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Abstract

AIM: To study the relationship between the cyclooxy-
genase (COX)-2 gene and the proliferation and apopto-
sis of esophageal squamous carcinoma EC109 cells.

METHODS: The techniques of RNA interference (RNAI)
and cell transfection, as well as the levels of oncogenic-
ity in nude mice, were used to study the role of COX-2
in the esophageal squamous carcinoma cell (ESCC) line
EC109. Following RNAi and transfection, Western blot-
ting analysis was used to determine the expression of
the COX-2 protein. The 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-tetrazolium bromide (MTT) reduction assay
was used to evaluate cell growth, and flow cytometry
was used to detect cell apoptosis.
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RESULTS: Western blotting analysis demonstrated that
COX-2 expression was significantly reduced in EC109
cells treated with COX-2-specific short interfering RNA
(siRNA) but was increased in EC109 cells transfected
with COX-2. Furthermore, COX-2 siRNA treatment in-
hibited cell proliferation (P < 0.01) and induced apop-
tosis in EC109 cells, as determined by an MTT assay
and by flow cytometry, respectively. In contrast, trans-
fected COX-2 led to increased cell proliferation (P < 0.05)
and decreased apoptosis in EC109 cells. In addition,
combination treatment of cells with COX-2 siRNA and
aspirin had a synergistic effect (P < 0.01). For experi-
ments measuring tumorigenicity, xenograft tumors of
a greater volume and weight were found in the COX-2
group compared with other groups (P < 0.05). A large
dose of aspirin inhibited tumor growth in nude mice ef-
fectively (P < 0.05), and the rate of tumor suppression
was 51.8% in the high-dose aspirin group.

CONCLUSION: COX-2 plays a very critical role in ESCC
carcinogenesis, and COX-2 siRNA combined with aspirin
has the potential to be an anticancer therapy for the
treatment of ESCC.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Esophageal carcinoma is a common malignant neoplasm
worldwide with high fatality rates'. This condition can be
classified as esophageal squamous cell carcinoma (ESCC)
or esophageal adenocarcinoma. Cancers arising from
esophageal tissue, especially ESCC, have high incidence
rates in China. Despite surgical treatment and chemo-
therapy, the prognosis of ESCC had until recently been
very poor. Thus, early identification and effective treat-
ment are highly desirable for an improved prognosis.

Cyclooxygenase is an enzyme responsible for the syn-
thesis of prostaglandins, and it has two isoforms, COX-1
and COX-2. COX-1 is a constitutive enzyme and is found
in most mammalian cells. COX-2, on the other hand, is
undetectable in most normal tissues but can be induced
by tumor-promoting agents, growth factors and inflam-
mation.

To date, many studies have shown COX-2 to play a
very important role in carcinogenesis. COX-2 has been
reported to be over-expressed in many malignant tumors,
such as those in breast, lung, stomach, colon and pancreat-
ic cancer™™, and levels of COX-2 expression are associat-
ed with poor prognosis of some cancers'”. Non-steroidal
anti-inflammatory drugs (NSAIDs) and COX-2 inhibitors
have been shown to effectively suppress tumor develop-
ment"”. For instance, recent studies have indicated that the
regular use of aspirin can reduce the risk of esophageal
cancer by as much as 90%”"". Due to the inhibitory effect
of aspirin on COX activity, we hypothesized that COX-2
is involved in the development of esophageal cancer.

In fact, the association between COX-2 and ESCC
has previously been examined. In these studies, the com-
mon findings were that COX-2 was over-expressed in
ESCC and that it contributed to carcinogenesis. Howev-
er, the molecular mechanism by which COX-2 promotes
carcinogenesis in squamous cells remained unclear.

Previous research has shown that the mechanisms be-
hind COX-2 gene expression differed by cell type and the
cell growth conditions. The pleiotropic effects of COX-2
on carcinogenesis include increased cellular prolifera-
tion, inhibition of apoptosis, increased angiogenesis, im-
paired cell adhesion and increased invasion of malignant
cells" ™,

In the present study, we have delineated the effects of
increased or decreased levels of COX-2 on human ESCC
proliferation and apoptosis. Specifically, we have investi-
gated the effect of COX-2 overexpression on ESCC cell
proliferation and apoptosis. We have also analyzed the
effects of aspirin, a nonspecific COX-2 inhibitor and the
specific depletion of COX-2 by short interfering RNA
(siRNA) in ESCC. The results showed that COX-2 over-
expression induced antiapoptotic activity and promoted
tumorigenesis, while the inhibition of COX-2 effectively
suppressed the proliferation of cancer cells and tumori-
genesis in nude mice.

