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Abstract
Background: The cyclooxygenase 2 (COX-2) pathway has been implicated in the molecular pathogenesis of
many malignancies, including lung cancer. Apricoxib, a selective COX-2 inhibitor, has been described to inhibit
epithelial-mesenchymal transition (EMT) in human malignancies. The mechanism by which apricoxib may alter the
tumor microenvironment by affecting EMT through other important signaling pathways is poorly defined. IL-27 has
been shown to have anti-tumor activity and our recent study showed that IL-27 inhibited EMT through a STAT1
dominant pathway.
Objective: The purpose of this study is to investigate the role of apricoxib combined with IL-27 in inhibiting lung
carcinogenesis by modulation of EMT through STAT signaling.
Methods and Results: Western blot analysis revealed that IL-27 stimulation of human non-small cell lung
cancer (NSCLC) cell lines results in STAT1 and STAT3 activation, decreased Snail protein and mesenchymal
markers (N-cadherin and vimentin) and a concomitant increase in expression of epithelial markers (E-cadherin,
β-and γ-catenins), and inhibition of cell migration. The combination of apricoxib and IL-27 resulted in augmentation
of STAT1 activation. However, IL-27 mediated STAT3 activation was decreased by the addition of apricoxib.
STAT1 siRNA was used to determine the involvement of STAT1 pathway in the enhanced inhibition of EMT and
cell migration by the combined IL-27 and apricoxib treatment. Pretreatment of cells with STAT1 siRNA inhibited
the effect of combined IL-27 and apricoxib in the activation of STAT1 and STAT3. In addition, the augmented
expression of epithelial markers, decreased expression mesenchymal markers, and inhibited cell migration by the
combination treatment were also inhibited by STAT1 siRNA, suggesting that the STAT1 pathway is important in the
enhanced effect from the combination treatment.
Conclusion: Combined apricoxib and IL-27 has an enhanced effect in inhibition of epithelial-mesenchymal
transition and cell migration in human lung cancer cells through a STAT1 dominant pathway.
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Introduction
The tumor progression model is a complex interplay of irreversible
genetic modifications coupled with reversible events in the tumor
microenvironment. Reversible events such as epithelial-mesenchymal
transition (EMT) represent a process whereby cells of epithelial origin
remodel in response to extracellular signals or through intracellular
effector molecules leading to a loss of apical-basolateral polarity, loss
of intracellular junctions and decreased cell-cell adhesions [1]. The
resulting protein modifications confer a motile phenotype to the
epithelial cells, with partial or complete resemblance to the phenotype of
mesenchymal cells [2]. EMT and its dysregulation have become widely
studied as an integral step in fibrosis, carcinogenesis, and metastasis
[1,3]. Therapeutic strategies aimed at targeting various pathways
involved in EMT to prevent or reverse invasion and metastasis could
be beneficial for both early and late stages of cancer.
Interleukin (IL)-27, a recently discovered member of the IL-12
cytokine family, has been shown to inhibit proliferation, angiogenesis,
and metastasis in several cancer cell lines and in vivo models [4-10]. ILJ Cancer Sci Ther
ISSN:1948-5956 JCST, an open access journal

