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Purpose: Biomarkers are lacking in hepatocellular carcinoma (HCC). Cyclooxygenase-2
(COX-2) and its metabolites play crucial roles in the process of inflammation-tumor trans-
formation. This study was aimed to detect COX-2 expression in HCC tissues and evaluate
the effects of a COX-2 inhibitor, celecoxib, on biological behaviors of HCC cell lines
in vitro.

Methods: COX-2 expression was detected by immunohistochemistry on a human HCC
tissue microarray. The correlations of COX-2 expression with tumor clinicopathological
variables and overall survival were analyzed. The proliferation, apoptosis, cell cycle dis-
tribution, invasion capacity, and related signaling molecules of HCC cells after incubated
with COX-2 inhibitor celecoxib were evaluated in vitro.

Results: Expression levels of COX-2 in HCC tissues were significantly higher than those in
paracancerous tissues. The TNM stage III-IV, tumor size >5 cm, lymphovascular invasion
and distant metastasis was higher in high COX-2 expression group compared with that in low
COX-2 expression group. Patients with low COX-2 expression achieved better 5-year overall
survival than those with high COX-2 expression. Treatment with celecoxib was sufficient to
inhibit cell proliferation, promote apoptosis, and induce G0/G1 cell cycle arrest in HCC cells
with concentration- and time-dependent manners. Celecoxib up-regulated E-cadherin protein
through inhibiting COX-2-prostaglandin E2 (PGE2)-PGE2 receptor 2 (EP2)-p-Akt/p-ERK
signaling pathway to suppress HCC cells migration and invasion.

Conclusion: High COX-2 expression was associated with advanced TNM stage, larger
tumor size, increased lymphovascular invasion and short survival. Targeting inhibition of
COX-2 by celecoxib exhibited anti-tumor activities by suppressing proliferation, promoting
apoptosis, and inhibiting the aggressive properties of HCC cells.
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Introduction

Liver cancer is the second leading cause of cancer death worldwide, with 782,500
new cases and 745,500 deaths annually.' The incidence rates of liver cancer are
highest in Eastern Asian, and China alone accounts for about 50% of the world total
number of cases and deaths.' Hepatocellular carcinoma (HCC) accounts for the vast
majority of primary liver cancer cases.> According to the Barcelona Clinic Liver
Cancer Staging Classification,” tumor size, vascular invasion, and metastasis are
pivotal factors in the determination of clinical staging and prediction of prognosis
in patients with HCC. Consequently, identification of key molecules and signal
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pathways associated with tumor growth, invasion, and
metastasis could facilitate our understanding of the patho-
genesis of HCC. Meanwhile, these molecules might also
serve as biomarkers to predict prognosis and novel targets
for anti-cancer therapy, which is lacking to date clinically
in HCC.?

Liver fibrosis is an essential pathological process
involved in various chronic hepatic diseases that may
deteriorate into liver cirrhosis and HCC. It is well estab-
lished that inflammation initiates liver fibrosis and HCC
ensues in many cases, known as hepatic inflammation-
Cyclooxygenase-2 (COX-2) is
a rate-limiting enzyme in the sequential oxygenation of

. . 4
fibrosis-cancer axis.*’

arachidonic acid (AA) to synthesize prostaglandins and
thromboxanes, which play important roles in the process
Indeed,
previous studies have proved that COX-2 was up-

of inflammation-tumor transformation.® our
regulated in fibrotic liver tissues and COX-2 expression
increased along with the severity of fibrosis,”* indicating
it is a pivotal molecule in the carcinogenesis of HCC
evolved from fibrosis. However, few studies have evalu-
ated COX-2 expression levels in tumor and corresponding
paracancerous tissues in human HCC. Besides, the
correlation of COX-2 levels with clinicopathological
characteristics and prognosis remained controversial.”'?
Nevertheless, COX-2 inhibitors have shown potent anti-
tumor effects, probably via anti-inflammation, inhibition of
proliferation and angiogenesis, and regulation of
immunity.”’*16 Celecoxib, a selective COX-2 inhibitor,
has been proved to alleviate liver fibrosis and portal hyper-
tension through suppressing gut-liver inflammation,'” intra-
hepatic  angiogenesis,'® and epithelial-mesenchymal
transition of hepatocytes.'” Based on the inflammation-
fibrosis-cancer axis, the anti-fibrotic effects of celecoxib
make it a novel non-cytotoxic drug candidate in the preven-
tion and treatment of HCC. More recently, a randomized
clinical trial has shown that adjuvant celecoxib following
transarterial chemoembolization enhanced tumor response
and prolonged overall survival in unresectable HCC
patients.?’ Therefore, the anti-tumor effect and mechanism
of celecoxib against HCC deserves further investigation.
This study was aimed to evaluate the expression of
COX-2 in human HCC tissues and investigate its correla-
tions with tumor clinicopathological features and prog-
nosis. Additionally, the effects of celecoxib on the
biological characteristics of HCC cells were evaluated
in vitro. We found high COX-2 expression was associated

with advanced TNM stage, larger tumor size, increased

lymphovascular invasion and short survival. Moreover,
targeting inhibition of COX-2 by celecoxib exhibited anti-
tumor activities by suppressing proliferation, promoting
apoptosis, and inhibiting the aggressive properties of
HCC cells.

Materials and methods

Tissue microarray

HCC TMA applied in the study was obtained from the
National Engineering Centre for Biochip (Shanghai,
China). TMA samples included a total of 95 patients
with HCC who had undergone a complete surgical resec-
tion of the hepatic carcinoma between August 2006 and
November 2009. Detailed clinical and pathologic informa-
tion of these 95 patients were collected (Table 1). All
patients were followed up from the date of surgery until
September 2013. Written informed consent forms for the
tissue specimens were received from all participants, and
the study was approved by the ethical committee of
Taizhou Hospital of Zhejiang Province, which was the
biobank center related hospital. Investigations were carried
out following the rules of the Declaration of Helsinki of
1975 revised in 2008.