A recent study by Yang GZ ef al" found that COX-2
expression was upregulated during an early stage of
ESCC, especially in more fully differentiated carcinomas.
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Therefore, the inhibition of COX-2 by RNAI or aspirin
treatment could be an effective strategy for the preven-
tion and treatment of early stages of ESCC.

MATERIALS AND METHODS

Cell lines

EC109 is a cell line that was derived from a patient with a
well-differentiated ESCC, and the line was obtained from
the Cancer Institute at the Chinese Academy of Medi-
cal Sciences. EC109 cells were maintained in RPMI 1640
culture medium (Invitrogen, United States) supplemented
with 10% fetal calf serum, 1% penicillin/streptomycin
and 2% L-glutamine. The cells were grown in a humidi-
fied 37 C incubator with 5% COz. They were fed every
3 d with complete medium and were subcultured when
confluent.

Construction of hCOX-2 expression vectors and
transient transfections

The modified pOSML-PGHS-2 plasmid, kindly provided
by Dr. Smith WL (University of Michigan, United States),
contains the full-length JCOX-2 gene. After the sequence
of full-length A/COX-2 cDNA had been confirmed by
sequence analysis, COX-2 cDNA (approximately 1.9
kb) was cloned into the pcDNA3.1/V5HisA expres-
sion vector. One day before transfection, EC109 cells
were seeded at 2.5 X 10°/ plate in 6 cm dishes in RPMI
1640 antibiotic-free medium containing 10% fetal bo-
vine serum (FBS) until they were 80%-90% confluent.
After 24 h, 800 uL. of RPMI 1640 medium without FBS
or antibiotics was added to each well, and the cells were
transfected with either the COX-2 expression plasmid
(pcDNA3.1V5HisA/hCOX-2) or with an empty control
vector (pcDNA3.1V5HisA) using Lipofectamine™2000
(Invitrogene, Carlsbad, CA) according to the manufac-
turer's protocol. In brief, 5 pg of COX-2 plasmid DNA
was diluted in serum- and antibiotic-free RPMI 1640
medium to a total volume of 100 pl. In addition, 5 L
of Lipofectamine™2000 was diluted with serum- and
antibiotic-free RPMI 1640 medium to a total volume of
100 pl.. The diluted plasmid DNA was combined with
the diluted Lipofectamine™2000. Following incubation
for 20 min at room temperature, 200 pl. of the mixture
was added to each well, and the cells were incubated at
37 °C in a CO: incubator for 5 h. The RPMI 1640 me-
dium containing 10% FBS was changed after 5 h, and
the cells were incubated for an additional 24 h at 37°C in
a COz incubatot. For the combined treatment of COX-2
transfection and aspirin, 8 mmol/L aspitin was added 24
h after the COX-2 plasmid (pcDNA3.1V5HisA/»COX-2)
was transfected into the EC109 cells, and the cells were
treated with aspirin for 48 h.

COX-2 siRNA synthesis and transfection

COX-2 siRNA was synthesized by GeneChem (Shanghai,
China). The COX-2-specific siRNA was designed to tat-
get positions 293-311 (5-CUGCUCAACACCGGAAU-
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UUtt-3") of the COX-2 transcript (GenBank Accession
No: NM_000963). We also used a scrambled siRNA as
a negative control. This negative control had no signifi-
cant homology to any known human, mouse or rat gene
sequence (non-silencing-FITC: 5-UUCUCCGAAC-
GUGUCACGUtt-3"). EC109 cells were plated in 6-well
plates at 2 X 10° cells per well, and RPMI 1640 medium
without antibiotics was added to each well. After 24 h, the
cells were grown to reach 40%-50% confluence and were
transfected with COX-2 siRNA using the Lipofectamine
T™M2000 reagent according to the manufacturer’s instruc-
tions. The original stock of siRNA was resuspended in
siRNA suspension buffer provided by the manufacturer.
From this stock (20 umol/L), 15 pL was diluted with
250 pL of Opti-MEM, and 5 pl. Lipofectamine™2000
was diluted with 250 pul. of Opti-MEM. After 5 min at
room temperature, these were combined and incubated
for 20 min. The siRNA-Lipofectamine complexes were
then added to the plated cells and mixed gently. The cells
were incubated at 37 ‘C in a humidified atmosphere of
5% CO:z2 for 84 h. For combination treatment of COX-2
siRNA with aspirin (Sigma, United States), 8 mmol/L
aspirin was added 48 h after the COX-2 siRNA was trans-
fected into the EC109 cells, and the cells were treated
with aspirin for 36 h.