27 is a heterodimeric molecule that is expressed by antigen presenting
cells, and its receptor associates with cytoplasmic protein kinases,
such as JAKs (Janus Kinases) to activate the transcriptional factors,
STAT (Signal Transducer and Activator of Transcription), specifically
STAT1 and STAT3 [11-13]. STAT1 and STAT3 are known to regulate
transcription of target genes playing opposing roles in carcinogenesis,
where STAT1 is a tumor suppressor and STAT3 is a tumor promoter
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[14]. Our recent study demonstrated that IL-27 activates both the
STAT1 and STAT3 pathways in human non-small cell lung cancer
(NSCLC) cells, and that the balance of STAT1 and STAT3 activation
is important in inhibiting EMT [15]. We have also shown that IL-27
functions through a STAT1 dominant pathway, whose basal expression
may also be responsible for repressing the oncogenic effects of STAT3
[15].
It has been shown that COX-2 overexpression induces carcinogenesis
[16-18], making COX-2 an attractive anticancer therapeutic target.
Numerous studies have been conducted to evaluate the role of COX-2
inhibitors in the chemoprevention of many cancers, including NSCLC
[19,20]. Apricoxib is a novel COX-2 selective inhibitor with antitumor
activity [21-23]. In preclinical studies, apricoxib was shown to inhibit
tumor growth in solid tumors, including NSCLC and colon cancer and
appeared to be more effective than other COX-2 inhibitors [22,23].
Kirane et al. showed that apricoxib treatment resulted in a shift towards
a more epithelial phenotype in tumor cells and induced reversal of
EMT in a xenograft model [24,25]. However, the mechanism, by which
apricoxib exhibits antitumor activity associated with the reversal of
EMT, remains unknown. Interestingly, Ho et al. showed that IL-27
exerted anti-tumor activity in lung cancer cells by suppressing COX-2
expression [26].
In this study, we hypothesized that apricoxib may target the
tumor microenvironment by modulation of EMT through the STAT
pathways and a combination treatment of apricoxib and IL-27 may
enhance antitumor activity. To test this hypothesis, we examined the
combined effect of apricoxib on IL-27 mediated STAT activation and
EMT inhibition. We provide evidence that apricoxib potentiates IL27 mediated-STAT1 activation and inhibits IL-27 mediated-STAT3
activation. In addition, treatment with apricoxib induces mesenchymalepithelial transition (MET) in lung cancer cells and potentiates the MET
in combination with IL-27 through a STAT1 dependent mechanism.
Our results provide new insights into the mechanisms by which a novel
COX-2 inhibitor, apricoxib, may exhibit antitumor activity through
STAT1-mediated induction of MET.

Materials and Methods
Cell lines and culture
Human NSCLC cells (A549) were obtained from the American
Type Culture Collection (Rockville, MD). The cells were authenticated
utilizing Promega’s DNA IQ System and Powerplex 1.2 system and
tested for Mycoplasma using the MycoAlert Mycoplasma Detection
Kit (Lonza Walkersville). The cells were maintained in RPMI-1640
with L-glutamine (Hyclone, Logan, UT) supplemented with 5% fetal
bovine serum (FBS; Gemini Bio-products, West Sacramento, CA) in a
humidified atmosphere of 5% CO2 at 37ºC.

Reagents
Recombinant human IL-27 (R&D Systems, Inc., Minneapolis, MN)
was added at a concentration of 50 ng/mL in serum free medium. OptiMEM I Reduced Serum Medium and Lipofectamine 2000 reagents
(Invitrogen, Carlsbad, CA) were utilized for transfection. Apricoxib
(also known as TG01; Tragara Pharmaceuticals, San Diego, CA) is a
selective COX-2 inhibitor. It was diluted in ethanol and added to the
cells at concentrations between 0.016-10 µM in a serum free medium.

Transfection of STAT1 small interfering RNA into A549
Cells were seeded in 6-well plates and grown to 40-50% confluence
at the time of transfection. For each sample, 2.5 µL of siRNA was diluted
J Cancer Sci Ther
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in 200 µL of Opti-MEM I. STAT1 siRNA II (Cell Signaling) was used
to inhibit STAT1, and a non-targeting siRNA was used as a control
siRNA. Similarly, 2.5 µL of Lipofectamine 2000 was diluted in 200 µL
of Opti-MEM I. After 5 minutes of incubation at room temperature,
the diluted oligomer was combined with the diluted Lipofectamine
2000 and incubated for 30 minutes at room temperature. The
oligomer-Lipofectamine 2000 complexes were then added to each well
containing the cells and medium and mixed gently. The cells were then
incubated at 37ºC in a CO2 incubator for 6 hours after which the wells
were washed and replaced with serum free medium. The cells were then
treated with IL-27 and/or apricoxib per experimental design.

Western blot
Cell lysates were prepared with RadioImmunoPrecipitation Assay
(RIPA) buffer (PBS, 1% NP-40, 0.5% Na-deoxycholate, 0.1% SDS)
containing protease inhibitors on ice after washing with PBS and were
centrifuged at 13,000 rpm for 15 minutes at 4ºC. Protein concentrations
of cell lysates were measured by BCA assay and up to 20 µg of total
protein was used for each SDS-PAGE. Western blot was performed
after transferring SDS-PAGE gels to Amersham Hybond-ECL
membranes (GE Healthcare, Piscataway, NJ). Membranes were further
processed to detect the following: phosphorylated-STAT1 (Tyr 701),
phosphorylated-STAT3 (Tyr 705), Snail (Cell Signaling), N-cadherin,
Vimentin, E-cadherin, γ-catenin, β-catenin (BD Biosciences, San Jose,
CA), and GAPDH (Advanced ImmunoChemical, Long Beach, CA).

