
pronounced in p53-negative than in p53-positive cells. 
Apoptosis rates in p53-negative cell lines treated by 
genotoxic drugs were further enhanced by a treatment 
with H-1 PV. In flow cytometric analyses, H-1 PV 
infection resulted in a reduction of the mitochondrial 
transmembrane potential. In addition, H-1 PV cells 
showed a significant increase in PML expression. 
Knocking down PML expression resulted in a striking 
reduction of the level of H-1 PV infected tumor cell 
death.
CONCLUSION: H-1 PV is a su i tab le agent to 
circumvent the resistance of p53-negative HCC cells 
to genotoxic agents, and it enhances the apoptotic 
process which is dependent on functional PML. Thus, 
H-1 PV and its oncolytic vector derivatives may be 
considered as therapeutic options for HCC, particularly 
for p53-negative tumors.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Abrogation of  function of  tumor suppressors such as 
p53 or the promyelocytic leukemia protein (PML) are 
common events in human tumors and lead to more ag-
gressive cancer phenotypes[1,2]. At early stages during the 
process of  carcinogenesis, activated oncogenes sensitize 
primary cells towards the p53-dependent stress response, 
in which the nuclear phosphoprotein p53 serves as a ge-
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Abstract
AIM: To evaluate the synergistic targeting and killing 
of human hepatocellular carcinoma (HCC) cells lacking 
p53 by the oncolytic autonomous parvovirus (PV) H-1 
and chemotherapeutic agents and its dependence on 
functional promyelocytic leukemia protein (PML).
METHODS: The role of p53 and PML in regulating cy-
totoxicity and gene transfer mediated by wild-type (wt) 
PV H-1 were explored in two pairs of isogenic human 
hepatoma cell lines with different p53 status. Further-
more, H-1 PV infection was combined with cytostatic 
drug treatment.
RESULTS: While the HCC cells with different p53 
status studied were all susceptible to H-1 PV-induced 
apoptosis, the cytotoxicity of H-1 PV was more 
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nomic stabilizer, inhibitor of  cell cycle progression and 
angiogenesis, and facilitator of  apoptosis[3-5]. In order to 
overcome this endogenous defense mechanism, cancer 
cell variants are strongly selected for p53 mutations, with 
p53 gene alterations identified in approximately half  of  
all human tumors[6-8]. Thus, loss of  p53 function usually 
results in a more aggressive cancer phenotype and worse 
clinical outcome. Studies using in vitro cell cultures and  
in vivo animal models demonstrated that the deficiency of  
p53 correlates with enhanced tumorigenesis, tumor-in-
duced angiogenesis, and an increased resistance towards 
intracellular stresses which is mainly due to abrogation 
of  an effective apoptotic response to chemotherapy or 

radiation[9].
The tumor suppressor PML is predominantly local-

ized in distinct nuclear domains that are termed PML-
nuclear bodies (PML-NBs), and consist of  multiprotein 
complexes implicated in apoptosis regulation, cellular 
senescence, and antiviral response[10,11]. PML expression 
results in potent growth-suppressive[12] and apoptosis-
inducing effects[13,14], and PML-deficient mice and cells 
exhibit defects in multiple apoptosis pathways[15]. One 
major goal of  therapeutic oncology is to identify ways 
to kill the tumor cells that became resistant to conven-
tional treatments due to their lack of  functional p53 or 
PML[16]. The rapid expansion of  the field of  gene trans-
fer technologies led to the development of  retroviral or 
adenoviral p53 expression vectors and their use to re-
store sensitivity to genotoxic agents or to directly induce 
apoptosis in preclinical tumor models[17-20].

Promising new approaches to tumor-directed therapy 
include oncolytic parvoviruses (PVs), which are of  par-
ticular interest, since they are endowed with oncolytic 
properties and also increase the host immune response 
by priming effector immune cells against the tumors[21-24]. 
The autonomous PV of  the rat (H-1 PV) and its close 
relatives, such as the minute virus of  mice (MVM) and in 
addition the most commonly used herpes simplex virus 
and adenovirus are emerging as promising candidates 
because of  a number of  their properties[25].

