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Hepatitis B virus X protein and hypoxia-inducible factor-1o
stimulate Notch gene expression in liver cancer cells

SHENG-LI YANG', QUAN-GUANG REN', TAO ZHANG', XIAOLI PAN?, LU WEN',
JIAN-LI HU', CHAO YU?® and QIAN-JIN HE*

!Cancer Center and 2Department of Gastroenterology and Hepatology, Union Hospital, Tongji Medical College,

Huazhong University of Science and Technology, Wuhan, Hubei 430022; 3Dospartment of Hepatobiliary Surgery,

Affiliated Hospital of Guiyang Medical College, Guiyang, Guizhou 550001; 4Department of General Surgery,

Huanggang Central Hospital, Huanggang, Hubei 438000, P.R. China

Received May 6, 2016; Accepted June 17,2016

DOI: 10.3892/0r.2016.5211

Abstract. Increasing evidence has demonstrated that Notch
genes, including Notchl, Notch2, Notch3 and Notch4, are
involved in carcinogenesis. However, the expression and
regulation of Notch genes in hepatocellular carcinoma (HCC)
tissues have not been fully investigated. In the present study,
immunohistochemical and quantitative real-time PCR (qPCR)
analyses were performed to examine the expression of Notch
genes in normal human liver, HBV-related HCC and paired
peritumoral tissues. Additionally, qPCR and western blotting
were utilized to investigate the impact of hepatitis B virus X
protein (HBx) and hypoxia-inducible factor-1a. (HIF-1a) on
the regulation of Notch gene expression. The immunohisto-
chemical and qPCR results showed that the expression levels
of Notchl, Notch3 and Notch4 were significantly higher in
HCC tissues than the levels in peritumoral and normal liver
tissues. However, no significant difference in Notch2 expres-
sion was found between HCC and peritumoral tissues. Among
the four Notch genes, immunohistochemical analyses found
that only the increased level of Notch3 in HCC tissues was
positively correlated with vascular invasion of liver cancer
(P<0.05). Moreover, we found that overexpression of both HBx
and HIF-1la increased the expression of Notchl, Notch3 and
Notch4 in HepG2 and Bel-7404 cell lines. In summary, the
present study demonstrated that Notchl, Notch3 and Notch4
were upregulated in HCC tissues and that HBx and HIF-1a
may be the factors that cause the overexpression of Notch
genes. Furthermore, the increased expression of Notch3 was
closely related to the vascular invasiveness of HCC.
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Introduction

In recent years, acceptance and application of the theory
concerning tumor stem cells are gaining impetus. Tumor stem
cells are responsible for tumor occurrence, relapse, metastasis
and drug resistance. Inhibition and blocking of the prolifera-
tion of tumor stem cells can suppress the growth of tumors (1).
Proliferation and stemness maintenance of tumor stem cells
are related to the Notch, Wnt and Hedgehog signaling path-
ways (2,3). Among them, the Notch signaling pathway is the
simplest and consists of only three parts, Notch receptor, Notch
ligand and intracellular effector (DNA-binding protein CSL,
CBFl/suppressor of hairless/Lagl). When the Notch signaling
pathway is activated, the Notch receptor binds to the ligand and
is then cleaved by the protein convertase (2,3). The Notch intra-
cellular signaling domain (NICD) is released into the cytoplasm
and enters the nucleus where it binds to the transcriptional
factor CSL, forming the NICD/CSL complex. As a result, the
target genes HES, HEY and HERP are activated (2,3).

The Notch receptor family includes four members, Notchl,
Notch2, Notch3 and Notch4, which play different roles in
tumor formation (4,5). Divergent conclusions have been drawn
concerning the relationships of the four Notch receptors to
liver cancer, and no scientific consensus has yet been reached
concerning the reason for the abnormal expression levels
of Notchl, Notch2, Notch3 and Notch4 in liver cancer (5).
Various studies have shown that the hepatitis B virus X
protein (HBx) activates the Notchl signaling pathway (6-8),
whereas Xu et al indicated that HBx inhibits this pathway (9).
Hypoxia-inducible factor-lo. (HIF-1a) is known to regulate
Notchl expression (10-12), but its effect on other Notch recep-
tors is uncertain, which we aimed to clarify in the present
study.

