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Abstract
AIM: To investigate the role of TIP30 in apoptotic signal
pathway in hepatoblastoma cells and to provide a basis
for TIP30 as a gene therapy candidate in the regression of
hepatoblastoma cells.

METHODS: Apoptosis of human hepatoblastoma cell lines
HepG2 (p53 wild), Hep3B (p53 null) and PLC/RPF/5 (p53
mutant) infected with Ad-TIP30 (bearing a wild type
human Tip30 gene) were analyzed and p53, Bax and Bcl-
xl expression levels were compared among these cells.
MTT assay, DNA fragmentation, in situ 3’ end labeling of
DNA, annexin-V FITC staining were used to detect cell death
and apoptosis in cells at various time intervals subsequent
to infection, and to determine whether TIP30 had an effect
on the expression levels of some apoptosis-related gene
products such as Bax, p53 and Bcl-xl. A similar time course
experiment was performed by Western blotting.

RESULTS: In MTT assay, the viability of HepG2 cells
decreased significantly from 99.7% to 10% and displayed
more massive cell death within 5-8 d than Hep3B and PLC/
RPF/5 cells, with their viability decreased from 97.8% to
44.3% and 98.1% to 50.4%, respectively. In annexin-V
FITC assay, the percentage of apoptosis cells in HepG2
cells was two to three-fold higher than that in control cells
(infected with Ad-GFP), two-fold higher than that in Hep3B
cells and 1.4-fold higher than that in PLC/RPF/5 cells 36 h
after infection, respectively. Moreover, in HepG2 cells, the
p53 began to increase 6-8 h after infection, reaching a
maximum level between 8 and 12 h after infection and
then dropped. Bax showed a similar increase in the cells as
p53 reached the maximum at 8-12 h and subsequently
decreased. Interestingly, Bcl-xl protein levels were down
regulated during 24 to 36 h after Ad-TIP30 infection. In
contrast, ectopic expression of TIP30 in Hep3B and PLC/
RPF/5 cells had no effect on the regulation of Bax
expression, but had an effect on Bcl-xl levels. In comparison
with HepG2 cells, these data suggested that up-regulation
of p53 levels by TIP30 might be a pre-requisite for Bax and
Bax/Bcl-xl ratio increase. We hypothesized that TIP30 might

regulate Bax gene partly through p53, which sensitizes
cells to apoptosis by involving a p53 apoptosis signal
transduction pathway.

CONCLUSION: TIP30 plays an important role in
predisposing hepatoblastoma cells to apoptosis through
regulating expression levels of these genes. Ad-TIP30
carrying exogenous TIP30-anti-tumor genes may be
regarded as a potential candidate for the treatment of
hepatocellular carcinoma.
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INTRODUCTION
TIP30 is an evolutionarily conserved gene that is expressed
ubiquitously in human tissues and some tumor tissues with
properties of serine/threonine kinase, coding a polypeptide of
242 amino acids. It is identified as a cofactor to specially
enhance human immunodeficiency virus-1 (HIV-1) Tat-activated
transcription by phosphorylating heptapeptide repeats of C-
terminal domain (CTD) of the largest RNA polymerase II subunit
in a Tat-dependent manner[1,2].  Furthermore, Baker et al[2] have
shown that TIP30 is an important metastasis suppression factor
that accounts for a significant suppression growth retardation
in small cell lung carcinoma (SCLC), which could be largely
mediated by the ability of TIP30 to promote the apoptosis
pathway. Moreover, ectopic expression of TIP30 in SCLC cells
induces activation of apoptosis-related genes: Bad and Siva.
Nevertheless, the molecular mechanism by which the TIP30
gene mediates apoptosis remains largely unknown.
      We employed in vitro analysis to gain an insight into the
molecular candidates other than Tat with which TIP30
interacted. In this respect, many pro-apoptotic proteins were
investigated to reveal a TIP30 triggering apoptosis pathway.
Among them, p53 is considered as one of the best target genes
because of its pivotal role in regulating cell cycle progression
as well as apoptotic cell death[3,4]. The biochemical activity of
p53 closely associated with apoptosis is its function as a
sequence-specific DNA-binding protein and a transcriptional
factor that controls the expression of a large panel of genes
implicated in engagement of apoptosis[5]. Moreover, p53 protein
levels have been shown to dramatically rise in response to
diverse stresses including ionizing radiation, UV radiation,
growth factor deprivation or virus infection[6]. Bax gene is a
pro-apoptosis member of Bcl-2 whose promoter is highly p53-
responsive. Furthermore, Bcl-xl is another member of Bcl-2 family