Immunohistochemistry and scoring

For IHC staining, the sections of TMA were deparaffinized
in xylene and rehydrated with graded ethanol dilutions.
Antigen retrieval was performed at high temperature
under high pressure in sodium citrate buffer (10 mM,
pH=6.0) for 15 mins. After blocked with H,O, and 10%
goat serum, the sections were incubated with primary anti-
bodies (Table S1) overnight at 4°C followed by incubation
with biotin-streptavidin horseradish peroxidase (HRP)
detection kit (ZSGB-BIO, Beijing, China) at 37°C for 30
mins. Finally, the sections were stained with a solution of 3,
3’-diaminobenzidine (DAB, ZSGB-BIO) and counter-
stained with hematoxylin. Negative control slides, in
which the primary antibody was omitted, were included in
all assays. The sections were examined under an optical
microscope (CX41, Olympus, Tokyo, Japan) equipped with
a digital camera system (DP72, Olympus).

Each slide was assessed independently by two pathol-
ogists who were blinded to the clinical and pathologic
information. The expression of COX-2, Ki-67, CD34,
p53 and AFP in tissues were semi-quantitatively scored
on the basis of positive percentage and intensity of stained
preparation as described previously®® (staining index =
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positive score xintensity score). The positive percentage of
stained tumor cells was scored as: 0, no staining; 1, <20%;
2, 20-75%; 3, >75%. The intensity of stained tumor cells
was graded on the following scale: 0, negative; 1, weak; 2,
moderate; 3, strong staining. According to the staining
index, a final total score of 0—4 was considered to be low
COX-2 expression, whereas a total score of 5-9 was
defined as high COX-2 expression.

Cell culture and treatments

Normal human liver cell line L02 and five human HCC cell
lines (HepG2, Bel7402, MHCC97L, MHCC97H, and
HCCLM3) with different metastatic potentials were obtained
from the American Type Culture Collection (ATCC, Manassas,
VA, USA), the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China), or the Liver Cancer
Institute, Zhongshan Hospital, Fudan University (Shanghai,
China). Use of these cell lines was approved by the institutional
review board of West China Hospital. All cell lines were
routinely maintained in high-glucose DMEM (HyClone,
Logan, UT, USA) supplemented with 10% fetal bovine serum
(FBS, Biological Industries, Cromwell, CT, USA), 100 U/mL
penicillin, and 100 pg/mL streptomycin (HyClone) in
a humidified atmosphere at 37°C with 5% CO, in air.

The cells were starved with serum-free DMEM for 16 hrs
before reagent treatments. All treatments in the correspond-
ing concentration were performed in serum-free DMEM for
additional 24 or/and 48 hrs. Celecoxib (10 uM), PGE2
(1 uM), EP2 antagonist (AH6809, 10 uM), Akt inhibitor
(MK2206, 3 uM), and MAPK-ERK inhibitor (AZD6244,
1 uM) were dissolved in DMSO. The final concentration of
DMSO was 0.1% in each treated cell. PGE2 and correspond-
ing inhibitors were obtained from Sigma-Aldrich (St Louis,
MO, USA), Selleck Chemical (Houston, TX, USA), or
MedChem Express (Monmouth Junction, NJ, USA).

Plasmid transfection

The open reading frame (ORF) of COX-2 in pIRES2-
EGFP  (COX-2-pIRES2, Hanbio  Biotechnology,
Shanghai, China) and empty vector pIRES2-EGFP
(Empty-pIRES2, Hanbio Biotechnology) were transfected
Bel7402 (Hanbio
Biotechnology) following the manufacturer’s protocol.

into cells by wusing LipoFiter

Briefly, Bel7402 cells in logarithmic growth phase were
seeded on 6-well plates with a density of 5x105 per well.
COX-2-pIRES2 or Empty-pIRES2 DNA (3 pg) and
LipoFilter (12 pL) dissolved in serum-free medium were
added when cells

to each well were grown to

approximately 60-70% confluence. The serum-free med-
ium was subsequently replaced with a fresh complete
medium after 6 hrs of transfection and cultured for an
additional 48 hrs followed by subsequent experiments.
COX-2 mRNA and protein over-expression were verified
by quantitative real-time PCR (qRT-PCR) and Western
blot, respectively. The diagram and sequencing data of
the plasmid is also provided in Figure S1.

CCKS8 assay for cell viability

The cell viability was determined by using CCKS
(Dojindo, Kumamoto, Japan) according to the manufac-
turer's instruction. Bel7402 and HepG2 cells were seeded
at a density of 10* cells/well in 96-well plates for 24 hrs.
Then the cells were treated with serial concentration (0,
10, 30, 50, and 70 uM) of celecoxib for 24 and 48 hrs.
A 10 uL of CCKS solution was added to each well, and the
plates were incubated at 37°C for 1 hrs in the dark. The
optical density of each well was measured at 450 nm using
the Thermo microplate reader (Thermo Fisher Scientific,
Waltham, MA, USA).

Flow cytometric analysis for cell cycle and
apoptosis

Bel7402 and HepG2 cells were cultured in 6-well plates and
treated with a serial concentration of celecoxib for 24 hrs. For
cell cycle detection, the cells were collected and fixed with 70%
ethanol overnight at —20°C. Then the cells were incubated with
RNase A at 37°C for 30 mins and stained with PI (Keygen
Biotech, Nanjing, China) at 4°C for 30 mins in the dark. The cell
cycle data were collected and analyzed by flow cytometry
(CytoFLEX, Beckman Coulter, Indianapolis, IN, USA) using
ModFit LT 5.0 software (Verity Software House, Topsham, ME,
USA). The apoptosis of Bel7402 and HepG2 was examined
using an Annexin V-FITC/PI dual staining kit (BD Biosciences,
San Jose, CA, USA) according to the manufacturer’s instruc-
tions. Briefly, the cells were washed by cold phosphate buffered
saline (PBS), trypsinized, and collected by centrifugation. Then,
the cells were stained with Annexin V-FITC and PI in 400 pL of
binding buffer in the dark at room temperature for 15 mins and
quantified by flow cytometry (CytoFLEX).

