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Expression of hypoxia-inducible factor 3o in hepatocellular
carcinoma and its association with other hypoxia-inducible factors
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Abstract. The functional role of hypoxia-inducible factor
(HIF)-3a in the development of hepatocellular carcinoma
(HCC) is not yet fully understood. The aim of the present
study was to elucidate the association between HIF-3a expres-
sion and the clinicopathological features as well as prognosis
of HCC patients. In addition, we investigated the association
between HIF-3a expression and the expression of HIF-1a
and HIF-2a in tumor tissues. The protein levels of HIF-3a
were determined using immunohistochemical analysis of
paraffin sections of 126 paired HCC and peritumoral tissues.
PLC/PRF/5 cells, a human HCC cell line, were transfected
with HIF-1a and HIF-2a vectors and HIF-3a mRNA and
protein expression was detected using quantitative polymerase
chain reaction and western blot analysis, respectively. The
expression of HIF-3a was upregulated in 46.0% (58/126)
and downregulated in 42.9% (54/126) of tumor tissues,
respectively, when compared to peritumoral tissues. HIF-3a
protein expression was not associated with peripheral blood
vessel invasion, overall survival, or disease-free survival in
HCC patients (P>0.05). In HCC tissues, the levels of HIF-3a
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protein were positively correlated with HIF-2a, but not with
HIF-1a expression in HCC tissues. HIF-3a. was upregulated
in PLC/PRF/5 and Hep3B cells overexpressed with HIF-1a
or HIF-2a. The hypoxic microenvironment of liver cancer
did not lead to elevated HIF-3a protein expression, indicating
that HIF-3a is regulated differently from HIF-1a in vivo. The
correlation between HIF-3a and HIF-2a expression at the
cellular and tissue levels indicated that HIF-3a. may be a target
gene of HIF-2a. The hypoxic microenvironment did not lead
to elevation of HIF-3a protein expression in liver cancer; thus,
HIF-30 may be a target gene of HIF-2a.

Introduction

Tumor hypoxia was first described in the 1950s, and there is
currently increasing evidence to indicate that it is a common
feature in numerous types of cancer, including hepatocellular
carcinoma (HCC) (1,2). Although HCC is among the most
hypervascular tumor types, it contains hypoxic regions due
to rapid cell proliferation and aberrant formation of blood
vessels (3). The effects of hypoxia on cells are predominantly
mediated by hypoxia-inducible factors (HIF), which consist of
an oxygen-regulated subunit (HIF-1a, HIF-2a or HIF-3a) and
a constitutively expressed HIF-1{ subunit (4).

Under normal oxygen pressure and in the presence of Fe**
and acetone dicarboxylic acid, prolyl hydroxylase domain
(PHD) catalyzes the hydroxylation of key amino acid residues
in the HIF-a oxygen-dependent degradation domain (5).
Hydroxylated HIF-a binds to the Von Hippel-Lindau tumor
suppressor and is rapidly degraded via a ubiquitin-proteasome
pathway (6). Under hypoxic conditions, HIFs are not modi-
fied by PHDs, but dimerize with the aryl-hydrocarbon
receptor nuclear translator (ARNT)/HIF-1f via interac-
tions with helix-loop-helix and Per/Arnt/Sim domains (5).
The HIF heterodimers are translocated to the nucleus, and
co-activators such as CBP/p300 are recruited (5). The HIF
heterodimers recognize and bind hypoxia response elements
(HRESs) that contain a consensus sequence (G/A) CGTG within
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the promoter regions of target genes to drive adaptive gene
transcription (7,8). It has been reported that HIF-1 and HIF-2
regulate the expression of hundreds of genes that are involved
in numerous processes associated with cancer biology,
including cell survival, tumor angiogenesis, metastasis and
resistance to radiation and chemotherapy (8.9).