that has been found to express high levels in more than half of
all human tumors[7-9]. Consistent with its anti-apoptotic role by
antagonizing the Bax-dependent apoptosis pathway, it prevents
all mitochondrial changes including release of cytochrome C
and loss of mitochondrial membrane potential as well as caspase
activation by sequestering Apaf-1[10,11]. It seems that in some
cells, p53 protein-involving apoptosis modification can result
in a general up-regulation of protein expression of pro-apoptotic
members and down-regulation of anti-apoptotic proteins in
Bcl-2 family, shifting the balance in favor of apoptosis[12]. In
hepatocellular carcinoma, Bax and Bcl-xl proteins are especially
involved in the regulation[13]. Although the central role of p53 as
a pro-apoptotic-focus protein has been established, the
complicated mechanism by which p53 exerts its interaction with
some components and how many regulating factors are involved
in p53-dependent pathway are far unknown.
       Our study was designed to evaluate the expression of TIP30
and its target gene after infection with Ad-TIP30 to enhance
our understanding of molecular basis of human hepatoma and
to raise the realistic possibility of targeting the p53 pathway in
cancer therapy. With the advantages of both maximum effect
and minimum cytotoxicity to the target cells in genetic
therapeutic approaches, adenovirus vectors are being wildly
developed for gene therapy[14].

MATERIALS AND METHODS

Cells, chemicals and antibodies
Human heptoblastoma carcinoma cell lines HepG2, Hep3B and
PLC/RPF/5 were grown in DMEM supplemented with 10% FBS
(Hyclone). Anti-p53 antibody (Ab-2) was purchased from Sigma
(Stlouis, MO, USA). Anti-Bax and anti-Bcl-xl antibodies were
obtained from Oncogene Research Products (San Diego, CA).

Recombinant adenovirus infection
Cells were grown in 96-well and 6-well dishes at a density of
5×103 or 5×106 per well. Then the cells were infected with either
Ad-TIP30 or Ad-GFP (no TIP30) at MOI of  20-50 MOI by co-
culturing with viruses at 37 ℃ for 1 hour in 200-500 L of serum
free medium. An additional 100-1 000 L of complete medium
was then added and cells were cultured in the presence of
viruses for the indicated length of time.

Cell viability assays
XTT colorimetric assay (Oncogene Research Products, San
Diego, CA) was used to determine cell proliferation and death.
Briefly, cells were plated in a 96-well-plate at a concentration of
8 000-10 000 cells/well and infected with adenoviruses. After
cells were incubated for 24 h per day, XTT reaction mixture was
added, which contained XTT labeling reagent and the electron-
coupling reagent in a 20:1 ratio. Cell/solution mixture was then
read using a colormetric plate reader at a wavelength of 500 nm.
Each sample was assayed in triplicate. Data were then analyzed
with Microsoft Excel software. Cells were continually cultured
for 8 d after-infection.

Apoptosis assay
Flow cytometry  Cells were infected with Ad-TIP30 and Ad-GFP
with mock (no virus) as control. Afterwards, infected and control
cells were disassociated with 0.25% trypsin and collected
by centrifugation at 8 000 g with cells floating in the culture,
washed twice with PBS and stained with annexin-V-FITC and
propidium iodide. Fluorescence was measured with a minimum
of 10 000 events for each sample in a FACSCAN according to
the method suggested by the manufacturers. Data analysis
was performed.

DNA fragmentation analysis (DNA ladder)  Infected and control
cells were lysed at 0, 12, 24 or 36 h after infection. The lysate
buffer contained 10 mmol/L Tris-HCl (pH7.5), 10 mmol/L EDTA,
0.3% Triton X-100, 100 g/mL RNase and 200 g/mL proteinase
K. After incubated at 50 ℃ for 4 h or overnight, lysate was
extracted twice with phenol/chloroform, then precipitated at -
20 ℃ for 10 min by adding sodium acetate/ethanol. DNA
concentration was determined, and an equal amount of DNA (10 g)
was electrophoresed on 2% agarose gel containing 0.1 g/mL
ethidium bromide. DNA bands were examined using UVPC system.
In situ 3’ end labeling of DNA in apoptotic cells  3’ end labeling
of DNA in situ was performed using the Apoptag Plus Kit
(Oncogene Research Products, San Diego, CA). Cells grown in
vitro were spun onto a plastic slide and fixed with buffered 4%
formaldehyde at 0, 12, 24 h after infection. The percentage of
positive cells was also determined by flow cytometry.