Western blotting

Cells were harvested and lysed in lysis buffer, and Western
blotting analysis was performed using conventional proto-
cols. Briefly, the protein concentration of the extracts was
determined using a bicinchoninic acid kit (Pierce, United
States) with bovine serum albumin as the standard. Total
protein samples (30 pg) were loaded and separated by
10% SDS-PAGE gels and then transferred to protran
nitrocellulose membranes (Whatman, United Kingdom).
The membranes were incubated with an anti-COX-2 an-
tibody (1:200; Santa Cruz, United States) and, after exten-
sive washing, a horseradish peroxidase-conjugated goat
anti-rabbit IgG antibody (1:2000; Santa Cruz) for 1 h at
room temperature. The signal was detected by chemilumi-
nescence using an ECL Detection Kit (Amersham, Unit-
ed States). The membranes that were probed for COX-2
were re-probed for B-actin (1:10 000; Santa Cruz, United
States) to normalize for loading and/or quantification
errors and to allow for the direct comparison of protein
expression. The bands were quantified using a Gel EDAS
analysis system (Cold Spring United States Corporation)
and Gel-Pro Analyzer 3.1 software (Media Cybernetics,
United States).

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide assay

To evaluate the effects of COX-2 overexpression and
aspirin treatment on the proliferation of the EC109
cells, the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay was used. In brief,
EC109 cells were seeded in 96-well plates at a density of
2 X 10° cells/well and cultured for 24 h. The cells were
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then transfected with the COX-2 expression plasmid
(pcDNA3.1V5HisA/hCOX-2) or the empty control
vector (pcDNA3.1V5HisA) for 72 h. At 24 h post-trans-
fection, the co-treated cells were treated with aspirin (8
mmol/L) for an additional 48 h. Then, 20 pL. of 5 mg/
mL MTT solution (Gibco, Grand Island, United States)
was added to 200 puL. of the media in each well. After an
additional incubation for 4 h, the media was discarded,
and 150 pl. of DMSO was added to each well to dissolve
the formazan crystals. The optical density at 492 nm was
read using an automated microplate reader. The experi-
ments were conducted in triplicate, and the results are
shown as the mean T standard deviation (SD) of three
independent experiments.

Detection of the rate of apoptosis by flow cytometry

To determine the effects of COX-2 overexpression and
aspirin treatment on apoptosis, EC109 cells were trans-
fected with either an empty control vector, HJCOX-2
cDNA alone or with /COX-2 cDNA plus aspirin treat-
ment. The cells were collected by centrifugation at 200 g
for 5 min and stained with propidium iodide (PI; R&D
Company, Minneapolis, United States). The pellets were
washed twice with ice-cold phosphate-buffered saline
(PBS), fixed overnight at 4 ‘C in 70% ethanol and stored
at -20 'C. The pellets were washed twice with PBS, and
the cells were incubated with 5 pg/mL PI and 50 pg/mL
RNase A in PBS for 1 h at room temperature in the dark.
Flow cytometry was conducted using a FACSCalibur
flow cytometer (BectonDickson, Mountain View, CA).
Ten thousand events were collected per sample, and the
cells were analyzed for the rate of apoptosis using CEL-
LQUEST software. This experiment was performed in
triplicate.

Tumorigenicity in nude mice

To generate stably transfected cell lines, cells transfected
with pcDNA3.1VsHisA/ACOX-2 as well as cells trans-
fected with the empty control vector (pcDNA3.1V5HisA)
were selected with 500 pg/mL G418. After 30 d of
selection with G418, a G418-resistant stably transfected
cell line was created. EC109 parent cells and stably trans-
fected cells were trypsinized and collected. The cell vi-
ability was > 95% as determined by trypan blue staining;
Cells (4 x 10° in 0.1 mL PBS were inoculated subcuta-
neously onto the backs of 4- to 6-wk-old male BALB/c
nude mice (five per group). Male BALB/c nu/nu mice
weighing (15.24 + 0.57) g were purchased from the Ex-
perimental Animal Center at the Chinese Academy of
Medical Sciences and Peking Union Medical College.
The mice were housed under sterile conditions. For mice
given the combination of COX-2 transfection and aspi-
rin treatment, a high dose (0.315 mg/dL") or a low dose
(0.016 mg/dL.") of aspirin was orally administrated once
per day starting one day before the inoculation of COX-
2-transfected EC109 cells. The aspirin administered to
experimental animals was provided by the Bayer Animal
Health Company. The tumor size was monitored weekly
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Figure 1 Western blotting for cyclooxygenase-2 protein expression after
transfection of EC109 cells. 1: Parental cells; 2: hCOX-2-transfected cells; 3:
Vector control cells; 4: Cells treated with aspirin for 48 h after transfection with
hCOX-2.
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Figure 2 Western blotting for cyclooxygenase-2 protein expression after
RNA interference treatment of EC109 cells. 1: Parental cells; 2: Negative
control siRNA; 3: Cyclooxygenase-2 (COX-2) short interfering RNA (siRNA); 4:
Cells treated with aspirin for 48 h after transfection with COX-2 siRNA.
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Figure 3 Inhibition of cell proliferation in EC109 cells by hCOX-2 transfec-
tion and aspirin treatment (n = 3, mean * SD). °P < 0.05. ASP: Aspirin.

