@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

ONCOLOGY LETTERS 15: 545-551, 2018

Association of PHD3 and HIF2a gene expression
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Abstract. Egl-9 family hypoxia-inducible factor (HIF)3/prolyl
hydroxylase 3 (EGLN3/PHD?3) serves a role in the progression
and prognosis of cancer. PHD3 is able to induce apoptosis
in HepG2 cells. In the present study, the protein levels of
PHD3 and HIF2a were analyzed by western blot analysis and
immunohistochemistry in 84 paired hepatocellular carcinoma
(HCC) tissues and adjacent non-tumor liver tissues. The
mRNA levels of PHD3 and HIF2a were analyzed by reverse
transcription-quantitative polymerase chain reaction. PHD3
was overexpressed in HCC tissues compared with adjacent
liver tissues (MRNA expression: P<0.001; protein expression:
P=0.003; immunohistochemistry positive rate: P=0.001). The
high level of expression of PHD3 in HCC tissues was associ-
ated with good differentiation (mRNA expression: P=0.002;
protein expression: P<0.001) and small tumor size (mMRNA
expression: P<0.001; protein expression: P=0.002). In addi-
tion, HIF2a expression was lower in HCC tissues compared
with adjacent liver tissues (MRNA expression: P<0.001;
protein expression: P=0.002; immunohistochemistry positive
rate: P=0.002). No statistically significant associations were
identified between HIF2a expression and clinicopathological
characteristics. Pearson's and Spearman's correlation coef-
ficients revealed no correlation between HIF2a and PHD3
expression in HCC. In conclusion, PHD3 expression acts as a
favorable prognostic marker for patients with HCC. There is
no correlation between PHD3 and HIF2a expression in HCC.
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Introduction

Hepatocellular carcinoma (HCC), the most common histo-
logical subtype of liver cancer, is the fifth most frequently
diagnosed malignancy in males worldwide and the seventh
most commonly diagnosed carcinoma in females (1). The
cancer-related mortality rate of HCC ranked second in men
and sixth in women (1). In total, ~85% of HCC cases have
occurred in developing countries (2). The incidence of HCC has
increased in certain low-incidence countries (2). Furthermore,
the prognosis of HCC is poor, with a 5-year survival rate of
11% (3). Therefore, predictive and prognostic factors for the
diagnosis and treatment of HCC should be identified.

Hypoxia is widely observed in numerous solid tumors,
including HCC. Hypoxic regions may induce abnormal
vascular structure, poor vascular permeability and blood
shunting (4). Furthermore, hypoxia is able to facilitate tumor
progression and resistance to chemoradiation therapy (5).
Therefore, hypoxia is a key factor in enabling tumor cells to
adapt to a decreased oxygen microenvironment (6).

Transcription factors and hypoxia-inducible factors (HIFs),
including HIF1a, HIF2a and HIF3a, regulate gene expression
in numerous tumor cells to adapt to a microenvironment of
reduced oxygen (7). HIFla and HIF2a are highly expressed
in a number of types of cancer, indicating the important roles
of these HIFs. However, the role of HIF2a in HCC remains
controversial (8-12). A number of studies have reported that
HIF20 overexpression is associated with poor prognosis (8-10),
however Sun et al (11) reported the opposite results. Previously,
Yang et al (12) revealed that there was no correlation between
HIF20 and prognosis in patients with HCC.

HIF degradation is performed using HIF prolyl hydroxylase
1-3 (PHDI-3) enzymes under normoxic conditions (13). PHDs
consist of three types: PHDI [Egl-9 family hypoxia-inducible
factor 2 (EGLN2)], PHD2 (EGLN1) and PHD3 (EGLN3).
Among these PHDs, PHD3 is most efficient at regulating
HIF20 compared with other HIFs (14,15). However, these
studies were performed in vitro under normal oxygen condi-
tions. It is well established that cancer is a chronic hypoxic
process (16). The present study aimed to explore the asso-
ciation between PHD3 and HIF2a expression in HCC (under
hypoxic conditions). Several studies have demonstrated that
PHD3 serves a novel role in the progression and prognosis
of cancer (15-24); PHD3 is also able to induce apoptosis and
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inhibit proliferation in cancer cells (22-29). To the best of our
knowledge, the present study is the first to report that PHD3
overexpression induces apoptosis and inhibits growth and
proliferation in HCC cells. However, no reports are available
regarding the expression and prognostic significance of PHD3
in patients with HCC. In addition, the potential correlation
between PHD3 and HIF2a under hypoxic conditions remains
unclear. In the present study, the association of PHD3 and
HIF2a expression with clinicopathological characteristics was
analyzed in 84 patients with HCC, and the correlation between
PHD3 and HIF2a was evaluated.