Western blotting
Cells were harvested and lysed in ice-cold lysis buffer containing
10 mmol/L Tris-HCl (pH7.5), 20% SDS, and 1mmol/L PMSF.
After 30 min incubation on ice, lysate was stored at -80 ℃
before use. Protein concentration was determined by the Bradford
method[35]. Equal amounts of protein (50 g) were loaded onto
SDS-polyacrylamide gels and the protein was electrophoretically
transferred to a PVDF film (Millipore, Bedford, MA). Immunoblots
were analyzed using specific primary antibodies (antibodies to
Bcl-2, Bcl-xl, Bax, p53, -actin), and protein was visualized using
a chemiluminescence detection kit (Amersham, Ayesbury, UK).
-actin was used as an internal control to confirm whether the
amount of protein was equal.

Statistical analysis
The data in this paper were the mean of three replications. Unless
otherwise stated. Test of significant differences in significance
was performed with Student’s t-test. P<0.05 was considered
statistically significant and P<0.01 very statistically significant.

RESULTS

Cooperation of TIP30 and p53 predisposed cells to death
The effect of TIP30 and p53 gene products on the in vitro
growth characteristics of HepG2, Hep3B and PLC/RPF/5 cells
was examined by colorimetric XTT assay. The three kinds of
cells infected with Ad-TIP30 and Ad-GFP and mock (no virus)
were incubated in DMEM medium and monitored by viability
staining for 8 d. As shown in Figure 1, the viability of HepG2
cells decreased significantly from 99.7%, 68.3% to 10% and
further displayed more massive cell deaths within 5-8 d than
Hep3B and PLC/RPF/5 cells, with the latter decreased from
97.8%, 62.1% to 44.3% and 98.1%, 68.6% to 50.4%, respectively.
All the three kinds of cells infected with Ad-GFP were found to
have relatively lower cell deaths until 5-8 d. On the contrary,
control cells (no virus) displayed a relatively high growth rate
and maintained a high percentage of live cells even until 8-10 d
after plating. These results demonstrated that expression of
exogenous TIP30 in HepG2 cells could cooperate with p53 to reduce
cell proliferation and then led them to massive deaths.

TIP30 induced cell death was due to apoptosis
To verify whether the cell death induced by TIP30 was ascribed
to the activation of apoptosis in cells, in situ 3’ end labeling of
DNA assay was performed to examine 3’-OH groups at the end
of DNA fragments in apoptotic cells (Figure 2), which was a
hallmark of apoptosis. Percentage of apoptotic was calculated
by FACS assay. This quantitative analysis indicated that the
proportion of apoptosis cells progressively increased in cells
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bearing Ad-TIP30. The maximum cell apoptosis was obtained
at 24 h in HepG2, Hep3B, and PLC/RPF/5 cells, respectively.
Quantitative analysis of apoptosis revealed that the percentage
of apoptotic cells in HepG2 cells at 24 h was 1.5-to 2-fold (P<0.01)
higher than those in Hep3B (48.1%) and PLC/RPF/5 (46.3%) cells.
However, there was almost no apoptotic cell in mock (no virus).
      Similar results were attained by flow cytometry assay with
cells treated as previously. Cells were labeled with annexin-V-
FITC followed by propidium staining in order to differentiate
the necrosis-cells or apoptotic cells. The apoptotic cell
proportions in HepG2 cells were 32.36%, 61.04%, and 81.67% at
12, 24 and 36 h after infection respectively. Meanwhile, in Hep3B

and PLC/RPF/5 cells, the apoptotic cell proportions were only
12.38%, 34.08%, 50.71% and 11.26%, 23.17%, 53.52% at the
same time after infection respectively, while mock cells did not
display significant apoptosis (Figure 3).
      To further confirm the kinetics of this programmed cell
death, DNA fragmentation assay was performed with the same
treatment in cells as previously. As indicated in Figure 4, DNA
fragmentation became detectable at 24 h in HepG2 cells infected
with Ad-TIP30, whereas it was detectable at 36 h in Hep3B and
PLC/RPF/5 cells.  Nevertheless, DNA ladder never emerged
during the whole incubation process (72 h and more) of control
cells (infected with Ad-GFP and mock, data not shown).

