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  Purpose: The tumor suppressor gene, p53, has been 
established as an essential component for the sup-
pression of tumor cell growth. In this study, we in-
vestigated the time-course anticancer effects of a-
denoviral p53 (Adp53) infection on human ovarian 
cancer cells to provide insight into the molecular-level 
understanding of the growth suppression mecha-
nisms involved in Adp53-mediated apoptosis and cell 
cycle arrest.
  Materials and Methods: Three human cervical can-
cer cell lines (SiHa, CaSki, HeLa and HT3) were used. 
The effect of Adp53 infection was studied via cell 
count assay, cell cycle analysis, FACS, Western blot 
and macroarray assay.
  Results: Adp53 exerts a significant role in sup-
pressing cervical cancer cell growth. Adp53 also show-
ed growth inhibitory effects in each cell line, and it 
induced apoptosis and cell cycle arrest. Adp53 dif-
ferentially regulated the expression of genes and pro-
teins, and the gene expression profiles in the SiHa
cells revealed that the p21, p53 and mdm2 expres

sions were significantly up-regulated at 24 and 48 hr. 
Western blot shows that the p21 and p53 expression-
levels were significantly increased after Adp53 infec-
tion. In addition, in all cell lines, both the CDK4 and 
PCNA protein expression levels were decreased 48 h 
after Adp53 infection. Cell cycle arrest at the G1 phase 
was induced only in the SiHa and HeLa cells, sug-
gesting that exogenous infection of Adp53 in cancer 
cells was significantly different from the other HPV- 
associated cervical cancer cells.
  Conclusion: Adp53 can inhibit cervical cancer cell 
growth through induction of apoptosis and cell cycle 
arrest, as well as through the regulation of the cell 
cycle-related proteins. The Adp53-mediated apoptosis 
can be employed as an advanced strategy for develo-
ping preferential tumor cell-specific delivery. (Cancer 
Res Treat. 2006;38:168-177)
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INTRODUCTION

  The development and progression of cervical tumors is likely 

to be associated with alterations in apoptosis, cell growth/sup-
pression and disturbances in immune surveillance. The tumor 
suppressor gene, p53, has been established as an essential com-
ponent for the suppression of tumor cell growth, and it appears 
to take part in the regulation of the cell cycle as a transacti-
vator, i.e., it functions as a negative regulator of cell division 
by controlling a set of genes that's required for this process 
(1,2). The development of most cancer frequently originates 
from mutations in the p53 gene (3). p53 mutation is observed 
in more than 50% of cancer cells. Restoration of the wild-type 
(wt) p53 or ectopic p53 expression causes the retardation of 
tumor cell growth in vitro or it causes tumor cells to undergo 
apoptosis (4). In normal cells, external stimulation, and particu-
larly exposure to damage of the cellular DNA, results in in-
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Table 1. Cell lines used and their HPV status, DNA copy number (#), p53 gene status and growth inhibition at day 6 


Growth inhibition
Cell lines HPV status DNA copy # p53 status

at day 6 (%)


SiHa HPV16 1 to 2 wt* 91.6

CaSki HPV16 600 wt 97.4

HeLa HPV18  50 wt 86

HT3 ND†  10 Mutant 74

*wild type, †not detected.

