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Objective(s): Apoptotic effect of apoptin has been demonstrated in numerous studies. Ho wever, it s t umor
specificity has been questioned by some reports. The aim of this study was to co nfine the expres sion of
apoptin in the prostate tumor cells by inducing its gene expression under the control of a chimeric enhanc er
composing of prostate-specific membrane antigen (PSMA) and prostate-specific antigen (PSA) regulat ory
elements (PSES). Furthermore, we investigated the effects of apoptin expression on LNCaP prostate
carcinoma cell survival and apoptosis using MTT assay and annexin V/7-AAD flow cytometry assay.
Materials and Methods: Recombinant plasmids containing apoptin gene under the co nt rol of PSES/PSA
promoter or Cytomegalovirus (CMV) promoter were constructed. Tumor cell lines including LNCaP cells and
HeLa cells, and LX-2 cells (as a normal control) were transfected with the plasmids and the expres sion of
apoptin was evaluated by real time-PCR and western blot analyses. The effects of apoptin expression on c ell
survival and apoptosis were then investigated using MTT and annexinV /7-A AD flow c ytometr y assay,
respectively.
Results: Western blot and real time PCR analyses confirmed the specific expression o f apo pt in under t he
control of PSES/PSA regulatory element in the LNCaP cells, while CMV promoter caused apoptin expression
in both tumor and normal cell lines. Apoptin expression significantly increased cell death and apopto sis in
tumor cells when compared with the normal cells (P<0.001).
Conclusion: These results suggest that PSES/PSA regulatory element may be c onsider ed as an efficient
approach for specific expression of apoptin gene in prostate tumor cells and treatment of prostate cancer.
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Introduction
Prostate carcinoma (PCa) is among the leading
causes of cancer deaths in men worldwide. The
incidence of PCa has been increased in recent years,
which may be due to changes in human life style,
environmental factors, and population aging (1). The
common therapeutic modalities that are currently
available for the treatment of PCa include radical
prostatectomy, radiotherapy, androgen deprivation, or
a combination of them (2, 3). Because of some limitations
of these traditional approaches, other strategies
including immunotherapy and gene therapy are being
considered as complementary therapies (4). Impaired
cellular apoptosis is a characteristic of many tumors
including PCa. Thus, gene therapy in which the
increased expression of apoptotic protein or destruction

of anti-apoptotic proteins is targeted has been received
great attention in treatment of PCa (5). However,
increase in tumor specificity in which the killing effects
of the transduced gene confine to tumor cells, still
remains a major challenges in this area. Use of tumor
specific promoters and enhancers that allow the
specific expression of apoptotic genes in tumor cells
could be an effective approach to overcome this problem (6).
Apoptin (VP3) is a chicken anemia virus (CAV)
protein with 121 amino acids, which has a significant
apoptotic activity in various tumor cell lines including
glioblastoma (7), breast (8), lung (9), leukemia (10),
osteosarcoma (11) , hepatoma (12), and bladder cancer
cells (13). P53 independency, bcl2 insensitivity, and
tumor specificity are among major desirable features of
apoptin that make it an ideal protein for cancer gene
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therapy (12). Numerous studies have shown that
apoptin specifically induced apoptosis in tumor cells
while it did not induce apoptosis in normal cells. This
specific effect is due to nuclear localization of apoptin in
tumor cells, which is determined by its phosphorylated
status. Phosphorylation of apoptin at Thr 108 by Akt –
activated cyclin-dependent kinase2 and protein kinase
C leads to accumulation of apoptin in the nuclei of the
tumor cells, an event that does not occur in normal cells
(14). In normal cells, unphosphorylated apoptin remains
in the cytoplasm where it is aggregated and degraded
subsequently. However, He et al. (15) demonstrated
that adenovirus-mediated expression of apoptin in
normal cells caused G2-M cell cycle arrest and chromati n
condensation, which did not correlate with its nuclear
localization. Furthermore, the ability of apoptin to
accumulate in the nuclear matrix and triggering the
apoptosis in a number of normal cells have been
demonstrated (16). So, it seems that specialized
expression of apoptin in tumor cells and inhibition of its
expression in normal cells is a favorable goal that needs
more consideration. To this end, we used prostatespecific antigen (PSA) regulatory elements (PSES)pAdenoVator-PSA-Apoptin-IRES-GFP recombinant plasmid
carrying the apoptin gene under the control of PSA
promoter and PSES for specific expression of apoptin in
prostate tumor cells. PSES is a chimeric enhancer
composed of Arc3 elements of PSA enhancer and del2
fragment of prostate-specific membrane antigen
(PSMA) enhancer. Prostate specificity and potent
androgen-independent promoter activity of PSES has
been demonstrated in previous studies (17). In our
previous study, this plasmid was used for specific
expression of N-myc downstream regulated protein
(NDRG2) tumor suppressor gene in prostate cancer cell
lines (18). We showed that it led to specific expression
of NDRG2 in prostate cancer cell lines. The aim of
current investigation was to use this recombinant
plasmid for the specific expression of apoptin gene in
prostate cancer cell line and to evaluate its effects on
apoptosis of tumor cells.

