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Abstract. Currently, it is not entirely clear whether hypoxia-
inducible factor-1α (HIF-1α) is involved in the regulation of 
COX-2 expression and epithelial-to-mesenchymal transition 
(EMT), and whether these events affect the prognosis of hepa-
tocellular carcinoma (HCC) patients treated with transcatheter 
arterial chemoembolization (TACE). In this report the relation-
ship between HIF-1α and COX-2 protein expression, EMT in 
tumor specimens from HCC patients after TACE surgery and 
the clinical significance of HIF-1α and COX-2 expression were 
analyzed using statistical approaches. HepG2 cells treated 
with CoCl2 was employed as a hypoxia cell model in vitro to 
study hypoxia-induced HIF-1α, COX-2 expression, and EMT 
alteration. The results showed that HIF-1α and COX-2 protein 
expression increased in HCC tissues after TACE surgery. 
Moreover, there was positive correlation between upregula-
tion of HIF-1α and COX-2. Elevated expression of HIF-1α 
increased both Snail and Vimentin protein expression, while 
it reduced E-cadherin protein expression. It was further veri-
fied that hypoxia enhanced protein expression of HIF-1α and 
COX-2 in HepG2 cells treated with CoCl2. Upregulation of 
HIF-1α and COX-2, together with EMT alteration resulted 
in increased migration and invasion of HepG2 cells under 

hypoxia. In conclusion, TACE surgery results in aggravated 
hypoxia status, leading to increased HIF-1α protein expres-
sion in HCC tissue. To adapt to hypoxic environment, HIF-1α 
stimulates COX-2 protein expression and promotes EMT 
process in hepatocellular cancer cells, which enhances HCC 
invasion and metastasis, and might contribute to poor prog-
nosis in HCC patients post TACE treatment.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common 
cancer and the third leading cause of cancer-related deaths 
worldwide. Most HCC patients are diagnosed with the tumor 
at medium- or late-stage because of poor diagnosis (1-4). 
Transcatheter arterial chemoembolization (TACE) is consid-
ered as an important palliative therapy for late-stage HCC 
patients (5-7). Ideally, during the TACE treatment, iodine 
oil should achieve complete embolization and thus tumor 
necrosis. However, TACE treatment does not attain complete 
tumor necrosis in the majority of HCC patients, while the 
hypoxia status after TACE treatment plays a key role in HCC 
recurrence and metastasis (8,9).

Previous studies have shown that low oxygen environments 
are prevalent in tumors (10-12). Hypoxia-inducible factor 
(HIF) is a transcription factor upregulated in response to 
hypoxia. It is composed of HIF-1α and HIF-1β subunit, and the 
HIF-1α unit is vital to HIF-1 stability and expression level (13). 
HIF-1α is involved in transcriptional regulation of a variety 
of target genes in the growth of various types of cancers. 
TACE is a common therapeutic approach. However, it might 
aggravate hypoxia and thus affects HIF-1α protein expression, 
promoting growth, invasion and metastasis of residual cancer, 
which is probably the main reason influencing the long-term 
curative effects for TACE (14-16).

Cyclooxygenase (COX) plays a key role in physiological 
and pathological regulation (17,18). It consists of two subunits: 
COX-1 and COX-2. COX-2 is not expressed in physiological 
condition, while its expression is induced by pathological 
stimuli, such as cancer, endotoxin and hormones (19,20). It 
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is well documented that COX-2 accelerates cancer invasion 
and metastasis through inhibiting cancer cell apoptosis and 
promoting tumor angiogenesis (21-23). High expression of 
COX-2 is closely correlated with poor prognosis for various 
types of cancers (24-26). The role of high expression of HIF-1α 
and COX-2 in clinical prognosis of HCC patients after TACE 
remains to be completely elucidated.