Materials and methods

Patients and tissue samples. Tumor and adjacent non-tumor
liver tissues were obtained from 84 patients with HCC who
underwent curative surgery between January 2012 and
May 2013 at the Affiliated Hospital of Guangdong Medical
University (Guangdong, China). The selection criteria were
as follows: i) Patients with HCC provided written informed
consent; ii) sample diagnosis was confirmed by two patholo-
gists; iii) the patients had not received any anticancer therapy
prior to surgery and iv) they had not suffered from a second
cancer type. Paired tumor tissues and adjacent non-tumor liver
tissues for immunohistochemical (IHC) analysis were fixed in
4% buffered formaldehyde at room temperature for 24 h and
processed into paraffin blocks. The samples for the western blot
and reverse transcription quantitative polymerase chain reac-
tion (RT-qPCR) assays were snap frozen in liquid nitrogen for
5 min after surgical removal and then stored at -80°C. The age,
sex, tumor size, tumor, node and metastasis (TNM) stage (30),
a-fetoprotein (AFP) level, Edmondson grade and portal vein
tumor thrombus were all recorded (Tables I-III). The present
study was approved by the Medical Ethics Committee of the
Affiliated Hospital of Guangdong Medical University.

RT-qPCR assay. Total RNA was extracted from snap-frozen
paired tumor and adjacent non-tumor liver tissues using
TRIzol (Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA), and complimentary DNA was synthesized using
a PrimeScript® RT reagent kit with gDNA Eraser (Takara
Bio, Inc., Otsu, Japan) in accordance with the manufacturer's
protocol. qPCR was performed using SYBR® Premix Ex
Taq™ II (Takara Bio, Inc.). Gene-specific primer pairs
were designed and synthesized by Sangon Biotech Co., Ltd.
(Shanghai, China). The following primers were used in this
study: p-actin forward, 5'-CTGTGCCCATCTACGAGG-3'
and reverse, 5-ATGTCACGCACGATTTCC-3"; PHD3
forward, 5'-CATCAGCTTCCTCCTGTC-3' and reverse,
5'-CCACCATTGCCTTAGACC-3'"; HIF2a forward, 5-TGC
GACTGGCAATCAGCT-3' and reverse, 5'-CACCACGGC
AATGAAACC-3'". The thermocycling conditions were as
follows: One cycle at 95°C for 30 sec and 40 cycles at 95°C
for 5 sec and at 60°C for 34 sec. Data were analyzed using
the 224 method (31).

Western blot analysis. Total proteins were extracted from
paired tumor and adjacent non-tumor liver tissues using radio-
immunoprecipitation assay lysis buffer (Beyotime Institute of
Biotechnology, Haimen, China). The protein concentration
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was determined using a bicinchoninic acid protein assay
kit (Beyotime Institute of Biotechnology). Protein samples
(30 ug) mixed with loading buffer were loaded on to a 10%
SDS-PAGE gel, which was then transferred onto polyvinyli-
dene fluoride membranes. Following blocking with 5% milk
at room temperature for 2 h, the membranes were incubated
with the corresponding primary antibodies (HIF2a, 1:400,
ab8365; PHD3, 1:500, ab77610 Abcam, Cambridge, UK) and
GAPDH (1:1,000, Abcam, ab9484) at 4°C overnight and a
secondary antibody [horseradish peroxidase (HRP)-labeled
Goat Anti-Rat IgG; cat. no. a0192, 1:1,000, Beyotime Institute
of Biotechnology] at room temperature for 2 h in turns. The
bands were detected by BeyoECL Plus (Beyotime Institute
of Biotechnology). Finally, the blot was imaged using
the VersaDoc 5000 Imager (Quantity one software; version
4.6.9; Bio-Rad Laboratories, Inc., Hercules, CA, USA) and
scanned for the relative value of protein expression in gray-
scale using ImageJ software (version 1.45; National Institutes
of Health, Bethesda, MD, USA).