HIF-3a is a member of the HIF family and was initially
discovered by Gu et al (10) in 1998. HIF-3a has relatively low
sequence identities with HIF-1a and HIF-2a (10). HIF-1a and
HIF-2a have two transactivation domains (TADs) (11), while
HIF-3a has only one TAD (12). HIF-3a. has a unique leucine
zipper domain and an LXXLL (L is Leucine and X is any
amino acid) motif (10). These unique structural features are
evolutionarily conserved. Compared with HIF-1a and HIF-2a,,
which have been studied extensively (5), little is known about
the regulation and function of HIF-3a. Recent studies have
indicated that hypoxia induces HIF-3a expression, and that
HIF-30 may be a target gene of HIF-1 and HIF-2 (13-15).
HIF-3 may suppress the expression of genes that are typically
inducible by HIF-1a and HIF-2a in tumor cells, and therefore,
it may be a negative regulator of gene expression in response
to hypoxia (12,14).

The expression pattern of HIF-3a in HCC tissues is
currently unknown, and only a few studies have investigated
the association between HIF-3a expression and the expression
of HIF-1a and HIF-2a (13-15); however, the results are incon-
sistent or even conflicting. To determine the role of HIF-3a
in hepatocarcinogenesis, immunostaining was used herein to
compare HIF-3a expression in HCC and paired peritumoral
tissues obtained from 126 clinical samples. Furthermore,
the association between the expression of HIF-3a and
HIF-1a/HIF-2a was assessed in HCC clinical tissues and the
human cell lines PLC/PRF/5 and Hep3B.

Materials and methods

Patients and specimens. Tissue samples from a total of
126 patients with HCC that underwent a surgical liver resec-
tion were obtained between October 2005 and June 2009.
Tissue samples for 76 patients were obtained from the
Department of Hepatobiliary Surgery of the Affiliated
Hospital of Guiyang Medical College (Guiyang, China)
and the remaining samples were sourced from 50 patients
at the Department of General Surgery of Center Hospital
of Huanggang (Huanggang, China). Informed consent
was obtained from all patients. The research protocol was
approved by the Human Ethics Committees of the Guiyang
Medical College and the Center Hospital of Huanggang. All
tissue specimens were obtained from the patients prior to
any medical treatments. Peritumoral tissues were obtained
from at least 2 cm away from the primary tumor site. All
patients tested positively for the hepatitis B antigen HBsAg
and negatively for hepatitis C virus and human immunode-
ficiency virus. The cohort had 110 males and 16 females,
with an average age of 48.8 years and an age range of
19-66 years. The maximum diameter of HCC tissue was
<5.0 cm in 60 patients and was =5.0 cm in 66 patients. Data
from follow-up examinations following liver resection were
collected for all patients. The clinical pathological features
of the 126 HCC patients are listed in Table I.
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Cell culture and transfection. The human HCC cell lines
PLC/PRF/5 and Hep3B were purchased from the Institute of
Biochemistry & Cell Biology of the Shanghai Institutes for
Biological Sciences (Chinese Academy of Sciences, Shanghai,
China). HIF-1a and HIF-2a expression plasmids and the control
plasmid pcDNA3.1 were purchased from Shanghai Gene Chem
Co., Ltd. (Shanghai, China). Cells were grown in six-well
plates with Dulbecco's modified Eagle's medium (DMEM; GE
Healthcare Life Sciences, Logan, UT, USA) containing 10%
fetal bovine serum (FBS), 2 mmol/l L-glutamine, 50 units/ml
penicillin and 50 g/ml streptomycin (all GE Healthcare Life
Sciences) at 37°C and in 5% CO,. PLC/PRF/5 and Hep3B cells
at 70-80% confluence were transfected with 1.2 pug plasmids
using Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA), following the manufacturer's protocol.
Transfected cells were incubated at 37°C for 6 h, and were
then cultured for a further 16 h with fresh DMEM medium
containing 10% FBS. The mRNA and protein expression levels
of the target genes in the transfected cells were analyzed using
quantitative reverse transcription polymerase chain reaction
(RT-gPCR) and western blot analysis, respectively.

