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Hepatitis B virus X protein activates Notch signaling by its effects
on Notchl and Notch4 in human hepatocellular carcinoma
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Abstract. Deregulated expression of Notch receptors and
abnormal activity of Notch signaling have been observed in a
growing number of malignant tumors, however, the expression
and activity of Notch in hepatitis B virus (HBV)-associated
hepatocellular carcinoma (HCC) and their relationship with
HBYV X protein (HBx) are still not fully elucidated. To address
this, we examined the overall expression of Notch receptors
in HBV-associated HCC tissues, analyzed their relationship
with HBx, and further investigated the role of Notch signaling
in HBx stable transfected HepG2 cells (HepG2X). The results
showed that Notch signaling could be activated by HBx
in HepG?2 cells. The expression of cytoplasmic Notchl or
nuclear Notch4 was correlated with the expression of HBx in
HBV-associated HCC tissues. The expression of cytoplasmic
Notchl or nuclear Notch4 could also be upregulated by HBx
in HepG2X cells. The upregulation of Notchl by HBx was
through p38 MAPK pathway. Moreover, HBx was found to
directly interact with Notchl, whereas, not with Notch4 in
HepG2X cells. Suppression of Notch signaling by y-secretase
inhibitor (GSI) decreased cell growth, blocked cell cycle
progression and induced cell apoptosis in HepG2X cells. The
present study indicates that HBx activates Notch signaling
by its effects on Notchl and Notch4, and therefore, recruits
Notch signaling as a downstream pathway contributing to its
carcinogenic role in HBV-associated HCC.

Introduction

Notch signaling controls various biological events and is
vital for many types of cell fate determination in embryonic
development. Four Notch receptors (Notch1-4) and two groups
of ligands, Jagged and Delta-like, have been identified in
mammals (1). The activation of Notch signaling is initialized
by the binding of Notch receptors and ligands, which leads to
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the release of intracellular region of Notch (ICN) from Notch
transmembrane subunit (NTM) and then translocation to the
nucleus to activate transcription of a group of downstream
genes (2). Recent studies have revealed the deregulation of
expression and function of Notch receptors and ligands in a
series of malignant tumors. The expression of Notchl and
Jaggedl are upregulated in human colon adenocarcinoma (3).
Notchl, Notch2, and hairy and enhancer of split 1 (HES1)
show high expression in biliary tract cancer (4). Notch3 has a
stronger positive degree of expression in lung squamous cell
carcinoma and adenocarcinoma compared with the corre-
sponding non-tumor tissue (5). The expression of Notchl and
Jaggedl in both metastatic prostate cancer and high grade
prostate cancer is significantly higher than those in low grade
prostate cancer and in benign prostatic tissues (6). Besides,
Notch2 and Jaggedl expression levels correlate with survival
of colorectal cancer patients (7), and nuclear expression of
Notchl and Notch3 is also found to be associated with tumor
recurrence in colorectal cancer (8). Overexpression of Notchl
is also identified as a significant and independent prognostic
factor for esophageal squamous cell cancer (9).

HBYV is a major cause of HCC, and HBx has been reported
as an important viral protein in the carcinogenesis and
progression of HBV-associated HCC (10). Studies show that
HBx interacts with transcription factors in the nucleus and
activates signal transduction cascades in the cytoplasm (11,12),
which in the end induces foci in cells and leads to liver cancer
in transgenic mice (13,14). There have been some studies on
the relationship between HBx and Notch. Researchers from
a Chinese laboratory reported that HBx promotes the growth
of human hepatic L02 and HCC HepG?2 cells via the activated
Notch pathway, and Notchl is a potential therapeutic target for
the treatment of HBx-associated HCC (15-17). However, this
same team also published a study reporting that HBx down-
regulates NF-«B signaling through decreasing Notch signaling
pathway in LO2 cells (18), which seems the opposite to their
previous results and is therefore puzzling. Besides, there was
still another study showing that HBx decreases ICN1 in HCC
Huh7 cells by reducing Notchl cleavage, which results in
enhanced cell proliferation (19). These results are inconsistent,
and we noted that they are all based on cell research and data
from tissue samples is lacking.