using calipers, and the tumor volume was calculated using
the following formula: volume = 0.5 X length X width®.,
At the end of 4 wk, all the mice were sacrificed and their
weight was recorded. The tumors were excised and kept
in 4% formalin for immunohistochemical analysis. The
percentage of cells expressing nuclear Ki67 was used for
the assessment of cellular proliferation rate. The nuclear
Ki67 expression and the nuclear COX-2 protein expres-
sion was detected by immunohistochemistry. The Ki67
and COX-2 antibodies for immunohistochemistry were
purchased from the Fuzhou Mai Xin Company (Fuzhou,
China). PV6001 Kits were purchased from Zhong Shan
Golden Bridge Biological Technology (Beijing, China).
All procedures using animal experimentation were ap-
proved by the local animal research authorities, and ani-
mal care was conducted in accordance with institutional

guidelines.

Statistical analysis

Statistical analysis was performed using SPSS statisti-
cal software (SPSS 11.0, United States). The differences
between the groups were assessed using the analysis of
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variance test. The results were considered statistically sig-
nificant when the P value was < 0.05 or < 0.01.

RESULTS

Expression of COX-2 in EC109 cells transfected with
pcDNA3.1V5HisA/hCOX-2 and treated with aspirin

The expression of COX-2 was evaluated in EC109 cells
transfected with either the pcDNA3.1V5HisA//COX-2
or pcDNA3.1V5HisA vector. For the combined treat-
ment group, 8 mmol/L aspirin was added to the cell
culture 24 h after transfection with the COX-2 plasmid
(pcDNA3.1V5HisA/HCOX-2) for a petiod of 48 h. COX-2
protein expression was evaluated by Western blotting analy-
sis. In comparison to the patent cell line or the control vec-
tor transfectants, a slight increase in COX-2 expression was
observed in the COX-2-transfected EC109 cells. However,
the expression of COX-2 was suppressed after aspitin was
added to the COX-2-transfected EC109 cells. For Western
blotting analysis, the COX-2 expression was normalized to
[-actin expression by band intensity (Figure 1).

Inhibition of COX-2 protein expression by RNAi and/or
aspirin treatment

Given the importance of COX-2in ESCC carcinogenesis,
we used an 2 vitro experimental model that used ESCC
cell lines to determine whether COX-2-specific siRNA
was able to downregulate COX-2 expression. From a pan-
el of ESCC cell lines, we choose a well-differentiated line
(EC109) that had a moderate level of COX-2 expression.
The effect of COX-2 siRNA treatment on protein expres-
sion was assessed by Western blotting analysis. As shown
in Figure 2, COX-2 expression was reduced in EC109
cells 84 h after transfection with the COX-2 siRNA
(100 nmol/L), while the negative control siRNA had no
effect on the expression of COX-2. COX-2 expression
was normalized to B-actin expression by band intensity.
COX-2 expression was significantly further decreased in
the EC109 cells transfected with COX-2 siRNA for 36 h
and also in the EC109 cells treated with aspirin for 48 h
(Figure 2). These results suggest that the co-administra-
tion of aspirin and siRNA had a synergistic effect on the
inhibition of COX-2 gene expression.

