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Small non-coding RNAs, microRNAs (miRNA), inhibit the translation or accelerate the degradation of
message RNA (mRNA) by targeting the 3’-untranslated region (3’-UTR) in regulating growth and survival
through gene suppression. Deregulated miRNA expression contributes to disease progression in several
cancers types, including pancreatic cancers (PaCa). PaCa tissues and cells exhibit decreased miRNA, ele-

KE_J’WOTdS-' vated cyclooxygenase (COX)-2 and increased prostaglandin E, (PGE,) resulting in increased cancer
rCle_MB . growth and metastases. Human PaCa cell lines were used to demonstrate that restoration of miRNA-
I\X;P(;(oxygenase— 143 (miR-143) regulates COX-2 and inhibits cell proliferation. miR-143 were detected at fold levels of

0.41 £ 0.06 in AsPC-1, 0.20 £ 0.05 in Capan-2 and 0.10 £ 0.02 in MIA PaCa-2. miR-143 was not detected
in BXxPC-3, HPAF-II and Panc-1 which correlated with elevated mitogen-activated kinase (MAPK) and
MAPK kinase (MEK) activation. Treatment with 10 pM of MEK inhibitor U0126 or PD98059 increased
miR-143, respectively, by 187 + 18 and 152 + 26-fold in BXPC-3 and 182 + 7 and 136 + 9-fold in HPAF-
II. miR-143 transfection diminished COX-2 mRNA stability at 60 min by 2.6 + 0.3-fold in BxPC-3 and
2.5 + 0.2-fold in HPAF-II. COX-2 expression and cellular proliferation in BxPC-3 and HPAF-II inversely cor-
related with increasing miR-143. PGE; levels decreased by 39.3 + 5.0% in BXxPC-3 and 48.0 * 3.0% in HPAF-
Il transfected with miR-143. Restoration of miR-143 in PaCa cells suppressed of COX-2, PGE,, cellular pro-
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liferation and MEK/MAPK activation, implicating this pathway in regulating miR-143 expression.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Small non-coding RNAs, microRNAs (miRNAs), target the
3’-untranslated region (3’-UTR) of message RNA (mRNA) to repress
translation or accelerate the degradation of the mRNA in regulating
gene expression [1,2]. Functional studies have demonstrated the
involvement of miRNAs in diverse biological process, including cel-
lular development, differentiation and proliferation [2,3]. Several
cancers types exhibit deregulated miRNA expression resulting in
disease progression, including pancreatic cancers (PaCa) [4].
miRNAs serve as oncogenes or tumor suppressors by modulating

Abbreviations: COX-2, cyclooxygenase-2; CREB, cyclic AMP responsive element
binding protein; miR-143, microRNA-143; MAPK, mitogen-activated protein
kinase; MEK, MAPK kinase; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide; PaCa, pancreatic cancer; PGE,, prostaglandin E,; PKA, protein kinase
A; RREBI, ras responsive element binding protein.
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the level of critical proteins [5]. As a tumor suppressor, miRNAs
has been reported to regulate aberrant cyclooxygenase (COX)
expression in several cancers [6,7].

COX exists as two isoforms, a constitutive COX-1 and an induc-
ible COX-2, and is critical in prostaglandin E; (PGE;) synthesis [8].
COX-2 and PGE; mediates acute inflammation and in excess, pro-
motes growth and survival of cancer [9,10]. Induction of COX-2 re-
sults from a variety of stimuli (cytokines, peptides, growth factors)
and controlled at different levels by many signaling pathways [11].
Interestingly, PGE, induces COX-2 expression through the prosta-
noid receptor EP,, with the subsequent activation of cyclic AMP re-
sponse element binding protein (CREB) pathway that further
increases PGE, production [12]. Restoration of miRNA expression
has been shown to abrogate COX-2 expression in cancer cells
[13]. Specifically, miR-143 has been identified to target COX-2
resulting in decreased cancer cell growth and metastases [14,15].