Therefore, it is very necessary to investigate the overall
expression of Notch receptors and their relationship with
HBx in HBV-associated HCC tissues. In the present study,
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we examined the expression and activity of Notch in both
HBV-associated HCC tissues and HBx expressed HCC cells
and found that HBx activated Notch signaling by its effects on
Notchl and Notch4 in HBV-associated HCC.

Materials and methods

Human tissue samples, cell lines and drugs. HCC tissue
samples were obtained from 44 patients with HBV infection
who received surgical resection at Xijing Hospital of the
Fourth Military Medical University from 2002 to 2004 with
informed consents of the the patients and with the approval
of the Human Research Committee of the University and
Wuhan General Hospital. pcDNA3-HBx was constructed
by inserting a wild-type HBx cDNA fragment into pcDNA3
(Invitrogen, Carlsbad, CA, USA). pcDNA3 stable transfected
HepG2 cells (HepG2-pc) and HepG2X cells were established
in our perious study (20). HeLa cells were purchased from
the American Type Culture Collection (ATCC; Manassas,
VA, USA). For drug treatment, HepG2-pc and HepG2X cells
were treated with the following drugs for 24 h at different final
concentrations (5, 10, 20 and 40 xM) to inhibit the activity
of MEK, PI-3K and p38 MAPK: PD98059 (Calbiochem,
Darmstadt, Germany), LY294002 (Calbiochem), SB203580
(Alexis Biochemicals, San Diego, CA, USA). DMSO (20 pM)
was used as drug control. For suppression of Notch signaling,
HepG2-pc and HepG2X cells were treated with N-[N-(3,5-
difluorophenacetyl-L-alanyl)]-S-phenyl glycine t-Butyl Ester
(DAPT; Calbiochem) at different final concentrations (2.5, 5
and 10 xM). DMSO (5 uM) was used as drug control.

Luciferase assay. pGa981-6, a reporter gene plasmid which
contained a hexamerized 50 bp Epstein-Barr virus nuclear
antigen 2 response element (EBNA2RE) of the TP1 promotor
in front of the luciferase gene, was strictly dependent on
RBP-J (21). pRL-TK (Promega, Madison, WI, USA) was
co-transfected as an internal control for transfection efficiency.
A negative control plasmid (neg-pGa981-6) was constructed
by replacing EBNA2RE with an irrelevant DNA segment. For
luciferase assay, pcDNA3-HBx, pGa981-6 and pRL-TK were
co-transfected into HepG2 cells with Lipofectamine™ 2000
(Invitrogen). DAPT at different final concentrations (2.5, 5 and
10 #M) was added to the transactivation system to suppress
Notch signaling. pcDNA3 and neg-pGa981-6 replacing
pcDNA3-HBx and pGa981-6, respectively, were used as nega-
tive controls. Forty-eight hours later, co-transfected cells were
lysed and luciferase assays were performed in Luminometer
TD-20/20 (Turner Designs, Inc., Sunnyvale, CA, USA).

Immunohistochemical staining. Horseradish peroxidase
staining was used to visualize antigens on paraffin-embedded
5-um sections. Sections were incubated with anti-Notchl
primary goat polyclonal antibody (pAb), anti-Notch2, 3 and 4
primary rabbit pAb (1:100; Santa Cruz Biotechnology, Santa
Cruz, CA, USA), or anti-HBx mouse monoclonal antibody
(mAD) (1:50; Chemicon International, Temecula, CA, USA),
and then detected with Histostain™-SP (Zymed Laboratories,
San Francisco, CA, USA). In negative controls, non-immune
IgGs were used to substitute for the primary antibody. All
stained sections were evaluated by two independent investi-
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gators who were blinded to the groups. The scoring was based
on intensity and the extent of the staining (22). The immuno-
reactive score of each section was calculated by sum of these
two parameters and graded as negative (I), weak (II), moderate
(I1I) and strong (IV).

Reverse transcription-polymerase chain reaction (RT-PCR).
Total cellular RNA was extracted using the One Step RT-PCR
kit (MBI, Vilnius, Lithuania). Semi-qualitative PCR was
performed using human primer sequences for Notchl-4 and
for HBx as in our previous reports (20,22). 3-actin was used
as a housekeeping gene. Gene expression was presented by the
relative yield of the PCR product from target sequences to that
from (-actin gene.

