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ABSTRACT

Acquired resistance to standard therapies remains a serious challenge, requiring
novel therapeutic approaches that incorporate potential factors involved in tumor
resistance. As cancers including melanoma express inflammatory cyclooxygenases
generating prostaglandins implicated in tumor growth, we investigated mechanism
of anti-inflammatory drug, acetylsalicylic acid (ASA) which has been shown to inhibit
various tumor types, however, its effects against highly aggressive melanoma
model are unclear. Given our reports that an activation of platelet-activating factor-
receptor (PAF-R) augments the growth and impede efficacies of therapeutic agents
in experimental melanoma, we also sought to determine if PAF-R mediates anti-
melanoma activity of ASA. The current studies using stably PAF-R-positive (B16-
PAFR) and negative (B16-MSCV) murine melanoma cells and PAF-R-expressing
and deficient mice, demonstrate that ASA inhibits the in-vitro and in-vivo growth
of highly aggressive B16F10 melanoma via bypassing tumoral or stromal PAF-R
signaling. Similar ASA-induced effects in-vitro were seen in human melanoma and
nasopharyngeal carcinoma cells positive or negative in PAF-R. Mechanistically, the
ASA-induced decrease in cell survival and increase in apoptosis were significantly
blocked by prostaglandin F2 alpha (PGF2a) agonists. Importantly, PCR array and
qRT-PCR analysis of B16-tumors revealed significant downregulation of sry-related
high-mobility-box-2 (SOX2) oncogene by ASA treatment. Interestingly, modulation
of SOX2 expression by PGF2a agonists and upregulation by fibroblast growth factor 1
(FGF-1) rescued melanoma cells from ASA-induced decreased survival and increased
apoptosis. Moreover, PGF2a-receptor antagonist, AL8810 mimics ASA-induced
decreased melanoma cells survival which was significantly blocked by PGF2a and
FGF-1. These findings indicate that ASA inhibits the growth of aggressive melanoma
via SOX2-dependent-PAF-R-indepedent pathway.

INTRODUCTION

Malignant melanoma is the most aggressive type
of skin cancer that contributes about 80% of skin-cancer-
related deaths leading to over 9000 annual mortality in
the United States [1]. Melanomas are often resistant to
standard therapies including the new targeted therapies,
indicating the need of novel approaches for its intervention
[2—6]. In contrast, immunotherapy strategies have shown

the most promise as the immune responses are critical
for the eradication of melanoma [7-8]. Importantly, most
standard therapies for cancers including melanoma also act
as potent pro-oxidative stressors by which they eradicate
tumor cells as one of the potent mechanisms [9—13].

Our previous studies have shown that an activation
of platelet-activating factor-receptor (PAF-R), a seven
transmembrane G-protein coupled receptor mediates
pro-oxidative stressors-induced acute pro-inflammatory
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and delayed systemic immunosuppressive responses
[12-23]. The PAF-R is expressed on various immune
and non-immune cells including keratinocytes and
tumor cells [12-23]. Importantly, PAF-R activation by
pro-oxidative stressors including the therapeutic agents,
augment the growth and impede cancer therapy efficacy
in experimental murine melanoma models in a process
blocked by cyclooxygenase type 2 (COX-2) inhibitors
[16-19]. Cyclooxygenases (COX) enzyme catalyzes the
conversion of arachidonic acid to prostaglandins (PGs)
[24-26].

Most importantly, malignancies including melanoma
express COX-2 and, inhibition of COX-2 or its generated
PGs have been shown to exert promising anti-tumor
effects against melanoma [24-27]. Prostaglandin E2
(PGE2) and prostaglandin F2 alpha (PGF2a) are the major
PGs involved in mediating several behaviors of cancer
cells including the cell proliferation and invasion [26, 45].
Thus, there has been considerable rationale for the use of
anti-cancer drug(s) targeting COX-2 or PGs for cancer
chemoprevention [28-30].

Notably, aspirin, an acetylsalicylic acid (ASA) has
classically been used as an anti-inflammatory drug due to
its ability to inhibit COX enzymes resulting in decreased
synthesis of PGs, and thus, possesses chemopreventive
activities against a variety of cancers [30-36]. While
some studies have demonstrated ASA-effects in syngeneic
murine B16F0 or B16F1 melanoma models [37—40], its
role and mechanism in a highly aggressive and syngeneic
B16F10 murine melanoma model that resembles the
aggressive and advanced melanoma in humans are unclear.
Of significance, in clinical studies, where administration of
ASA has been shown to reduce the risk of human cancers
including gastric and colon cancer, there have been mixed
results regarding the use of ASA and melanoma risk [41—
43]. Thus, an investigation of ASA mechanism of action
in a highly aggressive melanoma model is necessary to
further evaluate its efficacy, identify novel target(s) and
define the rationale for its use in combination therapy.

Among various factors involved in inducing tumor
resistance or anti-apoptotic responses to standard therapies
against cancers, sry-related high-mobility box -2 (SOX-2)
gene has emerged as an important oncogene which affects
tumor cell behavior including proliferation, apoptosis and
resistance to standard therapies [44—47]. While SOX2
expression has been identified in cancer models [44—49],
there is only limited information of SOX2 in melanoma.
Moreover, the role of ASA in modulating SOX2
expression in melanoma model has not been studied.

As ASA targets both COX-dependent and
independent pathways [50-51], the current studies sought
to determine the role and mechanism of ASA in B16F10
melanoma model. The present studies describe a novel
mechanism by which ASA suppresses the in-vitro and
in-vivo growth B16F10 melanoma tumors via SOX2-
dependent-PAF-R-independent pathway.

RESULTS

Aspirin inhibits the survival of murine
melanoma cells via inducing apoptosis

Given our studies demonstrating the role of
PAF-R signaling in melanoma tumor growth [16-20],
we first tested the involvement of PAF-R pathway in
ASA-induced effects. To that end, we utilized stable
PAF-R-positive (B16-PAFR) and negative (B16-MSCYV,
for control) cells generated via retroviral-mediated
transduction of parent B16F10 melanoma cells. The
generation and characterization of these cells have been
described by us [17]. As shown in Figure 1A-1C, ASA
treatment (0.1 to 10 mM) suppressed the survival of
these cells at similar rates in a dose and time dependent
manner with an IC,  of SmM at 72 hours as measured
via a quantitative sulforhodamine (SRB) assay [52]. Our
next studies used the IC,; dose of ASA at 72 hour time
point and demonstrated that ASA-mediated inhibition of
these melanoma cell survival was due to the induction
of apoptosis as measured by immunoblotting for
cleaved caspase 3, luminescence and fluorescence-based
caspase-3/7 activity (Figure 1D-1E and Supplementary
Figure 1). Our next functional studies investigated if
PAF-R activation by known PAF-R agonist, CPAF could
rescue ASA-induced decreased growth and increased
apoptosis of melanoma cells. We observed that while
CPAF-alone treatment increased the proliferation of B16-
PAFR cells, it did not rescue the cells from ASA-induced
reduced proliferation and induction of apoptosis (Figure
2A-2D). Similarly, ASA treatments inhibited the survival
of human PAF-R-negative SKSMEL melanoma and
PAF-R-positive KBP and negative KBM nasopharyngeal
carcinoma cells (Supplementary Figure 2A-2F) generated
via retroviral-mediated transduction as reported by us [ 18—
19, 52]. These findings indicate that ASA-induced effects
bypass cellular-PAF-R signaling in melanoma cells and
these effects are not specific to murine melanoma.