TUNEL for cell apoptosis

Bel7402 and HepG2 cells were cultured on coverslips at
the bottom of 24-well plates. After cells were treated with
a serial concentration of celecoxib for 24 hrs, the apoptosis
was detected by TUNEL assay kit (Roche Diagnostics,
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Basel, Switzerland) according to the manufacturer’s
instructions. Briefly, the cells were fixed with 4% parafor-
maldehyde before permeabilization with 0.1% Triton
X-100. Then the coverslips were incubated with TUNEL
reaction mixture in the dark for 60 mins at 37°C. After cell
nuclei were stained with 4, 6-diamino-2-phenylindole
(DAPI, Roche, Basel, Switzerland), the coverslips were
mounted with anti-fading medium and visualized under
a fluorescence microscope (BX41, Olympus). For quanti-
fication of apoptosis index, five random fields at x100
magnification were selected and the numbers of TUNEL-
positive cells were calculated for each section.

Wound-healing assay for cell migration
For the wound-healing assay, Bel7402 cells were seeded in
6-well plates to form a confluent monolayer. A wound was
created by scraping confluent cell monolayer with a
200 pL micropipette tip to denude a strip of monolayer
~100 pm width. Cells were then washed for three times
with PBS and incubated with corresponding treatments for
24 and 48 hrs. The images were taken under the inverted
microscope at 0, 24, and 48 hrs after scratching, and the
average gap of the wound was calculated using Image-Pro
Plus 6.0 software (Media Cybernetics, Rockville, MD,
USA). The motility was calculated by the formula:
(width ¢ p-width 54 pug n)/width ¢ ;x100%.

Transwell assay for cell invasion

The transwell invasion assay was performed in 24-well plates
with Matrigel (BD Biosciences)-coated polycarbonate filters
with 8-mm pores (Millipore, Billerica, MA, USA). Briefly,
5%104 Bel7402 cells with 100 pL of serum-free medium were
seeded into the top chamber. The bottom chamber was filled
with 600 pL of medium containing 10% FBS. After 48 hrs of
incubation with corresponding treatments, the cells of upper
chamber were removed by a cotton swab, and the cells in the
bottom were fixed with methanol, stained with crystal violet,
and then counted by microscope in 12 random fields at X400
magnification. For quantification, the average cell number per
field for each membrane was calculated.

Immunofluorescence staining

The cells were cultured on coverslips at the bottom of 24-well
plates and incubated with corresponding treatments. Then the
cells were fixed with 4% paraformaldehyde before permeabili-
zation with 0.1% Triton X-100. After blocked with 10% goat
serum, the cells were incubated with primary antibodies (Table
S1) overnight at 4°C followed by incubation with TRITC-

conjugated secondary antibodies (1:200, Santa Cruz
Biotechnology, Santa Cruz, CA, USA) at room temperature
for 30 mins. Then the cells were stained with DAPI and
mounted with anti-fading medium before examined under
a fluorescence microscope. Negative controls, in which the

primary antibody was omitted, were included in all assays.

Western blot analysis for protein

expression

The whole proteins were extracted by using a protein
extraction kit (Keygen Biotech). An equal amount of pro-
teins (30 pg) from each sample were separated by 8% or
10% SDS-PAGE and transferred to PVDF membrane
(Millipore). Nonspecific binding sites in the membrane
were blocked with 5% non-fat dry milk before incubated
with primary antibodies (Table S1) overnight at 4°C. Blots
were washed and incubated with appropriate HRP-
conjugated secondary antibodies (1:20000, Santa Cruz
Biotechnology) for 2 hrs at room temperature. Protein
bands were visualized by using an ECL detection kit
(Engreen Biosystem, Beijing, China). The autoradiographs
were scanned after exposing the membranes to Kodak
XAR film (Eastman Kodak, Rochester, NY, USA). The
intensity of the bands was measured by Quantity One
software 4.6.2 (Bio-Rad, Hercules, CA, USA). Relative
protein expression levels were normalized to GAPDH.

Statistical analysis

All data were expressed as mean + standard deviation and were
analyzed by SPSS 19.0 software (SPSS, Chicago, IL, USA).
Quantitative data were analyzed by using two-tailed Student’s
t test or one-way ANOVA with Least Significant Difference
(LSD) as a post hoc test. The y2 test was applied to analyze the
difference of clinicopathological parameters between low and
high COX-2 expression groups. Survival curves were evaluated
by using the Kaplan—Meier method and compared by the log-
rank test. A value of p<0.05 was considered significant.

Results

Patient characteristics

The clinicopathological characteristics of the patients
enrolled in the study are summarized in Table 1. The tissue
microarray (TMA) consisted of 95 patients with
a diagnosis of HCC, including 10 females (10.5%) and
85 males (89.5%) with an average age of 53.9+9.9 years
old. Among these HCC patients, 64 (67.4%) cases showed
a-fetoprotein (AFP) positive expression. Histologically,

submit your manuscript

2834

Dove

Cancer Management and Research 2019:1 |


http://www.dovepress.com
http://www.dovepress.com

Dove

Tai et al

Table | Relationships between COX-2 expression and clinico-
pathological characteristics in 95 hepatocellular carcinoma cases

Characteristics | N (%) COX-2 expression

Low High P-value
Total 95 47 48
Age, y 53.9+9.9 | 56.2+8.4 | 51.7£10.7 | 0.124

<55 52 (54.7) | 22 (46.8) | 30 (62.5)