In vitro cell motility assay
A549 cells were plated in 24-well flat-bottom plates and allowed
to adhere overnight prior to serum starvation. The cells were treated
with various conditions when 50-60% confluence was reached and
then grown for several days to 90-95% confluence. The cell monolayer
was wounded by creating a scratch in each well with a 200 µL pipette
tip. The same fields, where the scratch was made, were observed using
a phase-contrast microscope (50x magnifications) for up to four days.
Images were processed using Image J [27]. The leading edge was
manually outlined using the pencil tool. Next, images were threshold
such that only the outlines remained, creating a binary image. The area
occupied by cells was calculated using the “analyze particles” function.
Percent area invaded was calculated according to published procedures
[28]: % area invaded = [100-(% area day 2 or day 4/% area day 0)*100].

Results
Apricoxib augments STAT1 activation and inhibits STAT3
activation mediated by IL-27
It has been previously shown that apricoxib exerts antitumor
activity against NSCLC [25]. In addition, our laboratory has
recently demonstrated that IL-27 activates both STAT1 and STAT3
transcriptional factors and shows antitumor activity in lung cancer
cells [15]. We hypothesized that apricoxib may enhance the effect of
IL-27-mediated STAT activation.
NSCLC A549 cells were treated with apricoxib (0.016-2 µM) for 4
hours prior to IL-27 exposure for 15 minutes. The activated (tyrosine
phosphorylated) forms of STAT1 and STAT3 were assessed by Western
blot. As shown in Figure 1A, apricoxib pretreatment prior to IL-27
exposure resulted in a dose-dependent increase in STAT1 activation
and a concomitant decrease in STAT3 activation without significant
changes in total STAT1 and STAT3 levels. Densitometric analysis
showed that apricoxib treatment followed by IL-27 enhanced STAT1
activation in a dose-dependent manner and increased the activation
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Figure 1: Effect of apricoxib on IL-27 mediated STAT activation. (A) A549 cells were treated with apricoxib (0.016-2 µM) for 4 hours prior to IL-27 exposure IL-27 (50
ng/mL) for 15 minutes, and the tyrosine phosphorylated forms of STAT1 and STAT3 (P-STAT1; P-STAT3) were detected by Western Blot. The values above the
figures represent the relative density of the bands after normalization to GAPDH by densitometry using NIH software, Image J. pSTAT/STAT levels were expressed as
fold change with respect to 0 µM apricoxib treated cells. (B) The effect of pretreatment with apricoxib on IL-27 induced STAT activation. A549 cells were pretreated with
apricoxib (0.08 µM) up to 48 hours prior to IL-27 (50 ng/mL) exposure for 15 minutes, and expression of STAT1 and STAT3 activation was demonstrated by Western
Blot. At this apricoxib dose, pre-treatment for 4 hours was sufficient to augment STAT1 and inhibit STAT3 activation by IL-27. The values above the figures represent
relative density of the bands after normalization to GAPDH by densitometry using NIH software, Image J. pSTAT/STAT levels were expressed as fold change with
respect to 0 µM apricoxib with IL-27 (0.5 hr) treated cells.

by a factor of 5.7 at 2 µM apricoxib while the same treatment resulted
in reduced STAT3 activation and decrease in the activation by a factor
of 0.4 at 2 µM apricoxib (Figure 1A). In contrast, no treatment or
apricoxib treatment alone showed no activation of the STAT pathways.
Next, we determined if the duration of apricoxib pre-treatment had
an impact on STAT activation. Cells were pretreated with apricoxib at
a single dose (0.08 µM) for 0 to 48 hours prior to IL-27 exposure for 15
minutes. The single dose of 0.08 µM was chosen in consideration of the
moderate activity of apricoxib on the IL-27-mediated STAT activation
as shown in Figure 1A. As expected, apricoxib-pretreated cells showed
further enhanced activation of STAT1 mediated by IL-27 from 30
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minutes up to 48 hours compared to untreated cells (Figure 1B). More
importantly, IL-27-mediated STAT3 activation was dramatically
diminished by pretreatment of apricoxib. These results indicate that
apricoxib intensifies the IL-27 effect on the activation of STAT1 and
STAT3.
Densitometric analysis revealed that the enhanced effect of
apricoxib pretreatment on IL-27-mediated STAT1 activation was
maximal at 4 hours by a factor of 2.0. In addition, the IL-27-mediated
STAT3 activation was decreased by a factor of 0.3 at 4 hours apricoxib
pretreatment (Figure 1B). As the effects of apricoxib were most
prominent at the pretreatment of 4-hour, at which point the maximal
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effect of both enhanced STAT1 activation and diminished STAT3
activation was shown, the 4-hour pretreatment was then utilized for
further evaluation.