We previously reported increased COX-2 and PGE, contributes
to growth and survival of both human PaCa tissue and cell lines
[16,17]. Furthermore, PaCa exhibiting active K-Ras mutations
[18,19] can suppress miR-143 repression of Ras responsive
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element binding protein-1 (RREB1) [20,21]. This study focuses on
whether restoration of miR-143 expression can regulate COX-2
expression and inhibit PaCa cell proliferation. BxPC-3 and HPAF-II
transfected with miR-143 resulted in diminished COX-2 mRNA
and COX-2 protein expression. Loss of COX-2 corresponded with
a decrease in PGE, synthesis and cellular proliferation in both cell
lines. This report demonstrates that the down-regulation of COX-2
expression by miR-143 results in part from the destabilization of
COX-2 mRNA and inhibition of RREB1 activation through MEK/
MAPK suppression.

2. Materials and methods
2.1. Reagents

Actinomycin D, arachidonic acid, fetal bovine serum (FBS), di-
methyl sulfoxide (DMSO), chloroform and methanol were pur-
chased from Sigma (St. Louis, MO). COX-2 antibody and COX-2
specific inhibitor N-[2-(cyclohexyloxy)-4-nitrophenyl]-methane-
sulfonamide (NS-398) was purchased from Cayman Chemical
(Ann Arbor, MI). CREB, p-CREB, MEK, p-MEK, MAPK, p-MAPK, p-
p38MAPK and RREB1 antibodies were purchased from Cell Signal-
ing (Danvers, MA). GAPDH antibody was acquired from Santa Cruz
Biotechnology (Santa Cruz, CA). MEK inhibitors U0126 (1,4-diami-
no-2,3-dicyano-1,4-bis[2-aminophenylthio] butadiene) and
PD98059 (2’-amino-3'-methoxyflavone) were acquired from Cal-
biochem (EMD Millipore, Billerica, MA). Horseradish peroxidase-
conjugated anti-rabbit IgG or anti-mouse IgG and enhanced chemi-
luminescence (ECL) reagents were obtained from (ThermoFisher
Scientific, Pittsburg, PA).

2.2. Cell culture

Human PaCa cell lines AsPC-1 (CRL-1682), BXxPC-3 (CRL-1687),
Capan-2 (HTB-80), HPAF-II (CRL-1997), MIA PaCa-2 (CRL-1420)
and Panc-1 (CRL-1469) were acquired from American Type Culture
Collection (Rockville, MD). AsPC-1, BXPC-3 and HPAF-II were prop-
agated in RPMI 1640 medium supplemented with 10% FBS and 1 %
PSG antibiotic mix (100 U/ml penicillin, 100 pg/ml streptomycin,
2 mM 1-glutamine) (Life Technologies) at 5% CO, and 37 °C. Ca-
pan-2, MIA PaCa-2 and Panc-1 were propagated in DMEM supple-
mented with 10% FBS and 1% PSG antibiotic mix at 10% CO, and
37 °C. For experiments, cells were propagated in 100-mm tissue
culture dishes to confluence (5-7 days) and arrested in serum-free
medium.

2.3. RNA extraction

RNA was extracted with 1 ml of Trizol reagent (Life Technolo-
gies) and 0.2 ml of chloroform at 12,000xg for 15 min at 4 °C, pre-
cipitated with 0.5 ml of 2-propanol at 12,000xg for 10 min at 4 °C,
washed with 75% ethanol at 7,500xg for 5 min at 4 °C, dissolved in
30 pL of RNA Storage Solution containing 1 mM sodium citrate, pH
6.4 (Life Technologies) and stored at —20 °C for subsequent analy-
sis. RNA concentration was quantified at dual wavelengths of 260
and 280 nm on a Bio-Rad spectrophotometer (Hercules, CA).

2.4. In silico miR-143 sequence verification

Targets of miR-143 were identified using TargetScan (target-
scan.org) and miRanda (microRNA.org) on-line database search.
COX-2 was identified as a potential target with predicted binding
of hsa-miR-143 sequence 3'-GUAGAG-5’ to COX-2 3'-UTR sequence
3’-CAUCUC-5'.