RT-gPCR. Total RNA was isolated from the PLC/PRF/5 and
Hep3B cells using TRIzol reagent (Thermo Fisher Scientific,
Inc.), as previously described (16,17). To avoid genomic DNA
contamination, RNA samples were treated with RNase-free
DNase I ( (Takara Bio, Inc., Shiga, Japan) for 20 min at
37°C. The quantity and quality of total RNA were deter-
mined using a NanoDrop 2000 spectrophotometer (Thermo
Fisher Scientific, Inc.). cDNA synthesis was performed at
42°C for 60 min in a total volume of 25 ul containing 2 ug
RNA, 1.6 uM oligo(dT)18, 0.6 uM dNTPs, 200 U M-MLV
reverse transcriptase, and 10X Reaction buffer (all Promega
Corporation, Madison, WI, USA). All researchers received
biosafety training and were screened and vaccinated against
hepatitis B virus. qPCR analysis was performed as described
previously (16,18), using a reaction mixture consisting of 10 ul
2X SYBR Green mix (Invitrogen; Thermo Fisher Scientific,
Inc.), 2 ul cDNA template, 0.6 ul each of forward and reverse
primers (10 #M) and double distilled H,O, to a final volume of
20 ul. qPCR was performed on a ABI 7500 Real-Time PCR
system (Applied Biosystems; Thermo Fisher Scientific, Inc.)
with the following cycling program: Denaturation at 94°C for
1 min, followed by 40 cycles at 94°C for 1 min, 55°C for 1 min
and 72°C for 1 min. The primer sequences were as follows:
HIF-1a forward, 5'-ACTTCTGGATGCTGGTGATTTG-3'
and reverse, 5-GCTTCGCTGTGTGTTTTGTTCT-3"; HIF-2a
forward, 5"TCATGCGACTGGCAATCAGC-3" and reverse,
5'-GTCACCACGGCAATGAAACC-3'"; HIF-3a forward,
5'-CCTGGACATGAAGTTCACCTACTG-3' and reverse,
5'-GGAAGCGATACTGCCCTGTTA-3'; and p-actin forward,
5'-AGTTGCGTTACACCCTTTCTTGAC-3' and reverse,
5-GCTCGCTCCAACCGACTGC-3". The number of replica-
tions was three for each sample. Reactions without template
cDNA were used as negative control. The cycle quantification
(Cq) values were determined and the data were analyzed using
the 244% method (19), following normalization to of f-actin.

Immunohistochemical (IHC) analysis and scoring of protein
expression. IHC analysis of the tissue samples was performed
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Table I. Correlations between HIF-3a. protein expression in sur-
gical specimens of HCC and clinicopathological characteristics.

HIF-3a
Parameter Low High P-value
Age (years) 0.200
<50 13 21
>50 47 45
Gender 0.202
Male 50 60
Female 10 6
Cirrhosis 0.595
Absent 40 41
Present 20 25
Tumor size (cm) 0.114
<5 33 27
>5 27 39
AFP (ug/) 0.377
<400 32 30
>400 28 36
Histological grade 0.676
Well 9 8
Moderate 43 46
Poor 8 12
Capsular infiltration 0.526
Absent 44 45
Present 16 21
Vascular invasion 0.098
Absent 42 59
Present 15 10

Data were analyzed using the two-tailed Mann-Whitney U-test.
HIF-3a, hypoxia-inducible factor 3a; HCC, hepatocellular carcino-
ma; AFP, a-fetoprotein.