Materials and Methods
Cells and cell culture
Human prostatic adenocarcinoma cell line LNCaP
cells and human cervical cancer cell line HeLa cells
(Pasture Institute, Tehran, Iran) were routinely grown
in RPMI 1640 medium supplemented with 10% FBS,
100 units/ml penicillin, and 100 µg/ml streptomycin .
LX-2 cells (a normal stellate cell line) were cultured in
DMEM medium supplemented with 5% FBS. All cell
lines were cultured at 37 °C and 5% CO 2.
Construction of plasmids
PSES-pAdenoVator-PSA-IRES-GFP plasmid carrying
PSA promoter and PSES chimeric enhancer was used to
construct apoptin expressing plasmid (Figure 1). Briefly ,
CAV DNA was extracted from commercial vaccines
(AviPro THYMOVACTM) using a DNA extraction Kit
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Figure 1. Construction of the PSES-pAdenoVator-PSA-ApoptinIRES-GFP plasmid. A: PCR amplification of apoptin gene showed
expected size (389 bp) bands on the gel (Lane 1-4), M: Molecular
weight markers (100 bp). B: Schematic diagram representing
PSES-pAdenoVator-PSA-Apoptin-IRES-GFP plasmid. Apoptin and
GFP genes expression were conducted under the control of the
PSES/PSA specific regulatory elements