creased levels of p53 expression, which in turn promotes G1 
arrest or apoptosis, and apoptosis is a process that's associated 
with the p21 (5). 
  Human papilloma viruses (HPV) 16 and 18 have been iden-
tified in more than 90% of cervical cancer cases (6). Generally, 
E6 and E7 oncoproteins are consistently expressed after high- 
risk HPV infection, and they appear to be essential for the 
immortalization and transformation of human squamous epi-
thelial cells (7). E6 and E7 proteins form complexes with p53 
and Rb, respectively, and they thereby inhibit the activities of 
these proteins in the cell cycle regulatory systems (8). These 
selective degradations of tumor suppressor proteins are strateg-
ically very important in gene therapy, as the inactivation of 
p53 and Rb is essential for the induction of cervical carcinoma 
(9). It has been firmly established that cervical cancer cell lines 
infected with HPV expressed normal pRB, but they expressed 
wild type p53 only at low-levels. Trials that have been done 
regarding the suppression of cancer cell growth via the restora-
tion of the p53 mutation have shown considerable progress. 
p53-dependent apoptosis has been regarded as a useful strategy 
for the treatment of human cancer (10). Adenoviral vectors 
have been used to transfer a specific gene into cells, and this 
has generated an overwhelming amount of data regarding the 
mechanisms of p53-mediated inhibition (4, 11). However, this 
procedure remains far from ideal in the setting of cervical 
cancer therapy, as the effects of adenoviral vectors may be very 
differently in humans than in animal models. Recently, it is 
becoming increasingly uncertain as to whether wide variations 
exist with regard to the tumorigenic inhibitory effects among 
different cell types (12). In addition, p53 appears to induce 
multiple independently regulated apoptotic pathways, depend-
ing on the existing physiological circumstances and the cell 
types. The precise molecular mechanisms underlying p53-medi-
ated apoptosis remain unclear. 
  Our group has previously reported the differential suppres-
sion of human cervical cancer cell growth by adenovirus deliv-
ery of p53 in vitro, in which the phase of cell cycle arrest 
was dependent on the cell line. Another of our studies demon-
strated that that recombinant adenovirus-p53 gene transfer show-
ed cell line-specific growth suppression of human cervical can-
cer cells both in vitro and in vivo. In this current study, we 
observed the effects of exogenous Adp53 delivery with regard 
to the suppression of the growth of HPV-associated SiHa cells 
at both the RNA and protein expression levels, and we addi-
tionally compared the levels of protein expression of 6 genes 
that are associated with cell cycle control, apoptosis and cell 

cycle arrest after infection with Adp53 in SiHa, CaSki, HeLa 
and HT3 cells.

MATERIALS AND METHODS

    1) Cell lines and culture conditions

  HPV-infected human cervical cancer cell lines, i.e., HPV16- 
positive SiHa cells (1 to 2 copies per cell), HPV 16-positive 
CaSki cells (600 copies per cell as well as the sequences relat-
ed to HPV-18), HPV 18-positive HeLa cells (50 copies per cell), 
and the HPV-negative HT3 cells that were used as a control 
were obtained from the cell line bank of the Seoul National 
University Cancer Research Center (Table 1). These cells were 
routinely propagated in monolayer cultures in DMEM (GIBCO- 
BRL, Paisley, Scotland), that was supplemented with 5% fetal 
bovine serum (FBS), 0.37% sodium bicarbonate, 30 mM HEPES 
and penicillin/streptomycin. The cells were cultured in a 5% 
CO2 incubator at 37oC.

    2) Recombinant adenoviral vector and titration of the 
Adp53 viral stock

  A recombinant adenoviral vector Adp53 that contained the 
human wild-type p53 gene was constructed as previously de-
scribed (13). AdLacZ was generously provided by Dr. Jae-Ho 
Lee of Seoul National University, Seoul, Korea. The viral titers 
were determined in the 293 cells by the plaque assay method. 
Briefly, 293 cells (105 cells/well) were inoculated onto a 12- 
well plate and then cultured for 24 h. When 90% confluency 
was achieved, the cells were infected with the recombinant 
adenovirus. The cell plates were shaken 6 times for 1 h, and 
1 ml of DMEM was added at this time. The cell cytopathic 
effect (CPE) was observed after 12, 24, 26 and 48 hours with 
using a converted microscope.

    3) Western blotting for p53

  The cells grown in the 6 well culture dishes (5×105 cells) 
were transfected with Adp53 at a multiplicity of infection (MOI) 
of 50. The control cells were mock-infected. The transfected 
cells were harvested at 2, 4 and 6 days after infection, and 
then they were lysed. 30 μg of the cell extracts were separated 
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE), and electroblotted to Hybond-C membranes (A-
mersham, Uppsala, Sweden). After the transfer was completed, 
the membranes were stained with Ponceau S (Sigma, Spruce 



170   Cancer Res Treat. 2006;38(3)

St, St. Louis) to verify equal sample loading. The membrane 
was blocked with 5% skimmed milk and it was probed with 
mouse anti-human 53 DO7 (Novocastra, Newcastle, UK), that 
was directed against p53. These primary antibodies were di-
luted at 1 mg/ml and then incubated with the membrane for 
4 h at room temperature. The bound antibodies were detected 
with goat anti-mouse IgG antibody conjugated to horseradish 
peroxidase (Novocastra). After each step, the membrane was 
washed with Tris-buffered saline with 0.1% Tween-20 (TBS- 
T). The protein bands were visualized using an ECL Kit, 
according to the manufacturer's instructions (Amersham).