COX-2 overexpression and aspirin treatment increase
EC109 cellular proliferation

The MTT assay was conducted to elucidate the effects of
COX-2 transfection and aspitin treatment on EC109 cell
proliferation. The values are expressed as the mean £ SD
of three independent experiments. The results from this
assay indicated that COX-2 transfection led to a marked
increase in cell proliferation at 72 h (Figure 3). Statisti-
cal analysis found that cell proliferation was significantly
increased in COX-2-transfected EC109 cells (P < 0.05).
However, there was no significant increase in the prolifer-
ation of cells transfected with the empty vector, as com-
pated to parent cells. Furthermore, cell proliferation was
not significantly affected by the administration of aspirin
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Figure 4 Inhibition of cell proliferation in EC109 cells by short interfering
RNA and aspirin treatment (n = 3, mean  SD). °P < 0.01. siRNA: Short inter-
fering RNA; ASP: Aspirin.
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Figure 5 hCOX-2 transfection and aspirin treatment induces apoptosis
in EC109 cells. A: Parental cells; B: Samples transfected with the control
pcDNA3.1V5HisA vector; C: Samples transfected with the cyclooxygenase-2-
expressing plasmid pcDNA3.1V5HisA/hCOX-2; D: Samples transfected with
the pcDNA3.1V5HisA/hCOX-2 plasmid for 24 h and treated with aspirin for an
additional 48 h.

to COX-2-transfected cells as compared with control cells
(Figure 3). These data demonstrate that cell proliferation
was increased following COX-2-transfection in EC109
cells and decreased upon co-administration of aspirin.
Therefore, the expression of COX-2 was important for
proliferation in EC109 cells. Moreover, COX-2 overex-
pression by transfection promoted cell proliferation, and
the inhibition of COX-2 exptession by aspirin treatment
inhibited cell proliferation in EC109 cells.

COX-2 RNAi and aspirin treatment reduce EC109 cellular
proliferation

To clucidate the effects of the siRNA and aspirin treat-
ments on EC109 cell proliferation, the MTT assay was
used, and cell proliferation was determined by counting
the numbers of viable cells. The values are expressed as
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the mean * SD of three independent experiments. There
was no significant reduction in the number of viable
EC109 cells at 24 h post-treatment. However, at 48 h, we
detected a significant decrease in the number of viable
cells. Furthermore, COX-2 siRNA treatment resulted in
a significant inhibition of cell proliferation in the EC109
cells (P < 0.01) at 84 h post-transfection (Figure 4). The
proliferation was not affected by treatment with the
control siRNA. Additionally, the treatment of siRNA-
transfected cells with aspirin further increased the inhibi-
tion of cell proliferation (P < 0.01, Figure 4). These data
demonstrate that COX-2 expression is important for pro-
liferation in EC109 cells and that the inhibition of COX-2
by siRNA alone or combined with aspirin treatment can
inhibit the proliferation of EC109 cells.

COX-2 overexpression and aspirin treatment reduce the
rate of apoptosis in EC109 cells

To determine the effect of COX-2 transfection and aspi-
rin treatment on apoptosis in esophageal cancer EC109
cells, flow cytometry was performed on Pl-stained cells.
The results showed that EC109 cells transfected with
hCOX-2 were resistant to apoptosis. Comparing to the
rate of apoptosis that was 28.7% in parent cells group
and 26.96% in empty vector transfected cells group, the
rate of apoptosis was decreased to 17.75% in COX-
2-transfected EC109 cells (Figure 5). Apoptosis was not
significantly influenced by transfection with the empty
vector control. However, the rate of apoptosis increased
to 24.97% when the transfected EC109 cells were treated
with aspitin (Figure 5). These data indicate that apoptosis
in EC109 cells was affected by COX-2 transfection and
aspirin treatment.

COX-2 RNAI and aspirin increase the rate of EC109 cel-
lular apoptosis

To determine the effect of siRNA and aspirin treatment
on the rate of apoptosis in EC109 cells, treated cells
were labeled with PI and analyzed by flow cytometry.
The inhibition of COX-2 by siRNA alone or with aspirin
treatment resulted in a significant decrease in the growth
of the EC109 cells due to the induction of apoptosis.
Apoptosis was not significantly influenced by treatment
with the negative control siRNA. Comparing to the rate
of apoptosis that was 1.35% in parent cells group and
1.72% in negative control siRNA-treated cells group re-
spectively, the rate of apoptosis was increased to 4.33%
in siRNA-treated EC109 cells (Figure 6) and was further
increased to 11.66% when EC109 cells were treated with
both the COX-2-specific siRNA and aspirin (Figure 6).
These data indicate that the COX-2-specific siRNA alone
or in combination with aspirin treatment induced the
apoptosis of EC109 cells.

