to the induction of apoptosis. As
shown in Figure 4, HepG2 cells were treated with antisense
compounds 24, 48, 72 h after the start of transfection. Then, the
cells were analyzed by flow cytometry using PE-conjugated
polyclonal rabbit anti-active caspase-3 antibody. Antisense
compound-treated cells revealed increased caspase-3-like
protease activity compared with untreated cells. Cells treated
for 24 h had detectable active caspase-3 corresponding to a
measurable value 23, whereas about 16% of the cells were induced
to undergo apoptosis. Cells treated for 48 h had detectable
active caspase-3 corresponding to a measurable value 33
corresponding to a 60% apoptosis ratio, while cells treated for
72 h had a measurable value 42 corresponding to a 70% apoptotic
ratio. Untreated cells as control were primarily negative for the
presence of active-caspase-3, a measurable value 16 corresponding
to 5% apoptotic cells.
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Morphological changes of apoptosis induced by antisense
compound
In order to confirm the cell apoptosis induced by treatment
with antisense compounds, the morphological signs of
apoptosis were evaluated by transmission electron microscopy.
As shown in Figure 5, untreated HepG2 cells showed normal
morphology in the nuclei and cytoplasm (Figure 5A). Treatment
of HepG2 cells with antisense compounds resulted in changes
such as blebbing and loss of microvilli, vacuolation in cytoplasm,
condensation of cytoplasm and nuclei, and fragmented
chromatin, providing further evidence for the induction of
apoptosis as a consequence of survivin antisense treatment
(Figure 5B).

Localization of survivin protein in HepG2 cells
We carried out double immunofluorescence staining using
FITC-labelled antibody against survivin and Alexa-labelled
concanavalin A, with which cells of the membranes were

counterstained. The stained cells were investigated by confocal
laser scanning microscopy. As shown in Figures 6 A,B in cells
untreated with antisense compounds, green-immunofluorescence
staining of survivin clearly showed that survivin was expressed
mainly in the form of a spotted distribution inside the cytoplasm,
which was named as survivin pool (Figure 6A). In cells treated
with antisense compounds, however, there was rare and weak
green fluorescence inside the cells, of which the membranes were
counterstained with Alexa -labeled concanavalin A (Figure 6B).

DISCUSSION

Survivin, a member of the inhibitors of apoptosis protein family,
deserves growing attention as “an ideal target” for cancer
therapy[23,24] due to its differential expression in tumors vs normal
tissues, distribution of subcellular localization, and the evidence
for a dual role in both cell apoptosis and proliferation. It is
expressed during embryonal development, lacks expression in
terminally differentiated adult tissues, and becomes reexpressed

Figure 6  Laser scanning confocal microscopy of localization of survivin protein in HepG2 cells. A: Expression and localization
of endogenous survivin proteins with immunofluorescence analysis of untreated cells by using the polyclonal anti-survivin
antibody and FITC-labeled anti-rabbit-IgG as secondary antibody; B: Rare and weakly stained cells treated with antisense
compound inside the cytoplasm and morphological changes corresponding to apoptosis.

BA

Figure 4  Anti-active caspase-3 antibodies for measuring apoptosis by flow cytometric analysis.