ASA suppresses the in-vivo growth of melanoma
tumors

We have shown that an activation of stromal (host)-
PAF-R mediates augmentation of melanoma tumor growth
[17]. Our next studies determined effects of ASA on in-vivo
melanoma tumor growth with the focus of investigating the
role of host-PAF-R. To that end, we first performed pilot
studies to determine the optimal dose of ASA that inhibits
melanoma tumor growth. Our pilot studies in WT mice
(n=5/group) demonstrate that supplementation of ASA
(2.8, 5.6 and 11.1 mmol/L in 0.2% DMSO) in drinking
water inhibits B16-MSCV tumor growth compared to
vehicle (0.2% DMSO) in a dose-dependent manner without
exerting deleterious effects (Supplementary Figure 3A-3B).
The greater tumor suppressive effects were seen with
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11.1 mmol/L dose of ASA. We next evaluated effects
of 11.1 mmol/L dose of ASA on the growth of BI16-
MSCYV and B16-PAFR tumors in WT mice (n=10 mice per
groups) as outlined in Figure 3A. We observed that ASA-
treatment significantly suppressed the growth of both B16-
MSCYV and B16-PAFR tumors at similar rates indicating
that ASA-induced effects bypass cellular and host-PAF-R
(Figure 3B-3C). To further confirm the involvement of host-
PAF-R signaling, we performed studies in PAF-R deficient
(PAFR-/-) mice (10 mice/group) and observed similar
growth inhibition of B16-MSCV and B16-PAFR tumors
by ASA (Figure 3D-3E). These studies indicate that ASA-
induced suppression of in-vivo melanoma tumor growth
bypasses cellular and stromal PAFR signaling.

PGF2a but not PGE2 protected melanoma cells
from ASA-induced decreased survival

Among various PGs, PGE2 and PGF2a are the major
PGs involved in mediating several behaviors of cancer cells

including cell proliferation and invasion [26, 50]. Our next
studies with an objectives of determining the mechanism
of ASA-induced decreased growth of melanoma cells,
evaluated the roles of PGE2 and PGF2a. Our further in-vitro
studies used B16-MSCV cells with ASA at IC, dose of
SmM at 72 hour. To that end, we performed initial studies
to test various working doses of PGE2 and PGF2a which
by itself do not affect the cell viability (data not shown)
and chosen 1.0 pg/ml dose. Next, B16-MSCV cells were
cultured with PGE2 and PGF2a at 1.0 pg/ml concentration
and cultured for 24 hour followed by treatment with or
without ASA at 5SmM dose and cultured for 72 hour. We
observed that PGF2a but not PGE2 significantly protected
B16-MSCV cells from ASA-induced reduced survival
(Figure 4A-4B). We next tested if PGF2a could rescue
the cells from ASA-induced apoptosis. As shown in
Figure 4C, ASA-induced increase cleavage of caspase-3
was significantly blocked by PGF2a agonist, indicating
its potential role in ASA-induced apoptosis. Our studies
also demonstrate an inhibition of anti-apoptotic protein
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Figure 1: Effect of aspirin treatment on the growth of BI6F10 melanoma cells expressing or deficient in PAF-R. (A-C)
B16F10 cells stably expressing PAF-R (B16-PAFR) or deficient, vector control (B16-MSCV) cells were treated with various doses of ASA
(0.1,0.25,0.5,1.0,2.0, 3.0, 4.0, 5.0, 8.0 and 10 mM) and cultured for 24, 48 and 72 hour. Control cells were treated with 0.1% DMSO only.
At these time points, cells were fixed and cell survival was assessed via staining with sulforhodamine B (SRB) as described. (D-E) B16-
MSCV and B16-PAFR cells were treated with 0.1% DMSO or 5 mM ASA and cultured for 72 hour followed by the detection of cleaved
caspase-3 for apoptosis induction normalized to B-actin for control by western blotting (the fold change in cleaved caspase 3 between
DMSO and ASA treated cells is shown for quantification) or luminescence-based caspase-3/7 activity normalized to 0.5 mg of total protein
by plate reader as described. Data are the mean + SD and expressed as % cell survival or caspase 3/7 activity/mg protein over the doses of
ASA from at least three separate experiments. Statistical significant difference (p<0.05) was noted in caspase 3/7 activity between vehicle

and ASA-treated B16-MSCV and B16-PAFR cells (Figure 1E).
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Bcl-XL by ASA which was significantly rescued by PGF2a
indicating its role in protecting melanoma cells from ASA-
induced apoptosis (Figure 4D).

SOX2 mediates ASA-induced decreased growth
of melanoma tumors in-vivo

As COX-independent mechanisms have also been
proposed for ASA-induced effects [50-51], our next
approach was to identify the target(s) that mediate ASA-
induced reduced growth of melanoma tumors. To that
end, we performed PCR array analysis using B16-MSCV
tumors isolated from vehicle and ASA-treated WT mice
(n=10 mice/group) (Figure 5A) as described in the method
section. While the expression of most of the genes were
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unaltered, we observed 10 fold downregulation of sry-
related high-mobility-box-2 (SOX2) oncogene by ASA
treatment compared to control (Figure 5B). We confirmed
this finding by performing separate qRT-PCR studies for
SOX2 gene in individual B16-MSCV tumors from vehicle
and ASA-treated WT mice and observed similar findings
(Figure 5C). These studies indicate that SOX2 mediates
ASA-induced decreased growth of melanoma tumors and
thus, further studies were focused on SOX2.

PGF20 modulates SOX2 in mediating ASA-
induced effects

Our next studies determined if PGF2a can modulate
SOX2 in mediating ASA-induced effects. To that
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Figure 2: Effect of functional PAF-R activation on ASA-induced effects. (A-D) B16-MSCV and B16-PAFR cells were treated
with or without 10 nM PAF-R agonist, CPAF and/or 5 mM ASA. Control cells received 0.1% DMSO only. After 72 hour, cell proliferation
was measured by trypan blue exclusion assay and apoptosis by luminescence-based caspase-3/7 activity normalized to 0.5 mg protein as
described. Data are the mean & SD and expressed as % cell proliferation or caspase 3/7 activity/mg protein in various groups from at least

three separate experiments.
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end, B16-MSCV cells were pretreated PGF2a agonist
(1.0 pg/ml) and left for 24 hour followed by treatment
with 0.1% DMSO or 5SmM ASA. After 72 hours, the
analysis of SOX2 gene was performed by qRT-PCR and
western blotting. As shown in Figure 6A-6B, treatment
with ASA decreased the expression and protein levels of
SOX2, further confirming the in-vivo PCR array data with
B16-MSCYV tumors (Figure 5B-5C). Importantly, PGF2a
treatment attenuated ASA-induced reduction in SOX2
gene expression (Figure 6A-6B) and apoptosis induction
(Figure 6C).