Epithelial-to-mesenchymal transition (EMT) is a process 
in which epithelial cells are transmitted to mesenchymal cells 
that have higher ability of migration (27,28). EMT is regulated 
by HIF-1α and COX-2, playing an important role in tumor 
occurrence and metastasis (29,30). The relationship between 
EMT and HIF-1α, COX-2 protein expression in HCC tissue 
after TACE surgery is hardly investigated. In this study, we 
detected HIF-1α and COX-2 protein expression in HCC tissues 
after TACE surgery and in HepG2 cells treated with hypoxia 
in vitro. In addition, the relationship between EMT and HIF-1 
protein expression was evaluated. This study aimed to provide 
clues to increasing survival time for HCC patients post TACE.

Materials and methods

Clinical characteristics and medical records. This study 
complied with the Declaration of Helsinki and the ethics 
committee of the Third Affiliated Hospital, Sun Yat-Sen 
University approved the study protocol. Informed consent 
from all participants was obtained before the initial coronary 
angiography.

Paired cancer tissues and adjacent normal liver tissues 
from HCC patients undergoing TACE surgery were prospec-
tively collected between November 2006 and September 2013 
at the Third Affiliated Hospital, Sun Yat-Sen University. A 
total of 51 HCC patients were enrolled in this study, including 
48 males and 3  females, and their age ranged from 29 to 
72  years (median, 50.5  years). All HCC specimens were 
procured and processed following standard procedures. The 
tissue was fixed using 10% formaldehyde solution, embedded 
within paraffin, and then sectioned into 5-µm slices. The 
general information of all patients including name, gender 
and age was collected. Other clinical characteristics including 
AFP level before surgery, liver function and medical imaging 
data (CT or MRI), tumor size, tumor number, BCLC stage of 
cancer, presence of cancer capsule, the presence of vascular 
invasion and distant metastasis were also recorded. Cancer 
tissues from 61 HCC patients without TACE surgery were 
collected and served as controls. Postoperative follow-up 
was carried out regularly through telephone and letter. The 
mean postoperative follow‑up period was 36.0 months (range, 
3.0-75.0 months). Overall survival was calculated from the 
date of surgery to the date of death or the last follow-up.

Culture of HepG2 cells and hypoxia treatment. HepG2 cells 
were cultured in DMEM medium with 10% fetal calf serum 
(FBS, Gibco, USA) at 37˚C in a humidified atmosphere 
containing 5% CO2. Different concentrations of CoCl2 (Sigma, 
USA) was added into culture medium to mimic the hypoxic 
microenvironment (31).

CCK-8 assay. HepG2 cells were detached with trypsin and 
seeded on a 96-well plate (1x104 cells/well). After culture 

in DMEM culture medium supplemented with 10% FBS 
to allow cells become adherent, cells were treated with 0, 
100, 200 and 300 µM CoCl2 diluted in DMEM/10% FBS for 
24 h. Cells without CoCl2 treatment served as controls. Then 
10 µl CCK-8 solution was added into each well and the plate 
was incubated for additional 1 h. Afterwards, the absorbance 
at 450 nm was measured using a microplate reader. Wells 
without addition of CCK-8 solution were taken as the blank. 
The cell viability was calculated using the formula: Cell 
viability (100%) = (mean OD of CoCl2 group - mean OD of 
blank group)/mean OD of control group - mean OD of blank 
group) x 100. We performed 3 parallel repeats in each group. 
This experiment was carried out independently 3 times.

Quantitative reverse transcription PCR (qRT-PCR) analysis. 
HepG2 cells (105 cell/ml) were seeded in a 6-well plate and 
treated with 0, 100, 200 and 300 µM CoCl2 diluted in DMEM/ 
10% FBS for 12 and 24 h. Total RNA was extracted using 
TRIzol (Invitrogen, USA) according to the manufacturer's 
instructions. Total RNA (1 µg) was reverse transcribed into 
cDNA with a reverse transcription kit (Promega, USA). The 
PCR reaction was carried out in a total of 20 µl reaction 
mixture using Invitrogen PCR kit and the reactions were 
performed as follows, 50˚C for 2 min, 95˚C for 2 min, followed 
by 40 cycles of 95˚C for 15 sec and 60˚C for 32 sec. β-actin 
was used as the endogenous reference to measure the relative 
expression levels of HIF-1α and COX-2. The primer sequences 
are shown in Table I.