Western blot analysis. Immunoblotting was performed using
the anti-Notch1-4 pAbs (1:300), the anti-HBx mAb (1:100),
anti-phospho-MAPKAPK-2 rabbit mAb (1:500; Cell Signaling
Technology, Boston, MA, USA), anti-phospho-p44/42 MAPK
(Erk1/2) rabbit mAb (1:1,000; Cell Signaling Technology)
and anti-phospho-Akt rabbit mAb (1:500; Cell Signaling
Technology) followed by incubation with peroxidase coupled
anti-goat, anti-rabbit or anti-mouse IgG, respectively. HeLa
cells were used as positive control for the expression of Notch
receptors. Autoradiograms were quantified by densitometry
using Bio Image Intelligent Quantifier (IQ) software. Relative
protein levels were calculated by referring them to the amount
of B-actin protein.

Double immunofluorescence staining. HBV-associated HCC
tissues and HepG2X cells were stained with anti-Notchl
goat pAb and anti-HBx mouse mAb, or anti-Notch4 rabbit
pAb and anti-HBx mouse mAb, respectively. After incubated
with tetraethyl rhodamine isothiocyanate-labeled rabbit anti-
goat IgG (1:100; Chemicon) and fluorescein isothiocyanate
(FITC)-conjugated goat anti-mouse IgG (1:80; Chemicon) or
tetraethyl rhodamine isothiocyanate-labeled goat anti-rabbit
IgG (1:100; Chemicon) and FITC-conjugated goat anti-mouse
IgG, all sections were examined by a laser scanning confocal
microscope (Bio-Rad Laboratories, Hercules, CA, USA).
Non-immune IgGs in substitution for the primary antibodies
were considered negative controls.

Co-immunoprecipitation assay. HepG2X and HepG2-pc
cells were lysed and the lysate was pretreated with Protein G
Plus/Protein A Agarose (Calbiochem) to remove non-specif-
ically bound proteins. Immunoprecipitation (IP) was carried
out with anti-HBx mouse mAb or non-immune mouse IgG and
the agarose beads. After incubated at 4°C for 4 h, the beads
were washed and subjected to western blot analysis with the
anti-Notchl pAb, anti-Notch4 pAb or anti-HBx mAb.

Cell proliferation and colony-forming assay. For 3-(4,5-di-
methylthiazolyl-2)-2,5-diphenyltetrazolium bromide (MTT)
assay, HepG2-pc and HepG2X cells were seeded and cultured
overnight, then DAPT at different final concentrations was
added and 5 uM DMSO was used as drug control. After 1,
2,3,4,5, 6 and 7 days of drug treatment, the cell survival
rates were assessed using MTT assay. The growth inhibitory
rate was calculated as: (control A value - treated A value)/
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control A value x 100%. For colony-forming assay, HepG2-pc
and HepG2X cells were treated as above. After 2 weeks of
incubation, cell colonies were fixed and stained with Giemsa
dye and colonies containing >50 cells were counted. For
anchorage-independent cell proliferation, 24-well plates were
coated with 0.5% of bottom agar solution, and 2x10° HepG2-pc
and HepG2X cells were embedded into 0.3% top agar gel
containing DAPT of 2.5, 5 and 10 M, respectively. The dishes
were examined with vertical microscope for colony formation
after a 2-week incubation period. Colonies of >75 mm was
counted.

Propidium iodide (PI) staining and flow cytometry (FCM).
HepG2-pe (1x10% and HepG2X cells were seeded and incu-
bated overnight, then 5 uM DAPT was added. After 24 h of
incubation, cells were harvested, fixed and resuspended in PI
solution. Samples were then analyzed for their DNA content
by flow cytometer (Beckman Coulter, Inc., Brea, CA, USA).

Apoptosis assay. For Annexin V binding assay, HepG2-pc and
HepG2X cells were treated with 5 uM DAPT, respectively. PI
and Annexin V were added to those cells successively, and the
cells were analyzed by FCM. Mean values from three indepen-
dent experiments were accepted as results. For transmission
electron microscopy (TEM), HepG2-pc and HepG2X cells
treated with DAPT were fixed, dehydrated and embedded.
Cells were then sectioned and stained. The cell ultrastructure
was assessed by TEM at 4,000-fold magnification.