Notably, these viruses preferentially replicate 
in and kill transformed and tumor-derived cells in 
culture[21,22,26,27]. In addition, recombinant PVs have 
recently been produced with the aim to increase the 
anti-tumor effect of  the natural viruses[28]. In particular, 
PVs may be suitable to target and kill tumor cells and 
simultaneously deliver appropriate transgenes, e.g. genes 
coding for immuno-stimulatory factors[25]. As H-1 PV 
is seldom pathogenic to its natural adult hosts[29] and 
infects humans without any apparent consequences[21,28], 

the prospects for the clinical use of  PVs are intriguing. 
In vivo, these viruses may combat tumor development or 
repress established tumors, what makes them promising 
tools in cancer therapy[25].

The factors controlling the sensitivity of  target (in 
particular human) cells to PV-induced killing are still 
largely unknown. Cells transformed with oncogenes 
display both an enhanced capacity for accumulating the 
viral cyotoxic nonstructural (NS) protein[22] and a greater 
intrinsic responsiveness to NS1-mediated killing[30]. On 

the other hand, our previous investigation of  the cy-
totoxicity of  H-1 PV in hepatoma cell cultures failed 
to go into a requirement for functional p53. So far, the 
inactivation of  p53 was only found in human leukemia 
cells and transformed rat fibroblasts and correlates with 
a greater susceptibility to H-1 PV-induced cell killing[31].

Thus, in order to better understand the role of  the 
cell genetic background and effector pathways in the H-1 
PV-induced cytotoxicity, we compared two isogenic pairs 
of  p53-positive versus negative human tumor cell lines of  
hepatocellular carcinoma (HCC) origin. This system al-
lowed us to assess the impact of  p53 on the susceptibility 
of  host cells to both H-1 PV gene expression and killing 
activity, and H-1 PV vector-reduced reporter gene trans-
duction. To further understand the molecular mechanism 
underlying H-1 PV-induced cell killing, another tumor 
suppressor, the PML, was investigated for its influence on 
H-1 PV infection. We used RNA interference to knock 
down PML expression in the described cellular systems, 
and determined the consequences for the outcome of  
H-1 PV infection with regard to the host cell p53 status.

The present study shows that H-1 PV triggers an 
apoptotic type of  death in human HCC cells, and that 
p53 is dispensable for this process. In contrast, PML, 
which is induced by H-1 PV infection, helps PV killing 
carcinoma cells, irrespective of  their p53 status. Given 
the known dependence of  apoptosis induction by radio-
chemotherapeutic agents on the target cell p53 status[32], 
PVs appear to be suitable adjuvants to eliminate tumor 
cell populations resistant against these agents by means 
of  combined treatments.

MATERIALS AND METHODS
Tumor cells
The Hep3B cells were derived from a HCC[33] and 
HepG2 cells from a human hepatoblastoma[32]. HepG2 
cells were propagated in Dulbecco’s modified Eagle me-
dium (DMEM; Life Technologies GmbH, Karlsruhe, 
Germany), and Hep3B in Eagle minimal essential me-
dium (Eurobio GmbH, Raunheim, Germany). Both me-
dia were supplemented with 10% fetal calf  serum (FCS), 
5 mol/L glutamine, 100 μg/mL penicillin, and 5 mol/L 
Hepes[21]. The Hep3B4P line is a Hep3B derivate stably 
transfected with tamoxifen-regulated wt p53-estrogen 
receptor chimera (p53-mERtm-pBabepuro)[34]. p53-
mERtm-pBpuro contains the BamHI fragment of  hu-
man cDNA p53 cloned in frame with and N-terminally 
to a modified estrogen receptor containing a gly to arg 
mutation at residue 525[35]. This mutation renders the 
hormone binding domain insensitive to estradiol but 
responsive to the synthetic estrogen 4-OH-tamoxifen[35]. 
To induce p53 in the experiments, tamoxifen was added 
at a concentration of  750 nmol/L 1 d before H-1 PV 
infection.

HepG2 303 is a HepG2 derivative stably transfected 
with a dominant-negative p53 mutant (dn-p53) kindly 
provided by A. Levine (ΔV143A) as described by Schuler 
et al[36]. Since the dn-p53 transfection plasmid contained 
the puromycin resistance gene, HepG2 303 cells were 
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selected with puromycin (0.5 μg/mL) for 4 wk (4 con-
secutive days each week).