Western blot detection. Cells were lyzed in RIPA buffer and 
centrifuged to extract total protein. Protein concentration of 
samples was determined using the Bradford assay method. 
Sample protein (30 µg) was separated in 8% SDS-PAGE and 
transferred to PVDF membrane. The membrane was blocked 
with 5% skim milk in TBST, and then incubated with primary 
antibodies overnight at 4˚C using mouse anti-rat HIF-1α 
polyclonal antibody (Santa Cruz, USA, dilution, 1:300), mouse 
anti-rat COX-2 polyclonal antibody (Santa Cruz, 1:500) and 
mouse anti-rat β-actin polyclonal antibody (Santa Cruz, 
1:2,000). The next day, after 3 washes in TBST, the membrane 
was incubated with goat anti-mouse HRP-labeled secondary 
antibody (Santa Cruz, 1:5,000) for 1 h at room temperature 
(RT). Bands were developed with an ECL chemiluminescence 
reagent system (Beyotime, China).

Invasion assay. Melting Matrigel (50 mg/l, BD, USA) was 
diluted 1:6 with pre-cooled serum-free DMEM culture 
medium, which was then used to coat the upper membrane 
surface of the top chamber. Then the Transwell plate was 
incubated at 37˚C for 1.5 h. HepG2 cells were digested using 
trypsin, centrifuged at 130 x g for 5 min and re-suspended 
in serum‑free DMEM containing 0 or 200 µM CoCl2. Cells/
well (1x105) were seeded into the top chamber. DMEM 
(500 µl)/10% FBS was added in the bottom chamber. After 
24-h incubation, the top chamber was taken out and fixed 
using 4% paraformaldehyde solution for 30 min. After 3 
washes with PBS, cells on the upper membrane surface were 
removed using a cotton swab. Cells on the bottom membrane 
surface were stained with Giemsa for 8 min followed by 
washing with PBS, 3 times for 5 min. The number of cells 
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on bottom membrane surface (invading cells) was calculated 
randomly under a microscope in highly magnified field (q). 
The experiment was repeated 3 times.

Wound-healing assay. Cells (1 ml) at a density of 4x105 cells/ml 
were seeded into each well of a 6-well plate and cultured to 
100% confluence. The monolayer of cells was then scratched 
with a 10-µl pipette tip to create a wound gap. After 3 washes 
with PBS to remove suspended cells, the plate was placed 
back into an incubator for incubation for an additional 24 and 
48 h. Images were taken at 0, 24 and 48 h after the wound was 
induced to observe the healing of the wound gap.

Immunohistochemistry detection. Tissue slices (4 µm) were 
deparaffinized using dimethylbenzene, 2 times for 5 min and 
rehydrated using gradient ethanol. Then slices were soaked in 
deionized water for 5 min and dried using absorbent paper. 
Antigen retrieval was carried out by heating the sample in a 
microwave oven. After cooled down, slices were treated with 
3% H2O2 at room temperature for 10 min. Then slices were 
washed with PBS and blocked with 3% BSA in PBS for 1 h. 
After blocking, slices was incubated with primary antibody 
(1:50-200) at 4˚C overnight, and subsequently incubated 
with HRP-labeled secondary antibody (Dako, Canada) at 
37˚C for 1 h. The slices were then treated with a chromogen, 
3,3'-diaminobenzidine tetrahydrochloride (DAB) and 
counterstained with hematoxylin for 45 sec. Finally, slices 
were washed with ultrapure water, dehydrated with gradient 
ethanol, deparaffinized using dimethylbenzene for 10 min, 
dried and sealed.

Statistical analysis. Data were analyzed using SPSS 13.0 
software. Quantity data were expressed as mean ± SD. The 
Student's t-test was used when 2 groups were compared. 
Fisher's exact test was used to analyzed the difference between 
HIF-1α, COX-2 and clinical pathological data. Spearman 
correlation coefficient was used to determine the relationship 
between  HIF-1α and COX-2 protein expression. Survival 
analysis was performed using Kaplan-Meier estimate. The 
survival curves between different groups were analyzed using 

log-rank test. After the univariate analysis for 14 factors, only 
variables with P-value <0.05 were included in the multivariate 
analysis using the Cox proportional hazards model to identify 
the independent prognostic factors for overall survival. P<0.05 
was considered statistically significant.