SOX-2 upregulation blocks ASA-induced effects

We next investigated if SOX2 upregulation can
rescue melanoma cells from ASA-induced inhibition
of cell survival and induction of apoptosis. Notably,
fibroblast growth factor-1 (FGF-1) treatment has been
shown to upregulate SOX2 expression in murine primary

calvarial osteoblast cells in a time dependent manner with
substantial increase was noted at 24 hour [53]. We first
tested if the same dosing regimen (10ng/ml) of FGF-1
at 24 hour could induce SOX2 in melanoma cells? To
that end, B16-MSCYV cells were treated with or without
FGF-1 and after 24 hours, total RNA was extracted and
cDNA samples were analyzed for SOX2 expression
by qRT-PCR and normalized to GAPDH. As shown
in Figure 7A, we observed significant upregulation in
SOX2 gene expression. In next studies, B16-MSCV cells
were pretreated with FGF-1 (10ng/ml) and after 24 hour
treated with 0.1% DMSO or SmM ASA and cultured for
72 hour followed by assessments of cell survival and
apoptosis by SRB and caspase-3/7 activity assays. Our
studies demonstrate that FGF-1 treatment that upregulates
SOX2, significantly blocked ASA-induced reduction in
cell survival and induction of apoptosis (Figure 7B-7C).
These findings indicate that SOX2 mediates ASA-induced
decreased growth of murine melanoma cells.
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Figure 3: Effect of ASA on in-vivo growth of melanoma tumors in WT and PAFR-/- mice. (A) Groups of PAF-R expressing
C57BL/6-WT or deficient (PAFR-/-) mice (n=10 mice per group) were implanted with 5x10° B16-MSCV or B16-PAFR tumor cells into the
shaved dorsal hind flanks. These mice were treated with 0.2% DMSO (as vehicle control) or 11.10 mmol/L ASA dissolved in 0.2% DMSO
in drinking water and monitored for tumor development. (B-E) Tumor growth was assessed by measuring major and minor circumferences
with digital caliper at every 3 days and tumor volume was calculated. Data are the mean + SE and expressed as tumor volume (mm?*) over
the period of time (days). Statistical significant differences (p<0.05) were noted between vehicle and ASA-treated WT and PAFR-/- mice

at days 15 and/or 18.
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SOX-2 upregulation blocks PGF2a mimetic-
induced effects

As ASA-induced effects were blocked by
modulation of SOX2 by PGF2a and FGF-1 in melanoma
cells (Figures 6-7), we next investigated if PGF2a-FP
receptor antagonist, AL8810 [54-55] can mimic ASA
effects and if SOX-2 upregulation can abrogate its
effect? To that end, our first studies evaluated effects
of AL8810 on the survival of B16-MSCV cells. For
this, melanoma cells were treated with 0.1% DMSO or
various doses of AL8810 (0.5uM to 500uM) and after
72 hour, cell survival was analyzed by SRB assay. As
shown in Figure 8A, AL8810 treatment reduces the
survival of B16-MSCYV cells in a dose dependent manner
with an IC50 of 300uM. Our next studies determined if
PGF2a and FGF-1 that modulate SOX2 expression, can
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rescue melanoma cells from AL8810-induced inhibition
of survival, and compared the responses with ASA. For
this, B16-MSCYV cells were pretreated with PGF2a and
FGF-1 and left for 24 hour followed by the treatments
with 0.1% DMSO, AL8810 (300uM) or ASA (5mM).
After 72 hours, cell survival was assessed by SRB
assay. As shown in Figure 8B, both PGF2a and FGF-
1 significantly attenuated AL8810-induced reduced
survival of melanoma cells similar to as seen with ASA-
treatment. In addition, pretreatment with AL8810 at
lower dose (0.5 uM, denoted by *) that does not affect
the cell viability, significantly attenuated ASA-induced
inhibition of cell survival (Figure 8B) indicating that
blockade of FP receptor abrogates ASA-induced effects
in B16-MSCYV cells. These findings suggest that SOX2
signaling pathway mediates ASA-induced decreased
growth of melanoma growth (Figure 8C).
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Figure 4: Effect of PGE2 and PGF20 on ASA-induced effects on cell survival and apoptosis induction. B16-MSCV cells
were pretreated with PGE2 or PGF2a at 1.0 pg/ml dose and left for 24 hour followed by treatment with or without ASA (5 mM) and cultured
for 72 hour. (A-B) % cell survival was measured by SRB assay, (C) cleaved caspase 3 by western blotting as described. The fold change
in cleaved caspase 3 between ASA + PGF2a treated cells is shown for quantification. (D) Total RNA was extracted from these treatments
and cDNA samples were analyzed for Bel-XL by qRT-PCR and normalized to GAPDH. Data are the mean + SD and expressed as % cell
survival, aspase 3/7 activity/mg protein or Bcl-XL/GAPDH in various groups from at least three separate experiments.
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DISCUSSION

Acetylsalicylic acid (ASA), the common non-
steroidal anti-inflammatory (NSAID) household drug
has been used for decades as an anti-inflammatory,
analgesic and anti-pyretic agent [30, 50]. In addition, ASA
effects as an antithrombotic agent have been established
against stroke and cardiovascular diseases [56-57].
Importantly, while clinical studies have demonstrated that
administration of ASA reduces the risk of human cancers

including gastric and colon cancer, mixed responses have
been reported regarding ASA in reducing the risk of
melanoma [41-43]. Thus, an evaluation and identification
of novel target(s) of ASA in highly aggressive syngeneic
melanoma model will result in new therapeutic strategy
for melanoma chemoprevention.

The present studies tested the role and mechanisms
of ASA in highly aggressive and syngeneic B16F10
melanoma model. Notably, where BI6F0 and B16F1
murine melanoma cells are non-aggressive, BI6F10 cells
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Figure 5: PCR array and qRT-PCR analysis of B16-tumors from vehicle and ASA-treated WT mice. B16-MSCV tumors
from WT mice (n=10) treated with or without ASA (11.10 mmol/L) were used to extract total RNA. (A) Tumor weight at day 18 between
vehicle and ASA-treated groups. (B) RNA samples from vehicle vs ASA-treated tumors were pooled separately and synthesized cDNA was
blotted into separate PCR array plates. The fold change in SOX2 gene expression is shown. (C) The RNA samples of each tumor (n=10)
were analyzed separately for the SOX2 gene by qRT-PCR and normalized to GAPDH to further confirm the PCR array data. The data are
represented as mean + SD and statistical significant difference (p<0.05) was observed in SOX2 gene between vehicle and ASA-treated

group.