Figure 5  Morphological evaluation of HepG2 cells(original magnification, ×4 000). A: Normal structure in the nuclei and
cytoplasm of untreated cell; B: Morphological changes of apoptosis in treated cells.
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in transformed cell lines and a variety of human tumors, with
highest levels in liver cancer[4,20]. The expression of survivin in
tumors is correlated with a shorter survival of patients with
liver cancer, non-small cell lung cancer, colorectal cancer. Despite
survivin represents an attractive target for therapy[25,26], the
promise of survivin antisense ODNs to facilitate apoptosis of
HepG2 cells, localization of survivin, and how the localization
of survivin proteins is affected by transfection of antisense
oligonucleotides in HepG2 cells remain to be determined. In the
present study, we generated and optimized sequence-specific
antisense compounds to down-regulate survivin expression
(mRNA and protein) in HepG2 cell lines to demonstrate its ability
to induce apoptosis, and how to localize survivin protein
affected by antisense compounds.
      Antisense approaches are efficient tools for the inhibition
of gene expression in a sequence specific way[27]. Most antisense
approaches rely on empirical targeting of oligonucleotides against
the translation initiation site of mRNA, where the ATG start
codon lies. The rationale for choosing this site is that it likely
presents in single-stranded conformation, thus being accessible
to antisense oligonucleotides. In a study by Olie et al[22], survivin
antisense oligonucleotides, which target nucleotides 232-251,
were identified, and most efficiently down-regulated the survivin
mRNA level and directly induced apoptosis. In our study, we
successfully transfected HepG2 cells with the above antisense
oligonucleotides incorporating a vector of LiP, and generated
and optimized the compounds by varying ODNs:LiP ratios
from 1:0.5 to 1:5. Moreover, we identified that the compounds
(1:4) were the most potent. As measured by RT-PCR and
Western blot, the antisense compounds (1:4) also most
efficiently down-regulated the survivin expression level in
HepG2 cells, achieving its maximum effect at a concentration of
500 nmol/L, at which the expression level of survivin was down-
regulated by 80%. By transfection of these compounds, we
were also able to witness increased caspase-3-like protease
activity by flow cytometric analysis, and morphological changes
of apoptosis induced by antisense compounds such as
vacuolation in cytoplasm, condensation of cytoplasm and nuclei
and fragmented chromatin, with a parallel inhibition seen in cell
proliferative activity by MTT assay.
     A previous study reported that survivin could prevent
apoptosis by targeting the terminal effectors caspase-3 and
caspase-7, which act downstream in two major apoptotic
pathways [3]. Survivin is believed to be expressed in the G2/M
phase of the cell cycle in a cell cycle-regulated manner and is
associated with microtubule formation of the mitotic spindle[10].
Antisense compounds (1:4) induce a strong growth-inhibitory
effect and apoptosis in HepG2 cells in the absence of any further
cytotoxic stimulus. These data suggest that targeting survivin
with transfection of antisense ablates expression of endogenous
survivin. However, loss of survivin expression is sufficient to
trigger caspase-dependent apoptosis in HepG2 cells. Moreover,
it has been suggested that the survivin antisense approach
may be able to facilitate apoptosis through the two major
apoptotic pathways. This observation is in agreement with the
findings of others describing the necessity of interaction between
survivin and microtubules of the mitotic spindle apparatus to
prevent a default induction of apoptosis at the G2/M phase of
cell cycle[10].
       One of the most significant features of survivin is expressed in
the G2/M phase of cell cycle in a cell-regulated manner. At the
beginning of mitosis, survivin is associated with microtubules
of the mitotic spindle in a specific and saturable reaction that is
regulated by microtubule dynamics[10]. Recent studies have
suggested an alternative distribution of survivin localized to
kinetochores, centrosomes (microtubule-organizing centers),
spindle microtubules, central spindle midzone and midbodies.

Approximately 80% of the total cellular survivin content in
mitotic cells is bound to centrosomes and microtubules of the
metaphase and anaphase spindles. Survivin’s localizations in
the mitotic spindle apparatus might be essential for anti-apoptotic
function[28].
      In the present study, double immunofluorescence analysis
has confirmed the presence of survivin protein pool in cytoplasm.
In untreated HepG2 cells, labeled-FITC-immunofluorescence
staining of survivin clearly showed that survivin was expressed
mainly in the form of a spotted distribution inside the cytoplasm.
Whereas, in treated cells, survivin was rare and weak in
immunoreactivity. As demonstrated by Western blot, in cells
treated with antisense compounds, survivin expression level
was in a dose-dependent manner. It is suggested that the survivin
antisense approach may be able to affect the localization of
survivin. Recent experiments demonstrate that survivin exists
in an immunochemically distinct pool of survivin[10]. A more
recent study suggests that overexpression of survivinDsRed
fusion proteins is diffusely distributed in cytoplasm with distinct
spots[29]. We also found that survivin was expressed in cytoplasm
in the form of pools or spots, suggesting that survivin plays an
important role in linking cell death and proliferation. In the
context, antisense disruption of survivin-microtubule interactions
can result in two effects during mitosis: increased caspase-3
activity-a mechanism involved in cell death and loss of anti-
apoptosis function of survivin.
     In summary, down-regulation of survivin expression by
antisense compounds facilitates apoptosis, and localization of
survivin proteins is affected by antisense compounds in HepG2
cells. Survivin protein is a key molecule connecting cell
proliferation with apoptosis. Antisense targeting survivin has
a bright prospect in liver cancer therapy.
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