Immunohistochemical assay. Formalin-fixed and
paraffin-embedded blocks were cut into 4 ym-thick sections
and baked at 60°C for 2 h. These sections were deparaffinized
twice in xylene for 12 min and then rehydrated with a gradient
of ethanol solution. Antigen retrieval was performed using a
citric acid buffer in a microwave for 10 min, and endogenous
peroxidase activity was blocked by 3% H,0O, at room tempera-
ture for 15 min. Afterwards, the sections were incubated with
the corresponding primary antibodies (HIF2a, 1:150, ab8365;
PHD3, 1:150, ab77610) overnight and a secondary antibody
(HRP-labeled Goat Anti-Rat IgG, cat. no. a0192, 1:1,000,
Beyotime Institute of Biotechnology, Haimen, China) at room
temperature for 30 min in turns. The sections were stained with
diaminobenzidine reagent (DAB; Boster Biological Technology,
Ltd., Wuhan, China) at room temperature for 10 min and hema-
toxylin at room temperature for 2 min. Sections were visualized
using the positive signal of The sections were counterstained
with hematoxylin, rehydrated with a gradient of ethanol, treated
with xylene, and then embedded in neutral resin.

The immunoreactivity of PHD3 and HIF2a was evaluated
as follows: Five random microscopic fields were observed
using light microscopy at x400 magnification (CKX41;
Olympus Corporation, Tokyo, Japan). The percentage of
immune-stained cells were counted, and the mean percent-
ages and intensities were calculated. The score was based
on the percentage of immune-staining cells (0, <10%; 1,
10-30%; 2, 31-60%; and 3, >61%). Another four-grade
scoring scale was performed on the basis of the intensities
of immune-staining cells (0, lack of any immunoreactivity;
1, light-yellow; 2, yellow-brown; and 3, brown). The final
score was calculated (percentage of immune-staining cells x
staining intensity of immune-staining cells) as negative (0-3)
or positive (=4).

Statistical analysis. Data were analyzed using SPSS software
(version 17.0; SPSS, Inc., Chicago, IL, USA). The values
are presented as the mean + standard error of the mean.
Statistical comparisons between two groups were performed
using the y%* or Student's t-test. Furthermore, correlations
between PHD3 and HIF2a were assessed using Pearson's or
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Table I. Association between PHD3 expression and clinicopathological parameters in HCC.

PHD3 mRNA (RT-qPCR)

PHD3 protein (western blotting)

Variable Cases mRNA 2444 t-value P-value Protein expression t-value P-value

Age, years
<50 64 8.586+1.861 1.228 0.223 1.032+0.279 0916 0.362
=50 20 7.980+2.128 0.967+0.273

Sex
Male 70 8.390+1.926 -0.536 0.594 1.008+0.282 -0.617 0.539
Female 14 8.695+2.015 1.058+0.259

Tumor size, cm
<5 52 9.042+1.898 3.939 <0.001° 1.089+0.284 3.254 0.002*
>5 32 7.465+1.574 0.897+0.225

AFP
<400 52 8.282+2.017 -0.963 0.338 0.985+0.276 -1.341 0.184
=400 32 8.700+1.786 1.068+0.277

TNM stage
I-II 60 8.287+£2.092 -1.161 0.249 1.003+0.309 -0.712 0.479
HI-1v 24 8.827+1.424 1.050+0.179

Edmonson
I-II 46 9.030+1.788 3242 0.002* 1.109+0.248 3.627  <0.001°
I-1v 38 7.730+1.880 0.903+0.272

Portal vein tumor thrombus
No 72 8.425+2.010 -0.184 0.854 1.017+£0.297 0.047 0.963
Yes 12 8.537+1.444 1.013+0.117

P<0.01 and "P<0.001 (Student's t-test). PHD3, prolyl hydroxylase 3; HCC, hepatocellular carcinoma; TNM, tumor, node and metastasis;
RT-qPCR, reverse transcription-quantitative polymerase chain reaction; AFP, a-fetoprotein.

Spearman's correlation coefficient. P<0.05 was considered to
indicate a statistically significant difference. Finally, experi-
mental charts were created using GraphPad Prism (version 5;
GraphPad Software, Inc., La Jolla, CA, USA).