Virus infection
For infection, H-1 PV was produced in NB-E cells and 
purified over cesium chloride gradients as described 
earlier. Wild-type (wt) H-1 PV titration by plaque assays 
was performed according to published methods[26]. The 
multiplicity of  infection (MOI) is given by the number 
of  plaque-forming units (pfu) inoculated per cell. For ex-
perimental infections, exponentially growing cell cultures 
were incubated for 1 h with H-1 PV at indicated MOIs. 
Cells were cultured for up to 8 d post infection (p.i.).

Cell treatments
For combined treatment with H-1 PV and chemothera-
peutics, cells were first infected with H-1 PV (MOI = 20 
pfu/cell) in complete medium. One hour after infection, 
the chemotherapeutic agents Irinotecan (100 μg/mL), 
5-Fluorouracil (5-FU) (5 μg/mL), or Cisplatin (0.25 μg/
mL) were added, and cells were further incubated for 3 d 
at 37℃. Apoptosis rates were then quantitatively deter-
mined by FACS. Herein, the treated cells were harvested 
via trypisinization, washed with PBS, stained with pro-
pidium iodide and annexin V, and apoptosis levels were 
assessed, using the FACScan flow cytometry with Cel-
lQuest software (Becton Dickinson, San Jose, CA). An-
ticancer agents were purchased from Pfizer (Irinotecan), 
Hexal AG (5-FU), and Gry Pharma GmbH (Cisplatin).

Analysis of virus protein expression 
Cultures were infected with H-1 PV at a MOI of   
20 pfu/cell. After washing with PBS, cells were lysed 
in RIPA buffer (10 mol/L Tris-HCl, 150 mol/L NaCl,  
1 mol/L EDTA, 1% Nonidet P-40, 0.5% sodium de-
oxycholate, 5% SDS) containing protease inhibitors. 
Protein concentrations were determined using the Bio-
Rad protein assay (Bio-Rad, Munich, Germany). Total 
proteins (50 μg) were diluted into an equal volume, sub-
jected to SDS-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred onto a nitrocellulose membrane 
(Amersham Pharmacia Biotech, Freiburg, Germany). 
Non-specific binding sites were blocked by incubating 
the membrane for 2 h in PBS containing 10% low-fat 
milk powder and 0.2% Tween-20 (Sigma, Deisenhofen, 
Germany). The blot was further incubated with the rab-
bit polyclonal antibody SP8 directed against carboxy-
terminal peptides of  NS1[37], then with an anti-rabbit 
peroxidase-conjugated antibody, and processed for en-
hanced chemoluminescence detection (Amersham Phar-
macia Biotech, Freiburg, Germany).

Characterisation of the p53 and PML status of human 
tumor cells
Cultures grown for 48 h were processed for Western 
blotting as described above for viral proteins, p53 was 
detected using the monoclonal DO-7 antibody[38]. Actin 
was used as an internal loading control.

RNA interference
To knock down PML expression by RNA interference, 
the targeting oligonucleotide 5’-GAGCtCAAG TGC-
GACATCA-3’ (PML sense) was inserted into the pSU-
PER vector. This target region is present in all PML iso-
forms and was verified by BLAST searches to confirm 
specificity. For control experiments, empty pSUPER 
vectors were used. 

Measurement of PV-induced cell lysis
Hep3B and HepG2 cells were infected with H-1 PV at a 
MOI of  20 pfu/cell and further grown for 1 to 3 d. Cell 
permeabilization was then measured by using a standard 
toxicity assay (Toxilight, Cambrex Bio Science, Rockland 
Inc., USA) assessing the concentration of  cellular ad-
enylate kinase (AK) in culture supernatants according to 
the manufacturer’s recommendations[39].

FACScan analysis of apoptosis
For quantification of  the percentage of  apoptotic cells in 
H-1 PV-infected cultures (MOI = 20 pfu/cell), adherent 
cells were dissociated with 0.25% trypsin and collected, 
together with cells floating in the medium, by centrifu-
gation at 800 g. Cells were washed twice with PBS and 
stained with propidium iodide and annexin V (Becton 
Dickinson, Heidelberg, Germany). Fluorescence was 
measured with a minimum of  10 000 events per sample 
in a FACScan according to the manufacturer’s instruc-
tions (Becton Dickinson). Data analysis was performed 
using the software Cell Quest (Becton Dickinson)[21].