Figure 1  Cell viability of hepatoblastoma cell lines: HepG2, Hep3B and PLC/RPF/5 on indicated days as measured by XTT assay
following infection with Ad-TIP30 and GFP at MOI of 20 or treatment of PBS (mock) (A, B, C). Three cell lines were infected with
TIP30 at MOI of 20 in 8 continuous days (D). Values in the figures are mean±SD.

Figure 2  TUNEL (in situ) assay for TIP30 infection induced apoptosis at 24 h after infection and description of cell population with
DAPI (a, c, d) and fluorescent (b, d, f) microscopy with mock as control. A: The mean of percentages of positive cells was
calculated from the analysis; B: Data in the figure are mean±SD (P<0.01).
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Figure 4  Kinetics of apoptosis in HepG2 and Hep3B and PLC/
RPF/5 cells infected with Ad-TIP30. Twelve, twenty-four or
thirty-six hours after infection, analysis of DNA laddering was
performed by gel electrophoresis. An overexposed photograph
was provided to show the beginning of DNA laddering at 24 h
in HepG2 cells and at 36 h in Hep3B and PLC/RPF/5 cells.

Infection with Ad-TIP30 induced profound elevation of p53
protein
In response to DNA damage, the tumor suppressor protein,
p53, was stabilized, accumulated inside the cells and was
detectable by Western blotting. It was found to be a reliable
initiator of apoptosis. We used HepG2 to study the expression
level of p53 after infection with Ad-TIP30. Levels of p53 protein
in HepG2 cells were examined at 6, 8, 12, 24 and 36 h after
infection with 50 MOI of Ad-TIP30. In Figure 5, at 6-8 h after
infection, p53 protein levels were significantly higher than those
at other time points and drastically reduced at 12-24 h (Figure 5).
Although the level of p53 after infection with Ad-GFP was a
little higher than that of mock cells, no changes were observed
at different time points (data not shown). According to the
data quantified by densitometry, levels of p53 protein in Ad-
TIP30 infected HepG2 cells were elevated by a range of 2-to 3- fold
compared with cells infected with Ad-GFP. A comparable reduction
in p53 protein was observed at 36 h, when a large percentage of
apoptotic HepG2 cells was found. Expression of exogenously

Figure 3  FACS analyses of annexin-V-FITC and PI double-stained cells. Cells were infected with Ad-TIP30 and mock as control
(no virus). After treatment for 12, 24, 36 h, cells were double-stained at various indicated time points with annexin-V-FITC and
PI and analyzed by flow cytometry. Cells appearing in the lower right quadrant showed positive annexin-V-FITC staining,
which indicated phosphatidylserine translocation to the cell surface and no DNA staining by PI. Data in the figures are mean±SD.
The percentage of apoptosis cells of three cell lines treated as previously (P<0.01).
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introduced wild type TIP30 gene was confirmed in Ad-TIP30
infected cells by Western blotting (data not shown).

Figure 5  Western blotting analysis of p53 protein in HepG2
cells infected with Ad-TIP30. HepG2 cells were infected with
Ad-TIP30. Harvested protein (50 ug/lane) was applied to 12%
SDS-polyacrylamide electrophoresis. Proteins were transferred
to PVDF film and probed with anti-serum specific for p53. p53
levels were quantified by densitometric analysis and normal-
ized to -actin. The data shown here were representative of
three independent experiments with a similar result.

Expression of Bcl-2 family members after Ad-TIP30 infection
Expression of Bcl-2 family members was examined in three cell
lines. Levels of Bax at 8-10 h after infection with Ad-TIP30 were
2-fold higher than those of Ad-GFP infected cells and mock in
HepG2 cells, while there was no change in Hep3B and PLC/
RPF/5 cells (Figure 6).
      We examined Bcl-xl level in the three cell lines treated as
previously. Its levels in HepG2, Hep3B and PLC/RPF/5 cells
infected with AD-TIP30 were 2-fold to 1.5-fold lower than those
infected with Ad-GFP (data not shown). Furthermore, in HepG2
cells, at 24-36 h after infection, Bax/Bcl-xl ratio reached the
maximum of 2-fold higher than at other time points, with a
requisite increase in p53 levels (Figure 7). In the mean time, a
little decrease was found in Hep3B and PLC/RPF/5 cells at 36 h
after infection.

Figure 6  Expression of Bax and Bcl-xl after infection with Ad-
TIP30 and mock as control in the three cell lines. Lysates were
collected at 0, 6, 8, 12, 24, 36 h after infection. Ad-TIP30 infection
resulted in increased Bax protein expression which was at its peak
at 12-24 h after infection in HepG2 cells (Figure 6A), and decreased
Bcl-xl protein levels in three cell lines (Figures 6A-C).