>55 43 (45.3) | 25(53.2) | 18 (37.5)

Gender 0.299

Female 10 (10.5) | 7 (14.9) 3(6.2)

Male 85 (89.5) | 40 (85.1) | 45 (93.8)

AFP 0.558

Negative 31 (32.6) | 14(29.8) | 17 (35.4)

Positive 64 (67.4) | 33(70.2) | 31 (64.6)
Histologic grade 0.227

I~ 61 (64.2) | 33 (70.2) | 28 (58.3)

I~ 34 (35.8) | 14(29.8) | 20 (41.7)

TNM stage 0.018

111 45 (47.4) | 28 (59.6) | 17 (35.4)

-1V 50 (52.6) | 19 (40.4) | 31 (64.6)

Tumor size 7.8+54 6.7+4.4 8.616.2 0.031

<5cm 42 (44.2) | 26 (55.3) | 16 (33.3)

>5 cm 53 (55.8) | 21 (44.7) | 32 (66.7)

Tumor number 0.745

Single 80 (84.2) | 39 (83.0) | 41 (85.4)

Multiple 15(15.8) | 8 (17.0) 7 (14.6)
Lymphovascular 17 (17.9) | 4 (8.5) 13 (27.1) 0.018
invasion and
Distant metastasis

61 cases (64.2%) were in grade I ~ II, while the remaining
34 cases (35.8%) were in grade II ~ III. According to the
TNM staging system, 45 (47.4%) cases were in stage [ ~ 11
and 50 (52.6%) cases were in stage III ~ IV. The average
tumor size was 7.8 cm, with 42 (44.2%) tumors <5 cm and
53 (55.8%) tumors >5 cm. Tumor number revealed that 80
(84.2%) tumors were single and 15 (15.8%) tumors were
multiple. Positive lymphovascular invasion or distant
metastasis was observed in 17 cases (17.9%).

COX-2 expression in HCC tissues and

corresponding paracancerous tissues

In TMA slide, the positive staining of COX-2 was mainly
localized to the hepatocellular cytoplasm in both tumor
tissues and paracancerous tissues (Figure 1A). Based on
the staining index described in the methods, there was

a significant difference in the expression levels of
COX-2 between human HCC tissues and paracancerous
tissues (6.842.3 vs 6.142.1, P=0.039, Figure 1B).

Correlation between COX-2 expression

and clinicopathological features in HCC

Among 95 HCC patients, 47 (49.5%) cases were identified
with low COX-2 expression and 48 (50.5%) cases with
high COX-2 expression.
COX-2 expression and clinicopathological features were

The relationships between
analyzed (Table 1). A significantly positive correlation was
observed between COX-2 expression and TNM stage
(P=0.018, Figure 2A). The rate of patients with TNM
stage I ~ II was higher in the low COX-2 expression
group (59.6%) than that in the high COX-2 expression
group (35.4%). However, the rate of patients with TNM
stage III ~ IV was lower in the low COX-2 expression
group than that in the high COX-2 expression group
(40.4% vs 64.6%). Besides, COX-2 expression was sig-
nificantly associated with tumor size. The rate of patients
with tumor size >5 cm was lower in the low COX-2
expression group compared with that in the high COX-2
group (44.7% vs  66.7%, P=0.031).
Furthermore, high COX-2 expression increased the risk

expression

of lymphovascular invasion and distant metastasis
(27.1% vs 8.5%, P=0.018). Additionally, COX-2 expres-
sion was significant positively correlated with Ki-67
(r=0.224, P=0.029, Figure 2A and B) and CD34 expres-
sion (r=0.3, P=0.003, Figure 2A and C) in HCC tissues. In
contrast, there was no significant correlation between
COX-2 expression and other clinicopathological factors,
including age, gender, histologic grade, tumor number,
AFP, and p53 expression (P>0.05, Table 1).

Correlation between COX-2 expression
and prognosis in HCC

The survival analysis showed that the 5-year survival rate of
all HCC patients enrolled was 36.8%. The 5-year survival
rate in low COX-2 expression group was much higher than
that in the high COX-2 expression group (46.8% vs 27.1%).
Moreover, the median survival time was 49 months for low
COX-2 expression group and 17 months for high COX-2
expression group. A significant association between COX-2
expression and tumor prognosis in HCC had been estab-
lished. Patients with low COX-2 expression achieved better
S5-year overall survival than those with high COX-2 expres-
sion (P=0.023, Figure 2D).
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Figure | Expression of COX-2 in human hepatocellular carcinoma (HCC) tissues and paracancerous tissues. Immunohistochemistry (IHC) for COX-2 displayed cytoplasmic
expression of hepatocytes in both HCC tissues and paracancerous tissues (A). There was a significant difference in the expression levels of COX-2 between human HCC
tissues and paracancerous tissues (B, P=0.039, n=95). Scale bar =100 um for HE staining; scale bar =50 ym for IHC staining.

COX-2 expression in human HCC cell

lines

COX-2 expression was evaluated in the normal human
liver cell line (L02) and five human HCC cell lines with
different metastatic potentials. Western blot showed that
both normal human liver cell line and human HCC cell
lines expressed COX-2 protein, and the expression levels
of COX-2 increased along with the metastatic capacity
(L02<HepG2<Bel7402<MHCC97L<MHCC97H<HCCL-
M3, Figure 2E).

Inhibition of cell proliferation by

celecoxib

CCK8 assay was employed to evaluate cell viability after
treatment with different concentrations of celecoxib. In
CCKS assay, treatment with celecoxib in concentrations of
30, 50 and 70 pM for both 24 and 48 hrs exhibited a notable
suppressing effect on Bel7402 and HepG2 cells (Figure
3A and B). The cell proliferation was determined by the
immunofluorescence (IF) staining of Ki-67. Celecoxib inhib-
ited the proliferation of Bel7402 and HepG2 cells in both
concentration- and time-dependent manner (Figure 3C-F).
Treatment with high concentrations (30, 50, and 70 pM) of
celecoxib was sufficient to inhibit the proliferation of both
Bel7402 (Figure 3C-E) and HepG2 (Figure 3D-F) cells for
24 and 48 hrs, whereas it had no inhibition effect on the
proliferation of HCC cells in the concentration of 10 uM.