as described previously (18). Briefly, the tissue samples were
fixed using 10% formaldehyde, embedded in paraffin (both
Boster Biological Technology, Ltd., Wuhan, China) and
rehydrated using ethanol, after which endogenous peroxidase
activity was blocked using 3% H,O, in methanol solution
(Boster Biological Technology, Ltd.). Subsequently, the tissue
samples were cut into 5 ym sections using a microtome (Leica
RM2155; Leica Microsystems GmbH, Wetzlar, Germany). The
sections were then immersed in citrate buffer (pH 6.0; Boster
Biological Technology, Ltd.) and heated in a microwave oven
for 15 min in order to unmask the antigens, after which the
sections were incubated with mouse anti-HIF-3a (1:250; cat.
no. NBP2-45735; Novus Biologicals LLC, Littleton, CO, USA)
at 37°C for 1 h and then overnight at 48°C. After washing
three times with phosphate-buffered saline, the sections were
incubated with biotin-conjugated goat anti-mouse immuno-
globulin G (IgG) secondary antibody (1:200; cat. no. sc-2075;
Santa Cruz Biotechnology, Inc., Dallas, Texas, USA), followed
by incubation with horseradish peroxidase (HRP)-conjugated
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Figure 1. Expression of hypoxia-inducible factor (HIF)-3a in hepatocellular
carcinoma (HCC) tissues was detected by immunohistochemical staining.
Representative images of HIF-3a staining in (A) peritumor and (B) paired
HCC tissues are shown (scale bar=10 ym).

streptavidin (Boster Biological Technology, Ltd.) for 20 min.
Detection of immunoreactivity was performed using
3,3'-diaminobenzidine (Boster Biological Technology, Ltd.)
under a FV300 fluorescent microscope (Olympus Corporation,
Tokyo, Japan).

The protein expression level of HIF-3a was assessed using
the following classification system based on the number of
cells with cytoplasmic and nuclear staining: I) No staining;
II) nuclear staining in <10% of cells and/or with weak cyto-
plasmic staining; IIT) nuclear staining in 10-50% of cells and/or
with distinct cytoplasmic staining; and I'V) nuclear staining in
>50% of cells and/or with strong cytoplasmic staining (20-23).
The staining scores I and II were considered to be low expres-
sion, while the scores III and IV were considered as high
expression (20-23). The protein level of HIF-1a and HIF-2a in
HCC and paired peritumoral tissues has been described in our
previous study (18).

Protein preparation and western blot analysis. Cells were
lysed in lysis buffer (50 mM Tris, pH 7.2, 1% Triton X-100,
0.5% sodium deoxycholate, 0.1% SDS, 500 mM NaCl, 10 mM
MgCl,, 10 pg/ml leupeptin, 10 ug/ml aprotinin, 10 ml/l
NP-40, 0.2 g/l NaN; and 1 mM PMSF; Bio-Rad Laboratories,
Inc., Hercules, CA, USA) and the protein concentration
was quantified using a Bradford Protein Assay (Bio-Rad
Laboratories, Inc.). A total of 30-50 ug protein from each
sample was separated using 10% SDS-PAGE, transferred to
polyvinylidene fluoride membranes, and blocked with 5%
nonfat milk in Tris-buffered saline and Tween 20 (Boster
Biological Technology, Ltd.) for 2 h (24). The membranes
were then incubated with mouse anti-HIF-3a (1:250; cat.
no. NBP2-45735; Novus Biologicals LLC), HIF-1a (1:1,000;
cat. no. sc-53546; Santa Cruz Biotechnology, Inc.), HIF-2a
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Figure 2. Association between hypoxia-inducible factor (HIF)-3a expression and the prognosis of patients with hepatocellular carcinoma (HCC). Kaplan-Meier
analysis of OS and DFS in 126 HCC patients was performed based on expression of HIF-3a. No significant differences were detected in (A) overall survival
or (B) disease-free survival between HCC patients with high and low expression of HIF-3a. (P>0.05).
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Figure 3. mRNA expression levels of (A) HIF-1a, (B) HIF-2a and (C) HIF-3a were detected using quantitative polymerase chain reaction after transfection
with various HIF-a plasmids in PLC/PRF/S cells. pcDNA3.1 was used as a control vector. mRNA expression was normalized against 3-actin and is presented
as the relative mRNA expression verses control. Results are an average of three independent experiments. Data were analyzed using a two-tailed Student's t-test
and are presented as the mean + standard deviation. “P<0.01 vs. control. (D) Western blot analysis of HIF-1a,, HIF-2a. and HIF-3a expression in PLC/PRF/5
cells transfected with pcDNA3.1, HIF-1a or HIF-2a vector. -actin was used as a loading control. HIF, hypoxia-inducible factor.