A

w
(9]

EN
)
8
*
*

Fold change 10 04 12 07

w
)

e_e!n
8

SOX2 | ™= v e e

B-Actinl .‘-q

ASA -+ -+
PGF2a - - + +

mg prot

g

gPCR of SOX-2/ GAPDH
- N
L 1
Caspase-3/7 activity /

o
I
@

X \'at & '
Q x
a® Y
o3 <V
Q QC?

Figure 6: Effect of PGF2a on SOX2 expression and ASA-induced apoptosis. (A-B) B16-MSCV cells were pretreated with
PGF2a (1.0 pg/ml) and left for 24 hour followed by treatment with or without ASA (5 mM). After 72 hour, cells were used to extract protein
lysates and total RNA. The protein lysates were blotted with anti-SOX2 antibody and B-actin for equal loading control. The fold change in
SOX2 between ASA + PGF2a treated cells is shown for quantification. The expression of SOX2 gene was analyzed from cDNA by qRT-
PCR and normalized to GAPDH. (C) The protein lysates were extracted and 0.5 mg protein from different groups were incubated with
caspase -3/7 buffer and activity was assessed via measuring luminescence by plate reader. The data are from three separate experiments
and expressed as (A) SOX2 & B-actin, (B) mean + SD of SOX2/GAPDH and (C) caspase-3/7 activity/mg protein over various groups.
Statistical significant difference (p<0.05) was observed between vehicle and ASA or ASA and PGF20 + ASA-treated groups.
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are the highly aggressive murine melanoma model which
resembles the malignant stage of advanced melanoma in
humans. Importantly, published studies have used either
B16F0 or B16F1 melanoma cells in determining ASA-
induced effects on in-vitro and/or in-vivo melanoma
growth [37—40]. Our studies using murine B16F10
melanoma cells demonstrated that ASA inhibits the
in-vitro and in-vivo growth of melanoma tumors via
bypassing the PAF-R pathway. These studies are consistent
with our published report demonstrating that augmentation
of murine EL4 lymphoma tumor growth bypasses the
PAF-R signaling [16]. As induction of apoptosis is an
important phenomenon in mediating the chemopreventive
activities of anti-tumor agents [11-12, 50, 52], our studies
demonstrate that ASA-treatment induces apoptosis to
inhibit the survival of melanoma cells. These findings
are consistent with other studies demonstrating that ASA
induced apoptosis to inhibit the growth of cancer cells
[32-33, 35].

Prostaglandin-endoperoxide synthase or COX
is an enzyme with multiple isoforms (COX-1 and
COX-2) that catalyze the conversion of arachidonic
acid to prostaglandins (PGs), one of the major pathways
implicated in mediating inflammatory responses and/
or affecting tumor growth [25-26, 50]. This inhibition
of COX enzymes decreases the catalytic production
of PGs and several studies have shown that COX-2
inhibition by ASA suppresses cancer growth [30, 32].
Among various PGs, PGE2 and PGF2a synthesis play
crucial roles, particularly relevant to several cancer cell
specific processes including proliferation, invasion and
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resistance to apoptosis [25, 29-30, 41]. Our studies
demonstrate that pretreatment of PGF2a but not PGE2
significantly protected melanoma cells from ASA-
induced decreased cell survival, Bel-XL and increased
apoptosis. Although significant but an incomplete
rescue of ASA-induced effects on cell survival, Bel-XL
and apoptosis by PGF2a may suggest the involvement
of other factor(s) in mediating ASA-induced effects
which remains the goal of future studies. These
findings are consistent with the studies of Tsai et al
demonstrating that ASA-treatment decreased PGF2a
production in B16F0 cells which reduced its migration
and invasion via inhibiting matrix metalloproteinase
(MMP)-2 activity [38].

Notably, COX-dependent and independent pathways
have been proposed for ASA-induced effects in various
tumor types including B16F0 and B16F1 melanoma
models [30-40, 43, 50]. To identify the target(s) and
mechanism of ASA involved in inhibiting the in-vitro and
in-vivo growth of B16F10 melanoma, we took advantage
of the PCR array analysis. Our studies demonstrate 10
fold downregulation of SOX2 gene by ASA treatment.
Further qRT-PCR analysis of B16-MSCV tumors
confirmed the PCR array data analysis for the expression
of SOX2 gene.

SOX2 gene encodes for a transcription factor
which belong to SOX gene family and functions as
an activator or suppressor of the gene transcription
[44]. Earlier studies have shown that SOX2 plays
crucial role in several processes including stem cell
maintenance and cellular reprograming and its alteration
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Figure 7: Effect of FGF-1 on SOX2 expression and ASA-induced effects. (A) B16-MSCV cells were pre-treated with FGF-
1 (10 ng/ml) and left for 24 hour followed by extraction of RNA and, synthesized cDNA was analyzed for SOX2 gene expression by
qRT-PCR and data normalized to GAPDH. (B) B16-MSCYV cells were pretreated with FGF-1 (10 ng/ml) and left for 24 hour followed by
treatment with or without ASA (5 mM) and cultured for 72 hour. The cell survival was assessed by SRB assay. (C) The protein lysates
were extracted and 0.5 mg protein from different groups were incubated with caspase -3/7 buffer and activity was assessed via measuring
luminescence by plate reader. The data are mean + SD of three separate experiments and expressed as SOX2/GAPDH (A), % cell survival
(B) and caspase-3/7 activity/mg protein (C) over various groups. Statistical significant difference (p<0.05) was observed between vehicle

and FGF-1 or ASA and FGF-1 + ASA-treated groups.
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induces developmental maladies such as anophthalmia-
esophageal-genital (AEG) syndrome [44, 53]. In regard
to cancer, recent studies have shown that SOX2 is
amplified in various cancer types that affect cancer
cell physiology including proliferation, apoptosis and
resistance to standard therapies [44—47]. While the role
of SOX2 has been identified in various cancer models
including melanoma [44—49], it is not studied whether
ASA can modulate SOX2 expression in melanoma
model. Our studies demonstrate that ASA treatment
inhibits SOX2 gene expression and modulation of
SOX2 by PGF2a attenuates ASA-induced inhibition of
survival and induction of apoptosis in murine B16F10
melanoma cells. Importantly, SOX2 upregulation
by FGF-1 promoted the survival of melanoma cells
and significantly blocked ASA-induced reduced cell

survival and increased apoptosis. These findings are
in agreement with studies demonstrating that SOX2
promotes tumorigenesis and increases the anti-apoptotic
property of cancer cells and its downregulation inhibits
cancer growth [47—49]. Furthermore, our studies show
that SOX-2 upregulation blocks FP receptor antagonist
effects which mimics ASA-induced effects in inhibiting
the survival of melanoma cells.