Results

Increased expression of HIF-1α and COX-2 protein in HCC 
tissue after TACE surgery. Immunohistochemistry experi-
mental results showed that HIF-1α protein expression in liver 
cancer tissue significantly increased in 51 cases of HCC 
patients post TACE, compared with corresponding adjacent 
noncancerous liver tissue (Fig. 1 and Table II, P=0.001). The 
positive rate of HIF-1α protein expression in liver cancer tissue 
from HCC patients without TACE surgery was significantly 
lower than that in liver cancer tissue from HCC patients post 
TACE (Fig. 1 and Table II, P=0.013).

In Fig. 1 and Table II, the immunohistochemistry results 
showed that COX-2 protein expression in liver cancer tissue 
of 51 cases of HCC patients post TACE was higher than that 
in corresponding adjacent noncancerous liver tissue (Fig. 2 
and Table II, P=0.001). The positive rate of COX-2 protein 
expression in liver cancer tissue from HCC patients without 
TACE surgery was significantly lower than that in liver 
cancer tissue from HCC patients post TACE (Fig.  2 and 
Table II, P=0.034).

The relationship between HIF-1α, COX-2 and clinicopatho-
logic variables. After analysis by Fisher's exact test, our data 
showed that HIF-1α protein level was significantly higher in 
groups of BCLC stage A and ALT before surgery ≥40 U/l 
than groups of BCLC stage B+C and ALT before surgery 
<40  U/l, respectively (P=0.011 and 0.028, respectively). 
However, increased protein expression of HIF-1α had no 
significant difference in groups in terms of age, gender, Childs 
classification, AFP level, tumor size, tumor number and pres-
ence of cancer capsule (Table III). COX-2 protein expression 
significantly increased in HCC patient with vascular invasion 
and intrahepatic metastasis (P=0.021 and 0.048, respectively), 

Table I. The primer sequences.

	 Forward (5'→3')	 Reverse (5'→3')

HIF-1α	 AAGCACTAGACAAAGCTCACCTG	 TTGACCATATCGCTGTCCAC
COX-2	 TTGACCATATCGCTGTCCAC	 TTGACCATATCGCTGTCCAC
β-actin	 TTGACCATATCGCTGTCCAC	 TCGGCCACATTGTGAACTTT

Table II. HIF-1α and COX-2 protein expression in cancer tissues from HCC patients after TACE surgery.

	 Positive rate of HIF-1α	 Positive rate of COX-2

Liver cancer tissue of HCC patient after TACE surgery	 49.0% (26/51)	 56.8% (29/51)
Adjacent normal liver tissue of HCC patient after TACE surgery 	 21.6% (11/51)	 25.5% (13/51)
Liver cancer tissue in HCC patient without TACE surgery	 34.4% (21/61)	 47.5% (23/61)
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Figure 1. HIF-1α protein expression in cancer tissue from an HCC patient post TACE surgery was significantly higher than that of adjacent normal liver tissue 
and cancer tissue from an HCC patient without TACE surgery.

Figure 2. COX-2 protein expression in cancer tissue from an HCC patient post TACE surgery was significantly higher than that of adjacent normal liver tissue 
and cancer tissue from an HCC patient without TACE surgery.
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while it had no significant difference in groups in terms of 
gender, age, Childs classification, AFP level, tumor size, tumor 
number and presence of cancer capsule (Table IV, P>0.05).

Reduced survival time in HCC patients with positive expres-
sion of HIF-1α and COX-2 protein. Kaplan-Meier test showed 
that the median survival time of HCC patients with positive 

Table III. HIF-1α expression was statistically different between 
HCC patients in BCLC stage A and BCLC stage B+C, and 
patients with high and low level of ALT before surgery (P=0.011, 
P=0.028, respectively).