2.5. miR-143 detection

Small RNAs tagged with poly A and converted to cDNA (Quan-
tiMir, System Biosciences, Mountain View, CA) were quantified
using SYBR green kit (Bio-Rad). Primers used were miR-143 (Acces-
sion MIMAT0000435) forward sequence: 5-TGA GAT GAA GCA
CTG TAG CTC-3' and control U6 snRNA forward sequence: 5'-CGC
AAG GAT GAC ACG CAA ATT C-3' supplied by QuantiMir. Thermal
cycling conditions were 95 °C for 3 min of activation, 40 cycles of
95 °C for 15 s denaturing and 55 °C for 60 s of annealing/extending
and 55-95 °C at 0.5 °C increments for 5 s of melt curve analysis. Ct
values were normalized to U6 control and reaction mixtures were
resolved on a 1.5% agarose gel at 90 V for 60 min.

2.6. miR-143 transfection

BxPC-3 and HPAF-II were seeded at 400,000 cells/well in 6-well
plates, allowed to stabilize overnight in RPMI complete media, and
replenished with RPMI supplemented with 5% FBS. Cells were trea-
ted with 0, 25, 50 and 100 nM of miR-143 (C-300611-05-0005,
ThermoFisher Scientific) delivered in 10 pL of Lipofectamine 2000
(Life Technologies) per well, incubated for 24 h, replenished with
complete RPMI and harvested for RNA or protein after 72 h.

2.7. COX-2 mRNA by real time PCR

RNA extracts were reverse transcribed and cDNAs amplified
using TagMan Gold RT-PCR kit (Applied Biosystems, Foster City,
CA). COX-2 (accession NM_000963) and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) as an internal control were quanti-
fied by real-time PCR analysis using a Bio-Rad 1Q5. COX-2 primer
used was sense 5'-GCT TTA TGC TGA AGC CCT ATG A-3’ and anti-
sense 5-TCC AAC TCT GCA GAC ATT TCC-3' with corresponding
universal probe 2 (Cat. 04684982001, Roche, Indianapolis, IN). Hu-
man GAPDH primer and probe set was acquired from Applied Bio-
systems. Thermal cycling conditions were 48 °C for 15 min of
activation, 95°C for 10 min of amplification and 40 cycles of
95 °C at 15 s denaturing and 60 °C at 60 s annealing/extending.

2.8. Protein expression/Western blotting

Protein were harvested using RIPA lysis buffer (ThermoFisher
Scientific), diluted with 2x LDS buffer containing SDS (Life Tech-
nologies) and denatured at 95 °C for 10 min. Protein lysates were
subjected to a variable 4-20% Precise Tris-Glycine gel (Thermo-
Fisher Scientific) for 45 min at 200 V and transferred onto a nitro-
cellulose membrane for 75 min at 100 V. Membranes were washed
with Tris buffered saline (TBS, Sigma), blocked with 5% dried non-
fat milk (Bio-Rad) in 1% tween-TBS and probed with antibody
raised against p-CREB (1:1000), p-MEK (1:1000), p-MAPK
(1:1000), RREB1 (1:1000), p-p38MAPK (1:1000) or COX-2
(1:1000) with GAPDH (1:2500) as a visual loading control. Bands
were visualized by secondary antibody IgG-linked horseradish per-
oxidase conjugate (1:2500) and ECL and quantified using Chemi-
Doc XRS imaging software (Bio-Rad).