Materials and methods

Patients and clinicopathologic information. HBV-positive
HCC tissues (n=105) and their paired peritumoral tissues
(n=52), as well as normal liver samples from hepatic heman-
gioma (n=10) were sectioned for immunohistochemical
analysis (IHC). Among these samples, 52 HCC and paired
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Table I. PCR primers and conditions.

349

Gene Primers Temperature (°C) Product size (bp)

Notchl 5'-GTCAACGCCGTAGATGACC-3' 614 101
5'-TTGTTAGCCCCGTTCTTCAG-3'

Notch2 5'-ACTGTGAGGAGCAACTCGAT-3' 53.5 133
5'-TCCACTTCATACTCACAGTTGA-3'

Notch3 5'-TGACCGTACTGGCGAGACT-3' 62.1 67
5'-CCGCTTGGCTGCATCAGCA-3'

Notch4 5'-AACTCCTCCCCAGGAATCTG-3' 575 168
5'-CCTCCATCCAGCAGAGGTT-3'

[-actin 5'-AGTTGCGTTACACCCTTTCTTGAC-3' 63.9 171
5'-GCTCGCTCCAACCGACTGC-3'

HIF-1a 5'-CATCTCCATCTCCTACCCACA-3' 58.3 105

5-CTTTTCCTGCTCTGTTTGGTG-3'

HIF-1a, hypoxia-inducible factor la.

peritumoral tissues were collected from The Center Hospital
of Huanggang (Huanggang, China) between June 2008 and
June 2011. The rest of the samples were collected from the
Affiliated Hospital of Guiyang Medical College (Guiyang,
China) from November 2006 to July 2010. All the human
studies were approved by the Human Ethics Committee of
The Center Hospital of Huanggang and Guiyang Medical
College. All tissue samples were collected from patients before
any medical treatment. Peritumoral tissues were obtained at
least 2 cm away from the primary site of the tumor. All HCC
patients tested positive for HBV antigen (HBsAg) and nega-
tive for the antibodies against hepatitis C virus (anti-HCV) and
human immunodeficiency virus (anti-HIV).

Reagents and cell lines. Goat anti-human Notchl polyclonal
(SC-6014), goat anti-human Notch2 polyclonal (SC-32346),
rabbit anti-human Notch3 polyclonal (SC-5593), rabbit anti-
human Notch4 polyclonal (SC-5594), mouse anti-human
monoclonal antibodies against HIF-1a. (SC-53546) and mouse
monoclonal antibodies raised against baculovirus expressed
recombinant Hep B xAg (SC-57760) were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). The human
HCC cell line HepG2 was purchased from the American Type
Culture Collection (ATCC; Rockville, MD, USA). Another
HCC cell line Bel-7404 was purchased from the Institute
of Cell Biology, SIBS, CAS (Shanghai, China). HIF-1a
expression plasmids and the corresponding control plasmids
(pcDNA3.1), as well as HBx expression and their control plas-
mids (pEGFP-N1) were purchased from Shanghai GeneChem
(Shanghai, China).

IHC.THC was performed as previously described (13). All the
primary antibodies for the Notch genes were diluted at 1:50.
The protein expression of Notchl, Notch2, Notch3 and Notch4
was quantitated by the number of cells exhibiting cytoplasmic
and nuclear staining and scored according to the standard
developed by Gao et al (14). Briefly, a percent intensity (PI)

score was given based on the percentage of stained cells in each
cellular compartment: score O for 0% cell staining, score 1 for
1-25%, score 2 for 26-50%, score 3 for 51-75%, and score 4 for
76-100%. Next, the staining intensity (I) was scored for the
tissues: score 0 for no staining, score 1 for weak but definite
staining, score 2 for moderate staining, score 3 for pronounced
staining, and score 4 for intense staining. The immunoreaction
score (IRS) was calculated by the formula IRS = PI x I/4. If
one IRS score was greater than the median of all the scores, it
was categorized as high protein expression. Otherwise, it was
categorized as low protein expression.