(1:250; cat. no. sc-13596; Santa Cruz Biotechnology, Inc.) and
B-actin (1:3,000; cat. no. sc-47778; Santa Cruz Biotechnology,
Inc.) monoclonal antibodies for 1 h at 37°C and at 4°C over-
night. The membranes were washed and then incubated with
HRP-conjugated goat anti-mouse IgG monoclonal antibody
(1:2,000, cat. no. sc-2005; Santa Cruz Biotechnology, Inc.) for
1 h at room temperature. The bands were visualized using an
enhanced chemiluminescence detection system (SuperSignal
West Pico Chemiluminescent Substrate; cat. no. 34080;
Thermo Fisher Scientific, Inc.) and band intensities were

calculated using ImagelJ software, version 1.41 (https://image;j.
nih.gov/ij/).

Statistical analysis. Statistical analysis was performed using
SPSS software, version 16.0 (SPSS, Inc., Chicago, IL, USA).
Continuous variables were expressed as the mean =+ standard
deviation and analyzed using a two-tailed Student's t-test.
The correlation analyses between HCC clinicopathological
parameters and HIF-3a expression were conducted using
a two-tailed Mann-Whitney U-test. Survival curves were



2474
A HIF-1a
§ 300
"'@ we
£ 200 L
S
]
a
< 100
7
E
s o0 :
L N & <&
f -3 Q:\ -
S5 &
QO
HIF-3a
Ce .
*@ 6
E
:
a -
<
&
£ 2
‘%
L | |
T O T .
N O a®
Yr'b ‘b\Q/ ‘b\Q'

69‘\

EXPERIMENTAL AND THERAPEUTIC MEDICINE 11: 2470-2476, 2016

B HIF-2a
2 300 =
o
c
B 200
$
é 100
=
& ol— ‘
= N & &
I o N v
& s

Figure 4. mRNA expression levels of (A) HIF-1a, (B) HIF-2a and (C) HIF-3a were detected using quantitative polymerase chain reaction after transfection
with various HIF-o plasmids in Hep3B cells. pcDNA3.1 was used as a control vector. mnRNA expression was normalized against 3-actin and is presented as
the relative mRNA expression verses control. Results were an average of three independent experiments. Data were analyzed using a two-tailed Student's t-test
and are presented as the mean =+ standard deviation. “P<0.01 vs. control. (D) Western blot analysis of HIF-1o,, HIF-2a. and HIF-3a expression in Hep3B cells
transfected with pcDNA3.1, HIF-1a or HIF-2a vector. 3-actin was used as a loading control. HIF, hypoxia-inducible factor.

computed by Kaplan-Meier analysis. Linear associations were
evaluated using Spearman's Rank or Pearson's correlation
coefficients. Prognostic significance was analyzed using a
log-rank test. P<0.05 was considered to indicate a statistically
significant difference.