In summary, the present studies describe a novel
mechanism by which ASA suppresses the in-vitro and
in-vivo growth of highly aggressive BI6F10 melanoma
tumors via SOX2-dependent-PAF-R independent signaling
pathway. Importantly, as SOX2 play crucial roles in tumor-
resistance or anti-apoptotic responses to standard therapies,
our studies indicate that anti-SOX2 targeting agent(s) could
further be tested for melanoma chemoprevention.
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Figure 8: Effect of PGF20 and FGF-1 on PGF20-FP receptor antagonist or ASA-induced effects on the growth of
melanoma cells. (A) B16-MSCV cells were treated with or without various doses of PGF2a-FP receptor antagonist, AL8810 (0.5,
1,25, 5,10, 25, 50, 75, 100, 200, 300, 350, 400 and 500 uM) and cultured for 72 hour. (B) B16-MSCV cells were pretreated with
PGF2a (1.0 pg/ml) or FGF-1 (10 ng/ml) and left for 24 hour followed by treatment with or without AL8810 (0.5 uM and 300 pM)
and ASA (5 mM). In both these experiments, control cells received 0.1% DMSO only and after 72 hour, % cell survival was assessed
by SRB assay as described. The data are mean + SD of three independent experiments and expressed as % cell survival over various
doses of AL8810 or various groups. The statistical significant differences (P<0.05) were noted between ASA and PGF2a + ASA
and FGF-1 + ASA groups (denoted by $), and AL8810* (0.5 uM) and AL8810* + ASA groups (denoted by €) and between AL8810
(300 pM) and PGF2a + AL8810 and FGF-1 + AL8810 groups (denoted by #). (C) The schematic representation of working model
is shown.
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MATERIALS AND METHODS

Materials and reagents

All chemicals were obtained from Sigma-Aldrich
(St. Louis, MO) unless indicated otherwise. The Qiagen
RNA extraction kit and RT? Profiler™ PCR array were
purchased from Qiagen Sciences (Germantown, MD).
The cDNA kit and SYBR green qPCR reagent were
purchased from Life technologies (Carlsbad, CA). The
PAF-R, SOX2 and GAPDH primers were obtained from
SABiosciences (Valencia, CA). Caspase-3/7 activity assay
kit was purchased from Promega Corporation (Madison,
WI). Prostaglandin E2 (PGE2) and F2a (PGF2a) were
purchased from Cayman Chemicals Co. (Ann Arbor, MI).
Antibodies against cleaved caspase-3, SOX2, B-actin were
purchased from Cell Signaling Technology (Danvers,
MA).

Cells

Murine parent PAF-R negative BI6F10 melanoma
cells obtained from ATCC (Manassas, VA, USA) used
to generate stably PAF-R-expressing (B16-PAFR)
and deficient (B16-MSCV) cells as described by us
[17-18]. Similarly, PAF-R-positive and deficient KBP
and KBM cells generated from PAF-R-negative human
nasopharyngeal carcinoma KB cells were used in these
studies [14-15, 17-19]. In addition, PAF-R-deficient
human melanoma SKSMEL cells obtained from ATCC
were used. These cells were maintained in DMEM
media supplemented with 10% fetal bovine serum and
100 pg/ml mixture of penicillin and streptomycin as
described by us [14-15, 17-19, 52] and tested during
the course of the study for their authenticity and were
used at 12-32 passage numbers.

Mice

PAF-R expressing C57BL/6 wildtype (WT) and
PAF-R knockout mice (Ptafi-/-) mice (originally obtained
from Dr. Satoshi Ishii, The University of Tokyo [58] on
C57BL/6 background. These mice strains (50% males
and females) at the age of 8-12 weeks were used in these
studies. All mice were housed under specific pathogen-
free conditions. All procedures were approved by the
Institutional Animal Care and Use Committee of Wright
State University.

Cell survival assay

The B16-MSCV and B16-PAFR cells were seeded
into 96-well plates (2x10° cells/well) and cultured
overnight followed by treatment with 0.1% DMSO or
various concentrations of ASA (1-10 mM) in serum-
free media, as indicated in respective figures and figure
legends. The cell survival was assessed at 24 hour,

48 hour and 72 hour by sulforhodamine-B (SRB) assay, as
described by us previously [52]. In separate experiments,
B16-MSCV and B16-PAFR cells were cultured with or
without PGE2 or PGF2a (1.0 pg/ml) for 24 hour followed
by treatment with or without SmM ASA and after 72
hour, cell survival was assessed. In addition, B16-MSCV
cells were treated with 0.1% DMSO or various doses of
ALS8810 (0.5 uM to 500 uM) in serum-free media and after
72 hour cell survival was measured. Next, B16-MSCV
cells were pretreated with PGF2a (1.0 pg/ml) or FGF-1
(10 ng/ml) and left for 24 hour followed by treatments
with 0.1% DMSO or AL8810 (0.5 uM & 300 uM) or ASA
(5 mM) in serum-free media and 72 hour later cell survival
was analyzed by SRB assay [52].

Cell proliferation assay

The B16-MSCV and B16-PAFR cells were
plated in 24-well plates (2x10* cells/well) and treated
with 10 nM I-hexadecyl-2-N-methylcarbamoy 1-3-
glycerophosphocholine (CPAF) and/or 5SmM ASA and
incubated for 72 hour. The control cells received 0.1%
DMSO. After 72 hour, cells were trypsinized, washed
and resuspended in media. The cell proliferation was
assessed by standard trypan blue exclusion method using
a Countess automated cell counter (Life technologies,
Carlsbad, CA) [52].

Apoptosis assay

The B16-MSCV or B16-PAF-R cells (1x10° cells/
well) were seeded into 6-well plates with or without
PGF2a (1.0 pg/ml) and after 24 hour treated with 0.1%
DMSO or 5 mM ASA in serum-free media. After 72 hour,
cells were homogenized in hypotonic extraction buffer and
0.5 mg of total protein was incubated with caspase-3/7 glo
reagent (Promega, Madison WI) as described by us [52,
59]. The caspase 3/7 activity was measured by Synergy H1
Luminescence microplate reader (BioTek, Winvooski, VT)
at our Proteome Analysis Laboratory (PAL) core facilities.
In addition, we confirmed ASA-induced apoptosis
induction by detecting cleaved caspase-3 by western
blotting and/or used fluorescence-based caspase-3/7
activity assay as markers of apoptosis using Incucyte
instrument (Essen Bioscience) according to the manual’s
protocol. In separate experiments, B16-MSCV cells were
pretreated with FGF-1 (10 ng/ml) and cultured for 24 hour
followed by treatment with 0.1% DMSO or 5 mM ASA.
After 72 hour, caspase-3/7 activity was assessed [52, 59].

Western blot analysis

B16-PAF-R and/or B16-MSCV cells (0.75x10°)
were seeded in 100mm disc with or without PGF2a
(1.0 pg/ml) and cultured for 24 hour followed by treatment
with 0.1% DMSO (vehicle) or 5SmM ASA in serum free
media and left for 72 hours. Whole-cell extracts were
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prepared and cell lysates containing 40-60 pg proteins
were subjected to SDS-PAGE and blotted onto PVDF
membrane for western blot analysis as described by us
previously [59] for the analysis of cleaved caspase-3 and
SOX2 and normalized by B-actin. The quantitation of
immunoblots was done using Image lab 5.1 software from
Biorad Chemidoc MP imaging system (Hercules, CA) at
our Proteome Analysis Laboratory (PAL) core facilities.