    4) Viable cell count

  Cervical cancer cells were seeded into a 12-well plate at a 
density of 10

5 cells per well. DMEM supplemented with 5% 
FBS was used as the growth medium. The cells were infected 
with AdLacZ, which used as a negative control, and the culture 
medium alone was used as the positive control. Each sample 
was analyzed in triplicate. We performed cell count assays after 
6 days of infection with Adp53 or AdLacZ. Cell viability was 
confirmed by tryphan blue dye exclusion. From analysis of 
three replicated experiments, the typical measurement devia-
tions were observed to be less than ±3.0 percent for each 
assay.

    5) Cell cycle analysis

  Cervical cancer cells (5×105 cells) were infected with ad-
enovirus expressing p53 or LacZ at a multiplicity of infection 
(MOI) of 50. After 2 days of incubation, the cells were try-
psinized and then washed twice with PBS. The cells were 
stained with annexin V-FITC conjugate for 10 min. The stained 
cells were then analyzed by FACS (Becton Dickinson, San 
Jose, CA). In order to determine the DNA contents, the cell 
debris and fixation artifacts were gated out and the cell pop-
ulations that were at the G0/G1, S and G2/M stages were 
quantified using the CellQuest program. The forward and side 
scatter gates were set to exclude any dead cells from the 
analysis; at least 10,000 events were collected for each sample. 

    6) Membrane chip analysis

  The total cellular RNA was isolated according to the acid- 
guanidinium-thiocyanate-phenol chloroform method with using 
Tri-Reagent (Molecular Research, Inc., Cincinnati, OH). The 
apoptosis pathway GEArray Q Series Human Cell Cycle Gene 
Array was obtained from SuperArray Inc. (SuperArray Inc., 
Frederick, MD). This kit was developed to profile the expres-
sion of 96 genes rhat are involved in cell cycle regulation. Cell 
cycle progression is precisely controlled by cyclin-dependent 
kinases (CDKs) and also the proteins that regulate the CDKs. 
These CDKs and CDK-modifying proteins, including cyclins, 
CDK inhibitors, CDK phosphatases and CDK kinases, are 
featured in the Human Cell Cycle GEArray Q Series. The 
genes that are essential for repairing DNA damage and the 
mitotic spindle checkpoints, as well as the genes in the SCF 
and APC ubiquitin-conjugation complexes, are also represented 
(SuperArray Inc.). Briefly, the total RNA from the respective 
samples was utilized as a template in order to generate cDNA 
probes with using the GEAprimer mix as a reverse transcrip-
tase primer. The cDNA probes, which represent the abundant 

mRNA population, were then denatured and hybridization was 
conducted in GEHybridization solution on two nylon mem-
branes that were spotted with gene-specific cDNA fragments. 
The membranes were then washed twice with 2×SSC and 1% 
SDS each time, and this was followed by another washing with 
0.1×SSC and 0.5% SDS. The membranes were then exposed 
to ChemiDoc (BioRad Laboratories, Hercules, CA). The rela-
tive expression levels of each gene were then determined using 
the GEArray Analyzer program (SuperArray Inc.). For each 
gene, its relative fold change in expression was the ratio of 
the median expression levels of the sample versus that of the 
control. Genes were excluded from the analyses if their expres-
sion was negative or too smeared. Genes that showed differ-
ences in their expression levels of at least 1.5 were selected 
for function analysis. Measurements were taken on two sepa-
rated arrays.

    7) Changes in the cell cycle regulatory proteins induced 
by Adp53

  The protein expression in the SiHa, CaSki, HeLa, and HT3 
cancer cells after infection with the control, Adp53 or AdLacZ 
at 24 and 48 h were measured by western blot analysis. The 
remaining procedures were the same as those explained in the 
materials and methods “western blotting for p53” section, with 
the exception of our measuring the p53 levels, as well as the 
p21, CDK4, E2F-1, E2F-4 and PCNA expression levels.

    8) Statistical analysis

  Statistical analysis was done using ANOVA. Values between 
the different groups were compared. P values of less than 0.05 
were considered significant. All the data shown for the cell 
cycle analysis experiments and the cell growth inhibition ex-
periments are representative of three independent experiments.