Results

Expression of HIF-3a in HCC tissues. The protein
level of HIF-3a0 was measured using IHC analysis on
paraffin-embedded sections of 126 human HCC samples
and paired peritumor tissues. Positive staining of HIF-3a
was located in cytoplasm and/or nuclei of HCC tissues, with
representative staining shown in Fig. 1A. High expression
of HIF-3a was found in 66/126 tumor tissues (52.3%) and
63/126 peritumoral tissues (50.0%). The expression of HIF-3a
was upregulated in 46.0% (58/126) and downregulated in
42.9% (54/126) of tumor tissues, when compared with the
peritumoral tissues. No obvious difference in HIF-3a expres-
sion was identified between the remaining 11.1% (14/126) of
tumor and peritumoral tissues. Our previous study showed
that HIF-1a was higher in HCC tissues compared with peri-
tumoral tissues (18). Therefore, as opposed to HIF-1a, the
hypoxic microenvironment in liver cancer did not increase
HIF-3a protein expression.

Next, we analyzed the association between HIF-3a. expres-
sion and pathological features of HCC. As shown in Table I,
no significant correlation was found between HIF-3a expres-
sion and the clinicopathological features of HCC, including
age, gender, presence of liver cirrhosis, tumor size, serum

a-fetoprotein level, tumor differentiation grade, capsular infil-
tration and portal vein invasion.

Disease-free survival (DFS) and overall survival (OS) of
HCC patients. The correlation between HIF-3a expression
and long-term patient survival following hepatectomy was
analyzed. No significant correlation was found between
HIF-3a expression levels in HCC tissues and the OS or DFS
times of HCC patients. The mean OS periods for patients
with high and low HIF-3a expression levels in their tumor
tissues were 36.5+2.7 and 39.0+3.3 months (P=0.457),
respectively. The mean DFS period of the patients with high
and low HIF-3a expression levels in their tumor tissues were
25.9+£2.6 and 29.9+3.3 months (P=0.344, Fig. 2), respec-
tively.

Association between HIF-3a. expression and the expression of
HIF-la and HIF-2a. A few studies have reported an associa-
tion between HIF-3a. expression and the expression of HIF-1a
and HIF-2a (13-15); however, the results are inconsistent or
even conflicting. Therefore, we investigated their relationship
both in vivo and in vitro. In HCC tissues, Spearman correlation
analysis revealed that the expression of HIF-3a was signifi-
cantly correlated with the expression of HIF-2a (r,=0.198,
P=0.030), but not with HIF-1a expression (r,=0.045, P=0.855)
(data not shown). In addition, PLC/PRF/5 and Hep3B cells
transfected with either HIF-1a or HIF-2a plasmids expressed
a higher level of HIF-3a compared with the pcDNA2.1 control
cells. The elevation of HIF-3a was higher in the HIF-2a over-
expressing cells compared with the HIF-1a overexpressing
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cells, indicating that HIF-3a. may be a target gene of HIF-1a
and HIF-2a in PLC/PRF/5 and Hep3B cells, but HIF-3a is
regulated more effectively by HIF-2a (Fig. 3).

Discussion

In general, hypoxia is the most important factor involved in
the regulation of the expression of HIF-o members. It has
been reported that the mRNA and protein levels of HIF-a
members are increased in hypoxic environments, and are
often overexpressed in hypoxic solid tumors (25). Unlike the
observation of consistent increase of HIF-2a in the majority
of tumors, our previous data have shown that the expression
patterns of HIF-1a and HIF-2a are opposite in HCC and paired
peritumoral tissues (18). The level of HIF-1a in HCC tissues is
significantly higher compared with that in peritumoral tissues,
whereas the level of HIF-2a is markedly lower in tumor tissues
compared with peritumoral tissues (18). Notably, we did not
identify any obvious differences in HIF-3a expression between
HCC and peritumoral tissues in this study. The expression of
HIF-3a protein was increased in ~50% of the HCC specimens
compared with peritumoral tissues, but was decreased or
unaltered in the other ~50%. This discrepancy may be attrib-
uted to different sensitivities of HIF-1a, HIF-20. and HIF-3a
in response to hypoxia. Furthermore, although all HIF-a
members are predominantly regulated by oxygen pressure,
they are additionally regulated by other factors in the tumor
microenvironment. These factors include glucose metabolism
and mutations in proto-oncogenes and tumor suppressor
genes (26-29). These factors are likely to exert different effects
on the expression of HIF-a factors, leading to the upregulation
of HIF-1a, the downregulation of HIF-2a and the inconsistent
expression of HIF-3a in HCC tissues. Therefore, the regulation
of HIF-a expression is complicated, and further investigations
are required to determine the underling mechanisms that
control HIF-3a expression in HCC tissues.