Quantitative real-time PCR (qPCR) and western blotting.
TRIzol reagents (Invitrogen, Carlsbad, CA, USA) were used
to isolate total RNA from 150-200 mg of 52 fresh frozen HCC
tumor and their adjacent liver tissues. RNA extraction, cDNA
synthesis, qPCR reaction and western blotting were performed
as previously reported (15). The primer sequences used in the
present study are listed in Table I. All the primary antibodies
for Notchl-4 were diluted at 1:250.

Promoter analysis. The TRANSFAC software (http:/www.
biobase.international.com) was used to identify potential
HIF-1a binding sites in the promoter regions of Nothl-4
following the software's instructions.

Statistical analysis. The statistical analyses were performed
using SPSS software (version 20.0; SPSS, Inc., Chicago,
IL, USA). Paired t-test, Mann-Whitney U test, or one-way
ANOVA were used. A P-value <0.05 was considered statisti-
cally significant. Results are expressed as mean + SD of three
independent experiments.

Results

Expression of Notchl, Notch2, Notch3 and Notch4 in HCC
tissues. It has been reported that the four Notch members,
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Figure 1. mRNA and protein expression of Notch genes in HCC tumors and their peritumoral tissues. (A) Quantitative real-time PCR (qPCR) results show
increased mRNA expression of Notchl, 3 and 4 in HCC tumor tissues (T) compared to peritumoral tissues (N). (B) Immunohistochemical analysis also found
enhanced staining intensity of Notchl, 3 and 4 proteins in HCC tumor tissues compared to their intensities in normal liver and peritumoral tissues. Scale bar,

10 pm.

Notch1-4, are closely associated with the development of many
types of cancers (16,17). To investigate the relationship of
Notch gene expression and HCC development, we compared
the expression of Notchl, Notch2, Notch3 and Notch4 in
HBV-positive HCC tissues with their expression in paired
peritumoral tissues. The qPCR results showed that the mRNA
expression of Notchl, Notch3 and Notch4 was significantly
higher in HCC tissues than that in peritumoral tissues (Fig. 1A).
However, there was no statistically significant difference in
Notch2 mRNA expression between the HCC and peritumoral
tissues (Fig. 1A). In addition to qPCR, IHC was performed to
detect the protein expression of Notch1-4 in 105 HCC samples,
52 paired peritumoral specimens and 10 normal liver tissues.
The results indicated that Notchl-4 were all expressed in
the cells of HCC, peritumoral and normal liver tissues with
varied intensity. As shown in Fig. 1B, the protein expression

of Notchl, Notch3 and Notch4 in HCC tissues was markedly
higher than that in the peritumoral and normal liver tissues.
However, no difference in Notch2 protein expression was
observed among the three types of tissues (Fig. 1B).

Clinical significance of altered Notch gene expression in
HCC tissues. Next, we studied the relationship between Notch
gene expression and the clinicopathological features of HCC
patients. We found that the expression of Notch3 in the HCC
tissues with vascular invasion was significantly higher than
that in the HCC tissues without vascular invasion (P<0.05;
Table II). However, no significant correlation was found
between Notch3 expression and the other clinicopathological
features, including age, gender, presence of cirrhosis, tumor
size, serum a-fetoprotein (AFP) level and grade of tumor
differentiation. In addition, no correlation was observed
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Figure 2. HBx increases the mRNA expression of Notchl, 3 and 4 in HCC cell lines. qPCR results show that the mRNA expression of Notchl, 3 and 4 was
increased in the HepG2 cells (A, C and D) and Bel-7404 cells (E, G and H) transfected with the HBx expression plasmids compared with their corresponding
control cells transfected with an empty vector (EGFP). The effect of transfecting HBx expression plasmids into (B) HepG2 and (F) Bel-7404 cells on the
mRNA expression of Notch?2 resulted in no significant differences, compared to the control cells, respectively. Results are presented as mean + SE (“P<0.01).

between the expression of Notchl, Notch2 and Notch4 and all
the documented clinicopathological features (Table II). These
findings suggest that Notch3 is a valuable predictor for early
invasion and metastasis of HCC.