Analysis of mitochondrial membrane potential
To measure the mitochondrial transmembrane potential, the 
cationic lipophilic fluorochrome JC-1 (5, 5, 6, 6-tetrachlo-
ro-1, 1, 3, 3-tetraethylbenzimidazolyl-carbocyanine iodide) 
(Molecular Probes, Inc., Eugene, OR) was used. JC-1 exists 
as a monomer in solution, emitting green fluorescence. In a 
reaction driven by the mitochondrial transmembrane poten-
tial, JC-1 can adopt a dimeric configuration and emit red flu-
orescence[40,41]. Mock- or H-1 PV-infected cultures (5 × 104 

cells/mL) were incubated with JC-1 (5 μg/mL) for 20 min 
at room temperature in the dark, washed once in PBS and 
immediately analyzed by flow cytometry (FACScan, Becton 
Dickinson, Heidelberg, Germany) using Cellquest software. 
The red fluorescence of  JC-1 indicates intact mitochondria, 
whereas green fluorescence shows monomeric JC-1 that 
remained unprocessed due to breakdown of  the mitochon-
drial membrane potential[42]. After gating out small sized 
(i.e., non-cellular) debris, 10 000 events were collected for 
each analysis. The emitted green fluorescence signals were 
used as a measure for the loss of  mitochondrial membrane  
potential[43].

Statistical analysis
Protein and (real time) gene expression values were ana-
lyzed for differences, using the one-sided Student's t-test. 
A P-value lower than 0.05 was considered as statistically 
significant.
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RESULTS
Characterization of the p53 status in the hepatoma cell 
line  pairs
In order to validate the system chosen to analyze the role 
of  p53 and its effector pathways in H-1 PV-induced cel-
lular cytotoxicity, we first confirmed the differential ac-
tivity and expression of  p53 in the two pairs of  isogenic 
p53-positive and p53-negative HCC cell lines. The cell 
line HepG2 expresses functional wt p53 while Hep3B is 
a p53-null (p53-/-) cell line[44]. Hep3B4P cells transfected 
with a tamoxifen-regulated p53-estrogen receptor chi-
mera[34] were cultured with different concentrations of  
4-OH-tamoxifen to induce p53. Upon transfection of  a 
p53-transactivated luciferase construct (pConluc/pgu-
pluc), 4-OH-tamoxifen induced dose-dependent the 
p53 activity, up to 25 times at 750 nmol/L of  4-OH-
tamoxifen (data not shown). At this concentration, the 
induction of  p53 expression was determined to have no 
detectable effects on the growth of  non-infected cells in 
accordance to previous reports[38,45]. The cell lines stud-
ied differ in expression of  p53 as expected (Figure 1A). 
HepG2 and HepG2 303 show p53 bands in both cases, 
because HepG2 303 is a HepG2 derivative stably trans-
fected with a dominant-negative p53 mutant (dn-p53).

Production of parvoviral non-structural proteins in 
virus-infected p53 different tumor cells
In order to assess the effect of  p53 on H-1 PV 
replication, expression of  the replicative cytotoxic NS1 
protein was analyzed in infected tumor cell line pairs. 
As illustrated in Figure 1B, all cultures were proficient in 
NS1 accumulation within a few days p.i., as detected by 
Western blot analysis. It was noteworthy; however the 
p53 expression somehow impaired the capacity for NS1 
production, as apparent from the delayed appearance 
(HepG2 system) or reduced steady-state level (Hep3B4P 
system) of  NS1 in the p53-positive cells. As previously 
reported[21], NS1 expression levels were in accordance 
with the respective amounts of  viral DNA intermediates 
as well as luciferase activities of  parvoviral vectors.

H-1 PV toxicity for human tumor cell pairs differing in 
their p53 status
We previously observed that a p53-negative hepatoma 
cell line was lightly susceptible to H-1 PV-induced cy-
totoxicity[21]. This prompted us to compare the p53-
deficient cells with their p53-positive counterparts in 
terms of  their relative sensitivities to H-1 PV-induced 
killing. The levels of  cytotoxicity in H-1 PV-inoculated 
Hep3B4P and HepG2 cultures were first monitored by 
measuring cell permeabilization through the release of  
adenylate kinase (AK) in the medium for up to 3 d p.i. 
(Figure 2A). Compared to their mock-treated controls, 
increased cell death was observed for all hepatoma cell 
cultures.