Tumorigenicity in nude mice

COX-2 overexpression increases tumor growth: Human
COX-2 ¢cDNA was cloned into the pcDNA3.1V5HisA
vector, which was stably transfected into the EC109 cells.
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Figure 6 Short interfering RNA-mediated cyclooxygenase-2 knockdown
with aspirin treatment induces apoptosis in EC109 cells. A: Parental cells;
B: Samples treated with the negative control short interfering RNA (siRNA); C:
Samples treated with cyclooxygenase-2 (COX-2) siRNA; D: Samples treated
with COX-2 siRNA for 48 h and treated with aspirin for an additional 36 h.
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Figure 8 Effect of aspirin on tumor growth in the nude mouse xenograft
tumor model (n = 15, mean % SD). °P < 0.05, °P < 0.01.

To assess changes in cell biology after gene transfection,
cell proliferation was measured by an MTT assay. COX-
2-transfected cells appeared to have a markedly different
growth pattern, as compared to the EC109 parent cells
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or the vector control-transfected cells (Figure 3). To in-
vestigate the role of COX-2 in tumorigenicity, tumor pro-
gression was evaluated in nude mice. Following selection,
G418-resistant stably transfected cells were inoculated
into nude mice. The first xenografted tumor was found
3 d after the implantation of COX-2-transfected tumor
cells, and tumor sizes were measured weekly. Four weeks
after cell transfer, tumors established by EC109 parent
cells or vector control (pcDNA3.1V5HisA) cells produced
tumors of 393.43 mm’+ 118.48 mm’ and 634.50 mm’
+ 159.29 mm’, respectively, while tumors from COX-
2-transfected (pcDNA3.1V5HisA/»/COX-2) cells pro-
duced markedly larger tumors that were 2344.49 mm’
+ 27352 mm’ in volume (P < 0.01 or P < 0.05, Figure
7). When mice were sacrificed at 28 d post-transfer, the
EC109 parent cells and vector control cells had produced
tumors that were 0.67 ¢ £ 0.15 g and 0.89 g * 0.29 g,
respectively, while COX-2-transfected cells had produced
larger tumors that were 2.58 g + 0.26 g in weight (P < 0.05).
Data are expressed as the mean * SD of five indepen-
dent samples (7 = 15). These data show that COX-2 gene

expression increased tumor growth.

Aspirin treatment reduces tumor growth: Aspirin, an
inhibitor of COX-2, was administered to nude mice start-
ing one day before the implantation of COX-2-stably
transfected EC109 cells. At day 28 after implantation,
a high dose of aspirin (0.315 rng/dej,once per day)
had significantly reduced tumor volume (P < 0.01 or
P < 0.05) and tumor weight (P < 0.05) in this xenograft
model (Figure 8). However, there was no significant dif-
ference in tumor volume between the low-dose aspirin
(0.016 mg/dL.", once per day) and control group. Date
are expressed as the mean + SD of five independent sam-
ples (7 = 15). The tumor inhibition rate for the high-dose
aspirin group was 51.80%, and the tumor inhibition rate
for the low-dose aspirin group was 5.98%. No digestive
hemorrhages or ulcers were found in the mice. Therefore,
large doses of aspirin effectively inhibited the growth of
these xenografted tumors in nude mice.

Evaluation of Ki67 immunostaining in cancer xeno-
grafts: The expression of Ki-67 protein is strictly associ-
ated with cell proliferation, which makes Ki-67 expression
a biomarker and a strong predictor of cancer. We mainly
observed Ki-67 protein expression in the nuclei of xeno-
grafted tumor cells (Figure 9). Immunohistochemical sec-
tions stained for Ki-67 were quantified with a computer-
aided image analysis machine using the association be-
tween high gray-scale density and tumor cell proliferation.
The quantification of staining intensity demonstrated that
cell proliferation in tumor xenografts from cells transfect-
ed with COX-2 was greater than in tumors from parent
cells and vector control-transfected cells.

DISCUSSION

A large body of evidence suggests that COX-2-overex-
pressing cancer cells may possess a survival advantage that
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Figure 9 Ki-67 expression in the nuclei of cells in xenograft tumors from
pcDNA3.1V5HisA/hCOX-2-transfected EC109 cells at 400 x magnification.

facilitates tumor development and progression'". In our

study, RNAi was used as a potent tool to inhibit COX-2
gene expression levels in human ESCC. COX-2 RNAi
resulted in significant suppression of cellular proliferation
in EC109 cells. This result, together with the observa-
tion that aspirin treatment inhibited the growth of the
EC109 cells, indicates that COX-2 activity may be directly
associated with proliferation in EC109 cells. To further
investigate the role of COX-2 in ESCC carcinogenesis,
EC109 cells were transfected with recombinant COX-
2-expressing vectors to establish stably transfected cell
lines. The increased COX-2 protein expression observed
in transfected cells suggests that COX-2 transfection ef-
fectively increases COX-2 levels and leads to the increased
proliferation of these cells.