IL-27 enhances the apricoxib effect on the reversal of EMT
Recent studies showed that apricoxib reverses EMT in human
colon and pancreatic cancer cells [24,25]. In addition, we have recently
found that IL-27 induces mesenchymal-epithelial transition in lung
cancer cells [15]. Thus, we determined whether apricoxib modulates
IL-27 mediated MET. A549 human lung cancer cells were pretreated
with apricoxib followed by IL-27. In accordance with our previous
observation, IL-27–treated cells showed more epithelial phenotype
with decreased expression of the mesenchymal markers (N-cadherin,
vimentin and snail) and increased expression of epithelial markers
(E-cadherin, β- and γ-catenin) (Figure 2). When cells were treated
with apricoxib (0.016-2 µM) alone, overall expression of N-cadherin,
vimentin and snail, mesenchymal cell markers, was decreased compared
to untreated cells. N-cadherin and vimentin expression levels were
unchanged at 0.016 µM and 1 µM, respectively. It was notable that the
apricoxib effect on the decreased expression of mesenchymal markers
was augmented by the addition of IL-27 at 0.016-2 µM. It should be
noted that cells completely lost expression of N-cadherin at 1 µΜ of
apricoxib with combination of IL-27 in comparison to cells treated
with apricoxib alone (densitometry value 0.5 vs 0.08). Furthermore,
Snail expression was nearly undetectable by combination treatment
of apricoxib with IL-27 and was further decreased compared to IL-27
treatment alone, suggesting that the decreased snail expression resulted
from the enhanced actions of apricoxib and IL-27. In agreement with
other studies [24,25], apricoxib treatment in our study also resulted in
increased expression of E-cadherin in lung cancer cells at 0.016-2 µM.

-

IL-27

0 0.016 0.08 0.4

1

Additionally apricoxib treatment resulted in increased expression
of additional epithelial markers, β-catenin (0.016-1 µM) and γ-catenin
(0.016-0.4 µM). The apricoxib effect of increase in expression of
epithelial markers (β-catenin and γ-catenin) was further enhanced
by the addition of IL-27. This enhanced effect was not observed in
γ-catenin expression at the low concentration (0.016 µM). Although
we found that the decreased expression of Snail by IL-27 was further
diminished by apricoxib, the effect of apricoxib on the reversal
EMT effect of IL-27 was not evident in other EMT markers such as
N-cadherin and vimentin. Taken together, these results suggest that
IL-27 augments the effect of apricoxib on the reversal of EMT in A549
lung cancer cells.

Apricoxib in combination with IL-27 augments the inhibition
of cell motility
We have recently found that IL-27 inhibits in vitro cell migration
[15]. We next examined the effect of apricoxib alone or in combination
with IL-27 on cell motility. Scratch assay was conducted on A549 cells
to assess cell migration that is a defining feature of the mesenchymal
phenotype. As shown in Figures 3A, only a few cells migrated on day
4 after treatment with IL-27 (0.3% area invaded) while untreated cells
showed considerable migration (31% area invaded). Untreated cells
demonstrated cell migration within 16 hours after wounding (data not
shown). When cells were treated with apricoxib at 0.016 ~ 2 µM, there
was moderate inhibition only at 0.4 or 2 µM (32% area invaded at 0 µM
apricoxib vs 26% and 18% area invaded at 0.4 and 2 µM, respectively)
(Figure 3B, upper panel and Figure 3B, bottom figure). However,
following apricoxib pretreatment, IL-27 treatment remarkably
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Figure 2: Effect of IL-27 and apricoxib combination of EMT marker expression. A549 cells were treated with apricoxib for 4 hours prior to IL-27 exposure for 24 hours.
Expression levels of markers responsible for the mesenchymal (N-cadherin, vimentin, and snail) and epithelial (E-cadherin, γ-catenin, and β-catenin) phenotypes were
evaluated by Western Blot after exposure to IL-27 (50 ng/mL) or apricoxib (0.016-2 µM) for 24 hours alone or in combination. The combination treatment resulted in
down-regulation of N-cadherin (at 1 µM apricoxib) and Snail and up-regulation of the epithelial markers when compared to the IL-27 alone treatment group. The values
above the figures represent relative density of the bands after normalization to GAPDH.
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Figure 3: Effect of apricoxib on IL-27 mediated inhibition of cell motility in vitro. (A) Scratches were made in 90~95 % confluence after A549 cells were treated with
IL-27 (50 ng/ml) at 60~70% confluence. The cells were then observed up to 4 days under the microscope for cell motility (100x magnification). The edges of the wound
at day 0 are outlined with solid black lines. (B) The effect of apricoxib (0.016-2 µM) alone or with pre-treatment for 4 hours followed by IL-27 exposure (50 ng/mL) on
A549 cell motility after 4 days of culture. Scratches were generated in the same way as in (A). Images were analyzed and % area invaded was measured as described
in Materials and Methods.