2.9. PGE; assay

PGE, from serum-starved, confluent cells cultured in 24-well
plates challenged with 5 uM of arachidonic acid stabilized with
fatty acid-free BSA (Sigma) were quantified using Prostaglandin
E, Express EIA kit and 6-keto Prostaglandin F;, EIA kit (Cayman
Chemical). PGE, absorbance were measured at 405-420 nm and
normalized to protein absorbance readings at 595 nm using the
Bradford assay (Bio-Rad).
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2.10. Cell proliferation assay

BXPC-3 and HPAF-II cells were seeded at 7500 cells/well in 96-
well plates and allowed to stabilize in RPMI complete media. After
24 h, the cells were treated with 0, 5, 10 or 20 uM of U0126 in
RPMI media supplemented with 0.5% FBS or transfected with 0,
25, 50 or 100 nM of miR-143. The cells were maintained for 48 h,
incubated with 10% 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT) (Sigma) for 4 h, aspirated and dissolved
in DMSO for formazan product. Absorbance was measured at
560 nm with reference wavelength at 700 nm.

2.11. Statistical analyses

Data are expressed as means * SEM from triplicate experiments.
Means comparisons were performed using two-way ANOVA using
Sigma Plot (SPSS, Chicago, IL) followed with a Bonferroni post-test
for multiple pair-wise comparisons. Statistical significance was set
at p <0.05.

3. Results
3.1. Human PaCa cell lines express low levels of miR-143

Human PaCa cell lines AsPC-1, BxPC-3, Capan-2, HPAF-II, MIA
PaCa-2 and Panc-1 were screened for miR-143 expression shown
in Fig. 1A. AsPC-1, Capan-2 and MIA PaCa-2 expressed miR-143
fold levels of 0.41 £ 0.06, 0.20 £ 0.05 and 0.10 £ 0.02, respectively,
whereas BxPC-3, HPAF-II and Panc-1 did not express miR-143.
Since activation of Ras signaling reportedly regulates miR-143
expression [20,21], MAPK pathway activation were confirmed in
Fig. 1B. BXPC-3, HPAF-II and Panc-1 exhibited elevated p-MEK, p-
MAPK and RREB1 whereas AsPC-1, Capan-2 and MIA PaCa-2
expressing miR-143 exhibited diminished p-MEK, p-MAPK and
RREB1. As a marker for protein kinase A (PKA) pathway activation,
CREB activation did not correlate with miR-143 expression, sug-
gesting a minimal involvement of PKA pathway in miR-143
expression.

3.2. MEK inhibitors U0126 and PD98059 increase miR-143

BxPC-3 and HPAF-II lacking miR-143 were treated with or
without 10 uM of MEK inhibitors U0126 or PD98059 to substanti-
ate the involvement of MAPK pathway in miR-143 expression.
U0126 and PD98059 increased miR-143, respectively, by 187 + 18
and 152 + 26-fold in BXPC-3 (Fig. 2A) and 182 + 7 and 136 * 9-fold
in HPAF-II (Fig. 2B). Since MAPK pathway activation regulates
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COX-2 followed with a subsequent increase in PGE;, [22], these
cells were treated with 10 uM of U0126 and 100 nM of PGE, to
determine if PGE, could reverse the induction of miR-143 expres-
sion by MAPK inhibition. PGE, negated miR-143 expression in
BxPC-3 and HPAF-II treated with U0126, indicating the involve-
ment of COX-2 and PGE; in miR-143 expression.

3.3. miR-143 decreases COX-2 mRNA stability and inhibits p-MEK/p-
MAPK/RREB1 and COX-2

To demonstrate COX-2 regulation by miR-143, BxPC-3 and
HPAF-II transfected with miR-143 or control RNA were treated
with 1 uM of actinomycin D to abolish de novo RNA synthesis
and monitored for COX-2 mRNA expression shown in Fig. 3A and
B, respectively. miR-143 destabilized COX-2 mRNA significantly
at 60 min by 2.6 + 0.3-fold in BXPC-3 and 2.5 £ 0.2-fold in HPAF-II
compared to their control RNA counterparts. BxPC-3 and HPAF-II
cells transfected with increasing concentrations of miR-143 were
screened for COX-2 in verifying that accelerated destruction of
mRNA decreases protein expression (Fig. 3C). COX-2 decreased
with increasing concentration of miR-143 in both BXPC-3 and
HPAF-II cells. Furthermore, decreased COX-2 paralleled decreased
p38MAPK, MEK and MAPK activation and RREB1 expression, sup-
porting miR-143 regulation of the MAPK pathway and COX-2 in
PaCa cells.