Other studies have found an association between COX-2
overexpression and the antiapoptotic signature of can-
cer'™ In this study, an antiapoptotic effect was observed
in COX-2-transfected cells. Considering the proapoptotic
effect of aspirin, our results suggest that COX-2 overex-
pression contributed to the antiapoptotic signature of the
EC109 cells. Furthermore, COX-2 RNAi promoted apop-
tosis in these cells. Our data suggest that COX-2-specific
siRNA treatment combined with the administration of as-
pirin is a promising treatment option for COX-2-express-
ing ESCCs. COX-2 overexpression-mediated upregulation
of the antiapoptotic protein Bcl-2 has been proposed to
be a mechanism that leads to the antiapoptotic signature
of cancer cells™.

In light of these results obtained from 7 vitro ex-
periments, we hypothesized that COX-2 cDNA would
enhance the 7 vivo tumorigenesis of EC109 cells. As ex-
pected, nude mice transfected with COX-2 showed faster
tumor growth and larger tumors, which is in contrast to
mice transfected with the patental cell line or the vector
control cells. Furthermore, the immunohistochemical data
support these findings, as Ki-67, a marker of cell prolifera-
tion, was found at increased levels in the COX-2-tranfected
tumor xenografts. In addition, the suppression of COX-2
expression by high-dose aspirin treatment effectively at-
tenuated the oncogenesis of EC109 cells 7 vivo.

Although transfection of COX-2 into EC109 cells
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resulted in increased cellular proliferation, stronger anti-
apoptotic activity and enhanced tumorigenesis 7 vivo, the
EC109 cell line itself had endogenous COX-2 expression.
Therefore, we deduce that COX-2 function is correlated
with the amount of its expression and enzyme activity.

NSAID-mediated growth inhibition of tumor cells
involves COX-prostaglandin E2 (PGE2)-dependent and
COX-PGEz-independent pathways”'!. In COX-PGE.-
dependent pathways, COX-2 inhibitors suppress carcino-
genesis vza the inhibition of COX-2-derived PGEz, which
promotes cell proliferation and immunosuppressionl22J
The elevated levels PGE2 in COX-2-overexpressing cells
are related to the metastatic potential of the cancer cells,
which can be reduced in a dose-dependent manner by
COX inhibitors"?. Furthermore, the COX-2 enzyme it-
self can promote cancer development and progressionm].
In COX-PGEz-independent pathways, the mechanism by
which COX-2 inhibitors suppress carcinogenesis involves
the reduced activation of Akt, inhibition of nuclear
factor-kB activation, downregulation of the antiapoptotic
protein Bcl-X1, inhibition of peroxisome proliferator-
activated receptor (PPAR)-8, activation of PPAR-y and
the activation of caspase family members. One or more
of these COX-PGE:-independent effects could contrib-
ute to the proapoptotic and antiproliferative effects of
NSAID treatment”". The hypophosphorylation of the
retinoblastoma tumor suppressor protein as well as the
downregulation of multiple proliferation-promoting cy-
clins and cyclin-dependent kinases induced by NSAIDs
has been reported in colon carcinoma cells™. The extent
of the use of COX-PGEz-dependent or -independent
pathways following NSAID treatment may depend on
the cell type.

Gene therapy and RNAI are the most exciting and
promising technologies in biomedicine today. The goal
of gene therapy is to introduce genetic material (DNA
or RNA) encoding a protein, which is missing or defec-
tive, into a patient’s cells or tissues. RNA1 is the sequence-
specific post-transcriptional silencing of gene expression
mediated by small double-stranded RNA molecules.
RNAI has become an exceptionally powerful method to
inhibit the expression and function of disease-causing
genes, and it performs better than all similar techniques
previously tested in gene therapy. However, the use of
RNA:I is still in its infancy, and the safety of the delivery
system and tissue-targeting and the potential for adverse
effects or lifelong RNAI persistence should still be con-
sidered before RNAi becomes a feasible and safe therapy
for patients. In fact, RNAi-mediated gene therapy re-
mains the single most promising biomedical strategy for
knocking down expression of the COX-2 gene in human
ESCC, and we believe that the successful clinical imple-
mentation of RNAI gene therapy and its eventual transla-
tion into clinical benefits ate merely a question of time.