enhanced the inhibition of cell migration compared to apricoxib alone
at 0.016 ~2 µM (Figure 3B, lower panel). The enhanced inhibitory effect
on the migration was most prominent at 1 µM apricoxib treatment
(46% area invaded at 1 µM apricoxib vs 2.0% area invaded at 1 µM
apricoxib+IL-27) (Figure 3B, bottom figure). Our results indicate that
combined treatment of apricoxib with IL-27 enhanced inhibition on
cell migration.
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STAT1 is required for the enhanced effect of apricoxib with
IL-27 on reversal of EMT
Our recent study showed that the EMT inhibitory effect of IL-27 is
dependent on STAT1 activation [15]. To determine if STAT1 activation
is required for the enhanced effect of apricoxib and IL-27 on inhibition
of reversal EMT, cells were transfected with STAT1 siRNA. After
transfection with STAT1siRNA, cells showed effective knockdown
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Figure 4: Role of STAT1 in the enhancing effect of apricoxib and IL-27 on the inhibition of EMT. A549 cells were treated with a STAT1 siRNA (40 nM) or a non-targeting
control siRNA (40 nM) for 6 hours prior to treatment with IL-27 (50 ng/mL) for 15 minutes and/or apricoxib (0.016-1 µM) for 4 hours. Activated and total STAT1 and
STAT3 expression levels (A) and EMT marker expression (B) were demonstrated by Western blot. The values above the figures represent relative density of the bands
after normalization to GAPDH.

(~90%) of STAT1 and remarkably reduced STAT1 activation (Figure
4A). IL-27 treatment induced robust activation of STAT1 and
STAT3 in control siRNA-treated cells (Figure 4A). Pretreatment with
apricoxib (0.016-1 µM) augmented IL-27-mediated STAT1 activation
and suppressed STAT3 activation in a dose dependent manner (IL27+control siRNA; Figure 4A). As expected, the augmented IL-27mediated STAT1 activation by apricoxib was reversed by STAT1
siRNA treatment (IL-27+ stat1 siRNA; Figure 4A). STAT1 inhibition in
IL-27 treated cells resulted in enhanced STAT3 activation, highlighting
J Cancer Sci Ther
ISSN:1948-5956 JCST, an open access journal