Figure 7  Infection of Ad-TIP30 with immunoblot analysis:
densitometric analysis of the bands. The cells were infected
with Ad-TIP30 and mock (no virus) as control in HepG2, Hep3B
and PLC/RF/5 cells. The variation of Bax/Bcl-xl ratio in the
three cell lines with time course was shown.

DISCUSSION

TIP30 is a novel Tat-cooperation protein that enhances human
immunodeficiency virus-1 (HIV-1) by phosphorylating RNA
polymerase II subunit. Recently, Xiao et al[1] and Baller et al[2]

have shown that the 242- amino-acid-long- protein TIP30 plays
an important role in suppression of metastasis of small cell
lung carcinoma (SCLC) leading it to apoptosis.
      We are in favor of connecting TIP30 with some genes as a
preferential representative in apoptosis pathway. p53 gene and
its related genes have been regarded as a model for the following
reasons. P53 is a key factor in regulating apoptosis and shares
one common down-regulator with TIP30: pig12[15]. The manner
of p53 activation appears to be primarily controlled through
phosphorylating its N-terminal for its stability. Sherr et al[16]

and several other studies suggest that the major manner of
evaluating its levels is at post-transcription. Xiao et al[17]

demonstrated that TIP30 had a characteristic of phosphorylase
kinase activity to trigger apoptosis.
       Additionally, the pro-apoptotic activity of TIP30 by stresses
such as chemical oxidants, growth factor deprivation, leads to
the expression of a number of genes such as Bad and Siva,
which are responsible for apoptosis[2]. Despite the fact that
TIP30 is defined unambiguously as a tumor suppressor and a
pro-apoptotic factor, the molecular mechanism by which TIP30
gene mediates apoptosis and which component is involved in
TIP30 pathway remain largely unknown. Therefore, we
employed in vitro analysis to reveal the apoptosis pathway in
which TIP30 takes part.
      p53 protein is a transcription factor that can inhibit cell
cycle progression or induce apoptosis in response to stress or
DNA damage, with a short life and a low expression level in
normal cells[5]. Normally, the half-life of p53 is attributable to
degradation mediated by Mdm2, which targets p53 for
ubiquitin-dependent proteolysis[18]. Several stress-responsive
kinases have been shown to phosphorylate p53 in a manner
that could potentially inhibit Mdm2-mediated degradation.
Avantaggiati et al[19] showed that DNA damage triggered
accumulation and functional activation of p53 by converting
the protein from a latent to an active form. Two proteins have
been recently identified as potential regulators of p53 stability:
one is kinase CHK2, which could inhibit Mdm2-mediated
ubiquitination and proteolysis of p53[18]. Hemmatip et al[20] have
shown that introduction of Ad-P14ARF into U-20s osteosarcoma
cells could efficiently induce apoptosis in p53 pathway, in turn
upregulation of P14ARF could mediate accumulation of p53 via
sequestration of the p53-antagonist Mdm2 through the
ubiquitin /proteasome pathway. Thus, P14ARF relieves the
Mdm2-mediated degradation of p53, thereby prolonging the
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half-life of p53 protein[21]. In human breast cancer cells-MCF-7,
Ad-P14ARF has cytotoxicity to MCF-7 cells (p53 wild type),
resulting in a considerable increase of p53. Jiang et al[13]