RESULTS

    1) Expression of p53 proteins after adenovirus-medi-
ated gene transfer in SiHa cells

  To determine whether the Adp53 vector overexpressed p53 
protein in the SiHa cells, western blot analysis was performed 
after infection with 50 MOI of Adp53 in vitro (Fig. 1A). Our 
results demonstrated that the exogenous p53 protein expression 
levels were high on day 2 (lane 2), decreased on day 4 (lane 
3), and diminished on day 6 (lane 4). There was no p53 ex-
pression in the control cells or in the cells infected with 
AdLacZ (data not shown).

    2) Suppression of cell growth after Adp53 infection in 
SiHa cells

  To evaluate the anticancer effect of the exogenous wild-type 
p53 expression, the degree of cell growth inhibition was also 
assessed by cell count assay over increasing time, and this 
showed significant increases in cell growth inhibition over 
time. Unlike the Adp53-infected group, cells infected with 
AdLacZ exhibited increased cell growth in a manner similar 
to that of the control group. As shown in Fig. 1B, the inhibi-
tion of cell growth as the result of exogenous Adp53 infection 
was ～92% in the SiHa cells on day 6, as compared to the 
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Fig. 2. Gene expression profiles of the SiHa cell at 24 h (B) and 48 h (C) after Adp53 infection. The controls (A) were not infected 
by Adp53. The total RNA was obtained from SiHa cells after Adp 53 infection via the apoptosis pathway GEArray Q Series Human 
Cell Cycle Gene Array. Selected hybridization signals refer to controls or examples of the differentially expressed genes, namely: 1. 
human housekeeping genes (GAPD); 2. human housekeeping genes (ACTB); 3. blank; 4. negative control (PUC18); 5. positive control 
(PPIA); 6. positive control (RPL13A); 7. TP53; 8. ATM; 9. CCNF; 10. MDM2; 11. FOXM1; 12. CCNG2; 13. E2F2 and 14. CCNE1. 
(D) The protein expression on western blot analysis in the SiHa cells after infection with the controls, AdLacZ and Adp53 for 24 and 

48 hr.

Fig. 1. (A) Time course of the p53 protein expression after Adp53 (50 MOI) infection in the SiHa cell line. The blots are shown with 
the number of days after infection being indicated above the lanes; 0 days (lane 1), 2 days (lane 2), 4 days (lane 3) and 6 days (lane 
4). The cells were harvested at the indicated days to prepare the crude cell extracts. Ten μg of proteins were subjected to 10% SDS-PAGE, 
and then they were transferred to a membrane and probed with antibodies recognizing p53. (B) Growth inhibition of the SiHa cells 
following Adp53 infection, as determined by cell count assay. The SiHa cells were inoculated at a density of 105 cells/well in 12-well 
plates in triplicate at 24 h before Adp53 and LacZ infection. After infection, the SiHa cells were cultured for the indicated periods, 
and then the cell lysates were prepared for counting under a microscope. The mean cell counts for triplicate wells were plotted. ◆ 

Control, ■ AdLacZ infected, ▲ Adp53- infected.

control cells or the cells infected with AdLacZ.

    3) p53 controlled the expression levels of several tran-
scripts at 24 and 48 h in the SiHa cells

  We confirmed that exogenous Adp53 infection exerted cell 
growth inhibitory effects in the four cancer cell lines. Next, 
we attempted to determine which molecules that are respon-
sible for the p53 anticancer function changed after exogenous 

Adp53 infection in the SiHa cells. Therefore, we evaluated the 
roles of the molecules that were responsible for p53 function; 
the changes in the levels of transcripts regulated by p53 were 
studied by microarray analysis after the cervical cancer cells 
were transfected with Adp53. The gene expression profiles of 
the SiHa cells at 24 h (B) and 48 h (C) after Adp53 infection, 
as well as that of the control (A), which was not infected by 
Adp53, are shown in Fig. 2. The selected hybridization signals 
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Table 2. Summary of gene expression changes for 24 hr in SiHa cells. 