the potential of STAT1 in the regulation of STAT3 activation in
lung carcinogenesis. The dramatic suppression of IL-27–mediated
STAT3 activation by apricoxib (IL27+controlsiRNA+apricoxib)
was completely reversed by inhibition of STAT1 activation
(IL27+stat1siRNA+apricoxib; Figure 4A). These results suggest that
apricoxib inhibits IL-27-mediated STAT3 activation by enhancing
STAT1 activation.
To evaluate the role of STAT1 in apricoxib and IL-27 combined
treatment mediated EMT inhibition, A549 cells were transfected
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with STAT1 siRNA or control siRNA for 6 hours prior to treatment
with apricoxib and IL-27 (Figure 4B). IL-27 treatment induced
MET in A549 cells displaying dramatically decreased expression of
mesenchymal markers (N-cadherin, vimentin and Snail) and increased
expression of epithelial markers (E-cadherin, β-catenin and γ-catenin)
compared to untreated cells ( –IL-27+control siRNA vs. +IL27+control
siRNA; Figure 4B) and the STAT1 inhibition reversed the effect of IL27 (Figure 4B, IL27+stat1siRNA; Figure 4B). Apricoxib pretreatment
followed by IL-27 treatment (+IL-27+control siRNA+apricoxib; Figure
4B) led to a further reduction of mesenchymal markers expression and
increase in epithelial marks expression when compared with apricoxib
alone (-IL-27+control siRNA+apricoxib; Figure 4B). Snail expression
was nearly undetectable with combined apricoxib (0.08-1 µM) and
IL-27 treatment (+IL-27+control siRNA+apricoxib; Figure 4B). In
addition, the combined apricoxib and IL-27 treatment mediated
inhibition of EMT was reversed by STAT1 inhibition (+IL-27+STAT1
siRNA+apricoxib; Figure 4B). Inhibition of STAT1 showed significant
dose-dependent increase in mesenchymal markers and decrease in
epithelial markers. Together, these results suggest that STAT1 is
required for the enhanced effect of apricoxib and IL-27 on induction
of MET.

Combined apricoxib and IL-27 mediated inhibition of cell
motility is dependent on STAT1
To further evaluate the functional significance of STAT1 inhibition
in addition to reversal of MET, the impact of STAT1 on cell migration,
a defining feature of the mesenchymal phenotype, was examined. IL27 treatment for 2 days caused inhibition of cell motility (71% area
invaded without IL-27 vs 28% area invaded with IL-27) (Figure 5A).
Control siRNA treatment did not affect A549 cell motility in IL-27
treated cells (28% vs 29% of area invaded) (Figure 5B, upper panel and
bottom figure). Similar to Figure 3B (lower panel, apricoxib+IL-27),
the enhanced inhibitory effect on the cell migration by combined
treatment of apricoxib and IL-27 was observed at 0.016 ~2 µM
apricoxib (29% area invaded at 0 µM vs less than 10% area invaded at
0.016 ~2 µM apricoxib) (Figure 5B, upper panel and bottom figure).
However, STAT1 inhibition reversed the enhanced inhibitory effect
on cell migration resulting in increased cell motility in the combined
apricoxib and IL-27 treated cells (Figure 5B, lower panel and bottom
figure). These results suggest that STAT1 is required for the enhanced
action of combined apricoxib and IL-27 mediated inhibition of cell
migration.