Statistical analysis. Statistical analysis was performed using
the SPSS software (version 13.0; SPSS, Inc., Chicago, IL, USA).
Correlations between Notch receptors and HBx were analyzed
using Spearman's rank correlation. Two-sided Student's t-test
was used for comparisons. P<0.05 was considered as statisti-
cally significant.

Results

HBx activates Notch signaling in HepG?2 cells. To investigate
whether Notch signaling could be activated by HBx, lucif-
erase assay was carried out with co-transfection of pGa981-6
and pcDNA3-HBx into HepG2 cells. The data showed that
HBx activated Notch signaling in a dose-dependent manner
(P<0.05), and the activation was significantly suppressed by
5 or 10 uM DAPT (Fig. 1). The control sample with pcDNA3
replacing pcDNA3-HBx showed luciferase activity to some
extent, indicating the endogenous activity of Notch signaling
in HepG2 cells.

HBx upregulates the expression of Notchl through p38 MAPK
pathway and activates Notch4 in HBV-associated HCC tissues
and HepG2X cells. Since Notch signaling could be activated
by HBx, we wonder which Notch receptor is involved in the
activation. For this, we examined the expression of Notch1-4
in 44 HBV-associated HCC tissues by immunohistochemical
staining. The result showed that Notchl-4 were all expressed
in the neoplastic cells of HCCs with different intensity and
extensity. Cytoplasmic Notchl expression was strong and
could be detected in 93.2% (41/44) of HCCs. Nuclear Notchl
was weak and the positive rate was 11.4% (5/44). Notch2
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Figure 1. HBx activates Notch signaling in HepG2 cells. The activation of
Notch signaling by HBx was examined by luciferase assay. "P<0.05.

Table 1. Expression of Notch receptors and HBx in HBV-
associated HCC tissues.

. Score
Positive

cases 1 I oI Iv IS

Notchl (cytoplasmic) 41 3 10 26 5 0.396*
Notchl (nuclear) 5 39 4 1 0

Notch2 14 30 12 2 0

Notch3 27 17 18 9 0

Notch4 (cytoplasmic) 33 1 15 17 1

Notch4 (nuclear) 28 16 11 16 1 0407*
HBx 38 6 26 12 O

P<0.01, n=44.

and Notch3, detected only in the cytoplasm, were expressed
in 31.8% (14/44) and 61.4% (27/44) of HCCs, respectively.
Cytoplasmic and nuclear expression of Notch4 was detected in
75.0% (33/44) and 63.6% (28/44) of HCCs, respectively. HBx
immunoreactivity was observed in 86.4% (38/44) of HCCs,
with positive signal in the cytoplasm (Fig. 2A). Spearman
analysis showed that there was a significant correlation
between HBx and cytoplasmic Notchl or nuclear Notch4
immunoreactivity, with rs=0.396, P<0.01 (HBx and Notchl),
and rs=0.407, P<0.01 (HBx and Notch4), whereas other Notch
molecules and HBx did not show such a relationship (Table I).

The expression of Notch molecules was further examined
in HepG2X cells. RT-PCR showed that the mRNA level of
Notchl was much higher in HepG2X than that in HepG2-pc
cells (P<0.05). Notch2, Notch3 and Notch4 mRNA showed no
difference between the two cell lines (Fig. 2B). For the protein
level, the result of the western blot analysis showed that the
proteins of Notchl-4 were all expressed in HepG2-pc and
HepG2X cells, with specific bands at ~70-120 kDa. Notchl,
Notch2 and Notch3 showed only one band, which was the
Notch transmembrane subunit (NTM) form (23). The expres-
sion of Notchl was higher in HepG2X than in HepG2-pc
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Figure 2. HBx upregulates the expression of Notchl through p38 MAPK and activates Notch4 in HBV-associated HCC tissues and HBx expressed HepG2
cells. (A) The expression of Notch1-4 and HBx in HBV-associated HCC tissue sections were detected by immunohistochemistry. The images depict representa-
tive examples showing expression of (a) Notchl, (b) Notch2, (c) Notch3, (d) Notch4 and (e) HBx. (f) The negative control (magnification, x200). (B) Amplified
products of HBx and Notch1-4 from representative RT-PCR are shown. (C) Protein levels of HBx and Notch1-4 were examined by western blot analysis.
Autoradiograms were quantified by densitometry and relative mRNA and protein levels were calculated by referring them to the amount of f-actin mRNA
and protein. Data were normalized by setting the ratios of the mRNA and protein levels of Notchl to Notch4 against $-actin in HepG2-pc cells at 100%. (D)
Regulation of Notchl by HBx through p38 MAPK pathway. Data was normalized by setting the ratio of the protein level of Notchl against B-actin in HepG2X

cells treated with 20 xM DMSO at 100%. "P<0.05.