	 HIF-1α
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical	 No. of	 Positive	 Negative	 P-value
characteristics	 patients

Age	 51
	 >60	 13	 11	   2	 0.103
	 ≤60	 38	 14	 24

Gender	 51
	 Male	 48	 22	 26	 0.110
	 Female	   3	   3	   0

Tumor size	 51
	 ≥50 mm	 27	 15	 12	 0.239
	 <50 mm	 24	 10	 14

Vascular invasion	 51
	 Yes	 19	 10	   8	 0.346
	 No	 32	 15	 18

Capsular infiltration	 51
	 Yes	   8	   4	   4	 0.626
	 No	 43	 21	 22

AFP before surgery	 51
(ng/ml)	
	 ≥200	 29	 14	 15	 0.564
	 <200	 22	 11	 11

Tumor number	 51
	 Single	 27	 13	 14	 0.559
	 Multiple	 24	 12	 12

BCLC stage	 51
	 A	 17	   4	 13	 0.011a

	 B+C	 34	 21	 13

GCT level before	 51
surgery
	 ≥54	 32	 15	 17	 0.457
	 <54	 19	 10	   9

ALT level before	 51
surgery
	 ≥40	 31	 19	 12	 0.028a

	 <40	 20	   6	 14

Intrahepatic metastasis	 51
	 Yes	 31	 17	 14	 0.228
	 No	 20	   8	 12

Table IV. COX-2 expression was statistically different between 
HCC patients with vascular invasion and without vascular inva-
sion, and HCC patients with intrahepatic metastasis and without 
intrahepatic metastasis (P=0.021 and P=0.048, respectively).

	 COX-2
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical	 No. of	 Positive	 Negative	 P-value
characteristics	 patients

Age	 51
	 >60	 13	 11	 2	 0.059
	 ≤60	 38	 18	 20

Gender	 51
	 Male	 48	 27	 21	 0.604
	 Female	   3	   2	   1

Tumor size	 51
	 ≥50 mm	 27	 18	   9	 0.112
	 <50 mm	 24	 11	 13

Vascular invasion	 51
	 Yes	 19	 20	   8	 0.021a

	 No	 32	   9	 14

Capsular infiltration	 51
	 Yes	   8	   6	   2	 0.233
	 No	 43	 23	 20

AFP before surgery	 51
(ng/ml)
	 ≥200	 29	 16	 13	 0.503
	 <200	 22	 13	   9

Tumor number	 51
	 Single	 27	 16	 11	 0.467
	 Multiple	 24	 13	 11

BCLC stage	 51
	 A	 17	    7	 10	 0.097
	 B+C	 34	 22	 12

GCT level before	 51
surgery
	 ≥54	 32	 18	 14	 0.572
	 <54	 19	 11	   8

ALT level before	 51
surgery
	 ≥40	 31	 20	 11	 0.139
	 <40	 20	   9	 11

Intrahepatic metastasis	 51
	 Yes	 31	 21	 10	 0.048a

	 No	 20	 8	 12
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HIF-1α protein detection was 27.0 months, significantly 
shorter than that of 43.0 months in patients with negative 
HIF-1α protein detection (Fig. 3, P=0.043, log-rank test). In 
parallel, the median survival time in COX-2 positive patients 
was 26.0 months, which was significantly shorter than that 
of 46.0 months in COX-2 negative patients (Fig. 4, P=0.011, 
log‑rank test).

Intrahepatic metastasis, tumor size and COX-2 protein 
expression was associated with prognosis of HCC patients. 

Univariate analysis showed that several parameters were 
associated with poor prognosis of HCC, including tumor size, 
intrahepatic metastasis, HIF-1α expression, COX-2 expression 
and HIF-1α/COX-2 double expression (Table V). Furthermore, 
multivariate Cox's proportional hazard regression analysis 
showed these parameters were independent prognostic factors 
for HCC patients (P=0.011), indicating that tumor size, intra-

Figure 3. Kaplan-Meier analysis. The median survival time of HCC patients 
with positive expression of HIF-1α protein was 28.0 months, which was 
significantly shorter than the median survival time of 45.0 months in HCC 
patients with negative expression of HIF-1α protein.