demonstrated that staurosprine, quinacrine and ultraviolet
irradiation were all capable of triggering apoptosis of HepG2
cells by affecting the expression levels of p53. A cytotoxic agent
of rodent liver, 7H-dibenzocc carbazole (DBC) could increase
p53 protein levels followed by apoptotic cell death[22]. In our
studies, when HepG2 cells were infected with Ad-TIP30, to our
expectation, levels of wide p53 were increased in a time-
dependent manner with an asynchronous apoptosis, indicating
that apoptosis induced by TIP30 is attributable to the
accumulation of p53, which supports the hypothesis that TIP30
is involved in apoptosis pathway partly by cooperating with
p53 protein.
      It is well known that one mechanism by which p53 is
stabilized within infected cells is that p53 is substantially
modified post-translationally via serine targeted phosphorlation
at both the N-terminus and C-terminus as well as acetylation at
lysine residues in C-terminus[23], implicating that p53 appears
to be optimal in post-translation level under a stress response.
In addition, the primary consequence of this induction is cell
cycle arrest or apoptotic cell death. Xiao et al[17] found that
TIP30 had an intrinsic kinase activity in phosphorylating the
heptapeptide repeats of the C-terminal domain (CTD) of the
largest subunit of RNA polymerase II in concurrence with the
ability to trigger SCLC cells to apoptosis. We also speculate
that TIP30 might phosphorylate the p53 C- or N- terminus in
advance to enhance the p53-dependent pathway. Nevertheless,
verification of the hypothesis requires further experiment.
Interestingly, in Hep3B and PLC/RPF/5 cells where p53 protein
is absent or mutational, introduction of TIP30 also predispose
cells to apoptosis at a less extent than in HepG2 cells, implicating
that TIP30 might trigger apoptosis through other pathways
that occur independently of the p53/Bax pathway. Further
investigation might be essential and helpful.
       In p53/mitochondrial pathway, members of Bcl-2 family are
critical regulators of the apoptotic pathway[24]. Bcl-xl, an anti-
apoptotic member of Bcl-2 family, inhibits the release of
cytochrome C  from mitochondria whereas Bax, a pro-apoptotic
member of Bcl-2 family, has been shown to stimulate release of
cytochrome C from mitochondria thereby enhancing apoptotic
response[25].
      In the present study, we evaluated the role of Bax and Bcl-
xl in Ad-TIP30 mediated apoptosis. Early studies have shown
that Bax gene plays an important role in the course of
carcinogenesis in stomach, colorectum and endometrium in
humans[26]. Furthermore, the Bax gene promoter is highly p53-
responsive and its expression is upregulated by p53[27].
    Pearson and Francis[28] have shown that adenovirus-
mediated over-expression of p53 in lung cancer cell lines H1299,
H358 and HK322 simultaneously upregulates Bax protein levels
18 to 36 h after introduction. In Tu-138 and Tu-167 cells, after
infection with Ad5CMV-p53[29], Bax levels were elevated 2-to 6-
fold higher than controls, demonstrating that influence upon
Bax is caused by asynchronous activation of p53. Mohiuddin
et al[30] reported that in hepablastoma cells multiple stimuli
such as ultraviolet and carcumin could not change Bax levels.
On the contrary, in this case, exogenous TIP30 and endogenous
p53 expression in HepG2 cells led to elevation of Bax level at 18-
24 h after infection whereas no change was found in Hep3B
cells with absence of p53, indicating that it is alternatively
possible that the Bax levels are not influenced directly by TIP30,
but rather through p53 involvement when apoptotic cell death
is initiated. In support of this model, more observations have
shown that in many other cancer cell lines, a high level of Bax
follows the activation and stabilization of p53[31].

       Previous reports have shown that alternation in the ratio of
proapoptotic to anti-apoptotic members of the Bcl-2 family,
rather than the absolute expression level of any single Bcl-2
family member, determines apoptotic sensitivity[32]. As to
hepatoblastoma cells[33], the ratio of Bax to Bcl-xl protein plays
a major role in sensitivity to apoptotic stimuli, because the
expression of Bcl-2 is uncommon in hepatoblastoma cells
according to several researches. Ectopic expression of
transcriptionally active p53 alone is not sufficient for the
activation of apoptosis in p53-null Hep3B cells, except when
endogenous Bcl-xl is simultaneously inhibited by anti-sense
oligonucleotide in these cells[34-36]. In our studies, immunoblot
analysis revealed decreased Bcl-xl levels and increased Bax
levels in HepG2 cells after Ad-TIP30 infection. In addition, in
Hep3B and PLC/RPF/5 cells, Bcl-xl decrease was observed at a
less extent than in HepG2 cells, while there was no significant
change in Bax levels, indicating that TIP30 might regulate the
Bax and Bcl-xl ratio in a p53 dependent and independent
manner. Therefore, our studies clearly suggest that shift in the
ratio of proapoptotic factor (Bax) to anti-apoptotic factor (Bcl-
xl) in favor of proapoptotic factor (Bax) is an important factor
for determining the response toward Ad-TIP30 triggering
apoptosis.
      What are the mechanisms by which TIP30 causes apoptosis
in hepotablastoma cells? We suggest that wild type p53
upregulates Bax expression with concomitant down-regualtion
of Bcl-xl is the consequence of p53 accumulation due to
exogenous TIP30 expression. Thus, TIP30 gene may serve as a
good sample for heptoblastoma gene therapy, not only because
it may kill cancer cells directly, but also because it may be
regarded as a useful mediator in elevating apoptosis-related
gene expression in its apoptotic pathway.
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