Accession Gene Fold
Description

no. symbol change


Upregulated genes

NM000051 Ataxia telangiectasia mutated (includes complementation groups A, C and D) ATM 11.90

M14694 Tumor protein p53 (Li-Fraumeni syndrome) TP53 9.57

U17105 Cyclin F CCNF 2.21

M73812 Cyclin E1 CCNE1 2.19 

Z12020 Mouse double minute 2, human homolog of; p53-binding protein MDM2 1.47

L47233 Cyclin-dependent kinase inhibitor 1A (p21, Cip1) CDKN1A 1.32

Downregulated genes 

U74613 Human putative M phase phosphoprotein 2 (MPP2) mRNA FOXM1 0.68

M15400 Retinoblastoma 1 (including osteosarcoma) RB1 0.67

D23662 Neural precursor cell expressed, developmentally down-regulated 8 NEDD8 0.66

NM006739 Minichromosome maintenance deficient (S. cerevisiae) 5 MCM5 0.62

U77949 CDC6 (cell division cycle 6, S. cerevisiae) homolog CDC6 0.59

L49506 Cyclin G2 CCNG2 0.57

U83410 Cullin 2 CUL2 0.53
NM004091 E2F transcription factor 2 E2F2 0.48

NM001160 Apoptotic protease activating factor APAF1 0.37

AB009010 Polyubiquitin UBC 0.22


refer to the controls or they are examples of the differentially 
expressed genes. These are as follows: 1, human housekeeping 
genes (GAPDH); 2, human housekeeping genes (ACTB); 3, 
blank; 4, negative control (PUC18); 5, positive control (PPIA); 
6, positive control (RPL13A); 7, TP53; 8, ATM; 9, CCNF; 10, 
MDM2; 11, FOXM1; 12, CCNG2; 13, E2F2 and 14, CCNE1. 
As expected, AdLacZ infection did not induce p53 expression; 
however, several transcripts were up-regulated or down-regu-
lated after Adp53 infection in the SiHa cells. In particular, the 
expression profiles were more prominent at 48 h than those 
at 24 h. The ATM, CCNF, TP53, CCNE1, CDKNIA and 
MDM2 transcript levels were found to be up-regulated after 
24 h of exogenous Adp53 infection. RB1, NEDD8, MCM5, 
CDC6, CUL2, APAF1 and UBC were found to be only down- 
regulated, and there was an increase in the p53 protein after 
24 h. By way of contrast, CDC25A, CDC20, CCNE2, CCNA2 
and BRCA1 were shown to be only down-regulated with only 
an increase in the p53 protein. The transcripts that were up- 
regulated with an only increase in p53 at 48 h were CDKN1A, 
and GADD45A (Table 2, 3).

    4) p53 controlled the expression levels of several pro-
teins at 24 and 48 h

  In order to determine the expression levels of the proteins 
associated with cell cycle control, western blot analyses were 
performed at 24 and 48 h with various cervical cancer cells, 
including the SiHa cells that were initially transfected by Adp 
53 at a MOI of 50, as shown in Fig. 2D and Fig. 3. p53 pro-
teins were highly expressed after infection, but the p21 protein 
expression increased only slightly. The CDK4 expression level 
was high after 24 h of infection, but then it showed decreased 
expression levels at 48 h. The E2F-1 expression after infection 

increased in the SiHa cells. E2F-4 achieved maximal levels at 
24 h, and it began to decrease at 48 h in the SiHa cells. PCNA 
was also detected, but the level of this protein was determined 
to be unchanged upon Adp53 infection in the SiHa cells.

    5) Exogenous p53 induced both apoptosis and cell cycle 
arrest in the G1 or G2 phase

  To determine the manner in which the cell decides on p53- 
dependent apoptosis or cell cycle arrest, we infected cells with 
Adp53 at a MOI of 50, and we then performed annexin V and/ 
or propidium iodide staining. As shown in Fig. 4, cell cycle arrest 
was analyzed by flow cytometric analysis. When the SiHa, CaSki, 
HeLa, and HT3 cells were infected with Adp53, a significant 
alteration in the cell cycle progression of these cells was detected. 
The percentages of SiHa, HeLa and HT3 cells in the G1 phase 
increased to 79.3%, 72.1% and 63.2%, respectively, indicating 
that the cell cycle was arrested at the G1 phase by Adp53 delivery 
in the three cell lines. The hypodiploid (sub-G1) peak resulting 
from DNA fragmentation, which represents apoptotic cells, was 
undetectable in this assay. However, the CaSki cells exhibited 
different cell cycle arrest patterns with increases in the proportion 
of cells in the S and G2/M phases. In contrast, there was normal 
cell cycle progression in the CaSki control or in the cells infected 
with AdLacZ as compared to the other cell lines. These data sug-
gest that the exogenous p53 expression induced cell cycle arrest 
in the G1 phase in the SiHa, HeLa and HT3 cells, as well as 
cell cycle arrest in the S and G2/M phases in the CaSki cells.
  As shown in Fig. 5, the results indicated that 48 h after in-
fection with Adp53, a large increase occurred in the proportion 
of SiHa cells stained with annexin V, thereby suggesting that 
exogenous p53 overexpression induced apoptosis in the SiHa 
cells. However, p53-induced apoptosis in the CaSki, HeLa and 