HBx is involved in the upregulation of Notchl, Notch3 and
Notch4 in HCC. To investigate the molecular mechanism
leading to the upregulation of Notchl, Notch3 and Notch4
in HCC tissues, we examined the role of HBx, a gene closely
associated with HCC development, in controlling the expres-
sion of Notchl-4. We found that the HepG2 and Bel-7404
cells transfected with HBx expression plasmids had elevated
mRNA and protein levels of Notchl, Notch3 and Notch4

compared to the levels in the cells transfected with the control
plasmids (Figs. 2 and 3). However, there was no significant
alteration in Notch2 expression at either the mRNA or protein
level following the overexpression of HBx. HBx has been
reported to be upregulated in HCC tissues (18), and therefore,
it may be one of the factors that lead to the increased expres-
sion of Notchl, Notch3 and Notch4 in HCC tissues.

HIF-1a is involved in the upregulation of Notchl-4 in HCC.
It has been widely reported that HIF-1a increases the expres-
sion of Notchl in many types of human cancer cells (10-12).
However, it remains unclear concerning whether HIF-1a is
involved in regulating the expression of Notch2, Notch3 and
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Table II. Correlations of Notch protein expression in surgical specimens of HCC with clinicopathological characteistics of the
HCC cases.

Notch1 Notch2 Notch3 Notch4

Parameters Low High P-value Low  High P-value Low High P-value Low High P-value
Age (years) 0.537 0.181 0.625 0.103
<50 17 15 13 19 15 17 12 20

=50 34 39 40 33 38 35 40 33

Gender 0.190 0.861 0.527 0.777
Male 36 44 40 40 39 41 39 41

Female 15 10 13 12 14 11 13 12

Cirrhosis 0.639 0.285 0.064 0.375
Absence 25 24 22 27 20 29 22 27

Presence 26 30 31 25 33 23 30 26
Tumor size (cm) 0.137 0917 0.498 0.375
<5 20 29 25 24 23 26 22 27

=5 31 25 28 28 30 26 30 26
AFP (ug/l) 0473 0.285 0.776 0.285
<400 30 28 32 26 30 28 26 32

=400 21 26 21 26 23 24 26 21
Histological grade 0.624 0.248 0.670 0.272
Well 14 11 15 10 14 11 13 12

Moderate 24 30 23 31 25 29 23 31

Poor 13 13 15 11 14 12 16 10
Vascular invasion 0.948 0.230 0.034 0.275
Absence 39 41 43 37 45 35 42 38

Presence 12 13 10 15 10 15

HCC, hepatocellular carcinoma; AFP, a-fetoprotein.
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Figure 3. HBx increases the protein expression of Notchl, 3 and 4 in HCC cell lines. Western blotting was used to detect elevated protein expression of
Notchl, 3 and 4 in the (A) HepG2 and (B) Bel-7404 cells transiently transfected with HBx expression plasmids compared to their corresponding control cells
transfected with an empty vector (EGFP). $-actin was used as a loading control.
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Figure 4. HIF-1a increases the mRNA expression of Notch1,2,3 and 4 in the HCC cell lines. qPCR results show that the mRNA expression of Notchl,2,3 and 4
was increased in the (A-D) HepG2 and (E-H) Bel-7404 cells transfected with HIF-1o expression plasmids compared with their corresponding control cells
transfected with an empty vector (pcDNA3.1). Results are presented as the mean + SE (“P<0.01).

Notch4. Our results indicated that overexpression of HIF-1a
significantly increased the expression of Notchl, Notch2,
Notch3 and Notch4 at both the mRNA and protein levels
in the HepG2 and Bel-7404 cells (Figs. 4 and 5). Using the
TRANSFAC software, multiple potential HIF-1a binding sites
were identified in the promoter regions of Nothl-4 (Fig. 6).
HIF-1a may enhance the expression of Notchl-4 through
binding with the hypoxia response elements (CGTG) in their
promoter regions. Therefore, HIF-1a may be another factor
that leads to the increased expression of Notchl, Notch3 and
Notch4 in HCC tissues.