Quantitative real-time PCR (qPCR)

The mRNA expression of Bcl-XL and SOX2 was
analyzed in reverse transcribed cDNA from DNA-digested
total RNA extracted from B16-MSCV cells treated with
0.1% DMSO or 5 mM ASA using qPCR and the data were
normalized with GAPDH as described by us [17, 59-60].
Similarly, B16-MSCV tumors (n=10 mice/group) harvested
from vehicle vs ASA-treated (11.1 mmol/L) WT mice were
analyzed for SOX2 mRNA expression. In separate experiment,
B16-MSCYV cells were treated with 0.1% DMSO or FGF-1
(10 ng/ml) and after 24 hour, total RNA was analyzed for
SOX2 expression. The fluorescence was detected using a
Step One plus Real-time PCR machine (Applied Biosystems,
Foster City, CA). The quantification of each PCR product was
performed by 274t method [17, 59-60].

In-Vivo tumor growth studies

To determine effects of tumor versus stromal PAF-R
expression in ASA-mediated modulation of experimental
melanoma tumor growth, we first performed pilot studies
with n=5 syngeneic WT mice and following 0.5 x 10°
B16-MSCV melanoma cells implantation, these mice were
treated with varying doses of ASA (2.8, 5.6 and 11.1 mmol/L
dissolved in drinking water with 0.2% DMSO) to determine
the dose of ASA that inhibits melanoma tumor growth. Mice
were monitored for tumor development and mice weights
were recorded. Finally, we choose 11.1 mmol/L (dissolved
in water with 0.2% DMSO). Next, 0.5 x 10° murine B16-
PAFR and B16-MSCYV cells were implanted subcutaneously
(SQ) into the shaved right hind flanks of WT and PAFR-/-
mice (day 0) followed by treatment with or without ASA
during the entire period of the experiment. Control mice
received 0.2% DMSO in water as vehicle. Tumor growth
(major and minor circumferences) in these studies was
monitored and measured every 3 days with digital calipers
(Mitutoyo Corp., Aurora, IL), and tumor volume was
calculated (major circumference x minor circumference?/2).
Additionally, mice and tumor weights were recorded by
digital balance.

PCR array analysis

To determine the ASA target(s), BI6-MSCV tumors
from vehicle and ASA-treated WT mice (n=10 mice/
group) were harvested for PCR array analysis. Briefly,
total RNA was extracted and 1pg of total RNA from

each tumor sample was pooled separately from each
group. Complementary DNA (cDNA) was synthesized
using cDNA synthesis kit and blotted separately into RT?
Profiler™ PCR array plates (PAMM-176Zc-2 for mouse
cancer stem cells) and qPCR and analysis were performed
as per manual’s protocol and software.

Statistical analysis

Statistical analysis was assessed by Graph Pad
Prism 5.0 software. All in-vitro experiments were repeated
independently at least three times and at least five mice/
group were used in murine experiments. Data were
analyzed by Student’s t-test or one-way ANOVA with post
hoc Bonferroni’s or Newman-Keuls multiple comparison
tests. Statistical significance was set as a p value <0.05.

Abbreviations

ASA: acetylsalicylic acid; PAF: platelet-activating
factor; PAF-R: PAF-receptor; CPAF: 1-hexadecyl-2-
N-methylcarbamoyl  glycerophosphocholine;  PGE2:
prostaglandin E2; PGF2a: prostaglandin F2 alpha; SOX2: sry-
related high-mobility box -2; COX: cyclooxygenase; FGF-1:
fibroblast growth factor 1; PGF2a-FP: PGF2a receptor.

ACKNOWLEDGMENTS

The authors thank Dr Jeffrey B. Travers for critically
reading the manuscript and providing inputs. The technical
help of Mr. Michael for operating the Incucyte plate reader.
The authors greatly acknowledge the grant supports from
the National Institute of Health K22 ES023850 and WSU-
RIF 19002.

CONFLICTS OF INTEREST

Authors have no conflicts of interest.

REFERENCES

1. Miller AJ, Mihm MC Jr. Melanoma. N Engl J Med.
2006;355: 51-65.

Finn L, Markovic SN, Joseph RW. Therapy for metastatic
melanoma: the past, present, and future. BMC Med.
2012;10: 23-7.

3. lJilaveanu LB, Aziz SA, Kluger HM. Chemotherapy and
biologic therapies for melanoma: do they work? Clin
Dermatol. 2009;27: 614-25.

Raaijmakers MI, Widmer DS, Narechania A, Eichhoff
O,Freiberger SN, Wenzina J, Cheng PF, Mihic-Probst
D, Desalle R, Dummer R, Levesque MP. Co-existence
of BRAF and NRAS driver mutations in the same
melanoma cells results in heterogeneity of targeted therapy
resistance. Oncotarget. 2016;7: 77163-74. doi: 10.18632/
oncotarget.12848.

www.impactjournals.com/oncotarget

49969

Oncotarget



10.

12.

13.

15.

16.

Richard G, Dalle S, Monet MA, Ligier M, Boespflug A,
Pommier RM, de la Fouchardiére A, Perier-Muzet M, Depaepe
L, Barnault R, Tondeur G, Ansieau S, Thomas E, et al. ZEB1-
mediated melanoma cell plasticity enhances resistance to
MAPK inhibitors. EMBO Mol Med. 2016;8: 1143-61.

Polkowska M, Czepielewska E, Koztowska-Wojciechowska
M. Drug combinations as the new standard for melanoma
treatment. Curr Treat Options Oncol. 2016;17: 61.

Guida M, Pisconte S, Colucci G. Metastatic melanoma:
the new era of targeted therapy. Exp Opin Therap Targets.
2012;16: S61-70.

Rosenberg SA. Raising the bar: the curative potential of
human cancer immunotherapy. Sci Transl Med. 2012;4:
127ps8.

Tominaga H, Kodama S, Matsuda N, Suzuki K, Watanabe
M. Involvement of reactive oxygen species (ROS) in the
induction of genetic instability by radiation. J Radiat Res.
2004;45: 181-8.

Corazao-Rozas P, Guerreschi P, Jendoubi M, André
F, Jonneaux A, Scalbert C, Gar¢on G, Malet-Martino
M, Balayssac S, Rocchi S, Savina A, Formstecher P,
Mortier L, et al. Mitochondrial oxidative stress is the
Achille’s heel of melanoma cells resistant to Braf-mutant
inhibitor. Oncotarget. 2013;4: 1986-98. doi: 10.18632/
oncotarget.1420.

. Barbi de Moura M, Vincent G, Fayewicz SL, Bateman NW,

Hood BL, Sun M, Suhan J, Duensing S, Yin Y, Sander C,
Kirkwood JM, Becker D, Conrads TP, et al. Mitochondrial
respiration--an important therapeutic target in melanoma.
PLoS One. 2012;7: ¢40690.

Li T, Southall MD, Yi Q, Pei Y, Lewis D, Al-Hassani M,
Spandau D, Travers JB. The epidermal platelet-activating
factor receptor augments chemotherapy-induced apoptosis
in human carcinoma cell lines. J Biol Chem. 2003;278:
16614-21.