cells (P<0.05). Notch2 and Notch3 were equally expressed
between the two cell lines. Notch4 showed two bands, one
of which with a higher molecular mass was its NTM form,
and the lower one was its intracellular region of Notch (ICN)
form (24). Although the NTM form of Notch4 was equally
expressed between HepG2X and HepG2-pc cells, the ICN
form appeared only in HepG2X (Fig. 2C).

Since HBx activates Ras/Raf/MEK, PI-3K/Akt and p38
MAPK pathways (25-27), and MAPK and p38 signaling
can upregulate the expression of various Notch molecules in
certain context (28,29), we wonder whether the regulation of
Notchl by HBx is also mediated by these pathways. For this,
inhibitors of p38, MEK and PI-3K were used to treat HepG2X

and HepG2-pc cells, and the expression of their target as
well as Notchl was examined. The result showed that 10 xM
SB203580, 5 M PD98059 and 20 yM LY294002 began to
inhibit phospho-MAPKAPK-2, phospho-Erk1/2 and phospho-
Akt in HepG2X cells, respectively, and only SB203580
decreased the expression of Notchl (NTM) (P<0.05). In
HepG2-pc cells, although 5 pM SB203580, 5 uM PD98059
and 10 xM LY294002 began to suppress their targets respec-
tively, none of them could influence the expression of Notchl
(Fig. 2D). These results demonstrated that HBx upregulated
Notchl and activated Notch4 in HBV-associated HCC, and
the upregulation of Notchl by HBx was through p38 MAPK
pathway.
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Figure 3. HBx morphologically co-localizes and physically interacts with Notchl in HBV-associated HCC tissues and HepG2X cells. (A) The co-localization
of Notchl or Notch4 with HBx was examined by double immunofluorescence staining. HBx was stained green in HCC tissues (a and g) and HepG2X cells
(d and j). Notchl and Notch4 were stained red in HCC tissues (b and h) and HepG2X cells (e and k), respectively. Results of dual-labeling experiments of
Notchl and HBx are shown in HBV-associated HCC tissues (c) and HepG2X cells (f), respectively. Results of dual-labeling experiments of Notch4 and HBx
are shown in HBV-associated HCC tissues (i) and HepG2X cells (1), respectively (magnification, x400). (B) The physical interaction of Notchl or Notch4 with
HBx was examined by co-immunoprecipitation assay. Western blot analysis for Notchl and Notch4 from input and for HBx after IP showed equal amount of

input protein and immunoprecipitated protein.

Notchl morphologically co-localizes and physically interacts
with HBx. The relationship of Notchl, Notch4 with HBx
suggested a possible co-localization, and we explored this
possibility by confocal microscopy. As the result showed,
HBx was stained green and Notchl was stained red. The
yellow staining in dual-labeling experiments indicated over-
lapping areas of red and green fluorescent labels and suggested
co-localization of Notchl with HBx in the cytoplasm of
neoplastic cells of HBV-associated HCC tissues and HepG2X
cells. For HBx and Notch4, no apparent yellow fluorescent was
observed in dual-labeling experiments (Fig. 3A). No fluores-
cent showed up in negative control sections. Confocal analysis
demonstrated that Notchl, but not Notch4, morphologically
co-localized with HBx.

We further examined the possible physical interaction
of HBx with these two Notch receptors in HepG2X cells by
co-immunoprecipitation assay. The result showed that Notchl
(NTM) was co-immunoprecipitated with HBx in HepG2X
cells. No interaction was observed between Notch4 and HBx.
No interaction was observed in HepG2-pc cells. In addi-
tion, no non-specific interaction was observed from control
non-immune IgG, indicating the specificity of Notchl-HBx
interaction (Fig. 3B).