In keeping with their above-mentioned greater ef-
ficiency in cytotoxic NS1 production, the p53-negative 
cell cultures moved to be significantly more sensitive to 
the toxic effect of  H-1 PV than their p53-positive de-

rivative. Indeed, supernatants from HepG2 303 cultures 
contained about twice the amounts of  AK than those 
from the HepG2 parent after H-1 PV infection. Like-
wise, tamoxifen induction of  p53 in the Hep3B4P cells 
correlated with an increase in their resistance to H-1 PV 
cytotoxicity.

This difference was comfirmed by FACS analysis 
quantifying the expression of  annexin V, a known mark-
er of  apoptosis[30] (Figure 2B). In agreement with the 
above viability assay, H-1 PV infection induced annexin 
V in all hepatoma cells tested, yet to a higher level in 
p53-negative compared to p53-positive lines. Thus, p53 
status correleated with sensitivity of  hepatoma cells to 
the induction of  H-1 PV-mediated apoptosis.

H-1 PV infection enhances depolarization of the inner 
mitochondrial membrane
The depolarization of  the inner mitochondrial mem-
brane has been associated with apoptosis in tumor cells 
exposed to different cytostatic agents or viruses[46]. This 
prompted us to investigate the effect of  H-1 PV infection 
on this parameter in hepatoma cells. To this end, the pro-
files of  JC-1 fluorescence were compared between mock- 
and H-1 PV-infected Hep3B4P cells. As illustrated in 
Figure 3, H-1 PV infection correlated with a striking in-
crease in the fraction of  hepatoma cells displaying depo-
larized mitochondrial membranes. In keeping with above 
data, this change occurred as soon as 1 d p.i. (Figure 3A) 
in p53-negative (Hep3B4P) in contrast to positive (Hep-
3B4P + Tf) cells. The p53-positve cells show an increase 

         HepG2 303			     HepG2

p53

          Hep3B4P		               Hep3B4P + Tf

p53

NS1

NS1

NS1

NS1

HepG2

HepG2 303

Hep3B4P

Hep3B4P + Tf

           1		      2	              3    time (d) p.i.

Figure 1  A: Characterisation of the p53 status and analysis of parvoviral 
proteins in different human tumor cells by Western blot. Cells were cultured for 
2 d and lysed with RIPA buffer, and 50 µg of total protein was subjected to SDS-
PAGE. For p53 protein detection, blots were incubated with the monoclonal 
DO-7 antibody; B: Production of parvoviral proteins in H-1 PV-infected p53 
different tumor cells. Hep3B4P and HepG2 cells were H-1 PV-infected (MOI = 
20 pfu/cell) and grown for 1 to 3 d. After lysis with RIPA buffer, 50 µg of total 
proteins were equally diluted and separated on SDS-PAGE. For parvoviral 
protein detection, blots were incubated with the NS1-specific antibody[37].
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of  the depolarization of  membran potential not before 2 
d p.i. (Figure 3B).

Interplay of the tumor suppressor PML and H-1 PV 
infection
With the intention to identify factors influencing the 
sensitivity of  hepatoma cells for H-1 PV, we determined 
whether the expression of  the tumor suppressor 
protein PML was affected by H-1 PV-inoculation, and 
conversely, whether it had an impact on the outcome 
of  infection. As shown in Figure 4, H-1 PV infection 
caused a strong increase in PML expression both on 
the protein (Figure 4A) and on the RNA (Figure 4B) 
level. To assess a possible role of  PML in the control 
of  H-1 PV-induced apoptosis in hepatoma cells, PML 
expression was reduced by RNA interference through 
expression of  a short hairpin (sh) RNA (pSUPER-
PML) which specifically targets PML. In contrast to the 
control pSUPER vector, the shPML construct strongly 
inhibited expression of  endogenous PML in transfected 
HepG2 cells, irrespective of  their p53 status (Figure 4B). 
Interestingly, knocking down of  PML expression 
was found to correlate with a marked reduction of  
the efficiency of  H-1 PV in inducing apoptosis in 
both HepG2 cells and their p53-negative HepG2 303 
derivatives (Figure 4C). This result reveals PML to 
be centrally involved in regulation of  apoptosis of  
hepatoma cells upon H-1 PV infection.