3.4. MEK inhibitors and miR-143 decreases PGE, levels and inhibit cell
proliferation

To corroborate that miR-143 destabilization of COX-2 mRNA
resulting in decreased COX-2 reduces PGE,, BXPC-3 and HPAF-II
transfected with 100 nM of random control RNA or miR-143 were
challenged with 5 puM of arachidonic acid and assayed for PGE,
(Fig. 4A). miR-143 inhibited PGE, synthesis by 39.3 +5.0% in
BxPC-3 and 48.0 + 3.0% in HPAF-II. In addition, BXPC-3 treated with
10 uM of PD98059 or 10 uM of U0126 resulted in a 57.1 + 3.5% and
46.1 £6.9% inhibition of PGE, synthesis, respectively. Similarly,
10 uM of PD98059 or 10 uM of U0126 inhibited PGE, synthesis
by 51.3 £5.8% and 42.8 + 5.3% in HPAF-II cells. Because the MAPK
pathway mediates cell proliferation, BXPC-3 and HPAF-II were
treated with U0126 or miR-143 and assayed for proliferation
shown in Fig. 4B and C, respectively. Increasing concentrations of
U0126 suppressed BxPC-3 proliferation by 59.4 +6.1% at 20 uM
whereas HPAF-II proliferation was inhibited by 45.2 +2.8% at
10 puM and 76.4 +£2.3% at 20 uM. Similarly, miR-143 inhibited
BxPC-3 proliferation by 43.3 + 6.5% at 20 M and HPAF-II prolifer-
ation by 36.1 £ 1.7% at 10 uM and 47.2 + 2.8% at 20 pM.
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Fig. 1. Human PaCa cell lines express low levels of miR-143. AsPC-1, BxPC-3, Capan-2, HPAF-II, MIA PaCa-2 and Panc-1 were (A) screened for miR-143 by RT-PCR and (B)

Western blotted for p-CREB, p-MEK, p-MAPK, RREB1 and GAPDH.
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Fig. 2. MEK inhibitors U0126 and PD98059 increase miR-143. (A) BXPC-3 and (B) HPAF-II treated with or without 10 pM of MEK inhibitor U0126, 10 pM of MEK inhibitor
PD98059 or 0.1 uM of PGE; for 6 h were screened for miR-143 and RNU6-2 by RT-PCR and visualized on a 1.5% agarose gel. Ct values standardized to RNU6-2 are represented
as mean fold expression + SEM with statistical significance at p < 0.05 as indicated by the (*).
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Fig. 3. miR-143 decreases COX-2 mRNA stability and inhibits p-MEK/p-MAPK/RREB1 and COX-2. (A) BXPC-3 and (B) HPAF-II transfected with miR-143 or control RNA and
dosed with 1 uM of actinomycin D were screened for COX-2 and GAPDH mRNA expression. Ct values standardized to GAPDH are represented as mean fold expression + SEM
with statistical significance at p < 0.05 as indicated by the (*). (C) BxPC-3 and HPAF-II transfected with 100 nM of miR-143 were Western blotted for p-p38MAPK, p-MEK, p-
MAPK, RREB1, COX-2 and GAPDH. Protein bands visualized by ECL were quantified using digital imaging software.

4. Discussion

Overall, these findings demonstrate that restoration of dimin-
ished miR-143 expression in PaCa cells results in the suppression
of COX-2 expression and cellular proliferation inhibition that is,
in part, mediated through the MAPK pathway. Decreased miR-
143 expression in human PaCa cell lines was consistent with a pre-
vious report [23] and also observed in bladder and colon cancer
[14,24]. Additionally, the absence of miR-143 correlated with a
potentiated activation of MAPK signaling in the PaCa cells. Blocking
MAPK pathway with UO126 or PD98059 inhibitors increased miR-
143 expression whereas restoration of miR-143 levels decreased
activation of p38MAPK, MEK, MAPK and RREB1 expression, dem-
onstrating the involvement of MAPK in regulating miR-143
expression.