Discussion

Notch receptors are large single-pass type I transmembrane
proteins, which are composed of the Notch extracellular

domain (NECD), the transmembrane domain and the Notch
intracellular domain (NICD) (19). The NECD contains 29-36
tandem epidermal growth factor-like (EGF-like) repeats.
Human Notchl and Notch?2 contain 36 EGF-like repeats each,
and Notch3 and Notch4 contain 34 and 29 EGF-like repeats,
respectively (19). Moreover, NICDs of different Notch recep-
tors have different structures, which may lead to variations in
their intracellular functions (19).

Different Notch receptors vary in their expression levels
and their relationships with tumors. Zhou et al used the
Kaplan-Meier plotter (KM plotter) database to analyze the rela-
tionship between the mRNA expression of Notchl-4 and the
prognosis in 1,306 patients with ovarian cancer. However they
failed to find any significant correlations between the Notchl
and Notch4 mRNA expression and the prognosis of patients
with ovarian cancer. However, they found that high Notch2



354 ONCOLOGY REPORTS 37: 348-356, 2017
B
HIF-1a HIF-1a
Notch1 Notch1
Notch2 Notch?
Notch3 Notch3
Notch4 Notch4
B-actin B-actin
HepG2-pcDNA3.1 HepG2-HIF-1a  Bel-7404-pcDNA3.1  Bel-7404-HIF-1a

Figure 5. HIF-1a increases the protein expression of Notch 1-4 in HCC cell lines. Western blotting was used to detect the elevated protein expression of
Notch 1-4 in the (A) HepG2 and (B) Bel-7404 cells transiently transfected with HIF-1a expression plasmids compared to their corresponding control cells

transfected with an empty vector (pcDNA3.1). 3-actin was used as a loading control.

A Notch B Notch2
2640 GTOCAGGGGTTGOGAGCTGOGAGGOCGAGGCCTGTGCTTCCCTCOEGCCT  ~4140 GTTTTTGGAAGGTCTAAATCACTGCGCAACTGCAAGGCATTATTAAAGA
2580 GTGCACCOGGCCGCACCATCCG TAMCGEGGGCTTATGABCGTGECTGECT — ~4080  AATCTTCCTTTTAATTCCTGCTTCCACAACATCTCATCACATATCCTTG
2520 GCTGGETGECCTGACGOGTCRACACCGAATGGGCCACTCTCTTCTCTGET 4020 GGTTCCTGGGTTACATGGAGAGATTRGTGG TG TAGCTCAATCTATGTGTC
1980 GOCACAGGGTGOCCETGOCTORCATCGTERTGRAGAMATARATCAGCCGG 3960 ATAGCTATCCCACAATCTCTTCTTCAACTTCTCCAACACACCAAGACATT
11320 ANGGAGCRGBTROGAMGGOCTACGOCGECG0CAGIGGEAGATCCGCCGn 3900 CTTCCAGTCTTGCATTGTTCOCCAGTTTATATAGATATATATGTTCCTCA
~1260 CCCGTTTGTGCTTTCTGOGOCCACCTTAGGCAGGCGOCGCCOGGOCAGGA 600  TATCATCCCACTGCCAAGCACACAGCTACGCARAGTAAGGCACTTAAGAA
~1200 GGAGGACGGTGACCGAGGABCGTGTCGACGCGOGTOCCCCTTORO06ACC  ~540  ATATTCGCTACACGGATGAACAAATGAATGAATGAATGGGGCAGCACCAC
1140 GGGGCACAATCCGTCCGCGAGGCACTGGTCCCGGCTGCTCCCTCRGRGCG  ~480  TCRGIGNTGGCTCTATTCCITTTTAATGGACTTTGGCGCCT TGGCCCACT
000 CCTACCOCCCACACACCOCTACCEACTCTECCAGACOCETaCCCCaee 420 TTCCTTCTTTGACAGCACTGGTCCTACTCCAGAGCATTCCTCTAGCTAGE
840 CC0GOGGTCCOCCARGBIGECCTCAGCTOTCoTcGCC0saCccAGooca 300 MAGCAGTGTGTGGATGTGTGGGTGTAGGTGGCOATACAGAOCTCACTGS
~780 CGGTGCACACGECTGTCCOLOGCCTCGCCCTCCCCATTOC6E0C0666CT — ~60 CCTGOGTGCCCAAGGCGGCOGE6CCAGECCECE0CGACAGTGEGGCO6G