Darst M, Al-Hassani M, Li T, Yi Q, Travers JM, Lewis
DA, Travers JB. Augmentation of chemotherapy-induced
cytokine production by expression of the platelet-activating
factor receptor in a human epithelial carcinoma cell line. J
Immunol. 2004;172: 6330-5.

Sahu RP, Petrache I, Van Demark MJ, Rashid BM, Ocana
JA, Tang Y, Yi Q, Turner MJ, Konger RL, Travers JB.
Cigarette smoke exposure inhibits contact hypersensitivity
via the generation of platelet-activating factor agonists. J
Immunol. 2013;190: 2447-54.

Ferracini M, Sahu RP, Harrison KA, Waeiss RA,
Murphy RC, Jancar S, Konger RL, Travers JB.
Topical photodynamic therapy induces systemic
immunosuppression via generation of platelet-activating
factor receptor ligands. J Invest Dermatol. 2015;135: 321-3.
Sahu RP, Ferracini M, Travers JB. Systemic chemotherapy
is modulated by platelet-activating factor-receptor agonists.
Mediators Inflamm. 2015;2015: 820543.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Sahu RP, Turner MJ, DaSilva SC, Rashid BM, Ocana
JA, Perkins SM, Konger RL, Touloukian CE, Kaplan
MH, Travers JB. The environmental stressor ultraviolet
B radiation inhibits murine antitumor immunity through
its ability to generate platelet-activating factor agonists.
Carcinogenesis. 2012;33: 1360-7.

Sahu RP, Ocana JA, Harrison KA, Ferracini M, Touloukian
CE, Al-Hassani M, Sun L, Loesch M, Murphy RC,
Althouse SK, Perkins SM, Speicher PJ, Tyler DS, et al.
Chemotherapeutic agents subvert tumor immunity by
generating agonists of platelet-activating factor. Cancer Res.
2014;74: 7069-78.

Sahu RP, Harrison KA, Weyerbacher J, Murphy RC, Konger
RL, Garrett JE, Chin-Sinex HJ, Johnston ME 2nd, Dynlacht
JR, Mendonca M, McMullen K, Li G, Spandau DF, Travers
JB. Radiation therapy generates platelet-activating factor
agonists. Oncotarget. 2016;7: 20788-800. doi: 10.18632/
oncotarget.7878.

Sahu RP, Konger RL, Travers JB. Platelet-activating factor-
receptor and tumor immunity. JSM Cell Dev Biol. 2014;2:
1008.

Sahu RP, Rezania S, Ocana JA, DaSilva-Arnold SC, Bradish
JR, Richey JD, Warren SJ, Rashid B, Travers JB, Konger RL.
Topical application of a platelet activating factor receptor
agonist suppresses phorbol ester-induced acute and chronic
inflammation and has cancer chemopreventive activity in
mouse skin. PLoS One. 2014;9: e111608.

Sahu RP, Kozman AA, Yao Y, DaSilva SC, Rezania S,
Martel KC, Warren SJ, Travers JB, Konger RL. Loss of
the platelet activating factor receptor in mice augments
PMA-induced inflammation and cutancous chemical
carcinogenesis. Carcinogenesis. 2012;33: 694-701.

Zhang Q, Yao Y, Konger RL, Sinn AL, Cai S, Pollok KE,
Travers JB. UVB radiation-mediated inhibition of contact
hypersensitivity reactions is dependent on the platelet-
activating factor system. J Invest Dermatol. 2008;128:
1780-7.

Pires I, Garcia A, Prada J, Queiroga FL. COX-1 and COX-2
expression in canine cutaneous, oral and ocular melanocytic
tumours. J Comp Pathol. 2010;143: 142-9.

Denkert C, Kobel M, Berger S, Siegert A, Leclere A, Trefzer
U, Hauptmann S. Expression of cyclooxygenase 2 in human
malignant melanoma. Cancer Res. 2001;61: 303-8.

Khan Z, Khan N, Tiwari RP, Sah NK, Prasad GB, Bisen
PS. Biology of Cox-2: an application in cancer therapeutics.
Curr Drug Targets. 2011;12: 1082-93.

Karki R, Man SM, Kanneganti TD. Inflammasomes
and cancer. Cancer Immunol Res. 2017;5: 94-9. doi:
10.1158/2326-6066.CIR-16-0269.

Lejeune FJ, Monnier Y, Riiegg C. Complete and long-
lasting regression of disseminated multiple skin melanoma
metastases under treatment with cyclooxygenase-2
inhibitor. Melanoma Res. 2006;16: 263-5.

WWw

.impactjournals.com/oncotarget

49970

Oncotarget



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Ramirez CC, Ma F, Federman DG, Kirsner RS. Use of
cyclooxygenase inhibitors and risk of melanoma in high-
risk patients. Dermatol Surg. 2005;31: 748-52.

Harris RE, Beebe-Donk J, Doss H, Burr Doss D. Aspirin,
ibuprofen, and other non-steroidal anti-inflammatory drugs
in cancer prevention: a critical review of non-selective
COX-2 blockade (review). Oncol Rep. 2005;13: 559-83.
Mitrugno A, Sylman JL, Ngo AT, Pang J, Sears RC,
Williams CD, McCarty OJ. Aspirin therapy reduces the
ability of platelets to promote colon and pancreatic cancer
cell proliferation: implications for the oncoprotein c-MYC.
Am J Physiol Cell Physiol. 2017;312: C176-89.

Zong M, Fan DD, Lin S, Song YP, Wang ZY, Ma XL, Qiu
WH, Bai YH, Li L, Li S. Anti-cancer activity and potential
mechanism of a novel aspirin derivative. Eur J Pharmacol.
2016;791: 137-46.

Huang Y, Lichtenberger LM, Taylor M, Bottsford-Miller
JN, Haemmerle M, Wagner MJ, Lyons Y, Pradeep S, Hu
W, Previs RA, Hansen JM, Fang D, Dorniak PL, et al.
Antitumor and antiangiogenic effects of aspirin-PC in
ovarian cancer. Mol Cancer Ther. 2016;15: 2894-904.

Ai G, Dachineni R, Kumar DR, Alfonso LF, Marimuthu S,
Bhat GJ. Aspirin inhibits glucose-6-phosphate dehydrogenase
activity in HCT 116 cells through acetylation: identification
of aspirin-acetylated sites. Mol Med Rep. 2016;14: 1726-32.
Li L, Mao X, Qin X, Zhou M, Xing H, Dong F, Jiang X,
Zhuang W. Aspirin inhibits growth of ovarian cancer by
upregulating caspase-3 and downregulating bcl-2. Oncol
Lett. 2016;12: 93-6.

Piazuelo E, Esquivias P, De Martino A, Cebrian C, Conde
B, Santander S, Emperador S, Garcia-Gonzalez MA,
Carrera-Lasfuentes P, Lanas A. Acetylsalicylic acid exhibits
antitumor effects in esophageal adenocarcinoma cells in
vitro and in vivo. Dig Dis Sci. 2016;61: 2896-907.