In several cell types, activation of MAPK cascade up-regulates
COX-2 at the transcriptional and post-transcriptional level
[25,26]. At the transcriptional level, Ets-1 and Elk-1 positively reg-
ulate COX-2 in RINm5F pancreatic p-cells [27]. At the post-tran-
scriptional level, activation of the p38MAPK signaling cascade
stabilizes COX-2 mRNA at the 3’-UTR [28]. COX-2 3’-UTR contains
multiple copies of AU-rich element (ARE) and miRNA response ele-
ment (MRE) motifs which, when bound by specific ARE-binding
factors or miRNAs, influence COX-2 stability and translational
efficiency [29]. Binding of miRNAs to the 3’-UTR can mediate the

degradation or inhibit the translation of mRNA as reported with
miR-101 inhibition of COX-2 translation and miR-16 inhibition of
COX-2 expression by COX-2 3’-UTR mediated mRNA decay in colon
cancer cells [5,6,30]. The restoration miR-143 in PaCa cells de-
creased COX-2 mRNA stability, COX-2 protein expression and sub-
sequent decrease PGE; levels. Alternatively, PaCa cells treated with
PGE, inhibited the induction of miR-143 expression, validating the
involvement of COX-2 and PGE, in regulating miR-143 expression.

Furthermore, bioinformatic SILAC sequence analysis of miR-143
identified 93 putative protein targets coupled with transcriptional
profiling confirmed that many of these targets are regulated
through translational inhibition without affecting the mRNA levels
[31,32]. Among the miR-143 targets verified were COX-2 in blad-
der [14], K-Ras in colon [19] and ERKS5 in prostate and colon [33].
The small GTPase protein K-Ras is associated with high-frequency
somatic mutations that render it constitutively active, resulting in
persistent signaling of downstream effectors [34,35]. K-Ras muta-
tions mediate migratory and invasive properties in colon cancer
through regulating Rho GTPase activity. GDP exchange factors
GEF1 and GEF40 activate Rho catalyzing the exchange of GDP to
GTP and miR-143 regulates GEF1 and GEF40 expression, thereby
mediating Rho activation. In addition, K-Ras can activate RREB1
[36] that directly inhibits the transcription of the miR-143 and
miR-145 cluster, resulting in the enhance Ras signaling. A feed-for-
ward mechanism has been proposed for the repression of miR-143/
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Fig. 4. MEK inhibitors and miR-143 decreases PGE, levels and inhibit cell proliferation. (A) BxPC-3 and HPAF-II transfected with 100 nM of random RNA or 100 nM of miR-
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are expressed as mean + SEM and a statistical significance of p < 0.05 is indicated by the (*). BXPC-3 and HPAF-II (B) treated with 0, 5, 10 or 20 uM of U0126 or (C) transfected
with 0, 25, 50 or 100 nM of miR-143 were assayed for proliferation by MTT. Data are expressed as mean + SEM and a statistical significance of p < 0.05 is indicated by the (*).

miR-145 expression and activation of K-Ras and RREB1 [21,37,38].
These targets of miR-143 coincide in promoting cell growth and
proliferation through the MAPK pathway. Indeed, restoration of
miR-143 levels in PaCa cells decreased the activation of MEK,
MAPK and RREB1 and the subsequent arrest of cancer cell prolifer-
ation. We demonstrated that miR-143 regulates PGE, production
and PGE;-mediated cellular proliferation by modulating COX-2
mRNA stability and COX-2 expression. Since PGE, can suppress
miR-143 expression and effects, we speculate that PGE, regulates
miR-143 expression presumably through EP receptor binding and
subsequent MAPK pathway activation. Our findings suggest a pos-
sible role for miR-143-based therapy targeting aberrant COX-2/
PGE; in pancreatic cancers.
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