1
~60 CCAGCGCAGGAGGOCGCOGCCCGEGCGCAGAGGGCAGCCGETRREGAGEE 0 BCTTGCCCTC0GAGGAGGCGGCTAGGCCGAAGGACACACGAGGCTGCTT
+1

0 E]’COGCOGCTCCTGGCGODCCTGCTCTGCCTGGCGCTGCTGCCOGCGCT 60 CGTTGCACACCCGAGAAAGTTTCAGCCAAACTTCGGGCGGCGLCTRAGGC
60 CGCCOCACGAGGTAGGCGCCCACCCACCCGCGAGCCCCCACTTTCCGOGE 120 GGCGGCCGAGGAGCOGCGGACTCOOGGOGORGCRAGTCRAGGCATTTGG
120 CCTTTOGAAACTTTGOCGECECCCE6CGC6CG06CCCACEECTGEGAGE 180 CCTGGGCTTCOGAGCGTAGCGCCAGGGOCTGAGCCTTTGAAGCAGGAGGA

C Notch3 D Notch4
1980 GAGGGAGCTGCAGGAAGCCTGTGCAGCATGACTGATTTGGGAMAGGCAA  ~3180 ACAAGCCCTTCAGGTGAATCTGATCCAGACTCGTTTGAGAARACCACTGC
1920 TTGATCAAGGCTGGRCGTGGTGGCTCACGCCTGTAATCCCAGCACTTTGG 3120 TAGGCCGGECGTGETGECTCACGLCTGTAATCCCAGCACTT TGGGAGGCC
1860 GAGGCTGAGGCGGGCGGATCACTTGAAGTCAGGAGTTCGAGACCAGCCTG 3060 AAGGCGGGTGGATCACAAGGTCAGGAGATCGAGACCATCCTGGCTAACAC
1020 AGTGGGTTGCTTTCTGOGAGGGCTOAGAGCAAGAAGAGTTTGTGTGTGCA 3000 AGTGARACCCOGTCTCTACTAMRATACAAAAANTTAGCCGGCGTG TG
-960  TGTCTGAACACACACACATGCATGTGACTCCTAGTACGIGICTGAGGTCT  ~1800 GGACCACACCCTIGATGCTGOCTGCCAGGLTGOCEGTCRAAGACCTEGTT
900 GAGGCTGCAAATGTAGTCCTAGGCTCCTGGCCTGECTGAGTGAGTTTTAG  ~1740 GAAGAACTGATTGCAGCCCAAGCAGACGTGOGCGCCAGAGATAMATGGEG
~720  TGOCTTGAAGCCATTTTCCTCCTTCAGCCTCTCOAATAGCTGGGACTACA 1680 TATGTAGAGGAAGGGGTGATGTATGCTATAGAGAAGTTGAGCAGATGGGG
~660 QBOGTACGCCACCACGCTCAGCTANTTTTTGTATTTICAGTAGAGTCCEG 1620 mccAm@mmﬂgﬂqmmﬁmmmt@m&
600 GTTICACCATGTTGGCCAGGCTGGTCTCCAACTCTTGACCTCAAGTGATC  ~900  GGAAGTGCOGTAACCCOCAMGCCTGAAGGGATAGGOGCCAGTCGTCEE
120 ANGCTTGOTGCATGGGCTTGCATITGTGCGTOOOTGGCTGTGGEToCATG 40 GCAGTGAAGGCAGAAGGOCCAGTCCTGTGGBOGTGRCCTTCCCTGATA
360 AGOCTCTCAGHRGBTGACTGGCCTCAGTTTOCAGAGTTTCTGGGAGGCTG. 150 TCO0CCCTOGCTCTTCTGTACAGGAGCAGACGOCGCTATTOCTGG06G0G
-300 TGTTTTTTGTCCCOGCTCCAGAGGTGTCCGOCTCTGEGTGTGTACTGO06  ~540 GAGGCCCGTCACAAAGCCACGCCGGECCGCGAGGCTERGCCCTTCOCGEG
~240 GATGGGGATGGCGTECGTGEGCGTTCACGAGGTTGGGTGTGCCGECACT — ~480  CGCACGGACGGTGTCAGT. CCGCATGGE6E06666CTCTGE
=180 COGGGTTCTGCCCGCGTCTCACTGCATGCTOGGCCTGGGTTTCCGAGGGT =420 CGCGCTGCCGGACGCTGTCAGCCGGAGCAGGCCCTCGTGGRGGOGGAGCT