Figure 4. Kaplan-Meier analysis. The median survival time of HCC patients 
with positive expression of COX-2 protein was 26.0 months, which was 
significantly shorter than the median survival time of 46.0 months in HCC 
patients with negative expression of COX-2 protein.

Table V. Univariate analysis showed that tumor size, intrahepatic 
metastasis, vascular invasion, positive expression of HIF-1α and 
COX-2α and double-positive expression of HIF-1α plus COX-2 
were correlated with prognosis of HCC patients.

Clinical characteristics	 RR	 95% CI	 P-value

Gender	 0.2	 1.910-2.756	 0.650
Age	 1.66	 1.829-2.836	 0.204
Tumor size	 9.99	 1.250-2.290	 0.002a

Vascular invasion	 2.168	 1.210-2.290	 0.141
Capsular infiltration	 1.44	 1.731-2.936	 0.230
AFP	 0.9	 1.341-2.659	 0.342
BCLC stage	 1.503	 1.527-2.473	 0.220
Tumor number	 1.55	 2.249-2.750	 0.213
GCT	 0.29	 2.242-2.758	 0.588
ALT	 1.4	 2.136-2.863	 0.228
Intrahepatic metastasis	 7.2	 1.296-2.205	 0.007a

HIF-1α	 4.35	 1.675-2.325	 0.037a

COX-2	 6.4	 1.271-2.729	 0.011a

HIF-1α+COX-2	 12.07	 0.928-2.072	 0.001a

Table VI. Multivariate analysis showed that tumor size, intrahe-
patic metastasis and COX-2 expression were the most important 
risk factors for prognosis of HCC patients.

Clinical characteristics	 RR	 95% CI	 P-value

Tumor size	 0.385	 0.165-0.899	 0.027a

Intrahepatic metastasis	 0.300	 0.094-0.954	 0.041a

Vascular invasion	 2.264	 0.816-6.279	 0.116
HIF-1α	 0.284	 0.057-1.419	 0.125
COX-2	 0.242	 0.070-0.839	 0.025a

HIF-1α+ COX-2	 3.157	 0.515-24.695	 0.198

Table VII. HIF-1α protein expression was positively correlated 
with COX-2 protein expression (P=0.033).

	 HIF-1α
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
COX-2	 Positive	 Negative	 P-value

Positive	 18	 11	 0.033
Negative	   7	 15
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hepatic metastasis and COX-2 protein expression were closely 
associated with poor prognosis of HCC patients (Table VI).

The positive correlation between HIF-1α and COX-2 protein 
expression. The positive rate of COX-2 protein expression 
in HCC patients with HIF-1α positive expression was 72.7% 
(18/25), which was higher than that of 42.3% (11/26) in 
HIF-1α negative HCC patients. Whereas, the positive rate of 
HIF-1α protein expression in HCC patients with COX-2 posi-
tive expression was higher than that of HCC patients without 
detectable COX-2 expression [62.1% (18/29) and 31.8% (7/22), 
respectively]. Spearman rank correlation analysis showed that 
there was a positive correlation between HIF-1α and COX-2 
protein expression (Table VII, P=0.033).

HIF-1α is positively correlated with Snail protein positive 
expression, while it is negatively correlated with Vimentin 
protein positive expression. The positive rates of Snail, 
Vimentin and E-cadherin protein expression in HCC patients 
with HIF-1α positive expression were 68% (17/25), 72% 
(18/25) and 16% (4/25), respectively. In contrast, the positive 
rate of these 3 proteins was 30.8% (8/26), 34.6% (9/26) and 
80.7% (21/26), respectively, in patients without detectable 
HIF-1α expression. Spearman rank correlation analysis 
showed that HIF-1α expression was positively correlated with 
Snail and Vimentin protein expression (Table VIII, P=0.007), 
while it was negatively correlated with E-cadherin expression 
(Table VIII, P=0.001).

CoCl2 decreases HepG2 cell viability. After treated with 
CoCl2 at concentration of 100 and 200 µM for 24 h, HepG2 
cell viability had no significant difference compared with 
control group (treated with 0 µM CoCl2, Fig. 5, P>0.05). After 
treated with 300 µM CoCl2 for 24 h, cell viability significantly 
decreased, compared with control group (Fig. 5, P=0.001).