The varying expression patterns of HIF-a factors in HCC
tissues indicate that they may serve different functions in
response to hypoxia. The transactivation activity of HIF-3a
is different from those of HIF-1a and HIF-2a (30). Previous
studies have suggested that HIF-3a may suppress HIF-1a and
HIF-20 mediated gene expression when the expression of
ARNT is limited (13,31,32). Hara ez al (12) transfected expres-
sion vectors containing HIF-1a, HIF-2a or HIF-3a genes into
COS-7 cells and found that HIF-1a and HIF-20. upregulated
the transcription of HRE-driven genes, whereas HIF-3a
inhibited their expression. Recent research has indicated that
HIF-3a is an oxygen-dependent transcription activator, and
serves a crucial function in the transcriptional response to
hypoxia by binding to target gene promoters, including LC3C,
REDDI and SQRDL, thus stimulating their expression (33).
Therefore, further studies are required to investigate the role
of HIF-3a. in response to hypoxia.

To reveal the role of HIF-3a. in the development of HCC,
we divided the human samples into two groups based on
the score of HIF-3a expression. However, no significant
correlation was identified between HIF-3a expression and
the clinicopathological characteristics of HCC samples.
Furthermore, no significant correlation was detected between
the expression of HIF-3a in HCC tissues and the OS or DFS
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of HCC patients. No statistically significant correlation was
detected between HIF-3a expression and the prognosis of
HCC patients. However, larger population-based studies are
required to confirm the inconsistent expression patterns of
HIF-30 in HCC and to identify the underlying causes.

Previous studies have reported associations among the
expression levels of HIF-1la, HIF-2a, and HIF-3a; however,
their results are inconsistent or conflicting (13-15,34).
Tanaka et al (13) have found that the siRNA-mediated knock-
down of HIF-1a. in human renal cell carcinoma notably reduced
the 2,2-dipyridyl-induced expression of HIF-3a protein. In
addition, an ITHC study revealed an overlapping region with
positive HIF-1a and HIF-3a expression within the cells (13).
These results indicate that HIF-3a is a target gene of HIF-1a.
However, the expression of a stabilized form of HIF-1a did
not alter HIF-3a mRNA levels in either zebrafish embryos (34)
or 3T3-L1 cells (15). Hatanaka er al (15) have observed that
HIF-2a specifically binds to the sequence between -251 and
-228 bp upstream of the transcription start site of mouse HIF-3a,,
which is essential in the response to HIF-2a stimulation. In
human umbilical venous endothelial cells, HIF-3a expression
is promoted by HIF-1 and HIF-2 (14). All these inconsistent
results regarding the HIF-1a- and HIF-2a-mediated regulation
of HIF-3a induction may be due to the different cell types used
in the experiments. In HCC cell lines, HIF-1a and HIF-2a
increased the expression of HIF-3a in PLC/PRF/5 and Hep3B
cells. The correlation between HIF-2a and HIF-3a expression
is more marked, indicating that HIF-3a. may be a target gene
of HIF-2a. in both PLC/PRF/5 and Hep3B cells.

In conclusion, despite the structural similarities between
HIF-1a, HIF-2a and HIF-3a, their expression patterns notably
differ, indicating that they may play different roles in the
development of HCC. The expression of HIF-3a protein was
not associated with histopathological features, OS or DFS in
HCC patients. However, HIF-3a is a potential target gene of
HIF-2a in PLC/PRF/5 cells. Further studies are required to
confirm the direct regulation of HIF-3a by HIF-2a.
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