Results

Association between PHD3 expression and clinicopatho-
logical characteristics in HCC. The mRNA and protein
expression levels of PHD3 were evaluated from 84 paired
tissues by RT-qPCR and western blot analysis, respectively.
The mRNA and protein expression levels of PHD3 were
significantly higher in HCC tissues compared with adja-
cent non-tumor liver tissues (average mRNA expression:
8.441£1.932 vs. 1.000+0.123, P<0.001; average protein
expression: 1.016+0.278 vs. 0.896+0.241, P=0.003; Fig. 1).
Subsequently, the association between PHD3 expression
and clinicopathological parameters in HCC was analyzed
(Table I). The mRNA and protein expression levels of PHD3
were negatively associated with tumor size (mRNA, P<0.01;
protein, P=0.002) and Edmonson grade (mRNA, P=0.002;
protein, P<0.001). Furthermore, no significant association
was detected between PHD3 expression and other clinico-
pathological parameters, including age, sex, AFP, TNM stage
and portal vein tumor thrombus status.

The positive rate of THC staining in 84 paired HCC
tumor tissues and non-cancerous tissues revealed a signifi-
cantly higher expression of PHD3 in HCC tissues compared
with non-cancerous tissues (P=0.001; Fig. 2; Table IV).
Furthermore, PHD3 expression was negatively associated
with the tumor size (P<0.001; Table IT) and Edmonson grade
(P=0.001; Table IT). No significant associations were observed
between PHD3 expression and other clinicopathological char-
acteristics.

Association between HIF2a expression and clinicopatholog-
ical characteristics in HCC. A total of 84 paired tissues were
subjected to RT-qPCR and western blot analyses. The average
expression of HIF2a significantly decreased in HCC tissues in
comparison with non-tumor tissues (average mRNA expres-
sion: 0.599+0.121 vs. 1.005+0.155, P<0.001; average protein
expression: 0.862+0.458 vs. 1.067+0.369, P=0.002; Fig. 1).
THC staining of the 84 paired sections of HCC and non-tumor
tissues demonstrated that the HIF2a expression of HCC was
lower compared with non-tumor tissues (P=0.002; Fig. 2;
Table V). Subsequently, the effect of HIF2a expression on the
clinicopathological parameters of the patients was analyzed.
No statistically significant associations were identified between
HIF2a expression and the clinicopathological parameters
considered in the present study (Tables IT and IIT).
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Table II. Association between PHD3 and HIF2o expression and clinicopathological parameters in HCC (detected by immuno-

histochemistry).
PHD3 HIF2a

Variable + - +% ¥ P-value + - +% v P-value

Age, years
<50 44 20 68.8 0.525 0.469 26 38 40.6 0.002 0.960
>50 12 8 60.0 8 12 40.0

Sex
Male 48 22 68.6 0.686 0.408 28 42 40.0 0.040 0.842
Female 8 6 57.1 6 8 429

Tumor size, cm
<5 42 10 80.8 12.216 <0.001° 26 26 50.0 2.844 0.092
>5 14 18 43.8 8 24 25.0

AFP
<400 32 20 61.5 1.615 0.204 24 28 46.2 1.826 0.177
>400 24 8 75.0 10 22 31.2

TNM stage
I-11 38 22 63.3 1.050 0.306 26 34 433 0.712 0.399
II-1v 18 6 75.0 8 16 333

Edmonson
I-11 38 8 82.6 11.629 0.001* 22 24 47.8 2.280 0.131
II-1v 18 20 474 12 26 31.6

Portal vein tumor thrombus
No 46 26 63.9 1.750 0.186 30 42 41.7 0.296 0.586
Yes 10 2 83.3 4 8 333

+, Positive; -, Negative; +%, Positive rate; “P<0.01 and "P<0.001. PHD3, prolyl hydroxylase 3; HIF2a, hypoxia-inducible factor 2a; HCC,
hepatocellular carcinoma; TNM, tumor, node and metastasis; AFP, a-fetoprotein.

Correlation between PHD3 and HIF2a. Pearson's correla-
tion coefficient was calculated to determine the correlation
between the average mRNA and protein expression of PHD3
and HIF2a. No statistically significant correlations were iden-
tified between PHD3 and HIF2a mRNA expression (r=0.004
and P=0.968) or protein expression (r=0.052 and P=0.642). In
addition, Spearman's coefficient analysis revealed no statisti-
cally significant correlation between the IHC staining results
of PHD3 and HIF2a (r=-0.137 and P=0.213).