Suppression of Notch signaling in HepG2X inhibits cell
growth and blocks cell cycle progression. To investigate the

effects of the activation of Notch signaling by HBx on HCC,
the activity of Notch signaling in HepG2X and HepG2-pc
cells was suppressed by a highly specific GSI, DAPT and
cell growth was examined. The result from MTT showed that
the inhibition of DAPT on the growth of HepG2X cells were
observed at the final concentrations (5 and 10 M) for 1 day
(P<0.05), and the degree of inhibition was positively correlated
with exposure time. The inhibition effect of 10 uM was similar
with that of 5 uM DAPT, which indicated 5 yuM a suitable
concentration (Fig. 4A). The result of colony-formation assay
and soft agar assay also showed that 5 or 10 xuM DAPT while
not DMSO significantly reduced the capacity of single cell
colony formation and anchorage-independent cell proliferation
in HepG2X cells (P<0.05). Cell growth and colony forma-
tion in HepG2-pc was not influenced significantly by DAPT
(Fig. 4B and C). For cell cycle, PI staining and FCM analysis
demonstrated a significant increase in the number of cells in
G1 phase after HepG2X cells was treated with 5 uM DAPT
while not 5 uM DMSO (P<0.05). Neither DAPT nor DMSO
influenced HepG2-pc cell cycle distribution (Fig. 4D). The
above results showed that suppression of Notch signaling in
HepG2X inhibited cell growth and proliferation, and blocked
cell cycle progression.

Suppression of Notch signaling in HepG2X induces cell
apoptosis. Cell apoptosis was further examined. Apoptosis
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Figure 4. Suppression of activity of Notch signaling in HepG2X inhibits cell growth and blocks cell cycle progression. (A) MTT assay. (B) Colony-formation
assay. (C) Soft agar assay. Data were normalized by setting the number of cell colonies in HepG2X or HepG2-pc cells treated with 5 uM DMSO at 100. The
results are given in percentages. (D) Cell cycle analysis shown by DNA histograms. "P<0.05.

histograms from PI staining showed that the percentage of
apoptotic cells in HepG2X dramatically increased to 23.4%
after treated with DAPT, compared to 0.98% when treated
with DMSO (P<0.01) (Fig. 5A). Apoptosis was also assessed
by Annexin V and PI double-staining assay. The percentage of
apoptotic cells (Annexin V*/PI', early stage; Annexin V*/PI*,
late stage) of HepG2X treated with DMSO was 2.3%. After
treatment with 5 yM DAPT for 24 h, the percentages of apop-
totic cells significantly increased to 19.1% (P<0.01) (Fig. 5B).
We also examined ultrastructure of cell apoptosis by TEM.
DAPT (5 uM) led to a characteristic pattern of apoptosis
in HepG2X cells. No such characteristic apoptosis pattern
was observed in the DMSO control (Fig. 5C). In all the
above assays, DAPT did not induce apparent cell apoptosis
in HepG2-pc. These results demonstrated that suppression

of activity of Notch signaling could lead to cell apoptosis in
HepG2X cells.

Discussion

The role of Notch in HCC has been studied comprehensively.
Our previous research demonstrated that Notchl activation
contributes to HCC cell growth and proliferation (30). We also
found that Jagged] is highly expressed in HCC tissues and
its expression is closely related with HBx (20). Afterwards,
studies from other research teams showed that downregula-
tion of Notchl inhibits the invasion and migration of HCC
cells by inactivating the cyclooxygenase-2/Snail/E-cadherin
pathway, and also by regulation of phosphatase and tensin
homolog (PTEN) and focal adhesion kinase (FAK) (31,32).
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Figure 5. Suppression of activity of Notch signaling induces apoptosis in HepG2X cells. (A) Representative apoptosis histograms from PI staining and FCM
analysis. (B) Annexin V binding assay. Data were normalized by setting the number of apoptotic cells in HepG2X or HepG2-pc cells treated with 5 M DMSO
at 100. The results are given as percentage; “P<0.01. (C) TEM scanning. DAPT induced characteristic changes of apoptosis in HepG2X cells, with chromo-
some condensation and aggregation, nuclear fragmentation, cytoplasmic condensation, blebbing and emergence of apoptotic bodies (magnification, x4,000).