(Cinnagen Inc. Iran), according to the manufacturer’s
instructions. PCR amplification of the apoptin (VP3)
gene was performed using forward primer: 5´-CTAGTCTAG
AATGAACGCTCTCCAAGAAGAT-3´ and reverse primer:
5´-TATATGAGATCTTTACAGTCTTATA CGCCTTTTTGC 3´. The expected product size was 389 bp containing
the complete apoptin open reading frame and
restriction sites for Xba I and Bgl II (underlined in the
respective sequences). PCR- product was purified from
the gel using a gel-extraction kit (QIAex II, Qiagen) and
was used for cloning. Apoptin fragment was digested
with Xba I and Bgl II and cloned into the PSESpAdenoVator-PSA-IRES-GFP vector using T4 DNA
ligase according to the manufacturers' protocol. Correct
construction of the recombinant plasmid was
confirmed by colony PCR assay, restriction enzyme
analysis (Xba I/Bgl II double digestion), and sequencing.
pAdenoVator-CMV-Apoptin-IRES-GFP plasmid in which
apoptin expression is under the control of
Cytomegalovirus (CMV) promoter was constructed
similarly by cloning of apoptin into pAdenoVator-CM VIRES-GFP plasmid.
Transfection
Cell lines were transfected with PSES-pAdenoVatorPSA-VP3-IRES-GFP, pAdenoVator-CMV-VP3-IRES-GFP,
and control plasmids including PSES-pAdenoVatorPSA-IRES-GFP and pAdeno Vator-CMV-IRES-GFP.
Transfection was carried out using lipofectamin 3000TM
(Invitrogen Inc.), according to the manufacturer’s
instructions. Briefly, 100×103 HeLa, and 200×103 LNCaP
cells were plated into 6-well plates 48 hr before
transfection. When the cells reached to 60% to 80%
confluency, 2.5 μg of DNA was added to 125 μl of OptiMEM medium and 5 μl of P3000 reagent, followed by
adding 125 μl of Opti-MEM containing 7.5 μl of Lipofectamine
3000. The mixture was incubated at room temperature
for 5 min and then added to the cells. At 72 hr after
transfection, the expression of GFP was evaluated using
fluorescence microscopy.
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Reverse transcription polymerase chain reaction
(RT-PCR) and quantitative real-time PCR
The expression of apoptin in different groups was
assessed using RT-PCR and real-time PCR. In brief, total
RNA was isolated with RNA-X plus reagent (Cinnagen)
using instructions provided by the manufacture. RNA
concentrations were determined by NanoDrop and
cDNA was synthesized using cDNA synthesis kit
(Takara, Japan). RT-PCR was performed for apoptin
and β-Actin (internal control) using specific primers
[Apoptin (230 bp) forward:
5′-CGGATTGGTATCGCTGGAAT-3′; reverse:
5′-GCGGCTGGGAGTAGTGGTAAC-3′; β-Actin (260 bp)
forward: 5´- GCCTCGCTGTCCACCTTCCA- 3´ reverse:
5´- CTGCTGTCACCTTCACCGTTCCA- 3´]. SYBR1 Premix
Ex Taq (Takara, Japan) reaction mixtures were prepared
according to recommended protocol. Amplification
reaction was performed in a 40 cycles of 5 sec at 95 °C
for denaturation and 30 sec at 60 °C for the annealing
step. The mRNA levels obtained for apoptin were
normalized by mRNA level of β-Actin.
SDS-PAGE and western blotting
Expression of apoptin in LNCaP cells transfected with
PSES-pAdenoVator-PSA-Apoptin- IRES-GFP was confirmed
by western blot analysis using a specific antibody
against apoptin. In brief, transfected and nontransfected LNCaP cells were harvested and disrupted
using sonication. Proteins concentration of each sample
was determined using Bradford method and the
samples were then stored at -70 °C until used. The
samples mixed with 5x Laemmli buffer and boiled at
100˚C for 5 min then loaded onto 13% SDS–PAGE gel,
separated by electrophoresis, and then transferred to a
PVDF membrane using the semi-dry protocol (Biorad
Inc.) at 15 V in 70 min. Immunoblotting was performed
with anti - apoptin polyclonal antibody (ab193615;
Abcam, Canada). Detection of GAPDH (sc-47724 Santa
Cruz) was used as an internal control. A horseradish
peroxidase-conjugated anti-rabbit secondary antibody
(Sigma, USA) and chemiluminescence substrates (ECL;
Amersham BioscienceAB) were used to detect the
immuno-labeled bands.
MTT assay
MTT assay was used to investigate the effect of
apoptin expression on the viability of LNCaP cells. In
brief, 72 hr after transfection, 20 μl of 5 mg/ml of MTT
solution (Sigma inc) was added to each well and
incubated for 4 hr at 37 °C and 5% CO 2. The media
containing MTT was discarded. Then, 150 μl of DMSO
was added to dissolve the formazan crystals in each
well. Absorbance was then measured at 492 nm by
ELISA reader instrument.
Flow cytometery
The effect of apoptin expression on the apoptosis of
LNCaP cells was assessed by PE annexin V/7-AAD (BD
Biosciences, USA) flow cytometric method. In berif,
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LNCaP cells were harvested at 72 hr post-transfection
using 0.25% trypsin solution, centrifuged at 1500 rpm
for 5 min and the pellet was resuspended in 500 μl of
PBS. The cells were resuspended in annexin V binding
buffer, and stained with annexin V and 7-AAD for
15 min at room temperature in the dark. Apoptosis was
detected using FACSCalibur flow cytometer and the
data were analyzed with flowjo software.
Statistical analysis
SPSS software (Version 15) was applied for analysis
of data. Data were presented as mean±SD. One-way
analysis of variance (ANOVA) followed by LSD post ho c
test was used to determine statistically significant
differences between different groups. P<0.05 was
considered as significant statistical difference.