Treatment with chemotherapeutic agents combined with 
H-1 PV infection
The genetic drift of  cancer cells leads to the appearance 
of  variants resisting conventional genotoxic anticancer 
treatments. This prompted us to test whether hepatoma 
cells escaping chemotherapy may still be killed by H-1 
PV, i.e. whether the combination of  chemotherapeutics 
with H-1 PV meant an advantage. In a first step, this 
possibility was explored in vitro by determining whether 
H-1 PV infection enhanced the fraction of  apoptotic 
hepatoma cells in cultures treated with cisplatin (Cis), 
irinotecan (Iri), or 5-FU. As illustrated in Figure 5B, in 
p53-deficient HepG2 303 cultures, H-1 PV was found 
to cooperate with all three agents in enhancing the 
overall fraction of  treated cells undergoing apoptosis. 
Interestingly, the beneficial effect of  the combined 
treatment or either of  its individual components was 
not (cisplatin, irinotecan) or hardly (5-FU) significant 
in the p53-positive parental line HepG2 (Figure 5A). 
Therefore, p53 appeared to impair the cooperation 
of  H-1 PV with genotoxic agents, possibly due to the 
fact that the chemotherapeutic agents enhanced the 
above-mentioned negative impact of  p53 on the par-
voviral life cycle. It is noteworthy that the p53-deficient 
HepG2 303 cells were less (irinotecan, 5-FU) or even 
more (cisplatin) sensitive to the chemotherapeutic 
tested, compared with the p53-positive HepG2 parent 
(Figure 5). This was surprising, given the usually lower 
susceptibility of  p53-negative cells to the induction 
of  apoptosis by genotoxic agents, but is not without 
precedent as p53 can be functionally replaced by re-
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lated products in drug-induced killing of  some tumor 
cells[47].

DISCUSSION
The development of  gene transfer techniques for tu-

mor suppressor protein negative cancers is a rapidly 
expanding field: For HCC, different viruses have been 
assessed to specifically target p53-negative tumors or 
to transfer the wt p53 gene to reconstitute apoptotic 
pathways in tumor cells[17-20,44,48-51]. However, several of  
the viral delivery systems are limited by their immuno-
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Figure 3  Analysis of mitochondrial membrane potential. Kinetics of reduction of the mitochondrial membrane potential. Hepatoma cells were left untreated (control) or 
infected (H-1 PV) for the indicated periods of time and analyzed by flow cytometry using the fluorochrome JC-1. The percentage of cells with decreased mitochondrial 
membrane potential is shown. After one (A) and two (B) days incubation, the percentage of cells with decreased mitochondrial membrane potential were determined 
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and subjected to cytotoxicity assay. Apoptosis was determined as described in Material and Methods (C).
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genic or pathogenic side effects[52,53]. We have shown 
in this paper that oncolytic PV H-1 may be effective 
in the treatment of  HCC. Even more, these oncolytic 
viruses directly targeting p53-negative carcinomas may 
be attractive alternative vectors as well as ideal tools for 
combination with classical chemotherapeutic agents. As 
the rat PV H-1 is seldom pathogenic to its natural adult 
hosts and infects humans without any apparent clinical 
consequences[28,29], we considered the PV H-1 for tu-
mor cell-targeted therapy, in particular in p53-negative 
tumors. In addition, immune reaction to PVs, such as 
AAV or H-1 PV might not induce any severe side ef-
fects[21-24].

Thus, we first characterized the susceptibility to H-1 
PV infection and cell killing of  pairs of  human tumor 
cells which differ in their wt p53 levels. In concordance 
with earlier data[21], H-1 PV-induced killing of  tested 
tumor cells was dependent on MOI and correlated with 
NS1 expression levels. Similarly, amenability to gene 
transfer after recombinant PV infection was higher in 
p53 lacking cells[21]. Despite both isogenic HepG2 cells 
were susceptible to H-1 PV-induced apoptosis, cell death 
was more pronounced in HepG2 303. As well in other 
human and rodent cell systems studied so far, suscep-
tibility to H-1 PV-induced cell killing correlated with 
the capacity of  the host cells to sustain both, parvoviral 
DNA amplification and NS1 protein expression[20,28,54-56]. 
With this regard, earlier data revealed cellular processes 
underlying the PV-induced tumor cell killing. Further 
on p53 displayed a key role in the G1/S checkpoint in 
response to DNA damage[57] as a regulator of  cell cycle 

progression and a mediator of  apoptosis in many cell 
lines[58]. Thus, p53 could prevent cell progression to 
S-Phase. According to this some S-phase factors such as 
p53 have been involved in the regulation of  PV DNA 
replication[31,35]. Indeed, the rare H-1 PV-resistant vari-
ant clones named KS cells, isolated from the H-1 PV-
susceptible human p53-negative erythroleukemic cell line 
K562, differed from the parental wt p53-positive cells by 
a reduced oncogenic potential in immunocompromized 
mice. Similarly, rat fibroblasts overexpressing mutant p53 
protein were more sensitive to H-1 PV infection than 
parental cells[31].