There are also some studies investigating the role of Notch in
the prognosis of HCC patients. Researchers found that patients
with high Notchl or Notch3 expression are at a significantly
increased risk for shortened survival time in HCC patients (33).
Both Notchl expression and Notch4 overexpression are
independent predictors of shorter disease-specific survival in
HCC (34). These reports indicate an oncogenic role of Notch
in HCC.

HBx has been reported to have an important effect on the
carcinogenesis and progression of HBV-associated HCC by its
regulation of a series of signal pathways and molecules and
thus also affects signal transduction and biological behavior of
the host cells. Although HBx has been inferred as an important
carcinogenic factor, more vital downstream effectors remain
to be identified. Since Notch signaling has been demonstrated
to play an oncogenic role in HCC, we studied its relationship

with HBx and investigated its role in HBV-associated HCC.
Our results show that HBx activates Notch signaling in a dose-
dependent manner. To explore which Notch receptor is involved
in the activation, we examined the expression of Notchl-4 in
HBV-associated HCC tissues and HepG2X cells. The results
show that the level of Notchl (NTM) is upregulated by HBx.
The inhibitor of p38 MAPK blocks the increase of Notchl by
HBx, which indicates that HBx regulates Notchl through the
p38 MAPK pathway. Moreover, ICN4 is found to accumulate
in HBV-associated HCC tissues and HepG2X cells. Since
ICN is rapidly degraded after it activates transcription in the
nucleus, the accumulation of ICN4 in our case is obviously due
to the activation of Notch4 by HBx. Therefore, we conclude
that HBx activates Notch signaling by its activation of Notch4.

Notchl was found in a very small number of nuclear posi-
tive samples in HBV-associated HCC tissues and did not detect
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its activated form in HepG2X cells, which seems to indicate
that it is the expression, not the activity, of Notchl which is
regulated by HBx. However, there is still another possible
reason for the undetectable ICN1, that is, the extremely poor
stability of ICNI1 in our case. It has been found that ICN1
is degraded in the nucleus by Fbw7 E3 ligase-mediating
ubiquitination (35). Upon Notch receptor-ligand binding,
Jagged] ligand undergoes a proteolytic cleavage, resulting in
the production of a free intracellular domain (JICD), which
is reported to reduce the stability of ICN1 through Fbw7-
mediating ubiquitination and degradation of the protein (36).
In fact, Jaggedl was found to be upregulated by HBx in our
previous experiment (20). Thus, the undetectability of ICN1
in the present study might be due to the increased JICD,
which still needs further investigation.

The relationship of Notchl, Notch4 with HBx indicates a
possible physical interaction between them. Actually, we find
that Notchl, but not Notch4, morphologically co-localizes
and physically interacts with HBx. Our result demonstrates
that, besides regulation of expression, the effects of HBx on
Notchl might also result from their interaction. HBx has been
reported to interact with various proteins to take part in the
carcinogenesis of HCC (37,38). The interaction of HBx with
Notchl in our case might lead to activation of Notch signaling
or other crosstalk signaling pathways, which would probably
contribute to the development of HBV-associated HCC.

Furthermore, we investigated the role of the activated
Notch signaling in HepG2X cells. After suppression of
Notch signaling, cell growth and proliferation of HepG2X is
significantly attenuated, while no apparent growth inhibition
occurs in the control HepG2-pc cells with a lower activity
of Notch signaling. Moreover, we found that suppression of
Notch signaling induces cell cycle arrest and cell apoptosis in
HepG2X cells. Thus, it can be concluded that HBx promotes
cell growth and inhibits cell apoptosis in HCC through its acti-
vation of Notch signaling. Previous reports showed that Notch
signaling can be activated by several viral oncogenes, such
as EBNA2 and human papillomavirus E6 and E7 proteins,
and take part in the carcinogenesis of these virus-associated
cancers (39,40). Thus, our finding indicates Notch signaling as
a downstream pathway activated by HBx in HBV-associated
HCC.

In conclusion, the present study indicates that HBx acti-
vates Notch signaling by its effects on Notch1 and Notch4 and,
therefore, recruits Notch signaling as a downstream pathway
contributing to its carcinogenic role in HBV-associated HCC.
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