Discussion

To the best of our knowledge, the present study is the first to
evaluate the prognostic effect of PHD3 on HCC. RT-qPCR,
western blot analysis and immunohistochemistry were
performed and PHD3 expression was demonstrated to be
higher in HCC tissues compared with adjacent non-tumor
liver tissues. Decreased expression of PHD3 was identified to
be associated with poor differentiation and large tumor size.
To date, numerous studies have revealed that PHD?3 is associ-
ated with a favorable prognosis (15-19,22,24). For instance,
Peurala et al (15) assessed the IHC expression of PHD3 in
102 breast cancer samples and revealed that the decreased

expression of PHD3 correlates with poor differentiation,
high proliferation and large tumor size. Tanaka et al (17)
demonstrated that high PHD3 expression is correlated with
a favorable recurrence-free survival in patients with renal
cell carcinoma. Furthermore, Chen et al (19) identified that
PHD3 is upregulated in non-small-cell lung cancer (NSCLC),
and this observation is associated with early-stage cancer and
good differentiation. Xue et al (24) also revealed that PHD3
expression decreases in colorectal cancer and is associated
with poor tumor grade and metastasis. In gastric cancer, high
PHD3 expression correlates with good differentiation and
with a favorable tumor grade and size (18,22). By contrast,
Gossage et al (21) demonstrated that PHD3 exhibits a trend
toward an unfavorable overall disease-specific survival in
pancreatic cancer. Andersen et al (20) also reported that high
PHD3 expression is associated with poor disease-specific
survival in NSCLC.

Given the increasing number of observational studies
on PHD3, considerable attention has been focused on the
mechanism of PHD3 (17,18,24-28). Su et al (18) revealed that
PHD3-induced apoptosis is dependent on nerve growth factor
by activating caspase-3 in pancreatic cancer. Furthermore,
PHD?3 is able to inhibit cell growth by blocking 3-catenin/T-cell
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Table III. Association between HIF2a expression and clinicopathological parameters in HCC.

HIF2a mRNA (RT-qPCR) HIF2a protein (western blotting)
Variable Cases mRNA 2-44C4 t-value P-value Protein expression t-value P-value
Age, years
<50 64 0.602+0.124 0.519 0.605 0.884+0.488 0.782 0.436
=50 20 0.586+0.110 0.792+0.351
Sex
Male 70 0.603+0.119 -0.705 0.483 0.884+0.473 0.945 0.348
Female 14 0.578+0.129 0.757+0.375
Tumor size, cm
<5 52 0.592+0.128 -0.619 0.537 0.865+0.504 0.066 0.947
>5 32 0.609+0.109 0.858+0.382
AFP
<400 52 0.604+0.120 0.554 0.581 0.887+0.420 0.625 0.533
=400 32 0.589+0.122 0.822+0.503
TNM stage
I-1I 60 0.604+0.124 0.637 0.526 0.887+0.469 0.773 0.442
HI-1v 24 0.585+0.123 0.801+0.435
Edmonson
I-II 46 0.611+0.126 0.509 0.304 0.919+0.522 0.010 0.217
HI-1v 38 0.584+0.125 0.794+0.362
Portal vein tumor thrombus
No 72 0.604+0.119 0.829 0.351 0.877+0.446 0.734 0.465
Yes 12 0.568+0.128 0.772+0.543

Statistical comparisons between two groups were performed using the Student's t-test. HIF2a, hypoxia-inducible factor 2a; HCC, hepatocel-
lular carcinoma; RT-qPCR, reverse transcription quantitative polymerase chain reaction; TNM, tumor, node and metastasis; AFP, a-fetoprotein.
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Figure 1. PHD3 and HIF2a expression in HCC and adjacent non-tumor liver tissues. (A) PHD3 mRNA expression performed by qPCR demonstrated a higher
average expression in HCC than in adjacent non-tumor liver tissues. (B) Low average expression of HIF2a mRNA in HCC tissues compared with adjacent
non-tumor liver tissues determined by RT-qPCR. (C) Western blot analysis of PHD3 and HIF2a protein expression in HCC and adjacent non-tumor liver
tissues. GAPDH was used as a loading control. (D) Average expression of PHD3 and HIF2a protein in HCC tissues compared with adjacent non-tumor liver
tissues. Data are presented as the mean + standard error of the mean (n=84). ““P<0.001 and “"P<0.01 vs. N (Student's t-test). PHD3, prolyl hydroxylase 3; HCC,
hepatocellular carcinoma; N, adjacent non-tumor liver tissues; HIF2a, hypoxia-inducible factor 2a; RT-qPCR, reverse transcription quantitative polymerase
chain reaction.

factor signaling in gastric cancer and suppressing the inhibitor by the phosphatidylinositol-3-kinase (PI3K)/Akt/mecha-
of nuclear factor kB (NF-kB) kinase f§ subunit/NF-xB signaling  nistic target of rapamycin (mTOR) pathway in renal cell
in colorectal cancer (22,24). PHD3 is also able to be regulated  carcinoma (17).
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Table I'V. Immunohistochemistry positive rates of PHD3 and HIF2a.