Fig. 3. Protein expression in the CaSki, 
HeLa and HT3 cancer cells after 
infection with the control, AdLacZ and 

Adp53 for 24 and 48 hr. 
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Table 3. Summary of gene expression changes for 48 hr in SiHa cells. 


Accession Gene Fold
Description

no. symbol change
Upregulated genes

M14694 Tumor protein p53 (Li-Fraumeni syndrome) TP53 15.08
L49506 Cyclin G2 CCNG2 4.46

L47233 Cyclin-dependent kinase inhibitor 1A (p21, Cip1) CDKN1A 3.17
M60974 DNA-damage-inducible transcript 1 GADD45A 2.89
AF059292 E2F transcription factor 6 E2F6 2.82
M64349 Cyclin D1 (PRAD1: parathyroid adenomatosis 1) CCND1 2.32

NM000051 Ataxia telangiectasia mutated (includes complementation groups A, C and D) ATM 2.32

U40343 Cyclin-dependent kinase inhibitor 2D (p19, inhibits CDK4) CDKN2D 1.94

U17105 Cyclin F CCNF 1.93

U17074 Cyclin-dependent kinase inhibitor 2C (p18, inhibits CDK4) CDKN2C 1.79

L22005 Ubiquitin-conjugating enzyme,cell division cycle 34 CDC34 1.79
U47677 E2F transcription factor 1 E2F1 1.79
M25753 Cyclin B1 CCNB1 1.72

AF077188 Cullin 4A CUL4A 1.72
NM001256 Cell division cycle 27 CDC27 1.71
J04718 Proliferating cell nuclear antigen PCNA 1.67
NM004091 E2F transcription factor 2 E2F2 1.66
X16416 V-abl abelson murine leukemia viral oncogene homolog 1 ABL1 1.65
U74613 Human putative M phase phosphoprotein 2 (MPP2) mRNA FOXM1 1.65
NM001799 Cyclin-dependent kinase 7 (homolog of Xenopus MO15 cdk-activating kinase) CDK7 1.63

NM001826 CDC28 protein kinase 1 CKS1 1.62

AB014595 Cullin 4B CUL4B 1.62

U46838 Minichromosome maintenance deficient (mis5, S. pombe) 6 MCM6 1.61

Z12020 Mouse double minute 2, human homolog of; p53-binding protein MDM2 1.61

D28480 Minichromosome maintenance deficient (S. cerevisiae) 7 MCM7 1.50

Downregulated genes
NM001789 Cell division cycle 25A CDC25A 0.67
NM001255 p55cdc CDC20 0.66

M73812 Cyclin E1 CCNE1 0.63

NM004702 Cyclin E2 CCNE2 0.59

X51688 Cyclin A CCNA2 0.42

U68041 Breast cancer 1, early onse BRCA1 0.03
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Fig. 4. Cell cycle arrest in the G0/G1, S and G2/M phase by the control, AdLacZ and Adp53 in SiHa, CaSki, HeLa and HT3 cells. 
The cells (105 cells/well) were cultured in a 12-well plate overnight in triplicate, and then the control cells (■), LacZ ( ) and infected 
with Adp53 (□) were cultured at 50 MOI for 2 days. The cell cycle distribution was determined by propidium iodide staining. The 

mean value of three experiments±standard deviation is shown.

HT3 cell lines increased slightly as compared to that in the
control.