In this study, no gastric mucosal hemorrhages were
found in mice, even after administration of large doses
of aspirin. However, the gastric mucosa of nude mice is
different from human gastric mucosa. In patients, larger
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doses of aspirin can increase the risk of bleeding, includ-
ing bleeding ulcers, and combined therapy with RNAi
can allow for lower doses of aspirin. The risk for bleed-
ing tends to decrease as the dose of aspirin is decreased.
Further long-term animal experiments may be required
to test the effectiveness of COX-2 inhibitors and RNAi
in the treatment of ESCC.

In conclusion, our present study has indicated that
COX-2 plays a crucial role in the carcinogenesis of hu-
man ESCC by increasing cell proliferation and resistance
to apoptosis and subsequently enhancing tumorigenesis
in vivo. These results suggest that COX-2 may be a new
gene target for ESCC treatment and that inhibition of
COX-2 expression by RINAi and aspirin treatment may
serve as an eatly and effective prevention and treatment
of eatly-stage, COX-2-expressing ESCC.
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COMMENTS

Background

Esophageal cancer can be divided into two major groups including esophageal
squamous cell carcinoma (ESCC) and esophageal adenocarcinoma. Epide-
miological studies indicate that ESCC is the dominant form in Asian countries,
especially China, Japan and Korea. Some studies have shown that COX-2
is overexpressed in ESCC and contributes to carcinogenesis. However, the
molecular mechanisms by which COX-2 promotes carcinogenesis in squamous
cells remain unclear. Given the high fatality rate and the rapidly increasing
incidence of ESCC, the definition of the role of COX-2 in the pathogenesis and
therapy of this cancer is highly desirable.

Research frontiers

In this study, RNAi was used as a potential tool to inhibit COX-2 gene expres-
sion in human ESCC. COX-2 RNA interference (RNAI) significantly suppressed
the proliferation of EC109 cells in a manner similar to treatment with aspirin, a
non-specific COX inhibitor. Moreover, COX-2 transfection effectively increased
COX-2 levels and increased the proliferation of EC109 cells. These results
indicate that COX-2 may be directly associated with the proliferation of EC109
cells. Considering the proapoptotic effects of aspirin, our results favor the
view that COX-2 overexpression contributes to the acquisition of antiapoptotic
activity in EC109 cells. Moreover, COX-2 RNAI treatment was able to promote
apoptosis. COX-2 short interfering RNA (siRNA) combined with aspirin has
the potential to be an effective anticancer therapy for the treatment of ESCC.
Furthermore, the tumorigenicity assay in nude mice revealed a faster tumor
growth and larger xenograft tumor size in the COX-2-transfected cell group.
Alternatively, the suppression of COX-2 expression by high-dose aspirin treat-
ment effectively attenuated the oncogenesis of EC109 cells in vivo.

Innovations and breakthroughs

In the past few years, RNAi has become an important research tool to study
and manipulate a particular gene and its function. Furthermore, the use of
siRNA as a potent and specific inhibitor of a specific target gene provides a
new therapeutic approach for many incurable diseases, particularly cancer. In
addition, aspirin may boost the effectiveness of chemotherapy in the treatment
of cancers. This is the first study to report that COX-2 siRNA combined with as-
pirin treatment has the potential to be an effective anticancer therapy for ESCC.
Applications

Gene therapy and RNAi are the most exciting and promising technologies in
biomedicine today. RNAI is an exceptionally powerful method to inhibit the ex-
pression and the function of disease-causing genes, and it has out-performed
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all similar methodologies previously tested in gene therapy. The data presented
here suggest that the use of COX-2-specific sSiRNA combined with aspirin is a
promising treatment for COX-2-expressing ESCCs. The present research be-
lieves that the successful clinical implementation of this combination therapy is
merely a question of time.

Terminology

Non-steroidal antiinflammatory drug (NSAID): NSAIDs block the COX enzymes
and reduce the levels of prostaglandins throughout the body. NSAIDs are used
primarily to treat inflammation, mild to moderate pain, and fever. Aspirin is a
unique NSAID.

Peer review

The authors aimed to study the relationship between the COX-2 gene and the
proliferation and apoptosis of esophageal squamous carcinoma EC109 cells.
They have demonstrated that COX-2 expression was significantly reduced
in EC109 cells treated with COX-2-specific sSiRNA but was increased in cells
transfected with COX-2. They have concluded that COX-2 plays a critical role in
ESCC carcinogenesis, and that COX-2 siRNA combination treatment with aspi-
rin has the potential to be an effective anticancer therapy for ESCC. Overall, the
manuscript is very interesting and adds to the body of literature on the positive
effects of aspirin in carcinogenesis. It is also very well written and the conclu-
sions are supported by the data.
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