Sato K, Takahashi H, Iraha R, Toriyama M. Down-
regulation of tyrosinase expression by acetylsalicylic acid
in murine B16 melanoma. Biol Pharm Bull. 2008;31: 33-7.
Tsai CS, Luo SF, Ning CC, Lin CL, Jiang MC, Liao CF.
Acetylsalicylic acid regulates MMP-2 activity and inhibits
colorectal invasion of murine B16F0 melanoma cells in
C57BL/6J mice: effects of prostaglandin F(2)alpha. Biomed
Pharmacother. 2009;63: 522-7.

Vad NM, Kudugunti SK, Wang H, Bhat GJ, Moridani MY.
Efficacy of acetylsalicylic acid (aspirin) in skin B16-FO0
melanoma tumor-bearing C57BL/6 mice. Tumour Biol.
2014;35: 4967-76.

Nishio T, Usami M, Awaji M, Shinohara S, Sato K. Dual
effects of acetylsalicylic acid on ERK signaling and Mitf
transcription lead to inhibition of melanogenesis. Mol Cell
Biochem. 2016;412: 101-10.

Goodman JR, Grossman D. Aspirin and other NSAIDs as

chemoprevention agents in melanoma. Cancer Prev Res
(Phila). 2014;7: 557-64.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Zhu'Y, Cheng Y, Luo RC, Li AM. Aspirin for the primary
prevention of skin cancer: a meta-analysis. Oncol Lett.
2015;9: 1073-80.

Famenini S, Young LC. Aspirin use and melanoma risk:
a review of the literature. ] Am Acad Dermatol. 2014;70:
187-91.

Weina K, Utikal J. SOX2 and cancer: current research and
its implications in the clinic. Clin Transl Med. 2014;3: 19.
Boumahdi S, Driessens G, Lapouge G, Rorive S, Nassar D,
Le Mercier M, Delatte B, Caauwe A, Lenglez S, Nkusi E,
Brohée S, Salmon I, Dubois C, et al. SOX2 controls tumour
initiation and cancer stem-cell functions in squamous-cell
carcinoma. Nature. 2014;511: 246-50.

Li D, Zhao LN, Zheng XL, Lin P, Lin F, Li Y, Zou HF,
Cui RJ, Chen H, Yu XG. Sox2 is involved in paclitaxel
resistance of the prostate cancer cell line PC-3 via the PI3K/
Akt pathway. Mol Med Rep. 2014;10: 3169-76.

JiaX, Li X, XuY, Zhang S, Mou W, Liu Y, Liu Y, Lv D, Liu
CH, Tan X, Xiang R, Li N. SOX2 promotes tumorigenesis
and increases the anti-apoptotic property of human prostate
cancer cell. ] Mol Cell Biol. 2011;3: 230-8.

Xiang R, Liao D, Cheng T, Zhou H, Shi Q, Chuang TS,
Markowitz D, Reisfeld RA, Luo Y. Downregulation of
transcription factor SOX2 in cancer stem cells suppresses
growth and metastasis of lung cancer. Br J Cancer.
2011;104: 1410-7.

Weina K, Wu H, Knappe N, Orouji E, Novak D, Bernhardt
M, Hiiser L, Larribére L, Umansky V, Gebhardt C, Utikal
J. TGF-B induces SOX2 expression in a time-dependent
manner in human melanoma cells. Pigment Cell Melanoma
Res. 2016;29: 453-8.

Alfonso L, Ai G, Spitale RC, Bhat GJ. Molecular targets of
aspirin and cancer prevention. Br J Cancer. 2014;111: 61-7.
Liao X, Lochhead P, Nishihara R, Morikawa T, Kuchiba
A, Yamauchi M, Imamura Y, Qian ZR, Baba Y, Shima K,
Sun R, Nosho K, Meyerhardt JA, et al. Aspirin use, tumor
PIK3CA mutation, and colorectal-cancer survival. N Engl J
Med. 2012;367: 1596-606.

Sahu RP. Expression of the platelet-activating factor
receptor enhances benzyl isothiocyanate-induced apoptosis
in murine and human melanoma cells. Mol Med Rep.
2015;12: 394-400.

Mansukhani A, Ambrosetti D, Holmes G, Cornivelli
L, Basilico C. Sox2 induction by FGF and FGFR2
activating mutations inhibits Wnt signaling and osteoblast
differentiation. J Cell Biol. 2005;168: 1065-76.

Glushakov AV, Robbins SW, Bracy CL, Narumiya S, Doré
S. Prostaglandin F2a FP receptor antagonist improves
outcomes after experimental traumatic brain injury. J
Neuroinflammation. 2013;10: 132.

Iwasa K, Yamamoto S, Takahashi M, Suzuki S, Yagishita
S, Awaji T, Maruyama K, Yoshikawa K. Prostaglandin F2a
FP receptor inhibitor reduces demyelination and motor
dysfunction in a cuprizone-induced multiple sclerosis

WWw

.impactjournals.com/oncotarget

49971

Oncotarget



56.

57.

58.

mouse model. Prostaglandins Leukot Essent Fatty Acids.
2014;91: 175-82.

Sciahbasi A, Rizzello V, Gonzini L, Giampaoli S, Greco
C, Di Pasquale G, Mureddu GF, Di Chiara A, Lioy E,
Boccanelli A. Chronic aspirin and statin therapy in patients
with impaired renal function and acute coronary syndromes:
results from the IN-ACS Outcome Registry. Eur J Prev
Cardiol. 2014;21: 214-21.

Meek IL, Vonkeman HE, Kasemier J, Movig KL, van de
Laar MA. Interference of NSAIDs with the thrombocyte
inhibitory effect of aspirin: a placebo-controlled, ex vivo,
serial placebo-controlled serial crossover study. Eur J Clin
Pharmacol. 2013;69: 365-71.

Ishii S, Kuwaki T, Nagase T, Maki K, Tashiro F, Sunaga
S, Cao WH, Kume K, Fukuchi Y, Ikuta K, Miyazaki J,

59.

60.

Kumada M, Shimizu T. Impaired anaphylactic responses
with intact sensitivity to endotoxin in mice lacking a
platelet-activating factor receptor. J Exp Med. 1998;187:
1779-88.

Sahu RP, DaSilva SC, Rashid B, Martel KC, Jernigan
D, Mehta SR, Mohamed DR, Rezania S, Bradish JR,
Armstrong AB, Warren S, Konger RL. Mice lacking
epidermal PPARy exhibit a marked augmentation in
photocarcinogenesis associated with increased UVB-

induced apoptosis, inflammation and barrier dysfunction.
Int J Cancer. 2012;131: E1055-66.

Hackler PC, Reuss S, Konger RL, Travers JB, Sahu RP.
Systemic platelet-activating factor receptor activation

augments experimental lung tumor growth and metastasis.
Cancer Growth Metastasis. 2014;7: 27-32.

www.impactjournals.com/oncotarget

49972

Oncotarget