Cell cycle arrest induced by celecoxib
Cell cycle was analyzed by flow cytometry with propidium
iodide (PI) staining after treatment with a serial concentration

of celecoxib in Bel7402 (Figure 4A and C) and HepG2 (Figure
4B and D) cells for 24 hrs. Low concentrations of celecoxib
(10 and 30 uM) caused a slight elevation in the percentage of
both cells at the GO/G1 phase (P>0.05). Treatment with cel-
ecoxib at high concentrations (50 and 70 uM) significantly
increased the percentage of both cells at the GO/G1 phase,
compared with the control group (P<0.05). At the same con-
centrations, the percentage of both cells at S phase and G2/M
phase were significantly decreased than that of the control
group (P<0.05). Thus, celecoxib treatment induced GO0/Gl
cell cycle arrest in both Bel7402 and HepG?2 cells.

Induction of cell apoptosis by celecoxib
According to the flow cytometry staining by Annexin
V-fluorescein isothiocyanate (FITC) and PI, celecoxib induced
concentration-dependent apoptosis in both Bel7402 and
HepG?2 cells. Dramatically increased apoptosis was observed
in Bel7402 and HepG2 cells by celecoxib in a concentration of
30, 50 and 70 uM for 24 hrs (Figure SA-D). Impressively, the
maximal apoptosis index of Bel7402 and HepG2 cells was
37.6% and 24.2%, respectively. No significant difference of
cell apoptosis was observed in HCC cells treated with 10 uM
celecoxib, compared with that in vehicle-treated cells. Similar
results were obtained in the deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL) assay for Bel7402 and
HepQG2 cells (Figure SE-H).

Inhibition of migration and invasion by

celecoxib

The migration and invasion capacity were evaluated in
Bel7402 cells by wound-healing and transwell assay in vitro
(Figure 6). Compared with dimethyl sulfoxide (DMSO)-
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Figure 2 Association of COX-2 expression between clinicopathological features and 5-year overall survival in human HCC, and expression of COX-2 in the normal human
liver cell and HCC cell lines. IHC for COX-2, Ki-67, and CD34 in HCC patients with TNM stage Il and Ill (A) have shown that COX-2 expression was significant positively
correlated with Ki-67 (B, r=0.224, P=0.029, n =95) and CD34 expression (C, r=0.3, P=0.003, n=95) in HCC tissues. The 5-year overall survival was better in patients with
low COX-2 expression when compared with those with high COX-2 expression (D, P=0.023, n=95). The expression levels of COX-2 in normal human liver cell and HCC

cell lines increased along with the metastatic capacity by Western blot (E).

treated cells, the wound-healing rate and invasion cells through
Matrigel were significantly decreased after inhibition of COX-
2 by celecoxib (P<0.05). Similar results were observed in cells
treated with AH6809, a prostaglandin E2 (PGE2) receptor 2
(EP2) inhibitor (P<0.05). Compared with DMSO and cele-
coxib, PGE2 significantly increased the wound-healing rate
and invasion cells (P<0.05), which could be inhibited after
blocking EP2 by AH6809 (P<0.05, Figure 6A, C, E, and G).
Since PI3K-Akt and MAPK-ERK pathways are known to

affect cancer invasion, and COX-2 expression was also
correlated with PI3K-Akt and MAPK-ERK pathways,?'”
23 we sought to determine whether COX-2-PGE2-EP2-
p-Akt/p-ERK signaling could regulate the behavior of
HCC. In accordance with our expectation, the wound-
healing rate and invasion could also be inhibited after
blockage of PI3K-Akt and MAPK-ERK signaling path-
way by MK2206 and AZD6244, respectively (P<0.05,
Figure 6B, D, F, and H).
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Figure 4 Celecoxib-induced cell cycle arrest in Bel7402 and HepG2 cells. The cell cycle distribution of Bel7402 and HepG2 cells was determined by flow cytometry.
Celecoxib-induced GO/GI cell cycle arrest in both Bel7402 (AC) and HepG2 (B, D) cells at higher doses (50 and 70 pM) in a dose-dependent way for 24 hrs (P<0.05).

Up-regulation of E-cadherin protein
through inhibiting COX-2-PGE2-EP2-
p-Akt/p-ERK pathway by celecoxib
Compared with DMSO-treated and empty plasmid-transfected
Bel7402 cells, overexpression of COX-2 by using COX-2
plasmid induced reduction of E-cadherin expression and
increase of p-Akt and p-ERK expression (Figure 7A and D).
Compared with DMSO-treated cells, protein levels of
E-cadherin were significantly up-regulated by celecoxib, EP-
2 inhibitor AH6809, Akt inhibitor MK2206, and ERK inhibi-
tor AZD6244 (P<0.05, Figure 7B, C, E, and F). In contrast,
PGE?2 significantly induced reduction of E-cadherin expres-
sion (P<0.05), which could be reversed by AH6809 (P<0.05,
Figure 7B and E). Meanwhile, the expression of p-Akt and

p-ERK was significantly suppressed by treatment with cele-
coxib and AH6809 (P<0.05) but was enhanced by treatment
with PGE2 (P<0.05), which could be inhibited after blockage
of EP2 by AH6809 (P<0.05, Figure 7E). Additionally, p-Akt
and p-ERK expression were remarkably suppressed by
MK2206 and AZD6244, respectively (P<0.05, Figure 7F).
Furthermore, no significant difference was observed in Akt
and ERK protein among all treatment groups (P>0.05).