CoCl2 treatments promote HepG2 cell invasion and migration 
in vitro. After treated with CoCl2 for 24 h, the mean number 
of HepG2 cells migrated through Matrigel was significantly 
higher than that of control group (Fig. 6, P<0.001). Moreover, 
after treated with CoCl2 for 24 and 48 h, HepG2 cell migra-
tion was significantly enhanced in a time-dependent manner 
(Fig. 7, P<0.001).

Table VIII. HIF-1α protein expression was positively corre-
lated with Snail and Vimentin protein expression (P=0.001 and 
0.007, respectively), while it was negatively correlated with 
E-cadherin protein expression (P=0.001).

	 HIF-1α
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Snail	 Positive	 Negative	 R value	 P-value

Positive	 17	   8	 0.451	 0.001
Negative	   8	 18

	 HIF-1α
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Vimentin	 Positive	 Negative	 R value	 P-value

Positive	 18	   9	 0.347	 0.007
Negative	   7	 17

	 HIF-1α
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
E-cadherin	 Positive	 Negative	 R value	 P-value

Positive	   4	 21	 -0.491	 0.001
Negative 	 21	   5

Figure 5. HepG2 cell viability significantly decreased after treatment with 
CoCl2 at high concentration for 24 h.

Figure 6. The ability of invasion of HepG2 cells was enhanced after treatment with 200 µM CoCl2.
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Effects of CoCl2 treatment on HIF-1α, COX-2 and EMT 
protein expression in HepG2 cells. After treated with CoCl2 
at different concentrations for 12 h and 24 h, both mRNA 
and protein expression of HIF-1α and COX-2 significantly 
increased in the 200 µM CoCl2 treatment group (Figs. 8 and 9, 
P<0.05 versus control group). Furthermore, after treated with 
200 µM CoCl2 for 24 h, we found that E-cadherin protein 
expression significantly increased compared with control 
group (Fig. 10, P<0.05), while Vimentin and Snail protein 

expression decreased compared with control group (Fig. 10, 
P<0.05).

Discussion

The clinical significance of HIF-1α, COX-2 and EMT in 
HCC patients after TACE surgery. TACE is considered as an 
important interventional therapeutic approach to treat patients 
with hepatocellular carcinoma (HCC). It has several advan-

Figure 7. Wound healing assay showing that CoCl2 treatment promoted HepG2 cell migration.

Figure 8. The results of qRT-PCR show that expression of HIF-1α mRNA increased after treated with CoCl2 in a concentration-dependent manner and reached 
a peak value when treated with 200 µM CoCl2 for 24 h (A). Consistent with mRNA expression results, HIF-1α protein expression induced by CoCl2 also 
increased in a concentration-dependent manner (B).
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tages, e.g., it is a minimal invasive procedure rendering short 
recovery time for patients, and it is tumor-targeted causing 
fewer side effects. However, in many cases tumor cells can 
adapt to the highly anaerobic microenvironment resulted from 
TACE through the negative feed-back response (32). HIF-1α, 
induced by hypoxia and found to be expressed in many solid 
tumors, regulates an array of genes to adapt to hypoxic environ-
ment, which promotes tumor growth and metastasis. Increased 

HIF-1α protein expression has been found in prostate cancer, 
head and neck cancer, ovarian cancer, breast cancer and hepa-
tocellular carcinoma (16,33,34). COX-2 gene whose expression 
can be induced by HIF-1α has been shown to be upregulated 
in a variety of malignant tumors and associated with tumor 
growth and development (20). In this study, we found that 
the protein levels of HIF-1α and COX-2 in HCC tissue from 
patients after TACE surgery was significantly higher than that 

Figure 9. The results of qRT-PCR show that expression of COX-2 mRNA increased after treated with CoCl2 in a concentration-dependent manner and reached 
a peak value when treated with 200 µM CoCl2 for 24 h (A). Consistent with mRNA expression results, COX-2 protein expression induced by CoCl2 also 
increased in a concentration-dependent manner (B).