Discussion
STAT proteins are transcriptional factors with important roles
in regulating cytokine dependent inflammation and immunity that
become activated when phosphorylated by Janus Activated Kinases
(JAKs) [13]. The JAK/STAT pathway is central in determining whether
immune responses in the tumor microenvironment promote or inhibit
tumor initiation and malignant progression. STAT1 activation has
been associated with antitumor properties including suppression
of tumor proliferation, induction of apoptosis, and inhibition of
angiogenesis [29-33]. In contrast, aberrant activation of STAT3 has
been implicated in promoting cell cycle progression, suppressing
apoptosis, and conferring a malignant phenotype [13,29,30,34,35].
Thus, transcription factors STAT1 and STAT3 have opposing roles
in carcinogenesis. In our recent study, IL-27 mediated inhibition of
epithelial-mesenchymal transition was shown to be dependent on a
STAT1 dominant pathway highlighting the importance of STAT1
J Cancer Sci Ther
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in repressing lung carcinogenesis and described a new anti-tumor
mechanism of IL-27 [15].
Cyclooxygenase-2 (COX-2), a key enzyme in the biosynthesis of
prostaglandins, has been found to be overexpressed in lung cancer
tissues and is associated with poor prognosis [36-39]. In a murine lung
cancer model, Ho et al. demonstrated that IL-27 directly inhibits lung
tumorigenicity through suppression of COX-2 and prostaglandin E2
(PGE2) [26]. However, A549 cells maintained in our laboratory showed
minimal expression of COX-2 and endogenous PGE2, which were not
appreciably inhibited by apricoxib treatment alone (data not shown).
The A549 cell line was genotyped to confirm identity of the cell line.
On this basis, we hypothesized that combination treatment of
IL-27 and selective COX-2 inhibition (apricoxib) may potentiate the
anti-tumor properties of each agent. We previously demonstrated that
IL-27 stimulation of human non-small cell lung cancer (NSCLC) cell
lines resulted in STAT1 and STAT3 activation, development of an
epithelial phenotype, and inhibition of cell migration [15]. The present
study showed that combination treatment of apricoxib and IL-27 on
lung cancer cells potentiated activation of STAT1 and suppressed
IL-27-mediated STAT3 activation resulting in an enhanced effect in
inhibiting epithelial-mesenchymal transition and cell migration in
human lung cancer cells.
STAT3 has been shown to be constitutively activated in many
human cancers and has been implicated in oncogenic transformation
and progression [40-43]. Thus, suppression of STAT3 activation by
combination treatment of apricoxib with IL-27 may improve antitumor efficacy and clinical outcome. Our study provides an insight into
modulation of the JAK/STAT pathway by selective COX-2 inhibitors
that can polarize a divergent pathway such as the IL-27-STAT1/STAT3
axis. IL-27 is a member of the IL-12 cytokine family [12]. This concept
is supported by another report where COX-2 inhibition decreased IL12 induced STAT3 activation in T cells, resulting in amelioration of an
autoimmune disease [44].
The interplay of markers responsible for epithelial and
mesenchymal phenotypes drives the plasticity of epithelial cells to
undergo morphologic changes to represent those of mesenchymal cells
[1,45]. Ho et al. demonstrated that A549 cells with detectable baseline
expression of COX-2 showed inhibition of EMT after being treated
with a COX-2 specific inhibitor [46]. In the present study, combination
treatment of apricoxib and IL-27 on lung cancer cells inhibited EMT
as demonstrated by increased expression of epithelial markers and
decreased expression of mesenchymal markers, and inhibition of cell
migration, an important property of mesenchymal differentiation and
metastasis.
In other cancer models such as pancreatic and colon cancers,
apricoxib or apricoxib combination therapy exhibited antitumor
activities including reversal of EMT associated with inhibition of
COX-2 activity [24,25]. Previous phase II clinical study combining
a COX-2 inhibitor with other drugs showed promising results with
prolonged survival [21]. However, the in vivo apricoxib combination
therapy showed minimal effect in tumors with low expression of COX2 [24]. In this study, we showed that the combination treatment of
apricoxib with IL-27 enhanced the EMT reversal effect of apricoxib
in A549 cells with minimal baseline expression of COX-2 through a
STAT1 dependent mechanism. Our results suggest that apricoxib
can enhance IL-27 antitumor activity in a limited COX-2 expressing
cancer cell line thorough a COX-2 independent mechanism. Several
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Figure 5: Effect of STAT1 inhibition on cell motility with IL-27 and apricoxib combination. (A) After treatment of A549 cells with IL-27 (50 ng/mL) at 60-70% confluence,
a scratch was made in a monolayer of cells and the closure of the wound gap was observed under the microscope (50x magnification) up to 2 days. (B) The cells were
treated with STAT1 or a non-targeting control siRNA (40 nM) for 6 hours and then pretreated with apricoxib (0.016-2 µM) for 4 hours followed by exposure to IL-27.
Results show the cell migration at 2 days after IL-27 treatment. Images were analyzed and % area invaded was measured as described in Materials and Methods.

studies reported COX-2 independent mechanisms of antitumor effect
of COX-2 inhibitors [47-52]. In addition, A549 cells in other laboratory
contained very low cox-2 protein level and activity [53]. Consistent
with our findings, other selective COX-2 inhibitors showed antitumor
activity by a COX-2 activity independent mechanism in lung cancer
cells including A549 cells that express minimal COX-2 [52].
In summary, the present study demonstrated that IL-27 stimulation
of human non-small cell lung cancer (NSCLC) cell lines results in:
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1) STAT1 and STAT3 activation, 2) development of an epithelial
phenotype, including a decrease in Snail protein and mesenchymal
markers (N-cadherin and vimentin) and a concomitant increase in
epithelial markers (E-cadherin and γ-catenin) and 3) inhibition of cell
migration. Additionally, we demonstrated that: 1) the selective COX-2
inhibitor, apricoxib, in combination with IL-27 potentiates activation
of STAT1 and suppresses STAT3 activation, and 2) IL-27 intensifies
the apricoxib effect on EMT reversal through a STAT1 mechanism.
These findings suggest that the STAT1 dependent enhanced action of
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combined apricoxib and IL-27 on antitumor activity may be a potential
target for lung cancer prevention and therapy.
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