Results
Construction of the PSES-pAdenoVator-PSA-ApoptinIRES-GFP
Apoptin gene (389 bp) was amplified (Figure 1A),
and inserted into downstream of PSA promoter to
construct
PSES-pAdenoVator-PSA-Apoptin-IRES-GFP
plasmid (Figure 1B). pAdenoVator-CMV-Apoptin-IRESGFP was constructed similarly, while apoptin gene was
inserted downstream of CMV promoter. The construction
of both plasmid was confirmed by colony PCR and
sequencing.
Prostate specificity of apoptin expression by PSESpAdenoVator-PSA-Apoptin-IRES-GFP plasmid
Prostate specificity of PSES/PSA regulatory elements
was first confirmed using fluorescence microscopy for
the expression of GFP in LNCaP cells transfected with
PSES-pAdenoVator-PSA-Apoptin-IRES-GFP and pAdenoVatorCMV-Apoptin-IRES-GFP plasmids. As can be observed
in Figure 2, a high level of GFP expression was detected

Figure 2: Prostate specificity of PSES/PSA regulatory elements using
fluorescence microscopy for the expression of GFP. GFP was
expressed in LNCaP cells (A) and HeLa cells (B) transfected with
pAdenoVator-CMV-Apoptin-IRES-GFP and also in LNCaP cells
transfected with PSES-pAdenoVator-PSA-Apoptin-IRES-GFP (C) while,
HeLa cells transfected with PSES-pAdenoVator-PSA- Apoptin- IRESGFP did not demonstrate GFP expression (D)
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Figure 4: Effects of apoptin expression on cell viabilit y us ing MTT
assay. LNCaP cells were transfected with mock plasmid (mock),
pAdenoVator-CMV-Apoptin-IRES-GFP (CMV-APO), and PSESpAdenoVator-PSA-Apoptin-IRES-GFP (PSA-APO) plasmids and cell viability
was determined 72 hr after plasmid transfection usingMTT assay. Data
were analyzed using one way ANOVA followed by LSD post hoc test

Figure 3: Specific expression of apoptin in LNCaP cells transfect ed
with PSES-pAdenoVator-PSA-Apoptin-IRES-GFP. A: RT-PCR performed
with apoptin -specific primers showed that apoptin was expressed in
LNCaP cells that transfected with PSES-pAdenoVator-PSA-A po ptinIRES-GFP, whereas the non-prostatic cell lines (LX-2 and HeLa cell
lines) were negative for apoptin expression, indicating by absenc e of
230 bp band. β -actin expression was used as a reference gene in each
sample. B: Western blot showed the presence of apoptin (13.5 KDa) in
LNCaP cells transfected with PSES-pAdenoVator-PSA-Apoptin-IR ESGFP (Lane 2) but not in non-transfected cells (Lane 1). GAPDH
expression was used as an internal control in each sample. M indicates
the protein molecular weight marker (15-50 KDa)