Figure 10. The results of western blot analysis show that hypoxia induced by CoCl2 treatment significantly enhanced HIF-1α, COX-2, Snail and Vimentin 
protein expression, while it reduced EMT-relevant E-cadherin protein expression.
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of adjacent normal liver tissue and cancer tissue from HCC 
patients without TACE surgery. Moreover, after TACE surgery 
HCC patients with HIF-1α and COX-2 expression had shorter 
survival time than HCC patients who were HIF-1α and COX-2 
negative, indicating that both protein detections might be 
helpful for the evaluation of prognosis of HCC patients who 
had TACE. Further analysis also suggested that the prognosis 
of HCC patients post TACE was related to tumor size, intra-
hepatic metastasis and COX-2 expression, which were found 
to be independent prognostic factors for HCC patients. We 
were unable to conclude that HIF-1α was the most important 
prognostic factor for HCC patients, which might be due to the 
small sample size of this study. It is known that TACE triggers 
inflammatory reactions that we speculated might be the most 
important prognostic factor, which merits further studies.

In recent years, studies have found that COX-2 is prob-
ably a downstream gene in HIF-1α signaling pathway, and its 
expression is modulated by HIF-1α through the regulation of 
the specific HRE sequence in the COX-2 promoter (35,36). 
Both HIF-1α and COX-2 play a key role in the adaptation of 
hypoxic environment for cancer cells. Our study also showed 
that HIF-1α expression was positively correlated to COX-2 
expression, suggesting that HIF-1α might regulate COX-2 
expression and subsequently affect the prognosis of HCC 
patients after TACE. The details of the regulatory mechanism 
remains to be explored.

EMT is considered as a key mechanism for tumor recur-
rence and metastasis. Decreased expression of E-cadherin 
in the EMT process leads to reduced cell adhesion and thus 
enhanced tumor cell migration (37). Snail, a key inducing 
factor of EMT, enhances tumor cell invasion through down-
regulation of E-cadherin and upregulation of some other 
related-proteins (38,39). Vimentin, a biomarker of EMT, also 
is involved in tumor invasion and metastasis and its increased 
expression is associated with poor prognosis of tumor patients 
(40). In this study, we found that HIF-1α was positively 
correlated to Snail and Vimentin expression while negatively 
correlated to E-cadherin expression. Our data suggested that 
HIF-1α expression might promote cancer cell EMT, regulate 
cell motility and migration, and thus affect prognosis of HCC 
patients after TACE surgery.

Effects of hypoxia on HIF-1α, COX-2 expression and EMT 
alteration in HepG2 cells. We found that HIF-1α and COX-2 
expression increased in tumor tissues from HCC patients after 
TACE surgery. We further established a hypoxic cell model 
in vitro induced by CoCl2 treatment. The results showed that 
both mRNA and protein expression of HIF-1α and COX-2 in 
HepG2 cell increased after CoCl2 treatment. EMT plays an 
important role in tumor development and metastasis (27). 
Studies have shown that both cancer invasion and migration 
were related to the EMT process (30,41). Consistent with our 
clinical study results, in vitro study showed that deceased 
E-cadherin expression and increased expression of Vimentin 
and Snail were accompanied by enhanced HIF-1α and COX-2 
expression induced by hypoxia. Moreover, hypoxia induced 
by CoCl2 increased the ability of tumor invasion and migra-
tion. Our data indicated that increased expression of HIF-1α 
and COX-2 resulted from hypoxia promoted cancer cell EMT 
alteration and thus its ability of invasion and migration, which 

probably is an important factor contributing to the recurrence 
of HCC after TACE surgery.

In conclusion, taken together, our clinical and in vitro data 
suggest that TACE produced-hypoxic environment induces 
HIF-1α expression upregulating COX-2 to promote cancer 
angiogenesis, inhibiting cancer cell apoptosis and enhancing 
cancer invasion and migration (20). In addition, increased 
HIF-1α expression induces EMT alteration, which enhances 
cancer cell migration and invasion. All these factors might 
contribute to the poor prognosis of HCC patients post TACE.
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