DISCUSSION

  Our group has previously reported the differential suppres-
sion of human cervical cancer cell growth by adenovirus deliv-
ery of p53 in vitro and that the phase of cell cycle arrest was 
dependent on the cell line. In particular, the cell cycle was ar-
rested in the G2/M phase in CaSki cells; in contrast, the cell 
cycle was arrested in the G1 phase in the SiHa and HeLa cells 
(14). Another of our studies showed that recombinant adenovi-
rus-p53 gene transfer induced cell line-specific growth suppres-
sion on human cervical cancer cells in vitro and in vivo (15). 
However, there have been no studies of the genes associated 
with regulation of the cell cycle in the HPV-associated cervical 
cancer cells by performing microarray and then making direct 
comparison among different cell lines. Therefore, in this study, 
we observed the effects of exogenous Adp53 delivery at both 
the RNA and protein levels with regard to the suppression of 
the growth of SiHa cells.
  The study initially showed that the expression of p53 protein 
in the SiHa cells after infection with adenovirus p53 was highly 
maintained till day 2 and it was decreased at day 4, and then 

it diminished at day 6 (Fig. 1A). p53 transcripts were expressed 
for 4 days with no cleaved fragments of p53 in the SiHa cells 
in vitro. The expression levels of p53 proteins in the SiHa cells 
were similar than those in the HeLa cells with same MOI 
infection. The HPV-negative control cell line, i.e., the HT3 cells, 
showed continuously elevated p53 levels till day 6; this 
suggested that the gene was potentially mutated in this cell line 
because the mutated forms of p53 often have an extended 
half-life and they are found at higher steady state levels (16).
  In order to provide some insights into the some of the mo-
lecular mechanisms involved in p53-dependent cell growth sup-
pression, microarray analysis was performed after exogenous 
Adp53 infection into the SiHa cells. Many of the genes that are 
down-regulated by Adp53 are genes that encode for proteins 
involved in various cell cycle-check points, as well as repair of 
DNA damage. Changes in the RNA levels of the cell cycle 
regulators, as well as the CDKs, following Adp53 infection 
revealed that the p53, p21 and mdm2 genes were continuously 
up-regulated at 24 and 48 h. There were no genes that were 
continually down-regulated at 24 and 48 h after treatment. These 
results allowed the simultaneous, quantitative measurement of 
the expression of many genes induced by Adp53 delivery.
  In addition to our microarray data, we also determined the 
p53, p21, CDK4, E2F, and PCNA protein levels after Adp53 
treatment. We performed western blot analyses of the SiHa cell 
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Fig. 5. Effects of Adp53 on apopto-
sis. The SiHa, CaSki, HeLa and HT3 
cells (105 cells/well) were cultured in 
12-well plates overnight in triplicate, 
and then the control cells or the 
cells infected with adp53 or LacZ 
were cultured at 50 MOI for 2 days. 
For the apoptosis analysis, the cells 
were stained with annexin V. The 
stained cells were analyzed via FACS. 
The thin line represents the negative 
control, the dotted line represents 
AdLacZ and the thick line represents 

Adp53.

line, and the results from these analyses were compared to 
those from the CaSki and HeLa cells. It demonstrated that the 
p53 and p21 levels were significantly increased after Adp53 
infection, and the expression patterns of the p53 and p21 pro-
teins in the CaSki and HeLa cells were similar to that of the 
SiHa cells. Therefore, Adp53 gene transfer has an antitumor 
effect on HPV-associated cervical cancer. 
  pRB that's hypophosphorylated by CDK4 has been deter-
mined to bind and inhibit the activity of the transcription fac-
tors belonging to the E2F family, and this appeared to be pri-
marily responsible for subsequent growth arrest (17). In our 
study, the CDK4 levels were reduced in the control and cancer 
cells 48 h after Adp53 infection, and this was also consistent 
with the previous report (17). We observed that CDK4 protein 
in the SiHa cells was increased at 24 h of infection; then it 
decreased at 48 h of infection, the same as the expression pat-
tern exhibited in the CaSki and HT3 cells. CDK4 is activated 
early in G1 and it blocks active repression by Rb through ph-
osphorylation of the C-terminal region of Rb. Thus, CDK4 is 
not important for the p53-dependent apoptosis in cervical can-
cer cells.
  On the other hand, Adp53 downregulated Rb at the gene 
level for 24 hr. Rb has been reported to be able to control 
the G1/S transition and it functions as a transcription suppres-
sor. The Rb protein can bind normally to the transcription fac-
tors of the E2F family until it is phosphorylated by the CDK4/ 
cyclin D complex at the restriction point in the late G1 phase. 