in LNCaP and HeLa cells after transfection with
pAdenoVator-CMV-Apoptin-IRES-GFP plasmid (Figure
2A, and B, respectively), while transfection with PSESpAdenoVator-PSA-Apoptin-IRES-GFP resulted in specific
expression of GFP in LNCaP cells (Figure 2C) but not in
HeLa cells (Figure 2D). Specific expression of apoptin
under control of PSES/PSA regulatory elements in
LNCaP cells was also tested using RT-PCR and western
blot analyses. RT-PCR results revealed specific
expression of apoptin gene (230 bp) under control of
PSA promoter and chimeric enhancer. The agarose gel
electrophoresis showed a specific band of 230 bp in the
PSES-pAdenoVator-PSA-Apoptin-IRES-GFP transfected
LNCaP cell lines whereas non-prostatic control cell li ne
(HeLa cells) did not show such band, indicating the
specificity of apoptin expression under control of PSA
promoter (Figure 3A). To confirm the presence of
apoptin protein, protein extracts from the LNCaP cells
transfected
with
PSES-pAdenoVator-PSA-Apoptin-IRESGFP were subjected to western blot analyses. As can be
observed in Figure 3B, apoptin protein (13.5 KDa) is
expressed in LNCaP cell that transfected with PSESpAdenoVator-PSA-Apoptin-IRES-GFP.

Effects of apoptin expression on cell viability using
MTT assay
To investigate the effects of apoptin expression on
cell viability, LNCaP cells were transfected with mock
plasmid, pAdenoVator-CMV-Apoptin-IRES-GFP (CMVAPO), and PSES-pAdenoVator-PSA-Apoptin-IRES-GFP
(PSA-APO) plasmids, and cell viability was determi ned
72 hr after plasmid transfection using MTT assay. As
shown in Figure 4, cell viability was significantly
decreased (P<0.001) in the cells transfected with both
apoptin containing plasmids compared to control and
mock plasmid-transfected cells.

Figure 5: Effects of apoptin expression on apoptosis of LX-2 and HeLa
cells transfected with pAdenoVat or-CMV-VP3-IR ES-G FP o r moc k
plasmids using annexin V/7AAD quantitative flow cytometric analyses.
A: LX-2 cells transfected with mock plasmid (pAdenoVator-CMV- IRESGFP; as a control), B: LX-2 cells transfected with pA deno Vator-CMVApoptin-IRES-GFP, C: HeLa cells transfected with mock plasmid
(pAdenoVator-CMV-IRES-GFP; as a control), D: HeLa cells transfec ted
with pAdenoVator-CMV-Apoptin-IRES-GFP. Q1, Q2, Q3, and Q4 sho w
necrotic, late apoptotic, early apoptotic, and viable cells, respectively
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Figure 6: Effects of apoptin expression on the apoptosis of LNCaP cells
using quantitative annexin V/7AAD flow cytometric analyses. A:
LNCaP cells transfected with mock plasmid (PSES-pAdenoVator-PSAIRES-GFP; as a control), B: LNCaP cells transfected with pAdenoVatorCMV-Apoptin-IRES-GFP, C: LNCaP cells transfected with PSESpAdenoVator-PSA-Apoptin-IRES-GFP. The represented data are mean
± SD of at least two independent experiments. Data were analyzed
using one way ANOVA followed by LSD post hoc test. Q1, Q2, Q3, and
Q4 show necrotic, late apoptotic, early apoptotic, and viable cells,
respectively

Quantitative analyses of apoptosis by flow cytometry
To quantify the effects of apoptin expression on
apoptosis of normal and tumoral cells, LX-2 and HeLa
cells were transfected with pAdenoVator-CMV-ApoptinIRES-GFP or mock plasmids and then apoptosis was
measured using annexin V/7AAD flow cytometric
quantitative method. As can be observed in Figure 5B,
transfection of LX-2 cells with pAdenoVator-CMVApoptin-IRES-GFP had no significant effect on cell
apoptosis compared to the cells transfected with mock
plasmid (Figure 5A). However, the transfection of HeLa
cells with pAdenoVator-CMV-Apoptin-IRES-GFP (Figure
5D) significantly increased cell apoptosis compared to
the cells transfected with mock plasmid (Figure 5C).
Figure 6 compared the effects of apoptin expression on
apoptosis of LNCaP cells transfected with mock plasmid
(as a control), pAdenoVator-CMV-Apoptin-IRES-GFP,
and
PSES-pAdenoVator-PSA-Apoptin-IRES-GFP
plasmids.
As depicted in dot blot flow charts and histogram
(Figure 6 D), apoptin expression in the cells transfected
by both CMV and PSA promoters significantly increased
apoptosis compared to the cells transfected by mock
plasmid (P<0.001).