Discussion

It is crucial to identify molecular biomarkers for HCC in
clinical strategy.” However, less reliable biomarkers for
HCC have been verified. The association between
COX-2 expression and the carcinogenesis of many types
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of cancer, including HCC, has been recognized. Both basic
research and clinical trials have shown the antineoplastic
effects the COX-2 inhibitor, celecoxib, on HCC.2%-*+%
Whereas, the mechanisms by which suppressing COX-2
functions to inhibit HCC and whether COX-2 could apply
as a molecular biomarker of HCC are largely unknown. In
the current study, it seems rational that COX-2 might be
a molecular biomarker of HCC. It is showed in this study
that high expression of COX-2 in HCC indicates advanced
cancer and poor prognosis. Consistently, the in vitro study
also demonstrated that the expression levels of COX-2
and down-

were in line with metastatic capacity,

regulation of COX-2 by celecoxib could effectively

suppress malignant biological behaviors of HCC cell
lines. These findings provided new insights into the role
of COX-2 in HCC carcinogenesis, and it could potentially
work as a biomarker in prediction of prognosis and effec-
tive target for anti-cancer therapy.

COX-2 is expressed in liver cancer tissues, which might be
related with the biological behaviors of liver cancer.® Some
researchers have found when COX-2 is expressed in paracan-
cerous tissues, it might be a predictor of recurrence of
HCC,?”*® highlighting the role of COX-2 in the progression
of HCC. However, there were limited studies comparing
COX-2 expression between HCC tissues and corresponding
paracancerous tissues. In the current study, COX-2 expression
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in liver cancer tissues was higher than that in the correspond-
ing paracancerous tissues, suggesting that COX-2 expression
could influence the clinicopathological features and prognosis
of liver cancer.

According to the definition of cancer biomarker, it
should be measurable and distinguish normal and patholo-
gical processes.”’ To verify whether COX-2 is an applic-
able biomarker in HCC, its expression was explored in
TMA and the relevancy between COX-2 and clinicopatho-
logical features were analyzed. We detected that higher
COX-2 expression was associated with larger tumor size,
and more invasion and metastasis in HCC. It was not
surprising that increased COX-2 expression was in asso-
ciation with increased Ki-67 and CD34 expression since
COX-2 influences growth, angiogenesis, invasion, and
metastasis.'>'® Accordantly, several in vivo studies have
verified the effects of COX-2 inhibitors on proliferation
and angiogenesis in HCC models, which showed suppres-
sion of COX-2 could delay HCC growth.>*? Consistent
with our findings in HCC tissues, levels of COX-2 expres-
sion were in line with the metastatic capacity in vitro, with
the lowest potential of migration in normal human liver
cell line LO2 and highest in high-invasive HCC cell line
HCCLM3. Association of histologic grade with COX-2
expression was not observed in our study. However,
some reported well-differentiated liver cancer was linked
with increased COX-2 expression.''** This disparity
might be attributed to differences in methodology. For
example, Schmitz et al scored COX-2 staining solely
according to number of positive cells,'’ but our staining
index utilized both percentage and intensity of staining.
Moreover, Bae et al enrolled lower number of HCC cases
and did not use TMA to guarantee the homogeneity of
immunohistochemistry (IHC) staining.**

Furthermore, we found an inverse correlation between
COX-2 expression and prognosis. In favor of our results,
other studies and a meta-analysis found increased COX-2
level was associated with worse prognosis in HCC.%** In
support of this, a positive correlation between COX-2
expression and TNM stage was established, and TNM
stage III-IV usually predicts poor survival. These still
might be ascribed to the fact that COX-2 could facilitate
growth, angiogenesis, invasion, and metastasis of
cancer.> '° In contrast to the results in this study, there
were some studies which suggest that increased COX-2
expression in HCC was not indicative of poor survival®® or
even could predict a favorable outcome.'' The differences
between Yildirim’s study and ours were sample size (only

31 patients enrolled in their study) and criterion to define
COX-2 expression levels (percentage of positive cells in
their study).”> Besides, we used TMA instead of separate
slides to ensure the synchronicity of the IHC staining,
which may explain the discrepancies of the results
between Schmitz’s and our study.''

These observations remind us that COX-2 can be
a feasible molecular biomarker to treat HCC, whose effects
might play important roles in the growth and invasiveness
of HCC. Thus, the effects of celecoxib on HCC cell lines,
Bel7402 and HepG2 were further discovered. In CCKS
assay, viability of both cell lines was reduced by celecoxib,
suggesting a considerable trend towards cell death after
treatment. The following experiments found celecoxib
could suppress proliferation and induce cell cycle arrest as
well as apoptosis in both cell lines, which is accordant with
the correlation between COX-2 expression and tumor size.
In our experiment, up to 70 puM of celecoxib was used,
whose effect might not only be mediated by its specific
inhibition on COX-2 but its own toxicity at the high con-
centration. However, Makhdoumi et al pointed out that high
dose of celecoxib could still decrease PGE2 production in
a time- and dose-dependent manner, which proved that even
when celecoxib is used in high concentration, its mechan-
ism is still COX-2 dependent*® Similar results were
obtained in studies applying other COX-2 inhibitors, such
as meloxicam and NS-398, to treat HCC cells, which could
also inhibit HCC cell proliferation, and induce apoptosis
and cell cycle arrest.*”*° Our results were also in line with
findings demonstrating the effects of celecoxib on tumor
growth in variable other cancer cells.?'**4!42

Since high COX-2 expression indicated increased inva-
sion and metastasis, we sought to further determine the
role of COX-2 in invasion and migration and underlying
mechanisms. COX-2 is a rate-limiting enzyme in the
sequential oxygenation of AA to prostaglandins (PGs)
and thromboxanes. Our previous study has established
that inhibition of COX-2 suppressed migration of vascular
endothelial cells by the blockage of PGE2 binding to its
specific receptor EP2.'"® Thus, wound-healing and trans-
well assay were performed to address whether COX-
2-PGE2-EP2 signaling could affect invasion and migration
in HCC cells. We found celecoxib and an EP2 antagonist,
AH6809 could inhibit invasion and migration, but PGE2,
the downstream product of COX-2 potentiated invasion
and migration, whose effect could be reversed by
AH6809. Thus, celecoxib might inhibit invasion and
migration via COX-2-PGE2-EP2 pathway. Furthermore,
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PI3K-Akt and MAPK-ERK are pivotal signaling pathways
during tumor migration, invasion, and metastasis. The
present study also confirmed the hypothesis in Bel7402
cells. The aggressive properties of HCC cells significantly
decreased after inhibition of PI3K-Akt or MAPK-ERK by
MK2206 or AZD6244, respectively.