Phosphorylated pRb is unable to interact with E2F; therefore, 
the non-sequestered transcription factor can permit the G1/S 
transition. As a Adp53-dependent pathway, it seems that there 
is no connection between Adp53 and Rb. In this study, the 
Rb expression level was lowered upon Adp53 treatment. 
  The transcription factor E2F plays a critical role in the tran-
sition from G1 to S. The ectopic expression of E2F-1, which 
was the first member of the E2F family to be identified, is 
sufficient to cause quiescent cells to enter the S phase. The 
E2F-pRb protein complex might be involved in the inhibition 
of cell cycle progression. The integration of E2F-1 signaling 
and the activation of the Atm/Chk2/p53 pathway also provide 
possible mechanisms for the proposed involvement of E2F-1 
in the apoptosis induced by DNA damage (18). In this study, 
the E2F-1 levels were clearly increased in the CaSki cells at 
48 h of infection, and the SiHa and HeLa cells both exhibited 
only minor induction. The E2F-4 protein expression pattern in 
the CaSki and HeLa cells was quite similar to that of the SiHa 
cells, whereas the HT3 cell lines exhibited an unchanged ex-
pression. The E2F-1 protein was up-regulated in the absence 
of p53 accumulation in the SiHa cells, (see Fig. 2D and Fig. 
3) and so this warrants further study (19, 20). Proliferating cell 
nuclear antigen (PCNA) is a 36-kDa, acidic, non-histone, nu-
clear protein, and its expression is associated with the late G1 
and S phases of the cell cycle. PCNA can be used as an im-
munohistochemical marker for proliferating cells (21). The 
PCNA levels have been determined to be correlated with the 
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proliferative activity and the prognosis of patients with head 
and neck tumors. In this study, the PCNA gene was expressed 
in the SiHa cells, but the levels of PCNA proteins were sig-
nificantly downregulated in the CaSki, HeLa and HT3 cells 
after Adp53 infection. Thus, PCNA is important for Adp53- 
dependent apoptosis in cervical cancer cells. Taken together, 
the western blot analysis of p53 protein that acts against the 
cell cycle regulatory genes demonstrated that exogenous infec-
tion of Adp53 in cancer cells was significantly different from 
the other HPV-associated cervical cancer cells.
  We then compared the relationship of apoptosis and cell cy-
cle arrest in the SiHa, CaSki, and HeLa cells after infection 
with Adp53. A significant level of programmed cell death was 
exhibited by the SiHa cells, as compared to the CaSki and 
HeLa cells, and this was determined by annexin V staining 
(Fig. 5). In the HPV 16-infected cells and the HPV 18-infected 
cells, exogenous p53 overexpression may induce E6 exhaustion 
and subsequently promote cell growth inhibition. It has been 
reported that the anticancer effects take place via exogenous 
p53-mediated apoptosis, as the higher cellular p53 levels direct 
the cell through a pathway that leads to apoptosis; otherwise, 
cells progress through a pathway that results in growth arrest 
at lower levels of p53 expression (22). In addition, it was pro-
posed that the genetics of the cell determine whether the cell 
enters growth arrest and apoptosis (5). The exogenous p53 ex-
pression is directly related to the inhibition of NF-κB activity, 
which is in turn associated with the prevention of apoptosis 
(23). Apoptotic protease activating factor-1 (APAF-1) plays an 
important role in p53-mediated apoptosis as a p53 downstream 
effector, as was confirmed by cDNA microarray (24). 
  To successfully treat cervical cancer that originates from a 
high-risk HPV infection, it is important to understand the speci-
fic molecular-level mechanisms of growth suppression that are 
associated with adenoviral delivery of p53. The results of our 
study will serve as a foundation for conducting further research 
on this subject. 

CONCLUSIONS

  We observed that the adenovirus delivery of the wild-type p53 
gene exerted a significant effect on the suppression of cervical 
cancer cell growth via apoptosis or cell cycle arrest. The mech-
anism by which p53 inhibited the SiHa, HeLa and HT3 cancer 
cell growth appears to be related to the arrest of the cell in the 
G1 phase of the cell cycle. The continual expression of p21 
suggests that p53 might act in the same way in the HPV-infected 
cervical cancer cell lines, and so this facilitates apoptosis in the 
SiHa, HeLa and HT3 cells after Adp53 infection. The expression 
levels of the p53-target genes exhibited significant differences 
with regard to the cell cycle machinery and control mechanisms. 
The gene expression profiles that are involved in apoptosis should 
be further studied by microarray analysis with using a variety of 
cell lines. These data support the notion that gaining understand-
ing of p53-dependent apoptosis and cell growth arrest could be 
applicable to creating advanced strategies for preferential tumor 
cell-specific gene delivery.
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