+1 1

0 TTCCAGGECTOGE0606666C06CCCO6CCGCCTCACTTCOGCCAAGTTG 0 BOCCAGCGGOGATCACCTCAACTTGACTGTEGTCCCOCAGECCTCCAAGA
60 GCOGOGCGCAGGCTEGCCCOGGACGCGCCCCEAGCCCAGGGAAGGAGEGA 60  AATGCCCATAACCAAGGAGGAGAGGGTAAMAAATAGAAGAATACATGGT

Figure 6. Putative HIF-1a binding sites in the promoters of human (A) Notchl, (B) Notch2, (C) Notch3 and (D) Notch4. The number indicates the location of
the nucleotide relative to the start site of the first exon, which is marked with an arrow. The shaded nucleotides represent the putative hypoxia response elements
(CGTG), which are HIF-1a binding sites that were identified by the TRANSFAC software (http://www.biobase.international.com).

mRNA expression predicted a poor prognosis, while high  Xu et al analyzed the correlation between the mRNA expres-
Notch3 mRNA expression predicted a good prognosis (16).  sions of Notchl-4 and the prognosis in 3,554 patients with
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breast cancer using the KM-plotter database. Their results
showed that a high expression of Notchl messenger RNA
(mRNA) was correlated with a worse overall survival (OS)
in progesterone receptor-negative breast cancer patients.
High expression of Notch2, Notch3 and Notch4 mRNA was
found to be correlated with a better OS for all breast cancer
patients (17).

The Notchl signaling pathway is one of the most studied
pathways involved in the genesis of these tumors, but there
is no consensus if it acts as a tumor suppressor or onco-
gene (4,5,20,21). Various studies confirmed that the Notchl
receptor has a tumor-suppressor function in hepatocellular
carcinoma (HCC). Qi et al showed that the Notchl receptor
mediates growth inhibition and apoptosis of HCC-derived
cell lines. Overexpression of the Notchl receptor in these
cells induced apoptosis by affecting the balance between p53
and B-cell lymphoma-2 (Bcl-2) (22). The Notchl receptor
also inhibits the proliferation of HCC cells by modifying the
expression of the cell cycle regulator, which suggests that the
Notchl receptor takes the role of a tumor suppressor (22). In
contrast, other reports found indicators for an oncogenic role
of the Notchl receptor in HCC. This was supported by a recent
study, which showed that the inhibition of the Notchl receptor
reduced the HCC rate (20). Furthermore, Wang et al found that
a high Notchl expression in metastatic HCC was significantly
correlated with lymph node metastasis (21). Notchl knockout
resulted in an obvious reduction of the metastatic activity of
tumor cells in mice, indicating the oncogenicity of Notchl in
HCC (21). The present study revealed that Notchl was upregu-
lated in liver cancer with respect to precancerous lesions and
normal liver tissues. However, no explicit connections were
identified between Notchl and clinical parameters of liver
cancer.