The invasion and migration of HCC were associated with
cell-cell adhesion proteins such as E-cadherin,***** and PGE2/
EP2 pathway is involved in the regulation of E-cadherin
expression.'” Our study has come to similar conclusions
using COX-2- transfected plasmid, agonist and antagonist.
Overexpression of COX-2 and addition of PGE2 decreased
E-cadherin protein levels. However, the expression of
E-cadherin was up-regulated after inhibition of COX-2 or
EP2 with celecoxib or AH6809, respectively. Moreover, it
was evidenced by our experiment as well as others that
COX-2 expression was correlated with PI3K-Akt and MAPK-
ERK pathways.”' > The phosphorylation levels of Akt and
ERK were suppressed by celecoxib but were enhanced by
COX-2 overexpression. By using EP2 agonist or antagonist,
p-Akt and p-ERK were up-regulated by PGE2 but down-
regulated by AH6809, suggesting both PI3K-Akt and MAPK-
ERK pathways could be regulated by COX-2-PGE2-EP2.
Besides, the phosphorylation of Akt and ERK are known to
affect E-cadherin expression.*>** Consistently, inhibition of
PI3K-Akt or MAPK-ERK by MK2206 or AZD6244 treat-
ments also did up-regulate E-cadherin. Hence, the results
suggest that celecoxib up-regulated E-cadherin protein
through inhibiting COX-2-PGE2-EP2-p-Akt/p-ERK signaling
pathway to suppress HCC cells migration and invasion.

Akt and ERK1/2 pathways are well known for their indis-
pensable roles in cell proliferation, pro-survival, invasion, and
drug resistance of tumor cells, whose effects and key compo-
nents are largely conserved.*>' Since Akt and ERK are
frequently mutated or hyperactivated, targeting these path-
ways have been thought as possible solutions to cancer
therapy.”>> Indeed, inhibitors against Akt and ERK have
shown promising improvement in some tumor types. For
example, MK-8353, an ERK1/2 inhibitor has been known to
exhibit partial therapeutic effect against advanced
BRAFV600-mutant melanoma.>* GDC-0068, also known as
ipatasertib, a selective inhibitor of AKT, could lead to stable
disease or incomplete response in many types of advanced
solid tumors, such as colon, ovarian, prostate, breast, and lung
cancer with activation of AKT signaling.>® Though the results
were encouraging, these drugs are still undergoing early clin-
ical study and their long-term effects should be carefully

evaluated. Thus, to explore innovative approaches to inhibit
these pathways might be needed. Also, an alternative is to
discover new applications of an old drug in order to achieve
this goal, which is more cost-effective. It seems that celecoxib
might be one of the options. In the present study, we confirmed
that the expressions of p-Akt and p-ERK were significantly
suppressed after inhibition of COX-2 with celecoxib treat-
ment, indicating these molecules may be involved in the
regulation of aggressive biologic behaviors of tumor cells by
COX-2. Based on these findings in in vitro study, we proposed
the hypothesis that AkKt/ERK pathway might be the common
pathways targeted by celecoxib for its effect on HCC cell
proliferation, apoptosis, migration, invasion, and metastasis.
Further research is needed to clarify the exact regulatory
mechanism in in vivo studies with conditional knock out
models.

In conclusion, COX-2 expression was substantially up-
regulated in human HCC tissues. High COX-2 expression
was associated with advanced TNM stage, larger tumor
size, increased lymphovascular invasion and poor survival.
Targeting inhibition of COX-2 with celecoxib exhibited
anti-tumor activities by suppressing proliferation, promoting
apoptosis, and inhibiting the invasion of HCC cells. COX-2
may be a potential biomarker and therapeutic target in
HCC. However, the anti-HCC effects of celecoxib in vivo
need further investigated before clinical application.
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Abbreviation list

AA, acid; AFP, ATCC,
American Type Culture Collection; COX-2, cyclooxygen-
ase-2; DAB, 3’-diaminobenzidine; DAPI 4', 6-diamino-
2-phenylindole; DMSO, dimethyl sulfoxide; EP2, prosta-
glandin E2 receptor 2; FBS, fetal bovine serum; FITC,

arachidonic a-fetoprotein;

fluorescein isothiocyanate; HCC, hepatocellular carci-
noma; HRP, horseradish peroxidase; IF, immunofluores-
IHC, PBS, phosphate
buffered saline; PGE2, prostaglandin E2; PI, propidium

cence; immunohistochemistry;
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iodide; TMA, tissue microarray; TUNEL, terminal deox-

ynucleotidyl transferase dUTP nick end labelling.
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A Pacl

Kanamycin

pENTER
7510 bp

pBR322 origin

Pac | Left Arm

GGA TCC GGT ACC GAG GAG ATC TGC CGC CGC GAT CGC C ACG CGT ACG CGG CCG CTC
CCT AGG CCA TGG CTC CTC TAG ACG GCG GCG CTA GCG G TGC GCA TGC GCC GGC GAG