Our data further demonstrate that H-1 PV induces 
significantly expression of  PML on the RNA and pro-
tein level and, thus, increases the susceptibility to cell 
death in H-1 PV-infected tumor cells. The significance 
of  this effect was clearly demonstrated by the knock 
down of  PML in H-1 PV-infected cells with the conse-
quence of  impaired apoptosis upon H-1 PV infection. 
Recently, we showed that the hepatotropic hepatitis C 
virus (HCV) was able to impair apoptosis in hepatoma 
cells by inhibition of  p53 function via interaction with 
PML[59]. Polypeptides from other viruses were also 
shown to interact with PML, and to disable its biologi-
cal function in apoptosis regulation, growth suppres-
sion and cellular senescence. For example, adenoviral 
E1A protein abrogates oncogenic Ras- and PML-IV-
induced cellular senescence by overriding PML func-
tion[60].

Furthermore PODs/PML bodies have been as-
sociated with transcription, cell growth, and antiviral 
responses[61,62]. DNA and RNA viruses also frequently 
target PODs, presumably to facilitate the early stages 
of  transcription and replication[63-67]. PODs can also be 
targeted for reorganization following viral infection[66]. 
For example, adenovirus protein E4-ORF3 localizes 
to PODs/PML bodies, thereby causing a physical re-
structuring of  the bodies from spherical to extended 
fibril-like structures termed nuclear tracks[66]. Addition-
ally, many viruses induce interferon expression, what 
increases the size and number of  PODs[62,68]. Although 
PV infection did not induce an interferon response, a 
dramatic relocalization of  PODs has been seen late in 
MVM infection. However, Cziepluch et al[69] suggested 
that H-1 virus does not target known nuclear bodies for 
DNA replication but rather induced the formation of  a 
novel structure in the nucleus of  infected cells. Within 
that study, PML-expression was not directly investigated. 

In addition, PVs were recently reported to replicate in 
association with distinct nuclear bodies[69], which appear to 
lately merge with PML and PML-NBs[70]. PML may inter-
act with viral products and participate in the regulation of  
virus replication. PML proteins may thus modulate viral 
cytopathic effects, in keeping with the above-mentioned 
involvement of  PML in growth inhibition and death proc-
esses. As PV H-1 infection enhances PML expression and 
function, this might be a central molecular mechanism for 
an effective treatment of  HCC.

We furthermore examined the effects of  various 
chemotherapeutic agents in combination with H-1 PV 
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Figure 5  Treatment of p53 different tumor cells with chemotherapeutic agents. 
The p53 different HepG2 cells were treated with various chemotherapeutic 
agents alone or combined with H-1 PV infection (MOI = 20 pfu/cell). H-1 PV- 
or mock-infected cells were seeded into 6-well plates, and 1 h after infection 
cultures were treated with chemotherapeutic agents as indicated. Apoptosis 
was measured on day 3 by FACScan analysis. Data given represent mean 
values of triplicates.
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Research frontiers
Authors evaluated the synergistic targeting and killing of human hepatocellular 
carcinoma (HCC) cells lacking p53 by PV H-1 and chemotherapeutic agents.
Innovations and breakthroughs
analysing the regulating the cell killing pathways and gene transfer mediated by 
PV H-1 in pairs of human hepatocellular cell lines with different p53 status, H-1 
PV is quite a suitable agent to circumvent the resistance of p53-negative HCC 
to genotoxic agents, and enhances the apoptotic process which is dependent 
on functional PML.
Applications
Especially for p53-negative human tumors authors consider PV H-1 as thera-
peutic option for human HCC.
Peer review
This manuscript described that H-1 PV is a novel agent for treating p53 nega-
tive HCC via the induction of PML and apoptosis. This study is a well designed, 
well exerted, and well written manuscript.
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