PHD3 HIF2a
Rates HCC tissues Adjacent non-tumor tissues HCC tissues Adjacent non-tumor tissues
Positive (n) 56 34 34 54
Negative (n) 28 50 50 30
Positive rate (%) 66.7 40.5 40.5 64.3
. 11.583 9.545
P-value 0.001* 0.002*

*P<0.01. HCC, hepatocellular carcinoma; PHD3, prolyl hydroxylase 3; HIF2a, hypoxia-inducible factor 2a.

Figure 2. THC staining of HCC and adjacent non-tumor tissues. (A) Positive for anti-PHD3, where strong cytoplasmic immunoreactivity (brown) of PHD3 is
observed in HCC cells. (B) Negative for anti-PHD3 in HCC cells. (C) Positive for anti-PHD3, where strong cytoplasmic immunoreactivity (brown) of PHD3
is observed in adjacent non-tumor liver cells. (D) Negative for anti-PHD3 in adjacent non-tumor liver cells. (E) Positive for anti-HIF20, where strong brown
staining is observed in the cytoplasm of HCC cells. (F) Negative for anti-HIF2a in HCC cells. (G) Positive for anti-HIF2a, where strong brown staining
is observed in the cytoplasm of adjacent non-tumor liver cells. (H) Negative for anti-HIF2a in adjacent non-tumor liver cells. Magnification, x400. IHC,
immunohistochemical; HCC, hepatocellular carcinoma; PHD3, prolyl hydroxylase 3; HIF2a, hypoxia-inducible factor 2a.

Recent studies have demonstrated that PHD3 suppresses
tumor growth by regulating the epidermal growth factor
receptor activity (26,27). In our previous study, a vector
containing the PHD3 gene was transfected into HepG2 cells
and PHD3 overexpression was revealed to inhibit cell prolif-
eration and induce apoptosis by activating caspase-3 (28).
Furthermore, stably PHD3-overexpressing HepG2 cells
were injected into nude mice and the average tumor size of
the PHD3 overexpression group was identified to be larger
compared with the control group (25). Accordingly, the func-
tions of PHD3 were confirmed by the present study.

Numerous studies have reported the correlation of
HIF2a with carcinogenesis and tumor progression. However,
the mechanism underlying HCC remains inconsistent.
Bangoura et al (8) reported that a high expression of HIF2a
correlates with poor clinicopathological characteristics and
a short cumulative survival. Sun et al (11) demonstrated
that a high expression of HIF2a induces apoptosis through
the TFDP3/E2F1 pathway and correlates with an increased
overall survival. Notably, Yang et a/ (12) identified no associa-
tion between HIF2a and clinicopathological characteristics,
overall and disease-free survival. The results of the present
study were similar to those of Yang et al (12). Additionally,

the correlation between PHD3 and HIF2a expression was
analyzed in the present study. RT-qPCR, western blot
analysis and immunoreactivity analyses were performed and
no statistically significant correlation was identified between
PHD3 and HIF2a expression. Furthermore, HIF degradation
was previously conducted using HIF PHD enzymes under
normoxic conditions (13). However, the activation of PHD3
may be inhibited under the chronic hypoxic conditions of
HCC. Additionally, PHD3 may be associated with another
pathway. Our previous study revealed that PHD3 overexpres-
sion could not regulate HIF2a expression in HpG2 cells (28).
Furthermore, Tanaka et al (17) demonstrated that PHD3 is
able to be regulated by the PI3K/Akt/mTOR pathway inde-
pendently of HIF proteins in renal cell carcinoma. Therefore,
PHD3-induced apoptosis may independently affect HIF2a
proteins in HCC.

In conclusion, the present study assessed PHD3 and HIF2a.
expression in 84 paired HCC and adjacent non-tumor liver
tissues. The high average expression of PHD3 was associated
with good differentiation and small tumor size. Therefore,
PHD?3 expression acts as a favorable prognostic marker for
patients with HCC. No correlation was identified between
PHD3 and HIF2a expression in HCC.
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