The role of Notch2 in HCC has been rarely studied.
Gao et al showed that Notch2 was downregulated in HCC
tissue compared with the expression level in adjacent non-
tumor liver tissue (14). Hayashi et al found that Notch2 was
significantly associated with an advanced clinical staging of
primary HCCs (23). In addition, an in vitro cytological study
found that Notch2 promoted the invasiveness and metastasis
of HCC (23), confirming the important role of Notch2 in
the occurrence and progression of HCC. Our results did not
show any significant differences in Notch2 expression in liver
cancer, precancerous cirrhotic liver, and normal liver tissues.
Furthermore, Notch2 was not particularly correlated with
vascular involvement.

Numerous studies are concerned with the role of Notch3
in HCC. Gao et al did not find any differences in the Notch3
expression between HCC and adjacent non-tumor liver
tissue (14). In contrast, Gramantieri et al found that Notch3
was significantly upregulated in HCC tissue with respect to
precancerous lesions (24). Similar to Gramantieri et al, we
found that Notch3 was upregulated in HCC (24). In addition,
Notch3 was closely associated with vascular involvement.
High expression of Notch3 usually indicates a higher risk of
vascular involvement in HCC, which is consistent with the
report of Hu ef al (25).

The relationship between Notch4 and HCC is compara-
tively less frequently studied. Gramantieri er al compared the
expression levels of Notch4 in HCC tissue and precancerous
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lesions (24). The Notch4 receptor was upregulated in the HCC
tissues, whereas the HCC mRNA expression was not signifi-
cantly different between HCC tissues and precancerous lesions.
Ahn et al found that a high Notch4 expression predicted a poor
prognosis (26). We also found that Notch4 protein and mRNA
were upregulated in HCC tissues with respect to precancerous
lesions, but no connections were revealed between Notch4 and
clinical parameters of HCC.

Our results basically agree with previous findings on
Notchl-4 expression in liver cancer, albeit with some varia-
tions. HCC from different etiologies vary in terms of gene
expression (27), which will not be reflected by our results, as
we exclusively studied HBV-related liver cancers. This may
explain the slight differences to other studies.

The hepatitis B virus is a common pathogen of HCC. HBx,
the encoded protein of hepatitis B, is closely associated with
the development of HCC (27). HBx can act as a growth factor,
promote cell growth, induce cell cycle arrest, interfere with
DNA repair, regulate cell proliferation and apoptosis, and cause
drug resistance (28). Gao et al reported that HBx upregulated
the expression of Notchl and Notch4 (7), whereas Xu et al
showed that HBx inhibited the Notchl signaling pathway.
Confirming the conclusions of Gao et al, we found that HBx
upregulated Notchl, Notch3 and Notch4 expression (7), but
had no impact on the expression of Notch2. However, the
reason for this is unknown.

HIF is a transcriptional factor that is closely related to
the occurrence and progression of liver cancer (29). Hypoxia
induces the accumulation and entry of HIF-1a into the nuclei
where it binds to HIF-1f, forming the active transcription
factor. HIF-1a can bind to core DNA sequence 5'-CGTG-3'
within the hypoxia response element (HRE) of target gene
promoters, thus promoting gene transcription (29). It is reported
that HIF-1a can upregulate the expression of Notchl (10-12).
We found that in addition to Notchl, HIF-1a also upregulated
Notch2, Notch3, and Notch4. Moreover, several potential
HIF-1a binding sites were found in the promoter regions of
Notchl-4 genes. Thus, Notchl-4 may all act as downstream
targets of HIF-1a.

By studying the effects of HBx and HIF-1a on the expression
of Notch receptors, we attempted to explain the upregulation
of Notchl, Notch3 and Notch4 in liver cancer tissues with
respect to precancerous lesions. We detected the expression
of Notchl-4 in liver cancer tissues and analyzed their correla-
tions with liver cancer. We believe that Notch3 is more closely
related to invasiveness and metastasis of liver cancer. However,
the relationship between Notchl-4 and prognosis should be
further studied by patient follow-up. Since the findings on
the relationship of Notchl-4 and HCC vary from one study
to another, more large-sample-size multicenter clinical trials
are needed before focusing on Notchl1-4 as therapeutic targets.
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