Discussion
Due to population aging and limitations of current
therapies, PCa is continued to be a major cause of
cancer-related deaths in men (1). Similar to many kinds
of cancers, defects in apoptotic pathways are important
characteristics of PCa. Therefore, gene therapeutic
modalities that induced apoptosis proposed as an
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effective therapy for PCa (5). However, safety of such
therapeutic modalities still stays an important concern
in this context. Apoptin is often known as a tumor
specific apoptotic protein, which induces apoptosis in
malignant cells independent of their cellular status of
P53 and Bcl2. However, some researchers have raised
doubts about the tumor specificity of apoptin since the
killing effects of this protein has been shown in some
normal cells (16), which can hamper its application in
cancer gene therapy. One of the strategies commonly
applied to restrict the expression of a tumor killing gene
in tumor cells and thereby increase its tumor
specificity, is to place the expression of the gene under
the control of tumor-specific promoters (19). In an
effort to confine the expression and effects of apoptin in
tumor cells, Qi et al. constructed an adenoviral vector in
which the expression of apoptin was controlled by
tumor specific human telomerase reverse transcriptas e
(hTERT) promoter and showed the specific expression
and apoptotic effects of apoptin in tumor cells after
transfection with this recombinant vector, while the
transfection of normal cells did not lead to the
expression of apoptin in these cells (20).
PSA and PSMA are among proteins that specifically
expressed in prostate cancer cells. The promoters of
PSA and PMSA genes displayed prostate cell specificity
and used to restrict expression of several genes in
prostate cells. Lee et al made an artificial regulatory
element (PSES) composed of del2 fragment of PMSA
and Arc3 fragment of PSA and checked its prostate
tumor specificity (17). They showed that this promoter
was able to induce specific expression of GFP in the
prostate cell line significantly higher than CMV
promoter. We constructed a plasmid composed of PSES
and PSA promoter in our previous study and used it for
the specific expression of NDRG2 tumor suppressor
gene in prostate tumor cells (18). In the current study,
we used the same plasmid to express apoptin gene
under the control of PSES and PSA promoter. Our
results showed the expression of apoptin gene in the
LNCaP cells after transfection with this plasmid, while
normal and non-prostate tumor cells could not express
apoptin under same condition. In contrast, apoptin
gene under the control of CMV promoter was expressed
in both prostate and non-prostate tumor cells,
suggesting tumor specificity of PSES-PSA regulatory
elements for LNCaP cells. Furthermore, the results of
MTT assay showed that transfection of LNCaP cells with
PSA-Apoptin or CMV-Apoptin plasmids reduced the
survival of LNCaP cells significantly compared to mocktransfected cells, indicating the effects of apoptin i n the
reduction of tumor cell survival. 7AAD/annexin V
flow cytometric apoptosis assays demonstrated that
transfection of LX-2 with the CMV-Apoptin plasmids
could not induce apoptosis of these cells, while
increased apoptosis of Hela cells significantly.
Consistent with the results of MTT assay, flow cytometric
apoptosis assays revealed that PSA-Apoptin plasmid
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was as strong as CMV-Apoptin plasmid and significantly
induced apoptosis of LNCaP cells. The exact
mechanisms of the apoptotic effects of apoptin still
remain unknown. The binding of apoptin into cellular
DNA that may lead to breakage of cellular DNA (21), the
interaction with anaphase-promoting complex/cyclosome
(APC/C) and inhibition of its activity (22), and induction of
G2/M arrest are among suggested mechanisms (23).

Conclusion
Taken together, the findings of our study indicated
that PSES and PSA regulatory elements caused specific
expression of apoptin, which was associated with the
reduction of prostate cancer cell line survival through
induction of apoptosis. These results suggest the
beneficial effects of gene therapy with apoptin under
the control of prostate specific elements for prostate
cancer therapy. Further in vivo studies are needed to
confirm the results of this in vitro study.
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