A AT

Kpni AsiST M1ur Notr

GAG GAT TAT AAG GAT GAC GAC GAT AAA TTC GTC GAG CAC CAC CAC CAC CAC CAC TAA
CTC CTA ATA TTC CTA CTG CTG CTA TTT AAG CAG CTC GTG GTG GTG GTG GTG GTG ATT
E D Y K D D D D K F \ E H H H H H H

ATGCTCGCCCGCGLCCTGCTGCTGTGCGCGLTCCTGGCGCTCAGCCATACAGCAAATCCTTGCTGTTCC
CACCCATGTCAAAACCGAGGTGTATGTATGAGTGTGGGATTTGACCAGTATAAGTGCGATTGTACCCGG
ACAGGATTCTATGGAGAAAACTGCTCAACACCGGAATTTTTGACAAGAATAAMATTATTTCTGAAACCC
ACTCCAAACACAGTGCACTACATACTTACCCACTTCAAGGGATTTTGGAACGTTGTGAATAACATTCCC
TTCCTTCGAAATGCAATTATGAGTTATGTGTTGACATCCAGATCACATTTGATTGACAGTCCACCAACT
TACAATGCTGACTATGGCTACAAAAGCTGGGAAGCCTTCTCTAACCTCTCCTATTATACTAGAGCCCTT
CCTCCTGTGCCTGATGATTGCCCGACTCCCTTOOOTGTCAAAGGTAAAAAGCAGCTTCCTGATTCAAAT

GAGATTGTGGAAAAATTGCTTCTAAGAAGAAAGTTCATCCCTGATCCCCAGGGCTCAAACATGATGTTT
GCATTCTTTGCCCAGCACTTCACGCATCAGT TTTTCAAGACAGATCATAAGCGAGGGCCAGCTTTCACC

ACGGGCTGCGCCATGGHGTGGACT TAAATCATATTTACGGTGAANCTCTGCCTAGACAGCGTAAACTG
CGCCTTTTCAAGGATGGAAANATGAAATATCAGATAATTGATGGAGAGATGTATCCTCCCACAGTCANA
GATACTCAGGCAGAGATSATCTACCCTCCTCAAGTCCCTGAGCATCTACGGTTTGCTGTGGGGCAGGAG
GTCTTTGGTCTGGTGCCTGGTCTGATGATGTATGCCACAATCTGGCTGCGGCANCACAACAGAGTATGC
GATGTGCTTAAACAGGASCATCCTGAATGGGGTGATGAGCAGTTGTTCCAGACAAGCAGGCTAATACTG
ATAGGAGAGACTATTAAGATTGTGATTGAAGATTATGTGCAACACTTGAGTCGCTATCACTTCAAACTG
AMTTTGACCCAGAACTACTTTTCAACAAACAATTCCAGTACCAAMATCGTATTGCTGCTGAATTTAAC
ACCCTCTATCACTGGCATCCCCTTCTGCCTGACACCTTTCAMATTCATGACCAGAAATACAACTATCAA
CAGTTTATCTACAACAACTCTATATTGCTGGANCATGGAATTACCCAGTTTCTTGAATCATTCACCAGG
CAAATTGCTGGCAGGGTTCCTGGTGGTAGGAATCTTCCACCCGCAGTACAGMAGTATCACAGGCTTCC
ATTGACCAGAGCAGGCAGATGAAATACCAGTCTTTTAATGAGTACCGCAAACGCTTTATGCTGAAGCCC
TATGAATCATTTGAAGAACTTACAGGAGAAAAGGAAMTCTCTGCAGAGTTGCAAGCACTCTATGGTGAC
ATCGATGCTGTGGAGCTGTATCCTGCCCTTCTCGTAGAAAAGCCTCGGCCACATGCCATCTTTGGTGAA
ACCATGGTAGAAGTTGGAGCACCATTCTCCTTGAAAGGACTTATGGGTAATCTTATATGTTCTCCTGCC
TACTGGAAGCCAAGCACTTTTGGTGGAGAAGTGGGTTTTCAAATCATCAACACTGCCTCAATTCAGTCT
CTCATCTGCAATAACGTGAAGGGCTGTCCCTTTACTTCATTCAGTGTTCCACATCCAGAGCTCATTANA
ACAGTCACCATCAATGCAAGTTCTTCCCGCTCCGGACTAGATGATATCAATCCCACAGTACTACTAAMA
GAACGTTCGACTGAactza

Figure S| Diagram and sequencing data of COX-2-pIRES2 plasmid. Diagram of COX-2-pIRES2 plasmid (A). sequencing data of COX-2-pIRES2 plasmid (B).
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Table S| The antibody list for immunohistochemistry, immunofluorescence, and Western blot

Antibodies Applications Dilution Source Company
GAPDH WB 1:4000 Rabbit Santa Cruz Biotechnology (Santa Cruz, CA, USA)
COX-2 IHC 1:200 Rabbit Abcam (Cambridge, UK)
WB 1:1000
Ki-67 IF 1:200 Rabbit Thermo Fisher Scientific (Waltham, MA, USA)
IHC 1:200 Rabbit Abcam (Cambridge, UK)
CD34 IHC 1:200 Rabbit Abcam (Cambridge, UK)
AFP IHC 1:200 Rabbit Abcam (Cambridge, UK)
p53 IHC 1:200 Rabbit Abcam (Cambridge, UK)
E-cadherin IF 1:100 Rabbit SAB (Baltimore, MD, USA)
WB 1:1000 Mouse Cell Signaling Technology (Danvers, MA, USA)
Akt WB 1:2000 Mouse Cell Signaling Technology (Danvers, MA, USA)
p-Akt WB 1:1000 Rabbit Cell Signaling Technology (Danvers, MA, USA)
ERK WB 1:2000 Rabbit Santa Cruz Biotechnology (Santa Cruz, CA, USA)
p-ERK WB 1:1000 Rabbit Santa Cruz Biotechnology (Santa Cruz, CA, USA)
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